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A limited number of studies have demonstrated that disaster prevention can pay

high dividends and found that for every Euro invested in risk management,

broadly 2 to 4 Euros are returned in terms of avoided or reduced disaster impacts

on life, property, the economy and the environment (Mechler, 2005). Despite the

benefits, disaster risk management (DRM) measures are rarely implemented and

there is, for the most part, a reliance on reactive, after-the-fact approaches. For

example, bilateral and multilateral donors still allocate 90% of their disaster

management funds for relief and reconstruction and only the remaining 10% for

disaster risk management (Tearfund, 2006). This low level of investment in

prevention can be explained by a lack of understanding and concrete evidence

regarding the types and extent of the cost and benefits of preventive disaster risk

management measures.

Cost-benefit analysis (CBA) is an established tool for determining the economic

efficiency of development interventions. CBA compares the costs of conducting

such projects with their benefits and calculates the net benefits or efficiency

(measured by the net present value, the rate of return or the benefit-cost ratio).

While the benefits created by development interventions are the additional

benefits due to, for example, improvements in physical or social infrastructure, in

disaster risk management the benefits are mostly the avoided or reduced potential

damages and losses, including the benefits of the primary development

interventions.

OECD countries, such as the United Kingdom and the United States have used

CBA frequently for evaluating DRM in the context of development assistance.

CBA is also frequently utilized by development banks such as the World Bank, the

Asian Development Bank and the Inter-American Development Bank. The World

Bank is considered the "chief practitioner" of CBA. It is important to note,

however, that actual usage of CBA in disaster management has been limited. This

said, interest in economic aspects of DRM has been increasing with high profile

disaster events such as the Indian Ocean Tsunami, the East Pakistan Earthquake

and Typhoon Sidr in Bangladesh and CBA is increasingly seen as a key tool for

economic evaluation. Additionally, with climate change impacts already being

SECTION 1

Cost-benefit Analysis and its Role
in Disaster Risk Management
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observed and projected with higher confidence, adaptation to extreme events and

climate variability and the fair and efficient allocation of adaptation funding is

rising to the forefront of climate and DRM policy.

This working paper discusses key methodological aspects and findings from CBA

of DRM strategies in a detailed case study in Uttar Pradesh, India (Risk to

Resilience Working Paper No. 5).  It also provides a backdrop for other case studies

carried out under the Risk to Resilience project. It is a shorter version of a more

detailed guide on conducting CBA to be published in the main Risk to Resilience

Project Report.

We conclude that CBA can be a useful tool in DRM if a number of issues related to

conducting a CBA assessment and using results are properly taken into

consideration. These issues are discussed briefly in the sections below before

discussing the essentials of CBA and its application in the specific context of DRM.

Clarify objectives of conducting a CBA on DRM

Before engaging in a CBA assessment, it is necessary to clarify the objectives,

information needs and data situation among different potential stakeholders. Such

stakeholders may include representatives from local, regional and national

planning agencies, NGOs working in development and disaster risk management,

disaster risk managers, officials concerned with public investment decisions,

development cooperation staff and local communities. The type of envisaged

product is closely linked to its potential users. A CBA may be conducted for merely

informational purposes (such as in the Lai Basin case - Risk to Resilience Working

Paper No. 7), as a pre-project appraisal (the India Uttar Pradesh flood study- Risk

to Resilience Working Paper No. 4), as a full-blown project appraisal (the India

Uttar Pradesh drought study- Risk to Resilience Working Paper No. 5) or as an ex-

post evaluation (touched upon in the India Uttar Pradesh flood study as well).

Purposes, resource and time commitments and the expertise required differ

significantly for these products. At a very early stage of the analysis, it is critical to

achieve consensus among the interested and involved parties on the scope of the

CBA to be undertaken.

Acknowledge complexities of estimating risk

Estimating disaster risk and the costs and benefits of risk management is

inherently complex and climate change adds substantial additional complexity.

Disaster events in essence are probabilistic events and, as a consequence, benefits

to risk management are probabilistic and arise only in case of an event occurring.

Accordingly, benefits should be assessed in terms of probability multiplied by the

consequences, leading to an estimate of risk as the product of hazard, vulnerability

and exposure. While enormous progress has been made in recent years in better

understanding and modelling disaster risks, the uncertainties in projecting future

climate conditions at local levels and thus the probability of hazard events
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(droughts, extreme storms, floods, and so on) adds additional complexity. This is

due to inherent limitations in modelling the climatic system and anthropogenic

interventions.

Often, attempts to probabilistically estimate future disasters risks in ways that

include the effects of climate change are defeated by the lack of reliable probabilistic

information. Furthermore, even given a good understanding of the system as a

whole, conducting a CBA of DRM measures is often difficult due to lack of data,

expertise and the high demand on resources. Often, methodological shortcuts have

to be used and assumptions made in order to arrive at a broader understanding of

key risks and benefits of DRM. These specific challenges and characteristics of

disaster risk management need to be properly communicated and understood in

order to properly interpret results derived in a CBA.

Process-Orientation

Given the complexities involved in estimating the costs and benefits of DRM and

the history and current usage of CBA as a decision support tool, we conclude that

the role of CBA in DRM is strongly related to process rather than outcome. CBA is a

useful tool for organizing, assessing and finally presenting the cost and benefits, and

pros and cons of interventions; it demands a coherent methodological, transparent

approach. Yet, given the difficulties of properly accounting for extreme event risk and

with processes such as climate change affecting risk significantly, CBA should not be

viewed as a purely outcome-oriented tool for evaluation of DRM. This is particularly

true in data-restricted environments such as those frequently encountered in

developing countries. If this is properly understood, this caveat effectively may be

used to the advantage of CBA in DRM, where process-orientation and inclusion of a

host of stakeholders play critical roles. One tool to organize such a process is shared

learning dialogues (SLDs), which, by bringing together the perspectives of diverse

community, expert and government groups, can be used to assess uncertainties.

They can also be used to refine and bound assessments of recurrence periods,

valuations, etc. As a result, SLDs provide perhaps the best avenue of assessing many

of the variables where quantitative data are lacking or insufficient.

Based on the case studies conducted in India, Pakistan and Nepal in the Risk to

Resilience project, we explore the above findings in more detail in the following

sections. The next focuses on the essentials of CBA generally. Following that, we

outline key components necessary for utilizing CBA to assess DRM interventions.

We continue by providing more detail on these key aspects by discussing the

assessment of risk in Section 4, the identification of risk management measures and

associated costs in Section 5, the analysis of the benefits of risk management in

Section 6 and finally provide an outline of methods for calculating the economic

efficiency of DRM. In the final sections, 8 and 9, we summarize key aspects of the

case studies conducted and conclude.
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SECTION 2

Essentials of CBA

Cost-benefit analysis (CBA) is an economic technique used to organize, appraise

and present the costs and benefits, and inherent tradeoffs of public investment

projects and policies taken by governments and public authorities in order to

increase public welfare (Kopp et al., 1997). CBA is similar to (and often confused

with) rate-of return assessment or financial appraisal methods undertaken in

business operations to assess whether investments are profitable or not. Yet, CBA

takes a broader perspective and aims at estimating the overall "profit" for society

rather than mere financial gains accruing to an individual business.

The need for economic evaluation is related to the basic economic functions of

governments. These include the allocation of public goods (education, safety, clean

environment) and assets (infrastructure), and achieving a more equal distribution

of income (e.g. Gramlich, 1981). The overarching objective is to increase per capita

income and consumption. In order to judge if a project or other investment is a

worthwhile undertaking, benefits have to be compared to costs by a common

yardstick. Costs are the opportunity costs of not being able to invest scarce

government resources (essentially tax revenue) into other objectives. Broadly

speaking, if benefits exceed costs then a project should be undertaken. The task of

CBA is to systematically assess the costs and benefits and check whether social

welfare is indeed maximized. The following box outlines the typical stages of a

project cycle. The stages where CBA may play a key role are marked in bold (Box 1).

General development programming defines guidelines,

principles and priorities for development cooperation.

The actual project planning starts with project

identification and specification. This leads to the next,

the appraisal stage where project feasibility from

different perspectives is checked. Alternative versions of

a project will be assessed under criteria of social,

environmental and economic viability. In a fourth stage,

the financing dimension of the projects will be

determined which is followed by the actual

1. Programming

2. Project identification and specification

3. Appraisal: technical, environmental and economic viability

4. Financing

5. Implementation

6. Evaluation

Source: Based on Benson/Twigg, 2004.

BOX 1

Stages of project cycle with stages where CBA

can be used  shown in bold face
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implementation. Finally, projects should be evaluated after completion in order to

determine actual project benefits and whether the implemented projects did meet

the expectations (Benson and Twigg, 2004; Brent, 1998).

While CBA's main function is to inform the actual project appraisal stage, it is

important in the other phases of a project cycle as well. Broad-based analyses may

inform the programming stage regarding priority sectors. CBA may also be used to

generate very specific information in the project identification and specification

stage (pre-project appraisal stage) where it can be used to help select potential

projects and reject others. In the evaluation phase, CBA is regularly used for

assessing if a project really has added value to society.

Pros and Cons of CBA

There are numerous limitations to CBA that must be considered. One important

issue is that CBA does not address the distribution of benefits and costs.1  Societal

welfare is maximized by simply aggregating individual welfare over all people

affected and changes therein due to projects and policies. A focus on maximizing

welfare, rather than optimizing its distribution is a consequence (Dasgupta and

Pearce, 1978). Changes in outcomes of "winners" are lumped together with those of

"losers", and compensation between those two groups is not required. Moreover,

perceptions regarding who is losing or winning can be subjective. CBA also cannot

resolve the strong differences in value judgments that are often present in

controversial projects (for example, nuclear power, bio-technology, river

management, etc.). This distributional issue has been a major reason why the Risk

to Resilience project has focused on distributional factors by incorporating them in

the qualitative analyses and shared learning dialogues discussed in the project

summary (Risk to Resilience Working Paper No. 9) and the case studies. Generally,

it is advisable to use CBA in conjunction with other decision support methods,

such as cost-efficiency or multi-criteria analysis.

A difficulty with CBA is the challenge of assessing of non-market impacts, such as

on health and the environment. Although methods exist for quantifying such

values, this often involves difficult ethical judgments, particularly regarding the

value of human life, for which CBA should be used with caution. Another important

issue is the issue of discounting. In economic efficiency calculations, future benefits

are discounted in relation to current benefits to reflect an (empirically confirmed)

preference for living and consuming today versus doing so in the future. Applying

high discount rates, as often suggested particularly for development cooperation,

expresses a strong preference for the present while potentially shifting large

burdens to future generations assuming future generations will be better off and

able to deal with those burdens. Yet, this underlying key assumption is not valid

1 A key tenet of CBA is that those benefiting from a specific project or policy should potentially be able to
compensate those that are disadvantaged by it (Dasgupta and Pearce, 1978). Whether compensation is actually
done, however, is often not of importance. Also, methods to account for the distribution of costs and benefits
exist, but are hardly used in practice due to the additional methodological complexity involved (Little and
Mirrlees, 1990).
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when impacts are large-scale and irreversible, and consequently the application of a

discount rate demands careful scrutiny. For example, for the analysis of

embankments in the Uttar Pradesh flood case, when following strictly an analysis

that focuses on engineering benefits only, high benefit/cost ratios in terms of flood

losses avoided are calculated. Yet, given the many disbenefits such large-scale

infrastructure brings about (waterlogging, health disamenities, etc.) and associated

uncertainties with such estimates, it cannot reasonably be concluded that

embankments have historically performed economically satisfactorily.

Time and scale of projects are important considerations when doing a CBA. While

originally strictly focused on a project level, CBA has frequently been used to

inform larger-scale investment decisions such as dam construction and other large

scale infrastructural development such as the siting of airports and nuclear

reactors, It has even been used to inform global climate change policy related to the

UNFCCC negotiations. Generally, as the scale and time horizon of projects and

thus uncertainties increases, as illustrated in the accompanying chart, it is

important to question the usefulness and robustness of CBA.

Yet, keeping these limitations in mind, CBA can be a useful

tool and its main strength is its explicit and rigorous

accounting of those gains and losses that can be effectively

monetized, and in so doing, making decisions more

transparent. CBA is a framework that supports coherent

and systematic decision-making and provides a common

yardstick with a money metric against which to measure

projects (Kopp et al., 1997). However, CBA has to be seen as

a guide to decision-making and leading to an approximation

of preferences of society rather than an expression of the

exact economic value of a given investment. CBA and

economic efficiency considerations should not be sole

criterion for evaluating policies. They should rather be part

of a larger decision-making framework incorporating social, economic and cultural

considerations. However to many (government) decision-makers, economic

efficiency is the most important aspect. In the USA, for example, cost-benefit

considerations have "at times dominated the policy debate on natural hazards"

(Burby, 1991).

Source: Gowdy, 2007

CBA of no use

Global
Warming

A large-scale dam project

Local
project

Time
CBA very useful

Scale

| FIGURE 1 | Usefulness of CBA in time and space
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In the context of DRM, two important issues deserve special attention when

conducting a CBA.

1. Assessment of risk: The analysis should be done in a stochastic manner in order

to account for the specific nature of natural hazards and associated disaster

impacts. This is to say that analyses should take account of the probability of

future disaster events occurring.

2. Assessment of avoided risks: As disaster risk is a downside risk, benefits are the

risks avoided. The core benefit generated by investments in disaster risk

management is the reduction in future impacts and losses.

For the DRM context, we operationalize the CBA process in four steps as shown in

Figure 2.

| FIGURE 2 | Framework for estimating risk as a function of hazard and vulnerability

SECTION 3

Application of CBA to Disaster
Risk Management
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1. Risk analysis: risk in terms of potential impacts without risk management has to

be estimated. This entails estimating and combining hazard(s), exposure and

vulnerability.

2. Identification of risk management measures and associated costs: based on the

assessment of risk, potential risk management projects and alternatives and their

costs can be identified.

3. Analysis of risk reduction: benefits of reducing risk are estimated.

4. Calculation of economic efficiency: finally, economic efficiency is assessed by

comparing benefits and costs.

In the following sections, we will go through each of these steps in detail.

Risk Analysis

Risk is commonly defined as the probability of potential impacts affecting people,

assets or the environment. Natural disasters may cause a variety of effects which are

usually classified into social, economic, and environmental impacts as well as

according to whether they are triggered directly by the event or occur over time as

indirect or macroeconomic effects (Figure 3).

The standard approach for estimating natural disaster risk and potential impacts is to

understand natural disaster risk as a function of hazard, exposure and vulnerability.

Hazard

Hazard analysis involves determining the type of hazards affecting a certain area with

a specific intensity and recurrency period in order derive a stochastic representation

of the hazard. In order to systematically represent weather, a climate downscaling

model is a useful tool for generating scenarios future rainfall or temperature values

conditioned on observed weather and climate change projections. As climate change is

already happening and is projected to effect low magnitude variability and extreme

| FIGURE 3 | Natural disaster risk and categories of potential disaster impacts



11

Th
e 
Co
st
-B
en
ef
it 
An
al
ys
is 
M
et
ho
do
lo
gy

weather-related events in terms of frequency and/or severity in many places, as

most prominently elaborated in the 4th assessment report of the IPCC (Solomon et

al., 2007), its effect on hazards needs to be factored into the analysis. In order to

derive a representation of regional or local future weather, information of global

climate models has to be downscaled to the local conditions. This involves

considerable expertise and resources and requires substantial data. It is important

to recognize that the validity of probabalistic cost-benefit analyses depends heavily

on the accuracy and robustness of results from downscaling. If high levels of

uncertainty exist regarding the accuracy of future projections, then there is little

basis for making probabilistic estimates of costs and benefits.

Exposure

The exposure of people, assets and the environment to a certain hazard needs to be

identified next. This involves assessing current and future socioeconomic, landuse

and other trends. Accounting for changes in exposure is important, as reductions in

future damages and losses often may be compensated by the sheer increase in

people and assets in harm's way.

Vulnerability

People's vulnerability to hazards of a specific intensity and recurrence period have

to be assessed as part of cost-benefit analysis. Vulnerability is a multidimensional

concept encompassing a large number of factors that can be grouped into physical,

economical, social and environmental factors (see GTZ, 2004). In order to

operationalize and estimate vulnerability for CBA purposes, it can be defined (and

we do so for the Risk to Resilience project) more narrowly as the degree of impact

observed on people and exposed elements as a function of the intensity of a hazard.

In addition to exposure and vulnerability, resilience -- the ability to "bounce" back

to pre-disaster conditions -- is an important dimension of vulnerability. Resilience

decreases vulnerability. The size and duration of indirect impacts strongly depends,

for example, on resilience. In contrast to exposure and vulnerability (concepts that

focus more on the immediate impacts of disasters), resilience has a longer time

frame and relates more to the secondary impacts of disasters. Appropriate

organizational structures for prevention, mitigation and response have a decisive

influence on resilience. Risk is the combination of hazard and vulnerability.

Estimates of it can be used to identify the potential effects to be expected. Risk

management projects aim at reducing these effects. It is difficult to capture the

numerous factors that contribute to resilience (such as availability of

organizational structure and know-how to prevent and deal with disasters) in

quantitative terms. As a result, resilience is often not addressed effectively. This is,

again, a major reason for coupling quantitative techniques with more qualitative

assessment measures and processes. Discussions in shared learning dialogues, for

example, often highlight factors that contribute to resilience but are absent in

official data sets or difficult to quantify.
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Data Sources and Availability

Table 1 gives an overview of key data sources useful for estimating risk. Collecting

data on the elements of risk can be time-intensive and difficult. Particularly,

information on the degree of damage due to a certain hazard is usually not readily

available. As a consequence, in some instances, estimates need to be based on past

impacts.

Scientific publications and official statistics, post-disaster
publications, geological meteorological and water authorities,
local governments. Disaster management authorities.
For climate change: global circulation models, regional
downscaling.

Statistical agencies, private firms. Disaster management
authorities

Specialized engineering reports. Disaster management
authorities

Official post- disaster publications. Standardized databases.
Local, regional and national governments, industry and
commercial groups. Disaster management authorities

Hazard

Exposure

Vulnerability

Impacts of past
events

Component Comment on data availabilityData source

Reliable weather and climate data
often not available or incomplete.
The need for climate downscaling
and climate change information
adds considerable complexity

Often some data available

Usually not available, often
approximated by using information
from other sources or from past
events. Need to do survey or use
expert assessment.

Normally some data available,
normally on direct economic impacts
as well as direct social (loss of life)

| TABLE 1 | Data sources for hazard, exposure, vulnerability and impacts information

In the Risk to Resilience project, most of the primary information required to

evaluate hazards has been collected through the initial scoping activities and

associated searches of available databases. Exposure and vulnerability data have

been taken from secondary data sources. Information on future climatic conditions

was required and necessitated a major investment in climate downscaling to

estimate future rainfall patterns in the Uttar Pradesh case studies in India (see Risk

to Resilience Working Paper No. 3). In addition, a survey was conducted for the

flood and drought studies in Uttar Pradesh, leading to an extensive database on

exposure and vulnerability of rural households. This information has been

supplemented and cross-checked through the shared learning dialogue processes.

Despite this extensive data collection and generation effort, data gaps remained and

significant assumptions were required to estimate costs and benefits.

Overview of Risk and Potential Impacts

The combination of hazard, exposure and vulnerability leads to risk and the

potential impacts a natural hazard may cause. Risk is commonly defined as the

probability of a certain event multiplied by the impacts. In most cases there are a

large number of potential impacts. In practice however, only a limited amount of

these impacts can and usually are assessed. Table 2 presents the main indicators for

which usually at least some data can be found.
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The list of indicators is structured around three broad categories: social, economic

and environmental; whether the effects are direct or indirect; and whether they are

originally indicated in monetary or non-monetary terms (Table 3). Options for

monetizing non-monetary data will be discussed further below.

Social consequences may affect individuals, households or have a bearing at the

societal level. Most relevant direct effects are the loss of life, people injured and

affected, loss of important memorabilia (e.g. pictures or other sentimental, non-

replaceable items), damage to cultural and heritage sites (in addition to the

monetary loss). Indirect social effects include: increases in diseases (such as cholera

and malaria), increases in stress symptoms or increased incidence of depression,

disruption in school attendance, disruptions to the social fabric, disruption of

living environments and the loss of social contacts and relationships post-event.

Economic impacts are usually grouped into three categories: direct, indirect, and

macroeconomic (also called secondary) effects (ECLAC, 2003). These effects fall into

stock and flow effects. Direct economic damages are mostly the immediate damages

Categories of impacts Characteristics

Direct

Indirect

Monetary

Non-monetary

Due to direct contact with disaster, immediate effect

Occur as a result of the direct impacts, medium-long term effect

Impacts that have a market value and will be measured in monetary terms

Non-market impacts, such as health or environmental impacts

| TABLE 3 | Categories and characteristics of disaster impacts

| TABLE 2 | Summary of quantifiable disaster impacts/benefits

Non–monetaryMonetary

Direct

Social

Household Number of casualties
Number of injured
Number affected

Increase of diseases
Stress symptom

Economic

Private Sector

Household Housing damaged or
destroyed

Loss of wages,
reduced purchasing power

Increase in poverty

Public Sector

Education
Health
Water and sewage
Electricity
Transport
Emergency spending

Assets destroyed or
damaged:

building, roads,
machinery, etc.

Loss of infrastructure
services

Economic Sectors

Agriculture
Industry
Commerce
Services

Assets destroyed or
damaged:
building,

machinery, crops,
etc.

Losses Due to reduced
production

Environmental Loss of natural habitats Effects of biodiversity

Total

Indirect Direct Indirect
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or destruction to assets or "stocks", due to the event per se. A smaller portion of these

losses results from the loss of already produced goods. The direct stock damages

have indirect impacts on the "flow" of goods and services. Indirect economic losses

occur as a consequence of physical destruction affecting households and firms. Most

important indirect economic impacts include:

• Diminished production/service due to interruption of economic activity,

• Increased prices due to interruption of economic activity leading to reduction of

household income,

• Increased costs as a consequence of destroyed roads, e.g. due to detours for

distributing goods or going to work,

• Loss or reduction of wages due to business interruption.

Assessing the macroeconomic impacts involves estimating the aggregate impacts on

economic variables like gross domestic product (GDP), consumption and inflation

due to the effects of disasters, as well as, due to the reallocation of government

resources to relief and reconstruction efforts. As the macroeconomic effects reflect

indirect effects as well as the relief and restoration effort, these effects cannot simply

be added to the direct and indirect effects without duplication. Such effects are

already partially accounted for by the effects already incorporated in the analysis

(ECLAC, 2003).2  It should be kept in mind that the social and environmental

consequences also have economic repercussions. The reverse is also true since loss of

business and livelihoods can affect human health and well-being and local

environmental sustainability.

Environmental impacts generally fall into two categories. The first category consists of

impacts on the environment as a provider of assets that can be made use of (use

values). Impacts on water for consumption or irrigation purposes or soil for

agricultural production are examples of this. These impacts are or should be taken care

of in the valuation of economic impacts. The second category relates to the

environment as creating non-use or amenity values. Effects on biodiversity and natural

habitats fall into this category where there is not a direct, measurable monetary

benefit, but ethical or other reasons exist for protecting these assets and services.

Natural disasters often also may have positive effects such as an increase of pasture

area for raising livestock, increased water availability or replenishment of aquifers.

When planning preventive measures, these benefits can often be made use of and

thus do not need to be subtracted. Furthermore, in the indirect effects on economic

sectors such as agriculture (increase in livestock numbers), or in the construction

sector (reconstruction boom post-event) these positive effects already appear. For

this reason, and as the adverse impacts of disasters generally by far overshadow the

positive effects, the positive effects are not listed separately in the following section.

2 There is some discussion in the literature concerning potential double-counting involved in adding direct and
indirect impacts; this is due to the relation between direct impacts on assets (quantity at a single point in time)
and indirect effects on flows (services/cash flows due to using the stocks over time). However, this argument
assumes that all direct and indirect impacts can be assessed and the cost concept used for valuing asset losses is
that of the book value (purchase value less depreciation), which are not realistic assumptions for disaster impact
assessment. In applied impact assessments and CBAs deriving order of magnitude estimates and often using
reconstruction values generally direct and indirect impacts are added up (see ECLAC, 2003).
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SECTION 4

Assessing Risks

Risks – and benefits when reduced, transferred or avoided – that can be measured are

included in quantitative cost-benefit analyses. Often, an attempt is made to monetize

costs or benefits that are not indicated in such a metric, such as loss of life,

environmental impacts, etc. However, as is generally the case with CBA, some effects

and benefits will always be left out of the analysis due to estimation problems.

Generally, in assessing risk, revealed vs. expressed preference approaches can be

distinguished (Penning-Rowsell et al., 1992). In the revealed preference approach,

available market prices for goods, such as those needed for reconstructing a damaged

building, are used. In practice, this involves adding up potential avoided impacts in

terms of reconstruction costs. Alternatively, in the expressed preference approach, the

value of a non-marketed good, such as the value of flood protection, is directly elicited

by asking the potentially affected individuals or businesses. The revealed preference

approach is more common and followed in disaster risk management due to the

general availability of some data, while for the expressed preference method, specific

surveys would be required.

For the expressed preferences, there is a large collection of literature on the

monetization of non-market impacts, particularly driven by the application of CBA in

the field of environmental economics. Methods can be broken down into indirect and

direct methods. Direct preference assessment is done by means of contingent

valuation where subjects are surveyed and their preferences determined (e.g.

willingness to accept a change in the environment, willingness to pay for avoiding

premature death). One important application is the valuation of life (Value of a

Statistical Life (VSL)) that is based on assessing the willingness to pay for avoiding

premature death. A major problem is the resulting differential in values between

developed and less-developed countries as the willingness to pay is proportional to

income. The indirect method estimates the value attached to risk reduction based on

actual market behaviour. The medical costs for treating a disease or the income lost

due to disease or death is a good example of this.
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Representing Risk and Uncertainty

Disaster risk so far has been defined as the probability of potential impacts affecting

people, assets or the environment, but at this point an important distinction should

be made between risk and uncertainty.

If the probability of events and impacts can be determined, one talks of risk

("measured uncertainty"); if probabilities cannot be attached to such events, this is a

case of uncertainty. A standard statistical concept for the representation of natural

disaster risk is the loss-frequency curve, which indicates the exceedance probability

of an event not exceeding a certain level of damages. Another important concept, is

the inverse of the exceedance probability, the recurrence period. The recurrence

period can be thought of as an event with a recurrence of 100 years will on average

only occur every 100 years. It has to be kept in mind that this is a standard

statistical concept allowing calculation of events and its consequences in a

probabilistic manner. A 100 year event could also occur twice or more times in a

century, the probability of such occurrences however, being low. In order to avoid

misinterpretation, the exceedance probability is often a better concept than the

recurrence period. As one example, Table 4 and Figure 4 list values calculated for the

case of drought risk in Uttar Pradesh.

In this case, damages due to the 10, 50, 100 and 200-year drought events were estimated.

For example, the 100-year event, which is an event with an annual probability of 1%, was

estimated to lead to losses of about 1670 INR

per household. The last column shows the

product of probability times the damages; the

sum of all these products is the expected annual

loss.

Another important property of loss-

frequency curves is the area under the curve.

This area (the sum of all damages weighted by

its probabilities) represents the expected

annual value of damages, i.e. the annual

amount of damages that can be expected to

occur over a longer time horizon. This

concept helps in translating infrequent events

and damage values into an annual number

| FIGURE 4 | Example of loss-frequency distribution

Recurrence (years) Annual probability

10
50

100
200

Damages
(INR/household)

Risk=
Probability x Damages

(INR/household)

10.0%
2.0%
1.0%
0.5%

0
675

1,672
3,344

0.0
13.5
16.7
16.7

46.95Annual expected loss

| TABLE 4 | Risk as represented by the loss-frequency function for drought risk in Uttar Pradesh
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that can be used for planning purposes. Theoretically, values for a substantial

number of points on the curve are required for accuracy. However, only a small

number of values were available in this example. This is often the case since

infrequent large magnitude events are the most common cause of disaster. As a

result, in disaster risk management events up to 200, sometimes 500-year return

periods are considered. Thus, potential disaster impacts have to be understood as

an approximation and uncertainty of these calculations has to be acknowledged.

Means vs. Variability

In an expected value analysis, risk (represented by the probability distribution) is

summarized by the expected, average outcome. This means, however, losing a

considerable amount of information. As indicated above, natural disasters are

not at all average or annual events, but characterized by their low-frequency,

high-consequence nature. In contrast to a normal distribution, the mean/

expected value does not well represent the relationship. For disaster events, it is

also desirable to account for the variability of potential outcomes. In theory,

limiting the analysis to average values is only permissible if there is risk

neutrality, i.e. risk in terms of the variability of outcomes (extremes) is not

important and can be handled. This risk-neutrality assumption generally holds

true for developed countries, but is less applicable to lower-income, hazard-prone

countries. Government decisions should be based on the opportunity costs to

society of the resources invested in the project and on the loss of economic assets,

functions and products. In view of the responsibility vested in the public sector

for the administration of scarce resources, and considering issues such as fiscal

debt, trade balances, income distribution, and a wide range of other economic,

social, and political concerns, governments should not act risk-neutrally (OAS,

1991; Mechler, 2005).

An approach that is useful if variability matters and risk aversion is prevalent, is

the mean-variance (EV) method. As the term suggests, this method takes account

of the mean and variance (to account for variability) of a probability distribution.

The EV method is often used in portfolio analysis in finance theory and

applications. The EV method in essence relies on the mean and variance whereby

the variance is used to measure volatility around the mean.3

3 The EV method is based on the Expected Utility (EU) framework, which is a standard method of dealing with risk
in economics. The EV method basically relies on the mean and variance of the outcome variables and weights the
variance by a risk aversion parameter as follows:

Where Y* the CE, E(Y) expected/mean income, RP: risk premium, R risk aversion parameter, V(Y) variance of
income, Y average income.

Thus, the method accounts for the average impacts of catastrophes as well as for the extremes and volatility. It also
considers the ability to cope with disasters by including the risk aversion parameter. If there is (perceived) risk
neutrality, the analysis can be reduced to calculating averages.

 * )(
*

2
-E(Y)E(Y)Y

Y

YVR
RP =−=
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Uncertainty

Estimating extreme event risk and the benefits of risk reduction is fraught with a

substantial amount of uncertainty. As demonstrated by the Uttar Pradesh

drought case (Risk to Resilience Working Paper No. 5), as disasters by definition

are low-frequency, high consequence events. Uncertainties are inherent in

Hazard recurrence: estimates are often only based on a limited number of data

points. As noted above, this is a particular challenge in the context of climate

change where the frequency and intensity of major weather events is likely to

change in fundamental ways.

Incomplete damage assessments: data will not be available for all relevant

direct and indirect effects, particularly so for the non-monetary effects.

Vulnerability:  Information to construct vulnerability curves often does not

exist.

Exposure: the dynamics of population increase and urban expansion, increase

of welfare need to be accounted for.

Benefits of risk management estimates: often difficult to accurately measure

the effects and benefits of risk management measures.

Discounting: the discount rate used reduces benefits over the lifetime of a

project and thus has a very important impact on the result.

Valuation issues: exchange rates, deflators and different cost concepts

(replacement, market values) used.

Additionally for climate change, uncertainties are due to estimating the

changes in frequency and intensity of natural hazards, especially when historic

records are incomplete

When fitting probability distributions to a limited number of data points, losses

may be overestimated or underestimated relative to the "true" loss probability

relationship. Of course, in practice the "true" relationship is never known. With an

increasing amount of data, the approximation to the underlying relationship may

improve. However, as discussed above, often the number of data points that can

be derived is limited due to lack of underlying primary data or time and money

constraints. Thus, where possible uncertainties should be assessed, caution is

essential when using estimates of risk to evaluate the benefits of risk reduction.

This is again another point that emphasizes the importance of linking

quantitative CB analyses with more qualitative assessments and stakeholder

inputs through shared learning dialogues. Shared learning dialogues, by bringing

together the perspectives of diverse community, expert and government groups,

can be used to assess uncertainties. They can also be used to refine and bound

assessments of recurrence periods, valuations, etc. As a result, they provide

perhaps the best avenue of assessing many of the variables where quantitative

data are lacking or insufficient.
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SECTION 5

Identification of Risk Management
Measures and Associated Costs

Based on the assessment of risk, potential risk management projects and

alternatives can be identified. Methods for doing this are discussed extensively  in

Risk to Resilience Working Paper No. 8.

The costs in a CBA are the specific costs of implementing a project and consist of

investment and maintenance costs. There are the financial costs, which are the

monetary amounts that have to be spent for the project. However, of more interest

are the so-called opportunity costs, which are the benefits foregone from not being

able to use these funds for other important objectives. There is a wide spectrum of

potential mitigation, preparedness and risk financing measures that can be taken in

order to reduce or finance risk. Table 5 lists a selection of these measures, and in

bold concrete interventions studied in the Risk to Resilience project (see Working

Paper Nos. 3, 4 & 7).

Type Prevention Preparedness Risk financing

Effect Reduces risk Transfers risk (reduces variability)Reduces risk

Physical and structural

mitigation works (e.g.

irrigation,

embankments)

Land-use planning and

building codes

Economic incentives for

proactive risk

management

Early warning systems,

communication systems

Contingency planning,

networks for emergency

response

Shelter facilities,

evacuation plans

Alternative risk transfer

Risk transfer (by means of (re-)

insurance) for public infra-structure

and private assets, microinsurance

National and local reserve funds

 Key options

Source: Modified based on IDB, 2000.

| TABLE 5 | Overview of risk management measures
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These measures reduce risk (prevention and preparedness) or transfer and spread it

on a larger basis (risk financing). While prevention and preparedness reduce the

losses, insurance and other risk financing instruments lessen the variability of losses,

but not directly reducing them, by spreading and pooling risks.4 By providing

indemnification in exchange for a premium payment, insured victims benefit from

the contributions of the many others that are not affected, and thus in the case of a

disaster, they receive a contribution greater than their premium payment. However,

over the long run, insured persons or governments can expect to pay significantly

more than their losses. This is due to the costs of insurance transactions and the

capital reserved by insurance companies for potential losses (or reinsurance), as

well as the financial return required for absorbing the risks (see also Section 6).

Key information on risk management measures required for quantitative cost-

benefit analysis include: (i) the exact type of the option under consideration, (ii) its

planned lifetime, (iii) the costs, such as investment costs and maintenance costs, (iv)

planned funding sources, (v) possibly additional benefits and impacts. We derived

such information from interaction with stakeholders during the SLDs. Concerning

the costs of an option, usually there are major initial outlays for the investment

effort, such as building an irrigation system, followed by smaller maintenance

expenses occur over time, e.g. for maintaining the system. On the other hand, risk

transfer measures usually demand a constant annual payment, e.g. an insurance

premium guaranteeing financial protection in case of an event. These costs normally

can be determined in a straightforward manner as market prices exist for cost items

such as labour, material and other inputs. Some uncertainty in these estimates

usually remains as prices for inputs and labour may be subject to fluctuations.

Often, project appraisal documents make allowance for such possible fluctuations

by varying cost estimates by a certain percentage when appraising the costs.

4 Insurance and other risk financing mechanisms are based on the Law of large numbers, which states that with an
increasing number of observations the probability distribution can be estimated more precisely and the
variance around the mean decreases.
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SECTION 6

Analysis of the Benefits of Risk Management

In a conventional CBA of investment projects,

benefits are the additional outcomes generated by

the project compared to the situation without the

project. In the DRM case, however, benefits are the

risks that are reduced, avoided or transferred.5

Conceptually it would be ideal to assess the income

and livelihood consequences (indirect risks) in

relation to the proportionate loss of assets and

structure (direct risks) of disasters for different

groups. For example, a loss of 10,000 INR has a

different significance for a poor labourer than to a

large-scale farmer. In the case of the labourer, this

loss would cause severe follow-on consequences

such as malnutrition and deprivation, whereas the

farmer would be able to absorb this financial loss

with few such indirect impacts. Normally, the

indirect risks cannot be easily assessed, as this

involves conducting surveys, interviews and

statistical and economic analyses. As a result, most

analysts (including in this study) resort to the

direct effects, which often in a development context

actually understate the "real" impacts.

In order to estimate benefits, the effect of

implementing DRM activities on risks need to be

assessed in relation to the loss-frequency function

developed earlier. As illustrated in Figures 5a and

5b, risk reduction activities generate benefits by

| FIGURE 5a | Mechanics of irrigation intervention the
Uttar Pradesh case

| FIGURE 5b | Mechanics of insurance intervention in the
Uttar Pradesh case

5 In CBA terminology, they are defined as the willingness-to-
pay (WTP) to avoid/reduce risks. The WTP generally
reflects the preferences of economic agents (households,
business, public sector).
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shifting the loss frequency curve downward in the areas where the intervention

reduces disaster impacts. Risks may be completely avoided, reduced, or transferred.

As an illustrative example, we consider the Uttar Pradesh case of drought risks to

farmer livelihoods with irrigation and insurance interventions to reduce risk (see

Risk to Resilience Working Paper No. 5 for a complete discussion of the case study).

The mechanics of these interventions differ importantly.

In the Uttar Pradesh drought case, irrigation (pumping groundwater and irrigating

drought-affected wheat and rice fields) would help mitigate a rainfall deficit up to a

10 year drought event. This is equivalent to receiving 30 mm less in June than

average  (that is, 120 mm instead of 150 mm). Compared to the irrigation option,

where basically a part of the loss-frequency curve is cut off (i.e. risks are reduced),

insurance would guarantee a certain payout, if rainfall (or the lack thereof) falls into

a certain range. Here this range would be 20-40 mm rainfall, which is a 130-110 mm

rainfall deficit compared to the normal June rainfall of 150 mm, is associated in the

illustration with a 50 to 20 year event. As the claim payment after the event is

received in exchange for a premium payment before the drought, risk is not reduced

but transferred.

Needless to say and as discussed above, certain DRM options may also create

disbenefits. Embankments, for example, can cause waterlogging and associated

increases in health problems. These negative benefits need to be considered as well

and factored in on the benefits side.6

6 They should not be computed on the costs side, in order not to confuse these disbenefits with the fixed and
variable costs of a government or donor sponsoring DRM interventions.
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SECTION 7

Calculation of Economic Efficiency

Estimating the economic efficiency of an intervention, the final step, is assessed by

comparing benefits and costs. Costs and benefits arising over time need to be

discounted to render current and future effects comparable. From an economic

point of view, $1 today has more value than $1 in 10 years, thus future values need

to be discounted by a discount rate representing the preference for the present over

the future. Furthermore, costs and benefits are compared under a common

economic efficiency decision criterion to assess whether benefits exceed costs.

Basically, three decision criteria are of major importance in CBA:

• Net Present Value (NPV): Costs and benefits arising over time are discounted

and the difference taken, which is the net discounted benefit in a given year. The

sum of the net benefits is the NPV. A fixed discount rate is used to represent the

opportunity costs of using the public funds for the given project. If the NPV is

positive (benefits exceed costs), then a project is considered desirable.

• Benefit/Cost Ratio: The B/C Ratio is a variant of the NPV. The benefits are

divided by the costs. If the ratio is larger than 1, i.e. benefits exceed costs, a

project is considered to add value to society.

• Internal Rate of Return (IRR): Whereas the former two criteria use a fixed

discount rate, this criterion calculates the interest rate internally, which

represents the return on investments in the given project. A project is rated

desirable if this IRR surpasses the average return of public capital determined

beforehand (e.g. 12%).

In most circumstances, the three methods are equivalent. In the Risk to Resilience

project, due to its intuitive appeal, we mostly focused on the B/C ratio.

The example below shows the CBA calculations for the case of micro crop insurance

in Uttar Pradesh.7 In the first year of the project, the fixed technical assistance costs

(for modelling the risks, training staff etc.) for setting up the scheme would dwarf

7 The assessment considered the case of setting up a novel microinsurance scheme for drought-affected farmer
potentially involving an insurance company, NGO, local or state government or a donor, and the insured. The
government or donor would sponsor the technical assistance (fixed costs) and partially subsidize the premium
(variable costs). Benefits relate to the reduction in farmer income losses and reduced relief expenditure
spending by the government. Key parameters were (per household): 5,000 INR cost of technical assistance,
premium of 3.0% of the insured value, 50.0% premium subsidy.
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the benefits. Over time, benefits would arise as income losses are partially offset by

insurance payments (see Risk to Resilience Working Paper No. 5). Given the default

discount rate of 12%, net benefits would amount to approximately 6,000 INR per

individual within the scheme over the 15-year time period considered. Yet, when

discounting with a rate of 12%, the (discounted) NPV would amount to only 440

INR. The B/C ratio is only marginally above 1, and the internal rate of return, as

well, does not significantly surpass the default rate of 12%.

The discount rate has a key influence on the economic efficiency calculations. Figure

6 shows the net benefits for a 0%, 5%, and 12% discount rate. Not surprisingly, when

a small or zero discount rate is used, the project seems more viable.

| FIGURE 6 | Net benefits of crop insurance option in the Uttar Pradesh drought case and discounting

Year

Costs:
technical

assistance and
premium
subsidy

Discounted
net benefits

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
Sum

| TABLE 6 | Calculation of costs and benefits  in terms of NPV, B/C ratio and IRR (in INR)

Benefits:
increased
income

households,
reduced relief
expenditure

Net
benefits

Discounted
costs

Discounted
benefits

5,194
194
194
194
194
194
195
195
196
197
198
199
200
201
203

7,946

880
880
879
882
886
887
900
911
923
936
953
971
993

1,017
1,045

13,942

-4,314
686
686
688
692
693
706
715
727
740
755
773
793
816
842

5,996

5,194
173
154
138
123
110
99
88
79
71
64
57
51
46
42

6,489

880
785
701
628
563
503
456
412
373
338
307
279
255
233
214

6,926

-4,314
612
547
490
440
393
357
324
294
267
243
222
204
187
172
437
1.07

13.9%

NPV
B/C
IRR

Note: A 12% discount rate was used.
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SECTION 8

Types of CBA Assessments and
Requirements

The type of assessment to be conducted depends upon the objectives of the respective
CBA, as well as data at hand on the hazard, vulnerability and exposure and finally,
impacts. In order to operationalize the assessment of hazard, vulnerability, risk and
risk reduction and considering data and resource limitations for conducting CBAs,
two frameworks for quantitative analysis, forward-looking and backward-looking are
available (Table 7).

Estimate hazard,
vulnerability, then
combine with risk,
combine with climate
modelling, e.g.
regional to local
climate downscaling

Use past damages
as manifestations of
past risk, then
update to current risk

Forward-looking
assessment - risk-
based

Backward-looking
assessment - impact-
based

More accurate, but time and data-intensive
(up to several person years). More applicable
for small scale risk management measures,
e.g. retrofitting a school/building against
seismic shocks
Input to: Pre-project appraisal or full
project appraisal

Leads to rougher estimates, but more
realistic and typical for developing country
context. More applicable for large scale risk
management measures like flood protection
for river basin with various and different
exposed elements. Need experience with
damages in the past.
Time effort: in range of several person-months.
Input to: Evaluation (ex-post)
Informational study

Type of assessment Data requirementsMethodology Costs and applicability

Locale and asset-
specific data on
hazards and
vulnerability. Minimum
of three data points,
Global or regional
climate circulation
modelling

Data on past events,
information on
changes in hazard and
vulnerability. Minimum
of three data points
(past disaster events)

| TABLE 7 | Types of assessments in context of CBA under risk and related case studies

In a more rigorous and resource-intensive forward-looking, risk-based approach, data
on hazard and vulnerability are combined and lead to estimates of risk and risk
reduction. Ideally in a forward-looking risk assessment, risk can be estimated by
combining information on hazard and vulnerability. Often full-blown risk
assessments are not feasible due to data, time and money constraints, particularly
when the area at risk is large, is exposed to more than one hazard, or there are a large
number of exposed assets with differential vulnerabilities.

In a more pragmatic backward-looking, impacts-based approach, past damages are
often used as the basis for coming to an understanding of current vulnerability,
hazard and potential damages. In such cases, in a backward-looking assessment of
past damages is used to come to a rough understanding of risk and potential damages.
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SECTION 9

Conclusions

We described the different steps, opportunities and key constraints for conducting a

CBA of disaster risk management. This approach forms the backdrop for actually

conducting CBA assessment in data-poor environments in India and Pakistan. More

detail on how to actually do a CBA can be found in the Risk to Resilience Working

Paper Nos. 4, 5, and 7. In addition, a more comprehensive methodology report will

be available through the Risk to Resilience project by the end of 2008.

We conclude with a number of key messages derived from the case study process

which may be useful when using CBA for informing decisions on DRM.

Clarify objectives of conducting CBAs in DRM

Before engaging in a CBA assessment, it is necessary to clarify the objective,

information needs and data situations among the different potential stakeholders,

which may comprise representatives from local, regional and national planning

agencies, NGOs working in development and disaster risk management, disaster risk

manager, officials concerned with public investments decisions, development

cooperation staff and local communities. The type of envisaged product is closely

linked to its potential uses and users. A CBA may be conducted for merely

informational purposes, as a pre-project appraisal, as a full-blown project appraisal

or as an ex-post evaluation. Purposes, resource and time commitments and expertise

required differ significantly for these products. The specific information preferences

will differ between cases involving a development bank or a municipality, between

small-scale and large-scale investments, planning physical infrastructure or capacity

building measures, and between mainstreaming risk in CBA vs. CBA for disaster risk

management. At an very early stage, it is critical to achieve consensus among the

interested and involved parties on the scope and breadth of the CBA to be

undertaken. In the Risk to Resilience project, we pursued this for our case studies

through a combination of scoping exercises, shared learning dialogues and

qualitative assessment prior to any decision on undertaking a more comprehensive

CBA. Purposes, resource and time commitments and expertise required differ

significantly for these case and associated products as listed in Table 8.
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Often, CBAs and risk assessments are based on past impacts in a backward looking

analysis. A forward-looking analysis in terms of risk is more complex and resource

intensive, but leads to better results. Due to the higher level of complexity, it is rarely

used. Depending on the objectives that the specific CBA undertaken should serve

and resources and expertise available, both approaches can be used. The specific

approach taken as well as assumptions employed should be clearly outlined.

Acknowledge complexities of estimating risk

Estimating risk and the costs and benefits of risk management is inherently

complex. Disaster events are in essence, probabilistic events. As a consequence,

benefits due to risk management are probabilistic and arise only in the case of events

occurring. Benefits should be assessed in terms of probability times consequences

leading to an estimate of risk. However, the treatment of risk in CBA (and DRM

generally) is often done on an ad-hoc basis and assessments focus on events in the

past rather than potential catastrophes in the future. This may result in an

underestimation of damages and an underinvestment in preventive measures.

Furthermore, the need to account for climate change when assessing future hazard

intensity and frequency adds considerable complexity and resource demands, as

climate model downscaling is a key requirement. Often climate modelling does not

produce data in probabilistic format representing natural variability, and as a key

assumption average values, have to be used. In addition, at present substantial

uncertainty exists regarding the accuracy of results from climate downscaling. As a

result, cost-benefit analyses utilizing downscaled information on future climatic

conditions need to be recognized as scenarios rather than accurate projections.

These specific challenges and characteristics of disaster risk management need to be

properly communicated and understood in order to properly interpret results

derived in a CBA.

In addition to the above, numerous methodological challenges of CBA impact the

analysis. Putting values on non-market impacts such as health impacts and

environmental aspects is generally difficult and may involve ethical issues such as

whether and how to monetize fatalities. A further challenge is to account for indirect

effects and their reduction or increase (e.g. changes in the prevalence of diseases

post-disaster, higher transport costs due to loss of infrastructure, increased costs

Provide a broad overview over costs
and benefits
Singling out most effective measures
for matters of more detailed evaluation
in project appraisal
Detailed evaluation of accepting,
modifying or rejecting project
Evaluation of project after completion

Informational study

Preproject appraisal

Project appraisal

Evaluation (ex-post)

Lai Basin case (Pakistan), Nepal case

Uttar Pradesh flood case (India)

Uttar Pradesh drought case (India)

Uttar Pradesh flood case (India),
Nepal case

+

+ +

+++

+ +

Product
Resource and time

commitmentPurpose Case Study

| TABLE 8 | Level of complexities and CBAs conducted in the project
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due to business interruption). Indirect damages can be substantial and sometimes

even exceed direct impacts. Yet due to technical difficulties, other impacts such as

social and indirect economic effects are rarely included and assessments focus

mostly only on direct impacts, which leads to a partial picture of potential disaster

impacts to be avoided.

Process-Orientation

Given the complexities involved in estimating the costs and benefits of DRM,

climate change and the history and current usage of CBA as a decision support tool,

it seems that the role of CBA in DRM is strongly related to process rather than

outcome. CBA is a useful tool for organizing, assessing and finally presenting the

cost and benefits, pros and cons of interventions. It demands a coherent

methodological, transparent approach. Yet, given that data on extreme event risks

are by definition scarce, and impacts often are very significant and subject to change

over time, CBA is probably not as suited to be used as a purely outcome-oriented

tool, at least in a data-restricted environment. To put this in another way, the

evaluative process involved in conducting a CBA is generally more important and

more reliable as a basis for decision making than the final benefit-cost ratios

calculated. This is particularly true for DRM, where process-orientation and

inclusion of a host of stakeholders plays a critical role.

One tool to organize such processes is shared learning dialogues, which, by

bringing together the perspectives of diverse community, expert and government

groups, can be used to assess uncertainties. They can also be used to refine and

bound assessments of recurrence periods, valuations, etc. As a result, SLDs provide

perhaps the best avenue of assessing many of the variables where quantitative data

are lacking or insufficient. Focusing on outcome only may defeat the purpose of

better mainstreaming DRM - essentially a crosscutting problem - into a host of

development-related activities where stakeholders with diverse backgrounds and

objectives interact, then decide and implement projects and policy.



30

From
 Risk to Resilience

W
orking Paper N

o. 1

References

Benson, C. and J. Twigg (2004). 'Measuring Mitigation': Methodologies for Assessing Natural

Hazard Risks and the Net Benefits of Mitigation - A Scoping Study. Provention

Consortium: Geneva

Brent, R. J. (1998). Cost-Benefit Analysis for Developing Countries. Cheltenham, Edward Elgar.

Burby, R., Ed. (1991). Sharing Environmental Risks. How to Control Governments' Losses in

Natural Disasters. Boulder, Colorado, Westview Press.

Dasgupta, A. K. and D. W. Pearce (1978). Cost-Benefit Analysis: Theory and Practice. London,

Macmillan.

ECLAC (2003). Handbook for Estimating the Socio-economic and Environmental Effects of

Disasters. ECLAC, Mexico City.

Gowdy, J. (2007). Toward an experimental foundation for benefit-cost analysis. Ecological

Economics 63 (2007): 649-655

Gramlich, E. M. (1981). Benefit-Cost Analysis of Government Programs. Englewood Cliffs,

Prentice-Hall.

GTZ (2001). Disaster risk management. Working concept paper. Eschborn.

GTZ (2004). Risk analysis - a basis for disaster risk management. Guidelines. Eschborn.

IDB (2000). Facing the Challenge of Natural Disasters in Latin America and the Caribbean. An

IDB Action Plan. Washington DC, Inter-American Development Bank.

Little, I. and J. Mirrlees (1990). Project Appraisal and Planning Twenty Years on. Proceedings of

the World Bank Annual Conference on Development Economics. S. Fischer.

Washington DC: 351-382.

Kopp, R. J., et al. (1997). Cost-Benefit Analysis and Regulatory Reform: An Assessment of the

Science and the Art. Discussion paper 97-19. Washington DC, Resources for the Future.

Mechler, R. (2005). Cost-Benefit Analysis of Natural Disaster Risk Management in Developing

and Emerging Countries. Manual. Working paper, GTZ, Eschborn.

OAS (1991). Primer on Natural Hazard Management in Integrated Regional Development

Planning. Washington DC, Organization of American States.

Penning-Rowsell, E., C. Green, P. Thompson, A. Coker, S. Tunstall, C. Richards, D. Parker (1992).

The Economics of Coastal Management - A Manual of Benefit Assessment Techniques

(The Yellow Manual). London.

Solomon, S. et al. (eds). Climate Change (2007): The Physical Science Basis - Contribution of

Working Group I to the Fourth Assessment Report of the IPCC (Cambridge Univ. Press).



31

Th
e 
Co
st
-B
en
ef
it 
An
al
ys
is 
M
et
ho
do
lo
gy

Annex I: Working Paper Series

Title
The Cost-Benefit Analysis
Methodology

Pinning Down Vulnerability: From
Narratives to Numbers

Downscaling: Potential Climate
Change Impacts in the Rohini Basin,
Nepal and India

Evaluating Costs and Benefits of
Flood Reduction Under Changing
Climatic Conditions:
Case of the Rohini River Basin, India

Uttar Pradesh Drought Cost-Benefit
Analysis, India

Costs and Benefits of Flood
Mitigation in the Lower Bagmati
Basin: Case of Nepal Tarai and
North Bihar, India

Pakistan Case Study: Evaluating the
Costs and Benefits of Disaster Risk
Reduction under Changing Climatic
Conditions

Moving from Concepts to Practice: A
Process and Methodology Summary
for Identifying Effective Avenues for
Risk Management Under Changing
Climatic Conditions

Understanding the Costs and
Benefits of Disaster Risk Reduction
under Changing Climatic Conditions

Lead Authors
Reinhard Mechler (IIASA)

Daanish Mustafa (KCL); Sara
Ahmed, Eva Saroch (ISET-India)

Sarah Opitz-Stapleton (ISET);
Subhrendu Gangopadhyay
(University of Colorado, Boulder)

Daniel Kull (IIASA); Praveen Singh,
Shashikant Chopde (WII); Shiraz A.
Wajih (GEAG)

Reinhard Mechler, Stefan
Hochrainer, Daniel Kull (IIASA);
Praveen Singh, Shashikant Chopde
(WII); Shiraz A. Wajih (GEAG)

Ajaya Dixit, Anil Pokhrel (ISET-
Nepal); Marcus Moench (ISET)

Fawad Khan (ISET-Pakistan);
Daanish Mustafa (KCL); Daniel Kull
(IIASA)

Marcus Moench (ISET); Sara Ahmed
(ISET-India); Reinhard Mechler (IIASA);
Daanish Mustafa (KCL); Ajaya Dixit
(ISET-Nepal); Sarah Opitz-Stapleton
(ISET); Fawad Khan (ISET-Pakistan);
Daniel Kull (IIASA)

Marcus Moench (ISET)

Focus
CBA methods

VCI methods

Climate downscaling methods

India floods

India drought

Nepal Tarai and North Bihar floods

Pakistan (urban) floods

Methodology summary

Summary report

Working
Paper
Number
WP 1

WP 2

WP 3

WP 4

WP 5

WP 6

WP 7

WP 8

WP 9



32

From
 Risk to Resilience

W
orking Paper N

o. 1

This paper provides insights from an evaluation of the costs and benefits of disaster

risk reduction and adaptation to climate change in South Asia. The report is based

on a set of work undertaken in the Nepal Tarai, Eastern Uttar Pradesh, and

Rawalpindi, Pakistan. The progamme as a whole is financed by DFID and has been

undertaken in conjunction with related activities supported by IDRC, NOAA and

ProVention. The support of all these organizations is gratefully acknowledged.

Numerous organizations and individuals have contributed in a substantive way to

the successful completion of this report. The core group of partners undertaking

field work and analysis included: Reinhard Mechler, Daniel Kull, Stefan Hochrainer,

Unmesh Patnaik and Joanne Bayer from IIASA in Austria; Sara Ahmed, ISET

Associate, Eva Saroch; Shashikant Chopde, Praveen Singh, Sunandan Tiwari,

Mamta Borgoyary and Sharmistha Bose of Winrock International India; Ajaya

Dixit and Anil Pokhrel from ISET-Nepal; Marcus Moench and Sarah Opitz-

Stapleton from ISET; Syed Ayub Qutub from PIEDAR, Pakistan; Shiraz A. Wajih,

Abhilash Srivastav and Gyaneshwar Singh of Gorakhpur Environmental Action

Group in Gorakhpur, Uttar Pradesh, India; Madhukar Upadhya and Kanchan Mani

Dixit from Nepal Water Conservation Foundation in Kathmandu; Daanish

Mustafa from King's College London; Fawad Khan, ISET Associate and Atta ur

Rehman Sheikh; Subhrendu Gangopadhyay of Environmental Studies Program,

University of Colorado, Boulder. Shashikant Chopde and Sonam Bennett-Vasseux

from ISET made substantive editorial and other contributions to the project.

Substantive inputs from field research were also contributed in India, Nepal and

Pakistan by numerous dedicated field staff and individuals in government and non-

government organizations as well as the local communities that they interacted with.

Annex II: Acknowledgements





9 7 8 9 9 3 7 8 0 1 9 6 6



Y K

Working Paper 1

From Risk to
Resilience

Pinning DownVulnerability : FromNarratives to Numbers
Working Paper 2

Daanish Mustafa (KCL)
Sara Ahmed, Eva Saroch (ISET-India) &
The Risk to Resilience Study Team



.



Daanish Mustafa (KCL)
Sara Ahmed, Eva Saroch (ISET-India) &
The Risk to Resilience Study Team

November, 2008

From Risk to
Resilience

Pinning DownVulnerability : FromNarratives to Numbers

Working Paper 2



© Copyright, 2008

ProVention Consortium; Institute for Social and Environmental Transition;
Institute for Social and Environmental Transition-Nepal.

This publication is made possible by the support of the ProVention Consortium and United Kingdom's Depart-
ment for International Development (DFID). The research programme is supported through DFID grant number
OHM0837, NOAA award number NA06OAR4310081 and the Canadian International Development Research Centre
(IDRC) Centre file 103232-001.  Views and opinions expressed within do not necessarily reflect the positions of
ProVention, IDRC, NOAA or DFID. The findings, interpretations and conclusions expressed in this paper are those
of the authors alone.

Any part of this publication may be cited, copied, translated into other languages or adapted to meet local needs
without prior permission from ProVention Consortium, ISET or ISET-Nepal provided that the source is clearly
stated.

First Edition: 2000
November, 2008.

ISBN: 978-9937-8019-7-3

Series editors: Marcus Moench, Elisabeth Caspari & Anil Pokhrel.

Published by: ProVention Consortium, Institute for Social and Environmental Transition and Institute for Social
and Environmental Transition-Nepal.

Cover:  Thousands of people lost their houses and livelihood following the Kosi embankment breach on August
18, 2008. Photograph of displaced people living in temporary shelters in Nepal Tarai. Photo by Ajay Dixit.

DESIGN AND TYPESETTING
Digiscan Pre-press Pvt. Ltd., Kathmandu, Nepal.

PRINTED AT
Format Printing Press Pvt. Ltd., Kathmandu, Nepal.

Please use the following reference for this working paper:
Mustafa, D., Ahmed, S., E. Saroch and The Risk to Resilience Study Team, (2008): Pinning Down Vulnerability:
From Narratives to Numbers, From Risk to Resilience Working Paper No. 2, eds. Moench, M., Caspari, E. & A.
Pokhrel, ISET, ISET-Nepal and ProVention, Kathmandu, Nepal, 28 pp.



Introduction 1

Vulnerability: What Can It Be Good For? 3

Geography of Vulnerability: From Narratives to Numbers 5

Doing the VCI: A Brief Note on Methodology 15

Conclusion: Towards the Policy Contours of Hazardscapes 21

Bibliography 23

Annex I: Working Paper Series 27
Annex II: Acknowledgements 28

Contents



.



1

Pi
nn
in
g 
Do
w
n 
Vu
ln
er
ab
ili
ty
 : F
ro
m
 N
ar
ra
tiv
es
 to
 N
um
be
rs

Introduction

The concept of vulnerability has been one of the most insightful and influential

additions to hazards and climate change research during the last three decades.

While vulnerability analyses from varying intellectual and theoretical perspectives

have enriched the conceptual and analytical understanding of the patterns of

damage from environmental extremes, their contribution to the policy realm has

been peripheral at best. Some of the reasons for the lack of integration of

vulnerability in policy include: the dissonance between the policy-makers’ concern

with aggregate populations at the meso and macro national scales and the

vulnerability analyst’s general bias towards socially differentiated household and

community levels at the micro and meso scale (Mustafa, 2002 and 2004); policy-

makers’ social position as representatives of the prevailing political and economic

structures and many vulnerability analysts’ concern with fundamental inequities of

the social structures and the need for systemic change (Hewitt, 1983, Wisner et al.,

2004); and finally, the general policy-makers’ need for simpler, generalized,

actionable, preferably quantitative information for input into policy process, and

the spatially and temporally nuanced, complex, generally qualitative information

directed towards understanding causation rather than prescribing action

generated by vulnerability analyses (e.g., see Swift, 1989; Bohle and Watts, 1993).

This paper presents an empirically tested quantifiable vulnerability and capacities

index (VCI) which provides a simple tool for development practitioners and policy-

makers to assess vulnerability at scale in disaster and extreme climate risk regions.

By defining and quantifying appropriate criteria for the three key dimensions of

vulnerability, namely material (income, education), institutional (infrastructure,

social capital) and attitudinal (sense of empowerment), the VCI is a comprehensive

tool for measuring differential vulnerability at the household and community level

in both rural and urban areas. The VCI as it has been developed and field-tested

here can be used by NGO teams and community animators to collect baseline

information on vulnerability in a village or urban community so as to not only

target specific interventions and limited resources at vulnerable households, but

also to later monitor impacts and outcomes of the same. In looking at vulnerability

at both the household and community level in a given context, whether urban or

rural, the VCI provides an objective understanding of the differential dimensions of
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vulnerability, i.e. which social groups (e.g., dalits, minorities, tribals) and

households within such groups (e.g., female-headed or those living in low-lying

areas) are more vulnerable than others and why.

However, we understand that in trying to quantify a complex and nuanced concept

such as vulnerability there will be many competing criteria, scores and weights that

can be ascribed and that this index is by no means definitive. In addition, as with

any framework or tool, the VCI on its own without supporting narrative on the

local context, hazards/risks and social relations is rather meaningless. The reasons

why certain households and communities are vulnerable or the rationale behind the

numbers need to be explained briefly in order to develop a more complete analysis

for the design of policy and development interventions that address vulnerability.

This paper begins with a review of the literature on developing measures of

vulnerability. Building upon a critical review of the vulnerability literature, the

paper then outlines a theoretically informed and empirically testable quantitative

index of vulnerability. Some results of the ongoing field testing of the index are then

shared, along with a short note on methodological challenges. The paper concludes

with suggesting ways on how a quantitative capturing of social vulnerability could

be useful in informing better hazards policy with the ultimate goal of disaster risk

reduction and vulnerability mitigation.
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Vulnerability:
What Can It Be Good For?

The concept of vulnerability, even at the definitional level, has generated considerable

debate in the academic community. While the physical scientists and engineers have

typically equated it with physical exposure to extreme events and adverse outcomes,

on the social [scientific] side the emphasis has been on failure of entitlement to

resources, and [social] structural factors making certain groups differentially

disadvantaged in the face of disasters (Adger, 2006). Some have attempted to bridge

the gap between the physical and social scientific perspectives on vulnerability by

proposing the concept of a ‘vulnerability of place’ where biophysical exposure

intersects with political, economic and social factors to generate specific

configurations of vulnerability (Cutter, 1996; Cutter et al., 2000). This paper will not

engage in or revisit the vigorous, somewhat useful but ultimately unsatisfying

definitional debates on vulnerability. Instead, we define vulnerability as susceptibility

to suffer damage from an environmental extreme and relative inability to recover

from that damage (Mustafa, 1998, McCarthy, 2001), which is the most cited and

understood definition of vulnerability, and move on from there. Furthermore, we

understand vulnerability to be more of a chronic state of being rather than an

outcome of environmental extremes. Therefore, our emphasis will be on defining the

metrics for recognizing, measuring and ultimately addressing vulnerability as defined

above, instead of revisiting the well known basics.

According to Adger (2006: 277), measuring vulnerability has been an ongoing

challenge for vulnerability researchers:

“Vulnerability research, if it is to contribute to wider debates on

resilience and adaptation faces significant challenges, in

measurement, in handling perceptions of risk, and in governance.

The challenges . . . include those of measuring vulnerability within a

robust conceptual framework, addressing perceptions of

vulnerability and risk, and of governance.”

Anderson and Woodrow (1989) proposed the capacities and vulnerability analysis

matrix, which came to be one of the more influential schemas for monitoring the

vulnerability of communities and households. The matrix, however, primarily relied
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upon qualitative information, and was used by many influential NGOs

(ActionAid, 2005; Davis, 2004). Our vulnerability and capacity index (VCI) draws

heavily upon the insights of this schema. Others have gone a step further towards

devising quantitative vulnerability indices, but most of that work has been at a

macro, national scale, relying upon aggregated country level data sets (e.g.,

Vincent 2004, World Bank 1999). Few have attempted composite vulnerability

indices for the smaller community and household level (e.g., Bosher et al., 2007).

Vulnerability research has been good for adding nuance to our understanding of

the patterns of damage from hazards, linkages between everyday life and hazards,

and parallels between the geographies of injustice, poverty and exclusion and the

geographies of damage from hazards (e.g., Cutter, 1996; Mustafa, 1998 & 2005;

Pelling, 1998 & 1999; Watts, 1983; Wisner, 1993). But if the concept of

vulnerability is to go beyond understanding reality to changing it by

contributing to disaster risk reduction and adaptation to climate change, then

metrics have to be devised for measuring it. This article is an attempt towards

realizing that potential of vulnerability research by formulating a quantitative

index for measuring vulnerability. We draw upon theoretical insights from

vulnerability research coupled with empirical research, primarily in South Asia,

in addition to earlier attempts at measuring vulnerability to formulate the index

in the proceeding section.
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Geography of Vulnerability:
From Narratives to Numbers

Formulation of an index of anything is invariably an exercise in generalization,

where one is bound to exclude what many may consider important variables, and

present a static snapshot of a dynamic reality (Vincent, 2004), particularly when it

comes to such a concept as vulnerability. As Adger (2006: 274) puts it:

“Measurement of vulnerability must therefore reflect social

processes as well as material outcomes within systems that appear

complicated and with many linkages that are difficult to pin down . .

. the translation of this complex set of parameters [of vulnerability]

into a quantitative metric in many ways reduces its impact and

hides its complexity.”

While the impact of the full conceptual and analytical weight of vulnerability may

indeed be reduced by a quantitative measure, its communicative impact particularly

in a comparative sense and in terms of relaying critical information for non-expert

policy-makers cannot be underestimated. Therefore, difficult as it may be, we are

attempting to quantify vulnerability. With the above caveats in mind, we turn to the

discussion of rural and urban household level and community level VCIs.

The vulnerability index identifies eleven most critical drivers of vulnerabilities and

its converse, capacities from the universe of drivers of social vulnerability identified

in the literature. The index is not pretending to be comprehensive, but rather

indicative, and because it is concerned with persistent conditions that drive

vulnerability, the index does not measure them relative to any thresholds of damage

from specific hazards as some other vulnerability indices, e.g., see Luers et al., 2003

and Luers, 2005. The main thematic areas in the VCI are consistent with the

thematic areas mentioned by Twigg (2007) under the theme of risk management and

vulnerability reduction for resilient communities, in addition to similar

quantification exercises by others (e.g., Bosher et al., 2007). Furthermore, Table 1 is

specific to household level vulnerability analysis in rural areas, while a modified

VCI for rural community level vulnerability analysis is listed in Table 3. In the

interest of simplicity and covariance between different components of the index, it is

an additive model, thereby avoiding the mathematical problem of a few
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Types of Vulnerability and Indicators

Material Vulnerability
Income Source: If 100 per cent dependent on a local level productive asset, e.g., fishing, land, shop, etc.
• Lower vulnerability score by 1 for every 10 per cent of non-local income reported
• Subtract 2 if the income source is stable and insensitive to local hazard.
• Add 2 to the score if the income source is unstable, e.g., day labour.

Educational Attainment: If no member of the household is literate
• Lower vulnerability score by 1 for every 5 years of schooling of the most educated male member of the

household.
• Lower the score by 2 for every female member’s 5 year schooling.

Assets: If none of the assets are immediately fungible, e.g., farm implements, household items
• Lower the score by 1 for every Rs. 20,000 of fungible assets, e.g., tractor, animals, savings, jewellery (to be

calibrated empirically).

Exposure: Distance from the source of prime hazard, e.g., river, coastline, landslide zone. If within the
equivalent of 10-yr. flood plain

• Lower the score by 1 for the equivalent of every 10-yr. flood plain residence and or assets.
• Lower the score by 1 for every piece of evidence of hazard proofing, e.g., building of a house on higher

plinth for floods, light construction, low cost construction which could be rebuilt with local resources.

Vul.

35
10/12

5

 8

10

Cap.

-4
-2
-2
-2
-4
-4

-4
or
-4

-10
or
-10
-15
or
-15

1

2

3

4

| TABLE 1 | A composite Vulnerabilities and Capacities Index for the household level in rural areas (RHH-VCI)

Institutional Vulnerability

Social Networks: Membership of ethnic, caste, professional or religious organization or grouping. If none, then
• Lower vulnerability score by 2 for every instance of past assistance by a group/organization in adversity.
• Lower multiple times if multiple organizations.
• Lower score by proportion of respondents reporting the organization to be efficacious.

Extra-local kinship ties: If no extra-local kinship or other ties which could be source of shelter and assistance
during adversity

• Lower the score by 2 for every immediate family member living extra-locally
• Lower the score by 1 for every non-immediate family member living outside

Infrastructure:
Lack of an all-weather road
If seasonal road then
Lack of electricity
Lack of clean drinking water
Lack of robust telecommunications (mobile coverage)
Lack of local medical facility

Proportion of dependents in a household:
If the proportion is greater than 50 per cent
• Lower the number by 1 for every additional earning member
If a single parent headed household

Warning Systems:
Lack of a warning system

Warning system exists but people are not aware of it or don’t trust it

Membership of disadvantaged lower caste, religious or ethnic minority

Attitudinal Vulnerability

Sense of Empowerment:
Self declared community leadership
or
Proximity to community leadership
Proximity to regional leadership structure
or
Access to national leadership structure
Lack of access to community or regional leadership
Lack of knowledge about potential hazards (lower score by 1 for every type of hazard and its intensity
accurately listed by respondents)

Total Possible Vulnerability Score

50

10

5

4

2
2
4
4

5
or
10

4
or
4

5

15

10

5

100

5

6

7

8

9

10

11
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components having too amplified an effect on the overall vulnerability scores,

e.g., educational attainment may be associated with community leadership,

therefore causing an amplified effect of that variable if it is a multiplicative function.

Also, some scores somewhat counter-intuitively may end up being negative, which

will indicate an overall capacity for that category. That is just a mathematic quirk,

because of the fact that the primary concern with the index is measuring

vulnerability. If in a happy circumstance the score is negative, then that would

indicate a high level of capacity on the part of the household.

The overall weight distribution of vulnerability drivers between the three categories

of material, institutional and attitudinal vulnerabilities is 35, 50 and 15%,

respectively. This distribution is roughly consistent with the weights used by

Vincent (2004) of 20% for economic wellbeing and stability, 20% to demographic

structure, 40% to institutional stability and strength of public infrastructure, and

10% each to global interconnectivity and natural resource dependence for

measuring vulnerability of African countries. Since we are operating at the micro

scale, our material vulnerabilities category encompasses the first and the last two of

her categories, while the demographic structure category is not as applicable at the

micro scale or household and communities. Furthermore, general distribution

varies slightly as we go from household to community level and from rural to

urban areas.

Diverse livelihoods, rather than the quantum of income, is one of the key elements

of resilience against environmental hazards (Moench and Dixit 2004). Besides,

accurate and comparable field level data on income levels is extremely hard to get.

Therefore, the diversity and stability of livelihoods is listed as a key component

contributing to capacity and its converse to vulnerability in this case. The

maximum score is 10, with an additional 2 conditional upon the stability of the

income sources. In urban areas, however, diversity of income sources is a little less

important than the absolute magnitude of them, because of the service and

industrial based monetized economies of urban areas. There may yet be a safety net

for an urban resident if the income is being derived from wage earners overseas or

in another cities, therefore the category remains important. Thus in urban contexts

the weight of the category will be a conditional 10.

Formal education, as a driver of vulnerability has half as much weight as diverse

incomes in rural context., Bosher et al. (2007), for example, investigated the impact

of formal education on access to various resources to reduce vulnerability in rural

Andhra Pradesh in Southern India and found that while higher education was

associated with greater access to public facilities and, to a lesser extent, political

networks, people with lower levels of formal education enjoyed a comparable

amount of assets and higher access to social networks. Besides, in agrarian

economies formal education is not as critical in terms of access to livelihood

opportunities or to social capital. So in this VCI the maximum vulnerability score

is 5. Of course, formal education can be a capacity for a household and therefore

households with more highly educated members can get on the capacity side of the

equation, which may offset their vulnerability on other counts. In urban areas,

however, formal education is key to gaining access to livelihoods and facilities.
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Attitudinal Vulnerability

Sense of Empowerment:
Self declared community leadership
or
Proximity to community leadership
Proximity to regional leadership structure
or
Access to national leadership structure
Lack of access to community or regional leadership
Lack of knowledge about potential hazards (lower score by 1 for every type of hazard and its intensity
accurately listed by respondents)

 Total Possible Vulnerability Score

15

10

5

100

Material Vulnerability
Income Source: If 100 per cent dependent on a local level employment or productive asset
• Lower vulnerability score by 1 for every 10 per cent of non-local income reported
• Subtract 2 if the income source is stable and insensitive to local hazard.
• Add 2 to the score if the income source is unstable, e.g., day labour.

Educational Attainment: If no member of the household is literate
• Lower vulnerability score by 1 for every 5 years of schooling of the most educated male member of the

household.
• Lower the score by 2 for every female member’s 5 year schooling

Assets: If none of the assets are immediately fungible, e.g., farm implements, household items
• Lower the score by 1 for every Rs. 20,000 of fungible assets, e.g., tractor, animals, savings, jewellery (will

have to be calibrated empirically)

Exposure: Distance from the source of prime hazard, e.g., river, coastline, landslide zone. If within the
equivalent of 10-yr. flood plain
• Lower the score by 1 for the equivalent of every 10-yr. flood plain residence and or assets.
• Lower the score by 1 for every piece of evidence of hazard proofing, e.g., building of a house on higher

plinth for floods, light construction, low cost construction which could be rebuilt with local resources.

Institutional Vulnerability

Social Networks: Membership of ethnic, caste, professional or religious organization or grouping. If none, then
• Lower vulnerability score by 2 for every instance of past assistance by a group/organization in adversity.
• Lower multiple times if multiple organizations.
• Lower score by proportion of respondents reporting the organization to be efficacious.

Extra-local kinship ties: If no extra-local kinship or other ties, which could be source of shelter and assistance
during adversity
• Lower the score by 2 for every immediate family member living extra-locally
• Lower the score by 1 for every non-immediate family member living outside

Infrastructure:
Lack of an all weather road
If seasonal road then
Lack of electricity
Lack of clean drinking water
Lack of robust telecommunications (mobile coverage)
Lack of local medical facility

Proportion of dependents in a household:
If the proportion is greater than 50 per cent
• Lower the number by 1 for every additional earning member
If a single parent headed household

Warning Systems:
Lack of a warning system

Warning system exists but people are not aware of it or don’t trust it

Membership of disadvantaged lower caste, religious or ethnic minority

Vul.

35
8/10

10

 5

10

50

10

5

 4

 2
 2
 4
 4

5
or
10

 4
or
 4

 5

Cap.

-4
-2
-2
-2
-4
-4

-4
or
-4

-10
or
-10
-15
or
-15

| TABLE 2 | A composite Vulnerabilities and Capacities Index for the household level in urban areas (UHH-VCI)

1

2

3

4

5

6

7

8

9

10

11

Types of Vulnerability and Indicators
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Therefore, in urban areas the maximum vulnerability score will have to be 10 for

lack of formal education. Table 2 outlines the household level vulnerability matrix

for urban areas. The differences between the rural and urban household indices will

be explained as the narrative progresses.

Fungible assets can be important in terms of helping recovery. Earlier research by

Mustafa (1998) found that maintenance and selling of farm animals to recover from

flood damage was an important and widely reported component of recovery. The

element, although important towards recovery, is not as important as diverse

livelihoods towards building disaster resilience. The component may also be more

difficult to get reliable information on, and to calibrate. In urban areas, however, the

weight assigned to the category is reduced to 5 because of the monetized nature of

urban economies where fungible assets such as household appliances are not very

significant in terms of their resale value and the sale of more valuable items, e.g.,

jewellery, scooters, land, etc., can seriously undermine the resource picture and

mobility of the household.

At the community level in rural areas there is a category for communal property,

where collectively owned or managed water, land or forestry resources could be a

source of income and resource extraction for communities, thereby allowing

recovery from disasters. The category has been given a lower weight because of a

lack of documented evidence about the significance of the contribution of

communally held properties in recovery and building resilience. In the urban areas,

because of a general lack of communal property the category has been dispensed

with altogether (Table 4).

Exposure to specific hazards is a component of material vulnerability, but only a

component and not the whole picture (Cutter, 2000). As per Cardona (2004: 38)

“. . . one cannot be vulnerable if one is not threatened, and one

cannot be threatened if one is not exposed and vulnerable. Hazard

and vulnerability are mutually conditioning situations and neither

can exist on its own.”

But since environmental hazards are ubiquitous and in fact hazardousness of life is

a central theme in some philosophical traditions, particularly the ones with the

most influence in hazards research, e.g., pragmatism (Wescoat, 1992), the attention

of necessity has to be on the social in addition to the physical component as well.

Recognizing the importance of exposure, the weight assigned to measures of it is 10.

Under institutional vulnerability, social networks and social capital have been

deemed to be important contributors to building resilience and helping recovery

from hazards (Fussel, 2007; Bosher et al., 2007; Twigg, 2007), particularly since they

can be conduits for information, preparedness, relief and recovery. Accordingly,

under the institutional vulnerabilities and capacities category, evidence of the

existence of efficacious horizontal organizations and networks is accorded a weight

of 10. Extra-local kinship ties, although important, are difficult to assess in terms of

their quality. In the case of the recent earthquake in Pakistani administered Kashmir
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Material Vulnerabilities
Income Source: If 100 per cent households dependent upon local level asset for livelihood, e.g., land, tractor,
fisheries etc.
• Lower vulnerability score by 1 for every 10 per cent of households reporting non-local income
• Subtract 2 from the overall score if the income sources reported by more than 50 per cent households are

stable and insensitive to local hazard.
• Add 2 to overall score if the income sources are unstable, e.g., day labour.

Educational Attainment: If literacy rate is less than 50 per cent then
• Lower vulnerability score by 1 for every 10 per cent of additional female literate members of the

community

Assets: If no collectively owned community assets
• Lower the score by 1 for every productive collective community asset with open access to community

members (will have to be calibrated empirically).

Exposure: Distance from the source of prime hazard, e.g., river, coastline, landslide zone. If within the
equivalent of 10-yr. flood plain
• Lower the score by 1 for the equivalent of every 10-yr. flood plain residence and or assets.
• Lower the score by 1 for every piece of evidence of hazard proofing, e.g., building of a house on higher

plinth for floods, light construction, low cost construction which could be rebuilt with local resources.

Vul.

30
8/10

5

5

10

Cap.

-4
-2
-2
-2
-4
-4

-4
or
-4

-10
or
-10
or
-15

1

2

3

4

| TABLE 3 | Community level Vulnerabilities and Capacities Index for rural areas (RCom-VCI)

Types of Vulnerability and Indicators

5

6

7

8

9

10

11

Institutional Vulnerability

Social Networks: Evidence of the existence of equitable, democratic community organization. If none then
• Lower vulnerability score by 2 for every instance of the community organization helping community

members.
• Raise the score based on community members' perception of power imbalances in the organization. If the

organization dominated by 1 person or family, then the score will be 10. Lower it based on evidence of
wider participation.

Extra-local kinship ties: If no extra-local kinship or other ties, which could be source of shelter and assistance
during adversity
• Lower the score by 1 for every 20 per cent of locals reporting extra-local kinship ties.

Infrastructure:
Lack of an all weather road
If seasonal road then
Lack of electricity
Lack of clean drinking water
Lack of robust telecommunications (mobile coverage)
Lack of local medical facility

Proportion of dependents in a household:
If unemployment or under-employment rate more than 50 per cent then
• Lower the score by 1 for every 5 per cent drop in unemployment rate.

Warning Systems:
Lack of a warning system

Warning system exists but people are not aware of it or don't trust it

Community of disadvantaged lower caste, religious or ethnic minority

Attitudinal Vulnerability

Sense of Empowerment:
Self declared spirit of self help
or
Access to official levers of power
or
Access to national leadership structure
Lack of self help ethos or access to official levers of power
Lack of information on local hazards (lower vulnerability score by 1 for every 10 per cent of the respondents
accurately describing the nature and possible intensity of hazards)

Total Possible Vulnerability Score

50

10

 5

 4

 2
 2
 4
 4

10

 4
or
 4

 5

20

 10

 10

100



11

Pi
nn
in
g 
Do
w
n 
Vu
ln
er
ab
ili
ty
 : F
ro
m
 N
ar
ra
tiv
es
 to
 N
um
be
rs

Exposure: Distance from the source of prime hazard, e.g., river, coastline, landslide zone. If within the
equivalent of 10-yr. flood plain
• Lower the score by 1 for the equivalent of every 10-yr. flood plain residence and or assets.
• Lower the score by 1 for every piece of evidence of hazard proofing, e.g., building of a house on higher

plinth for floods, light construction, low cost construction which could be rebuilt with local resources.

Institutional Vulnerability

Social Networks: Evidence of the existence of equitable, democratic community organization. If none then
• Lower vulnerability score by 2 for every instance of the community organization helping community

members.
• Raise the score based on community members' perception of power imbalances in the organization. If the

organization dominated by 1 person or family then the score will be 10. Lower it based on evidence of
wider participation.

Extra-local kinship ties: If no extra-local kinship or other ties, which could be source of shelter and assistance
during adversity
• Lower the score by 1 for every 20 per cent of locals reporting extra-local kinship ties.

Infrastructure:
Lack of an all weather road
If seasonal road then
Lack of electricity
Lack of clean drinking water
Lack of robust telecommunications (mobile coverage)
Lack of local medical facility

Community unemployment rate:
If unemployment or under-employment rate more than 50 per cent then
• Lower the score by 1 for every 5% drop in unemployment rate

Warning Systems:
Lack of a warning system

Warning system exists but people are not aware of it or don't trust it

Community of disadvantaged lower caste, religious or ethnic minority

Attitudinal Vulnerability

Sense of Empowerment:
Self declared spirit of self help
or
Access to official levers of power
or
Access to national leadership structure
Lack of self help ethos or access to official levers of power
Lack of information on local hazards (lower vulnerability score by 1 for every 10 per cent of the respondents
accurately describing the nature and possible intensity of hazards)

Total Possible Vulnerability Score

4

5

6

7

8

9

10

11

10

50

10

5

4

2
2
4
4

10

 4
or
 4

 5

20

 10

 10

100

-4
-2
-2
-2
-4
-4

-4
or
-4

-10
or
-10
or
-15

Material Vulnerability
Income Source: If 100 per cent households dependent upon local level employment of asset for livelihood, e.g.,
shop, factory job, etc.
• Lower vulnerability score by 1 for every 10 per cent of households reporting non-local income
• Subtract 2 from the overall score if the income sources reported by more than 50 per cent households are

stable and insensitive to local hazard.
• Add 2 to overall score if the income sources are unstable, e.g., day labour.

Educational Attainment: If more than 75 per cent of the community is illiterate
• Lower vulnerability score by 1 for every 10 per cent of additional reported male literate members of the

community
• Lower vulnerability score by 2 for every 10 per cent of additional female literate members of the

community

Assets: If no collectively owned community assets
• Lower the score by 1 for every productive collective community asset with open access to community

members (will have to be calibrated empirically).

Vul.

35

10

10

5

Cap.

1

2

3

| TABLE 4 | Community level Vulnerabilities and Capacities Index in urban areas (UCom-VCI)

Types of Vulnerability and Indicators



12

From
 Risk to Resilience

W
orking Paper N

o. 2

(PAK), there is considerable evidence that extra-local kinship ties were important in

terms of moral and material support to earthquake affected areas (Khan and

Mustafa 2007). However, there is also evidence that sometimes, extra-local family

members are either unable or unwilling to extend significant help to disaster

victims, possibly because of their own precarious livelihood situations, and can at

times become a burden in terms of social obligations rather than an asset (e.g., see

Mustafa 2004). Consequently, in the absence of any reliable measures of the quality

of the relational ties and the mixed contribution of extra-local kinship ties to

disaster recovery, the weight assigned to this category is 5.

The proportion of dependents in the household is similarly considered to be an

institutional vulnerability because the effects of it are institutionally mediated.

Having a large family by itself is not a bad thing, because of the extra labour that

comes with large families in rural settings. But dependents, particularly young

children and the elderly, in the absence of social systems for taking care of them, can

be a drain on family resources. Therefore, in light of the mixed evidence on this

category and avoiding the Malthusian bias for small families, the category is

assigned a weight of 5. In the case of single parent headed households, however,

because of the clear case for enhanced vulnerability, the weight assigned is 10.

The infrastructural measures are similarly listed as institutional vulnerability,

because they are a function of the quality of governance in a society. Accordingly,

each of the categories is assigned a weight commensurate with our assessment of

their importance in facilitating relief and recovery from the outside, dissemination

of information and warning, access to livelihood opportunities and general

awareness and empowerment (Moench and Dixit, 2007). Warning systems are,

however, a special case where just the existence of a warning system is not sufficient,

but rather its credibility and awareness is just as important.

The last category of belonging to an ethnic or religious minority and/or lower caste

can be an important factor in determining vulnerability. Bosher et al. (2007), while

investigating the impact of caste on vulnerability in India, found that the

contribution of caste towards vulnerability was much more complex and mediated

by many other factors, e.g., the characteristics of the community they lived in and

the lower caste people’s access to specialized social networks. Similarly, for ethnic or

religious minorities, sometimes specialized networks can facilitate access to

resources for relief and recovery in addition to employment and education

opportunities, e.g., the Aga Khan network primarily catering to the Ismaili religious

community in South Asia and Africa, various church groups helping minority

Christian communities in South Asia, as well as Scheduled Caste politicians

directing state resources towards their constituencies. Because of this mixed

contribution of ethnicity and/or caste towards vulnerability, the weight assigned to

the category is 5.

Among the attitudinal vulnerabilities, sense of empowerment is considered to be

the key category (Delica-Willison and Willison, 2004). Proximity to local and

regional power structures in addition to a personal sense of efficacy - all self

perceived - is evidence of a sense of empowerment in the face of adversity. Proximity
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to power structures can be very effective in terms of channeling relief and recovery

in the aftermath of disasters and even gaining access to government services in

addition to critical productive resources which otherwise may not be possible for

disadvantaged poor, minority or low caste groups (Mustafa, 2002; Bosher et al.,

2007). Furthermore, knowledge about and attitude towards potential hazards can

also be critical in determining behaviour and vulnerability to hazards (e.g., see

Crozier et al., 2006; Burton et al., 1993). But because perceptions and attitudes are

constructed socially, at least at the household level the weight on the variable is 5.

The category, however, has a higher weight of 10 at the collective community level

both in the urban and the rural areas.

One of the strengths of this VCI is that it looks at the core common drivers of

vulnerability across household and community level scales and across rural and

urban divides, without changing drastically. Such simplicity can be useful for

medium to small NGOs and even government line departments when it comes to

monitoring vulnerability. More importantly, the utility of the VCI approach is in

terms of mapping vulnerability so as to channel resources and policy

interventions where the need for vulnerability mitigation and risk reduction is the

highest. Geography of vulnerability, when mapped and recognized by the people at

risk as well as the decision-makers, can help bridge the perceptual divide between

the two in addition to contributing towards safer societies.



14

From
 Risk to Resilience

W
orking Paper N

o. 2



15

Pi
nn
in
g 
Do
w
n 
Vu
ln
er
ab
ili
ty
 : F
ro
m
 N
ar
ra
tiv
es
 to
 N
um
be
rs

Doing the VCI:
A Brief Note on Methodology

Data to compile the VCI can either be drawn from primary sources, e.g., household

surveys or focus group discussions for the community level VCI, or from secondary

data sources (existing surveys). All the cases that are being shared here are based on

primary data collection, usually a simple household questionnaire or a checklist for

the focus group discussions. All data collection tools that we developed and used

were simple enough for community researchers to adopt, the idea being that they

could repeat this exercise six months or one year down the line to look at the impact

of the various adaptation or disaster risk reduction interventions. Before

undertaking data collection, there has to be thorough discussion of the scoring

amongst field team members, and it must be done by at least two field researchers,

particularly for some of the more difficult calibrations on livelihoods, assets and

exposure. We also recommend that scores and their rationale are discussed in the

group before being finalized and the discussions thoroughly documented before

being shared with a wider audience.

In the next few sections we discuss the results of the VCI from three different hazard

risks and institutional environments: Eastern Uttar Pradesh and coastal Gujarat in

India (rural household VCI) and seven urban communities in Rawalpindi, Pakistan

(urban community VCI). In all these field areas adaptation pilots are ongoing and

the presence of civil society organizations facilitating awareness on disaster risk

reduction is significant, particularly in the case of the Indian sites.

The VCI: Insights and Analysis from the Field

Eastern Uttar Pradesh, India
In order to understand the differential dimensions of vulnerability, we undertook a

small pilot assessment of four households from two hamlets in two villages:

Akbarpur tola in Aalamchak village and Bandhapur tola in Sonatikar village in the

Eastern Uttar Pradesh state of India. In both villages, a local NGO, the Gorakhpur

Environmental Action Group (GEAG), has been working on sustainable

agriculture, livelihood diversification and access to micro-credit, particularly for

women. Average landholdings in the area are less than an acre and about 25 % of the
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rural population is landless, working as agricultural labourers or in other non-farm

activities.

Figure 1 shows the vulnerability scores for four women from two different villages,

flood and drought prone, and institutional affiliations as members or not of self help

groups (SHGs). These are the basic organizational mechanisms for facilitating

women’s participation in a range of development interventions around sustainable

agriculture and gender rights by the local NGO, GEAG (see Risk to Resilience

Working Paper Nos. 4 & 5).

It is clear from Figure 1 that the two

women who are SHG members, Lakhpati

Devi and Sharda Devi, have lower VCI

scores than the two women who are not

members of any SHG. Though Lakhpati

Devi comes from a lower caste

background (chamar or sweeper

community) and has a large family, there

is evidence of livelihood diversification:

two of her sons have migrated (to

Gujarat and Punjab) and do send

remittances home, while her daughter

works as a daily labourer on the land of a

large farmer. In addition, she has access

to strong social support networks and extra-local kinship ties, while her work with

GEAG on sustainable agricultural techniques and her leadership role in the SHG

(chairperson) has given her ‘voice’ or power in community decision-making forums.

Sharda Devi, on the other hand, though also a member of the SHG and coming from

a lower caste community (dalits), has limited livelihood diversification opportunities

or social support networks compared to Lakhpati Devi. Her family of seven includes

five school-going children, all dependents. They own less than one acre of land, and

apart from occasional work in the brick kilns, have few alternative sources of income.

In the case of the other two women, Parbati Devi is an uneducated widow from the

kevat (boatmen) caste group (middle caste category) and is the sole bread earner for

her large family which includes seven school-going children. She has the highest

vulnerability score (almost 100), no assets, no social support networks or extra-local

kinship ties and lives virtually in abject poverty, working as a daily labourer and also

eking out a living from her small landholding (half an acre). Buthna Devi is also

illiterate and from the kevat community with a large family, including 11 dependents.

She works with her husband on their one acre of land, has a few assets and some

extra-local kinship ties which she can call upon at times of need. However, she has

limited livelihood diversification opportunities and little institutional support.

In sum, despite the general low status and vulnerability of rural women in these two

villages of Gorakhpur district, the vulnerability index allows us to identify which

women are worse off. This assessment has shown that women with access to social

networks, particularly extra-local, as well as institutional support (collective

Buthna Devi

Parbati Devi

Sharda Devi

Lakhpati Devi

In
d
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u
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Vulnerability Score
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AttitudinalInstitutionalMaterial

| FIGURE 1 | VCI scores of four women in Gorakhpur district, Eastern Uttar
Pradesh, India
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mobilization into SHGs, access to information on agriculture) are marginally

‘better off ’ than those women who lack either or both. In addition, a woman like

Lakhpati Devi scores a lower vulnerability total because as the chairperson of the

SHG she has access to local/regional governance structures and her involvement in

community decision-making provides her with a strong sense of self efficacy/

empowerment. The quantitative index communicates the differential vulnerability

and the drivers of that to decision-makers so as to facilitate appropriate action.

Household Level VCI in Three Coastal Villages in Gujarat, India
In the same vein as Gorakhpur, the VCI index was also tested in three coastal

communities of Gujarat using a questionnaire designed to address the elements of

the VCI index. Overall, 30 households in three villages were surveyed but in the

interest of brevity we report the VCI scores of 9 individuals from the survey who

represent high, medium and low vulnerability scores in their communities (Figure

2). Selection criteria for the households was purposive and based on our joint

understanding of the underlying factors that affect vulnerability: livelihood

diversification (farm and non-farm based occupations), physical location and type

of house (in a floodplain), gender and social exclusion (female headed household or

low caste, tribal or minority) and institutional affiliation (membership in SHGs or

village panchayat1 or other community organizations). The three coastal villages

from which these nine households have been drawn - Sartanpar, Katpar and

Tarasara - are all affected by frequent storms, cyclones, floods and salinity intrusion

both as a result of sea level rise (storm surges) and excessive groundwater pumping

for agriculture.

Livelihood diversification and migration

comprise the autonomous adaptation

strategies that people engage in while the

landscape of community institutions,

adaptive infrastructure and social support

networks varies across the three villages,

constraining the capacity of individuals to

respond to disaster risks. Most of the

households here are dependent on farm

labour - seasonal and insecure - or high risk

activities such as fishing and salt farming,

which are affected by dangerous storms or

annual flooding, respectively. Only two

households have access to better/low risk

income opportunities, such as teaching,

(Male-SB, Sureshbhai, Tarasara village), and running a shop (Male-BB, Bhagatbhai,

Sartanpar village) which has a significant impact on lowering their vulnerability

scores. These two households also have pukka houses (made out of  higher quality

materials such as bricks or cement) or have raised their plinth to minimize flood

damage. In addition, they have access to strong social support networks and

community decision-making forums such as the village panchayat. The Male-BB is

| FIGURE 2 | VCI scores of selected participants from three coastal
villages in Gujarat, India
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1 panchayat: group of elected village leaders.
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in fact the village sarpanch (elected leader), but his vulnerability score has been

raised slightly because of the high number of dependents in his family.

In terms of attitudinal vulnerability, Female-TB (Tappuben, Katpar village) scored

zero here because she is a member of multiple village organizations including the

disaster management committee and the pani samiti (water and sanitation

committee, a sub-committee of panchayat). Despite being an agricultural labourer

and living in a kuchha house (made of locally available materials such as mud) in a

low-lying area of the village, Tappuben has strong social support networks

including extra-kinship ties which have helped her at times of adversity. In contrast,

Female-HB (Hansaben, Sartanpar village) has one of the highest vulnerability

scores in this sample because she is a daily wage labourer, with a high number of

dependents, no social support and living in a kuchha house in a low-lying, flood

prone area of the village.

Community VCI - Gujarat Three Villages
Community level VCIs were facilitated through mixed (men and women) focus

group discussions in all the three villages. The community VCI scores are on

average lower than the individual household scores which is partly explained by the

strong sense of collective mobilization in Gujarat and the relatively more effective

functioning of a variety of local institutions including temple groups, self help

groups, panchayats, disaster committees and a range of community natural

resource management institutions (Figure 3). In the village of Sartanpar, for

example, despite the high degree of exposure to floods, cyclones and salinity ingress

on the one hand, and poor drainage and lack of infrastructure (all weather road,

primary health centre) on the other, the village has a range of community

organizations and a sarpanch who everyone considers active and responsive. In

addition, there are a number of women on the panchayat (at least seven) and

according to other community members, they have a voice and do participate in

decision-making.

Katpar village is also prone to floods and cyclones, but has some degree of

livelihood diversification - a number of families are engaged in rope making or seek

daily work at the onion processing factory in the nearby town of Mahua - but this is

not accessible if the road is flooded. Here too, there is a strong sense of collective

action represented by a range of community organizations and an active panchayat

which has been able to negotiate with district level government departments for

basic facilities such as a secondary school that girls can attend and a primary health

care facility, resulting in the lowest vulnerability score.

In contrast, in Tarasara village, which faces the same physical hazard risks, there is a

distinct lack of community organizations and village politics are clearly divided

into two factions: BJP (Bharatiya Janata Party), which is the ruling party at the state

level, and the Congress, which is part of the ruling United Progressive Alliance at

the national level. So strong are the factional politics that it has been difficult for

Utthan, a local NGO, to facilitate even the basic SHG, nor does anyone question the

functioning or otherwise of the panchayat, resulting in the highest community

vulnerability score of all the three villages.
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2 This spelling comes closest to the phonetic pronunciation of the name and is most widely used. Other spellings,
e.g., Leh and Lei, are also in use.

In sum, these community level VCI scores

clearly indicate the importance of effective,

accountable and transparent local

governance in reducing disaster risks and

facilitating adaptive capacity, given that

other conditions - physical risk, literacy,

livelihood diversification and infrastructure

- remain largely the same in all the three

contexts.

Community VCI-Rawalpindi Urban Flood
Plain, Pakistan
The Lai2 Basin in the Rawalpindi/Islamabad

urban conurbation in Pakistan drains a total area of 244 km
2
 south of the Margalla

hills, with 55 per cent of the watershed falling within the Islamabad Capital

Territory and the remaining portion within the downstream Rawalpindi Municipal

and Cantonment limits. Frequent flooding in the Lai Basin affects 400,000 of the

poorest residents of the twin cities. Vulnerability analyses were conducted in

various neighbourhoods of the city to apprehend the structure and distribution of

vulnerability in the downstream Rawalpindi city.

Most of the localities selected for the analysis were physically exposed to flooding

hazard and were victims of the previous floods. Despite this bias, a substantial

differential in vulnerabilities was found among the communities showing how

vulnerability is a complex and multi-layered construct. The community surveyed in

Ratta Amral was judged to be the most vulnerable and the one in Dhok Dallal the

least vulnerable among the studied communities (Figure 4). The community in Ratta

Amral owed its predicament to the fact that it is a tent and mud house community

squatting illegally on government owned land. The community members do not

even have national identity cards, which are necessary to access almost all

government services. Some of the community members are Afghan refugees, who

live under constant fear of deportation and have difficulty accessing jobs in the

formal sector. The poor infrastructure in the area coupled with their precarious

legal status renders the community highly vulnerable.

The least vulnerable group hailed from Dhok Dallal where the riverbanks are

relatively higher compared to other areas. Most people living there are local with

kinship ties in the rest of the city and the better off business and shop owners live on

inner streets, away from the river. With a better sense of community in the area

organized around a religious organization and with a number of residents serving

as civil defense volunteers, the community had very low institutional vulnerability

(Figure 4). Social services are better than most areas with six tubewells for drinking

water and a hospital. In fact, in all of the three communities that had lower

institutional VCI scores, it was the relatively better infrastructure that often

cancelled out the vulnerability induced by lack of active community organizations.

InstitutionalMaterial Attitudinal

V
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Tarasara

Katpar

Sartanpar
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| FIGURE 3 | Community VCI scores from three villages in coastal Gujarat,
India
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In most of the neighbourhoods though, the more socially isolated living along

with general cynicism about their own efficacy or that of the government yielded

relatively higher attitudinal vulnerability scores than were expected. In the poorer

communities like Ratta Amral and Gunjmandi, however, a stronger sense of

community yielded a relatively lower attitudinal vulnerability score than the

more middle class neighbourhoods of K-Sir Syed and Dhok Naju.

The Dhok Dallal community did share the lack of trust in government and faces

most of the hazards such as solid waste dumping and rodent infestation but were

attitudinally more resilient and actively sought solutions to local problems. They

also felt that despite the dismal performance of the local government, partnership of

communities with government was the only way forward. The optimism may

be based on the fact that one of the members was active in local politics and felt

more empowered.

The above case studies illustrate the

utility of the VCI index in identifying

individuals and communities who may

be differentially more or less vulnerable.

The VCI further helps elucidate the

reasons for differential vulnerability

and provides avenues for exploring

interventions to address the drivers.

The type of illustrative data and

analysis presented above could help

decision-makers spatially and sectorally

target their interventions to promote

greater resilience in the face of hazards.

| FIGURE 4 | VCI scores from the Lai flood plain in Rawalpindi, Pakistan
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Conclusion: Towards the Policy
Contours of Hazardscapes

The VCI proposed in this paper can facilitate the communication of vulnerability

analysis to policy-makers and hence facilitate disaster risk reduction. The field

testing of the index is ongoing. So far the results of the field testing indicate that

there is a good congruence between narrative vulnerability analysis and VCI scores;

however, further testing and refinement is warranted. It must be emphasized that

the VCI is a data organization tool, as well as a data collection tool such as a

questionnaire. Any number of data collection tools, from PRAs (participatory rural

appraisals) to participant observation to secondary data to basic questionnaires,

can be used to obtain relevant data. Additionally, VCI is meant to complement the

well known and tested narrative vulnerability analysis not replace them.

Furthermore, its main benefit is comparative analysis between households within a

community and communities within a region and an urban area rather than an

absolute indicator representing thresholds of low, moderate or high levels of

vulnerability. If enough data is collected and with significant testing, absolute

thresholds of high, medium and low vulnerability could be derived empirically, but

they are not built into the structure of the VCI. Lastly and most importantly, the

VCI can be critical in mapping household and community vulnerability, thereby

allowing formulation and targeting of specific disaster risk reduction related

initiatives.

Social vulnerability has been the most elusive when it comes to formulating a

universally agreeable definition and indicators of it. The VCI is an attempt at a

compromise, but a necessarily limited indicator of it. Quantitative indicators are

bound to make some elements unhappy and dissatisfied because it may seem to

miss a critical nuance important to them intellectually or in light of their

experiences. But if indicators are treated as an approximation of reality rather than

the reality then they can be useful. The VCI presented here is probably open to

abuse just like any other statistic, e.g., the well known critiques of GDP per capita

numbers. But being aware of that susceptibility to abuse and with appropriate

caution, the VCI can be an invaluable tool in facilitating the development of a safer

environment for the most vulnerable.
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Floods, droughts and other weather related disasters are a major factor contributing to

endemic poverty in regions such as South Asia and this is likely to increase as climate

change proceeds.  Risk reduction interventions represent a major avenue for responding

to both existing flood and drought hazards and the increases likely to emerge as a

consequence of climate change.  Investments in risk reduction are, however, difficult to

economically justify unless their returns can be assessed.  Cost-benefit techniques are

the primary set of economic tools through which such assessments are currently made.

The ability to make such assessments depends, however, on the availability of

probabilistic information. We need to know the frequency with which events such as

floods and droughts will occur and we need to know the magnitude of such events.  Such

information is generally not available, particularly at the local level in developing

countries where populations are large and particularly vulnerable.

The Rohini Basin, part of the larger Gangetic Basin straddling the border of India and

Nepal, is home to some of the poorest populations in the world. Populations in the

Nepal Tarai and in the Indian state of Uttar Pradesh are particularly affected (Moench

and Dixit, 2004). Social, political and economic factors, in combination with geography,

make this basin particularly vulnerable to flooding during the monsoon months.

During the 2007 monsoon, over 2 million in Uttar Pradesh were adversely affected by

floods through habitat loss, destruction of villages, inundation of cropland and

livelihood disruption.

The Intergovernmental Panel on Climate Change (IPCC) (Christensen et al., 2007)

estimates that average June-August precipitation throughout South Asia (defined as the

region 5oN,64oE to 50oN,100oE) will increase approximately 11%, as will heavy

precipitation events by 2099. This is an extremely large area and the general circulation

models' (GCMs) projections do not say how the precipitation will be spread throughout

the area. Furthermore, such information is often not specific enough to be used in

planning and implementing adaptation and disaster risk reduction measures. In order

to effectively support such measures, information about potential climate change

impacts is needed at smaller geographic scales.

General circulation models are complex computer models that simulate global weather

(timescales under 10 days) and climate (anything over 10 days) patterns by modelling the

Introduction



2

From
 Risk to Resilience

W
orking Paper N

o.  3

physical processes and interactions between the land, ocean, and the atmosphere. The

horizontal grid resolution of GCMs is typically on the order of 100-200 km, insufficient

to capture trends or make projections of potential climate change impacts at smaller

scales, such as river basins. Furthermore, there are large discrepancies between the

precipitation and temperature estimates derived from the various GCMs utilized by the

IPCC (Kripalani et al., 2007; Tolika et al., 2006). However, GCMs generally simulate

large-scale climate fields, such as wind and humidity (Trigo and Palutikof, 2001; Osborn

et al., 1999) quite well and these climate phenomena can be used to drive models that

simulate climate change impacts at smaller geographic scales.

Various downscaling techniques have been developed that attempt to provide

forecasts of potential climate change impacts at smaller scales, guided by output

scenarios from GCMs (Dibike and Coulibaly, 2005; Gangopadhyay et al., 2005). The

techniques range from numerical methods (for example, PRECIS developed by the UK

Hadley Centre) and statistical techniques. Numerical

methods forecast the physical responses of an area

(from regional scale to global scale) to various sets of

inputs (e.g., soil moisture or greenhouse gas

concentrations). Numerical climate models run at any

geographic scale require large sets of reliable data; data

that may not exist in developing country contexts such

as the border region of Nepal and India. Statistical

downscaling techniques attempt to establish a

statistical relationship between point source (weather

station) weather variables, such as precipitation or

streamflow, and large-scale climate fields such as wind

or air pressure at different atmospheric levels.

The focus of this study is the Rohini Basin, which

straddles the border of Nepal and India (Figure 1).

Data paucity in this region makes it difficult to employ

| FIGURE 1 | Maps of the Rohini Basin showing basin location
across India-Nepal border and gauging stations
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numerical downscaling techniques, such as PRECIS. Therefore, a robust stochastic

technique was developed to generate precipitation ensembles that can be utilized to

test climate change scenarios at the river basin level. As with all climate models of

any scale, the validity of the model output is determined by the dataset fed into the

model. Stochastic models are better able to handle situations in which there is not

much data, but the quality of the data determines the model's ability. The old saying

of "garbage in, garbage out" is very true of climate modelling.

This paper presents a new statistical technique for downscaling climate information

from general circulation models so that this information can be used as an input to

economic evaluation of options for reducing flood and drought risks and

responding to the impacts of climate change.  Other papers in this series (From Risk

to Resilience Working Paper Nos. 4 and 5) present cases on the use of this

downscaled climate information in the evaluation of risk reduction measures in

Eastern Uttar Pradesh (India).  We conclude that, although the method presented

here can provide key insights, the results must be used with caution: they illustrate

the types of changes that could occur as a consequence of climate change but do not

represent extremely certain predictions.  Furthermore, limitations in the

availability, accuracy and accessibility of historical data at the field level often limit

the ability to incorporate even robust projections of change in key climate variables

in the evaluation of flood and drought event probabilities and thus in the economic

analysis of avenues for risk reduction.
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Basin Description

The Rohini Basin is relatively small, with a catchment area of 2,701 km2 that straddles

the borders of Nepal and India (1,943 km2 in India and 758 km2 in Nepal). The basin

lies just south of the Himalayan Range, which rises to 8,000 m in less than 100 km

from the basin. Precipitation patterns in the basin are strongly linked with the

seasons and falls always as rain (as opposed to snow). While only 30% of the total

catchment area lies within Nepal, the majority of the rain that feeds the basin falls

within the headwater reaches in Nepal (Dixit et al., 2007). Nearly 90% of the annual

precipitation falls from roughly mid-May through mid-September and is associated

with the South Asian Monsoon (Figure 2). Occasionally, weak depressions beginning

in the Mediterranean bring rainfall to the area during December and January, but this

does not happen every year.

| FIGURE 2 | Average annual precipitation in the Rohini Basin

Annual average precipitation cycle in the Nepali side of the Rohini Basin (blue) and for the Gorakhpur District (red). The monsoon season
occurs during the months of June-September and corresponds with the peak seen in the figure. The Gorakhpur District rainfall data were
sourced from the India Water Portal (2008). The India Water Portal data are derived from interpolated global monthly rainfall data from the
Tyndall Centre's CRU TS 2.1 dataset. The TS 2.1 dataset is a grid interpolation of available weather station data. As will be explained in the
data section, weather station spacing in this region of India is extremely sparse, and the data incomplete. Therefore, the TS 2.1 dataset can be
used to give a rough estimate of annual behaviour on the Indian side of the Rohini Basin, but could not be used in this downscaling effort.
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Obtaining daily precipitation data of sufficient historical length for the basin was

extremely difficult. ISET-Nepal was able to purchase complete rainfall data for five

weather stations in the basin for the period 1976-2006. The validity of the datasets

cannot be verified. Furthermore, little information exists on the verification

process used to check the data. Thus, there are potentially significant flaws in the

Nepali datasets, which cannot be corrected because of lack of information.

Purchasing datasets for Nautanwa and Gorakhpur Airport from the Indian

Government was beyond the scope of the budget allocated for this project.  We

attempted to procure data from the Nautanwa station, but the price set by the

Indian Government was 50,000 rupees. In the end, due to cost limitations, no

datasets for India were purchased or utilized in the downscaling model.

Supplemental data was acquired for Bhairahawa Airport (Nepal) and Gorakhpur

Airport (India) from the National Climate Data Center (NCDC) for the periods of

1977-2006 and 1954-2006, respectively. The NCDC dataset for Bhairahawa Airport

was used to fill gaps in the Bhairahawa Airport set compiled by ISET-N and to

check the validity of the dataset. The two datasets were strongly correlated at 0.98.

Roughly 35% of the NCDC dataset for Gorakhpur Airport were missing and could

not be filled using traditional hydrology methods because we had no other

datasets for stations in India. Thus, no Indian rainfall stations were included in

this modelling effort, which makes it difficult to project potential climate change

impacts on the Indian side of the basin. The lack of Indian rainfall data presents a

severe limitation of the model's ability to accurately make predictions of potential

climate change impacts in the Rohini Basin.

All of the Nepali stations, except Dumkauli, lie within the catchment area.

Dumkauli is not in the basin, but it is extremely close and its precipitation

patterns are similar to the basin's both in amount and timing. Due to the limited

amount of rainfall data and the geographic distribution of rain gauges in the

basin, it was necessary to include Dumkauli in model predictions. Less than 3% of

the data was missing for any given year from each of the stations over the period of

1976-2006. Daily precipitation values were aggregated to obtain monthly rainfall

totals for each of the five stations for the 31-year timeframe.

Data Sets and Assumptions
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Large-scale climate field predictors for this study were obtained from the NCEP/

NCAR reanalysis archive (Kalnay et al., 1996). Much of the rainfall associated with

the monsoon is due to thunderstorm (convective) activity over the basin. Selection

of large-scale climate fields is governed by two sets of assumptions that determine

the physical relationship between the local variable (rainfall) and the large-scale

variables. The first set is based on the necessary atmospheric conditions that allow

for convective activity, from which most the Rohini's rainfall is based:

1) changes in air pressure that lead to atmospheric instability (measured through

geopotential height)

2) moist air (measured through specific humidity)

3) warm air (measured through air temperature)

4) a transport mechanism to move the warm, moist air (measured through winds)

The second set of conditions is governed by their climate change relevance (von

Storch et al., 2000):

1) the large-scale climate predictors have a direction physical relationship with the

local variable and are realistically modelled by the GCMs

2) the physical relationship between the large-scale predictors and the rainfall is

expected to remain relevant in the future, regardless of climate change

3) the large-scale climate predictors capture the climate change signal

We obtained monthly mean large-scale climate variables - geopotential height,

zonal or meridional winds, specific humidity and air temperature at different

vertical pressure levels for the years 1976-2006. The variables cover the geographic

region of 25-30°N and 80-90°E and represent area averaged data over fifteen grid

spaces with a 2.5°x2.5° (latitude-longitude) resolution. These datasets can be

accessed and analyzed from the National Oceanic and Atmospheric Administration

(NOAA) online database at: http://www.cdc.noaa.gov/Timeseries.

The final step in choosing data for a statistical downscaling model is figuring out

which GCMs' output to use. The IPCC report synthesizes climate change

projections from 22 different GCMs operated by various universities and research

centres from around the world. Kripilani et al. (2007) analyzed each of the GCMs to

see how well each could replicate important features of the South Asian Monsoon.

They investigated each model's ability to reproduce historic inter-annual

behaviour, intra-seasonal variability and historic mean precipitation. Only 6 out of

the 22 models were able to reproduce historic observations of monsoons from the

20th century. We selected one of these six, the Canadian Third Generation Coupled

Climate Model (CGCM3) because of its ability to replicate the South Asian

Monsoon and the ease of acquiring output data from this model. Lack of time

prevented investigating and using data from the remaining five GCMs.

For this project, the partners decided to use the climate change scenarios A2 and B1.

The A2 scenario assumes that population growth and fossil fuel usage will continue

to be quite high for a number of years to come, whereas the B1 scenario assumes

that the amount of carbon dioxide in the atmosphere will stabilize at around

550ppm. For a more detailed explanation about the IPCC scenarios, refer to the

IPCC (2000) special report on Emissions Scenarios. Due to the rapidity with which



9

Do
w
ns
ca
lin
g:
 P
ot
en
tia
l C
lim
at
e 
Ch
an
ge
 Im
pa
ct
s i
n 
th
e

Ro
hi
ni
 B
as
in
, N
ep
al
 a
nd
 In
di
a

the climate is already changing (for example, the faster melting of the Arctic and

Greenland ice sheets) and the GCMs' inability to capture these rapid changes, we

felt potential climate change scenarios are not likely to be valid beyond 2050. Thus,

the downscaling model projects climate change impacts on precipitation in the

Rohini Basin only for the period 2007-2050.

Data for the four large-scale climate predictors mentioned above were obtained

from the CGCM3 for the period of 2007-2050 over the same geographic range as the

NCEP data. The resolution of the CGCM3 data is coarser, with grid divisions of

3.75°x3.75° or only 9 grid squares over the same geographic domain as the NOAA

data. The CGCM3 model is run in ensemble mode, that is the model is run five

times for a scenario (say A2) using slightly different starting conditions, to generate

a small range of possible climate change conditions for a particular scenario and

provide a better sense of what uncertainties exist in the model. Thus, we collected

CGCM3 output data for 10 different ensemble runs: five runs from A2 and five runs

from B1. For the remainder of this document, we refer to these ensemble runs as

either A2R# or B1R#, with the # sign indicating runs 1 to 5.
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Climate Diagnostics

Since the Rohini Basin is not a large basin from a climate variability perspective and

the rainfall patterns between the five stations were strongly correlated, the monthly

rainfall mean of the five gauges was calculated. This monthly mean was used as the

rainfall predictand to train the model over the historical period of 1976-2006 before

using the model to make projections of climate change in the basin.

The South Asian Monsoon is an annual pattern of increased rainfall over South

Asia, typically beginning around late May and ending in September1. The monsoon

develops when a low-pressure system forms over the Tibetan Plateau and the

winter-spring upper-level westerly jet stream over the southern Himalayas

disappears. The low pressure causes the winds to shift direction and blow from the

southwest over the Indian subcontinent, bringing moisture from several places. The

temperature difference between the land and the Indian Ocean also contributes to

formation of monsoon thunderstorms. Tropical cyclones and depressions moving

through the Bay of Bengal or other parts of the Indian Ocean enhance extreme

rainfall events during the monsoon and contribute to severe flooding in the Rohini

Basin. The monsoon ends when the Tibetan low pressure breaks down and the

upper-level westerly jet resumes, generally during September (Torrence and

Webster, 1999; Fasullo and Webster, 2003; Meehl and Arblaster, 2002).

The physical relationships between the large-scale climate indices and the basin

rainfall are established using correlation analysis. While correlation does not imply

causation, it is well established in meteorology that certain physical processes

contribute to the formation of thunderstorms and the monsoon. We performed

correlation analysis between each month's rainfall and various large-scale climate

features (geopotential height, specific humidity, air temperature, and meridional

and zonal winds). See Figure 3 for an example of the correlation analysis. While

historically the monsoon has been strongly correlated with snowfall amounts over

1 The exact timing of monsoon onset and termination depends on the location. For the Rohini Basin, the
monsoon typically begins around mid-June and ends mid-September. There is however considerable variation
each year.

Methodology
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the Tibetan Plateau and the El Niño Southern Oscillation (ENSO), these

relationships are changing and it is not certain what the nature of the relationship

will be in the future due to climate change (Saji et al., 2006; de Szoeke and Xie, 2008).

Therefore, we decided not to use these large-scale climate features in our modelling

efforts. The correlations were tested for significance and the feature that had the

highest correlation with the month's rainfall were identified and used to form the

predictor set.

The NOAA datasets and the CGCM3

datasets have different grid spacing, which

had to be resolved before selection of the

final predictor set for the model. In each

dataset, the variable (e.g. wind) is measured

at the centre of the grid space. The NOAA

dataset is comprised of fifteen

measurements, one per grid space and the

CGCM3 has nine values, one per grid space.

Thus, the NOAA dataset needed to be

reduced to nine grid points that are

spatially matched with the CGCM3 grid

spacing. We used the great circle distancing

method (a standard geometry technique) to

map the NOAA dataset grid points onto the

CGCM3 grid spacing.

The final NOAA and CGCM3 datasets

contain data from four variables (wind,

geopotential height, specific humidity and

air temperature). The final data matrix for

both contains thirty-six columns (9

columns corresponding to the

measurements at 9 grid points per variable).

The NOAA dataset contains values from

1976-2006. The CGCM3 dataset is actually

comprised of 10 different datasets, five runs

from each climate change scenario A2 and

B1 for the years 2007-2050.

Statistical Downscaling Model

The goal of the statistical downscaling

model is to project how various climate

change scenarios will alter precipitation

patterns in the Rohini Basin for the years

2007-2050. Since we have no way of testing

the validity of the model's projections in the future, we assess the model's

performance by how well it is able to replicate each month's historical precipitation

for 1976-2007. This is termed the model calibration or "testing period".

| FIGURE 3 | August's (1976-2006) rainfall spatially correlated with
zonal wind (left) and air temperature (right). Correlations
above 0.366 are significant at the 95th percentile in a two-
sided test
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Statistical downscaling methods involve finding a relationship between large-scale

climate features and the local feature (e.g. rainfall) to be predicted. There are

numerous statistical downscaling techniques in use: (1) regression-based (e.g.

neural networks or principal component analysis), (2) classification methods (e.g.

weather generators) or (3) analogue methods. The modelling method utilized for

this study is robust, simple analogue method run in ensemble mode

(Gangopadhyay et al., 2005; Opitz-Stapleton and Gangopadhyay in press). During

the model "testing period" of 1976-2006, the model is run in drop-one, cross-

validation mode, which is described further below. Each month is hindcast

separately to better capture the intra-seasonal rainfall patterns of the Rohini Basin.

The model methodology is basically as follows:

1) Let [X] represent the matrix of data of large-scale climate indices for n (31) years

and m (36) columns corresponding to four variables from nine grid spaces from

the NOAA dataset. "cols" = columns.

[X] = [1976 geopotential (9 cols), wind (9 cols), specific humidity (9 cols), air

temp (9 cols)]

 ....

 ......

[2006 geopotential (9 cols), wind (9 cols), specific humidity (9 cols), air temp

(9 cols)]

2) For the year i that we are trying to predict (say rainfall of May 1980), select the

corresponding large-scale climate variables of that year i. The variables of this

year form the feature vector [F].

3) Perform the drop-one cross-validation. This involves dropping the year i we are

trying to predict, and all the variables of that year, from the matrix [X] to form a

smaller climate variable matrix [S] that is one year less than [X]. The model then

tries to make the rainfall prediction from the smaller dataset [S].

4) Compare the climate variables from [F] to all the other climate variables from

the matrix [S]. Find the years in [S] which have the most similar large-scale

climate conditions to [F], keeping only the years that are the most similar to [F].

Let us call this group with the most similar climate conditions the "K-Nearest

Neighbours" (K-NN).

5) Take the rainfall values for each of the K-NN years as the set of possible rainfall

values for year we are trying to predict. Assign each of these rainfall neighbours a

weight depending on how close its corresponding climate variables are to the

climate variables of year i.

6) Bootstrap the K-NN rainfall values according to its weight to generate an

ensemble of rainfalls for the year i (Venables and Ripley, 2002). The bootstrapping

is performed 30 times to generate 30 ensemble members. For each of the years

1976-2006, repeat steps 2-6 to obtain an ensemble rainfall reconstruction.

The steps are slightly different generating rainfall predictions for the years 2007-

2050, conditioned on the climate change scenarios selected from the CGCM3. No

drop-one cross-validation is used when forecasting according to climate change

scenarios.

1) This step is the same as step 1 above.

2) The difference between this step and step 2) above is that the feature vector [F] is

formed from the CGCM3 dataset. So, [F] is comprised of the large-scale climate
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indices projected by the CGCM3 for a single run of climate change scenario A2

or B1.

3) The vector [F] of future large-scale climate indices is compared directly with the

matrix [X] of historical climate variables derived from the NOAA datasets and

the K-NN rainfalls found.

4) Steps 5 and 6 are the same, with the model repeated for each year 2007-2050 to

generate ensembles.

5) The monthly rainfall projections are disaggregated to daily time steps using the

daily rainfall percentage distributions from the historical record. For example,

say May 2020 had six K-NN (e.g. 1978, 1987, 1992, 1995, 2001, and 2003). In May

1978, rain fell in six days throughout the month, with each day receiving a

percentage of the total monthly rainfall. The percentage rainfall patterns were

then multiplied by May 2020's monthly rainfall projection to produce

hypothetical daily rainfall distributions.

Model Verification

Each ensemble forecast is equally probable for the period 2007-2050. We will not

know until the future has become the past which forecast was the most accurate. We

can only test the model's accuracy, and whether or not we chose the correct large-scale

climate variables, by seeing how well the model could hindcast the historical rainfalls

for 1976-2006.  For the remainder of this paper, we only discuss the monthly

ensemble rainfall projections. One method is to visually compare the ensemble

rainfalls with the historical rainfalls, such as seen in Figure 4. Boxplots provide a

pictorial comparison of the historical rainfall with the model's ensemble rainfalls.

Each box represents the numerical range of the rainfall ensembles generated by the

model. The bottom "whisker" coming out of the box presents some of the lowest

rainfall ensembles and the top "whisker" represents the highest rainfall projections.

The box represents the spread of the majority of the rainfall ensembles. The black

line in the middle of the box represents the middle value ensemble rainfall. The red

triangle represents the actual, historically observed rainfall.

| FIGURE 4 | Plots of the monthly ensemble rainfalls compared with the historical monthly rainfalls (1976-2006). The boxes represent the
ensemble rainfalls and the red triangles represent the actual, historical rainfall value
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Each month was modelled separately to try to account for the different large-scale

climate processes that cause rainfall in each month. Consequently, the model's

rainfall predictions are better in some months than in others. If a box (seen in

Figure 4) is really narrow and centred around the red triangle, this indicates that

the model was relatively "certain" about its rainfall predictions. If the box is

relatively wide or the red triangle falls in a “whisker”, this indicates that there was a

wide range in the large-scale climate conditions and that the model was more

"uncertain" about the rainfall prediction.

Another way of measuring the model's

performance is to find the correlation between the

median (the middle) ensemble member and the

observed historical rainfall value. Table 1 displays

the correlation between the median ensemble

member and the historical rainfall. The model was

able to replicate the historic precipitation value

better in some months than in others. In general,

the median ensemble member is well correlated

with observed. During the monsoon months of

June-August, the model is able to predict the

rainfalls well, except for years in which the rainfall

was abnormally high for that month. In cases of

really high rainfall, the model has a tendency to

underpredict or make lower predictions of rainfall

than actually occurred. The model is underpredicting these high rainfall years

because of the monthly time step of the model. In July 1998, for instance, extreme

rainfall amounts fell in five short (1-2 day) cloudburst events of a very small

geographic scale. On July 12, 1998, a rainfall station at Parasi (near the top of the

basin) recorded 121 mm of rain in 24 hours. Surrounding stations less than 20 km

away recorded only 35 mm in the same time period (NWCF, 2006). As the model

relies on the monthly averaged rainfall and monthly averages of the large-scale

climate variables, the highly unstable, day to couple of days, atmospheric

conditions that generate the localized cloudbursts are not captured in the monthly

time step of

the model.

While the model does not represent extreme rainfall events well, it does capture the

high range of variability and uncertainty in rainfall in the basin. The ability to

capture variability is key in climate predictions. While cloudbursts and extreme

rainfall events do cause severe floods in the Rohini Basin, it is the small-degree

flooding that occurs every couple of years that contributes to the endemic poverty

in the basin. It is the continued, highly variable, small weather events that slowly

erode crops, land and livelihood assets.

The months of January, September and October proved extremely difficult to model

accurately. January is dry in most years. When rainfall does occur in this month, it

is due to remnants of depressions from the Mediterranean that transport moisture

into Nepal. The timescale of these depressions are on the order of a couple of days,

Month

January
February
March
April
May
June
July
August
September
October
November
December

| TABLE 1 | Correlation of the median ensemble members with
the observed rainfall for each month over the period
of 1977-2006

Correlation Coefficient

-0.17
 0.39*
 0.65*
 0.47*
 0.62*
 0.33**
 0.33**
 0.53*
 0.22
-0.23
 0.43*
 0.48*

* is significant at the 95th percentile.
** is significant at the 90th percentile.
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as well, and are not captured in the monthly time step of the model.

During September and October, the atmospheric conditions that allow for the

monsoon are decaying and the atmosphere does not reach a stable state until

toward the end of the October. The model cannot capture these rapidly changing

atmospheric processes.

Thus, over the testing period, the model is better able to replicate rainfall in some

months than in others. We can say that we have higher confidence in the model's

ability for months in which the model was able to hindcast at the 95th percentile or

higher. The 95th percentile means if we were to randomly pick a number, it would

have a 1 in 20 chance of being the correct rainfall, which is a pretty low chance. The

90th percentile indicates a 1 in 10 chance of randomly guessing the correct rainfall. If

the probability of randomly guessing the correct rainfall is high, it means that the

model does not have great skill. Therefore, we can say that we have high confidence

in the model's ability in February to May and August, November and December. We

have some confidence of the model's ability in June and July, but not great

confidence. We have no confidence in January, September or October. This means

that we have limited confidence in the climate change projections for June and July

and very little confidence in projections for January, September and December. The

limited confidence in the monsoon months of June and July are troubling, as a

significant portion of the annual rainfall occurs during these months and we would

like greater certainty for flood forecasting. However, it does not appear possible to

improve the model's performance during these months.
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Once we ran the model over the test period of 1976-2006 and were satisfied that the

model was performing as well as it could, we pushed the model to make forecasts of

possible rainfall futures for the Rohini Basin using different climate change

scenarios. As mentioned in the methodology section, the climate change scenarios

are introduced into the model by forming the feature vector [F] from the CGCM3

data. As we have ten different climate change possibilities from CGCM3, the model

was run ten different times.

The solid red line is the historical (1976-2006) median precipitation value for August. The solid blue line represents the new, climate change projected 50th percentile rainfall
value. It is apparent that the new median rainfall values are higher.

| FIGURE 5 | Boxplots of the projected rainfall under the climate change scenarios A2 (run 1) and B2 (run 1)

There is a great deal of uncertainty in future projections of climate change impacts on

the precipitation patterns of the Rohini Basin, as seen in Figure 5.  The uncertainty

indicates potentially greater variability low-frequency weather events. The

uncertainty of the climate change projections is due to a number of factors, which

are described in greater detail in Section 6. The boxes in the plots are not narrow

and the whiskers (dotted lines) extend beyond the boxes, indicating potentially

enhanced variability, particularly in the monsoon months. During the non-

Climate Change Projections
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January
February
March
April
May
June
July
August
September
October
November
December

| TABLE 2 | The median ensemble projections under the A2 scenario (rainfall in mm)

Historic

18.20
 16.01
20.97
40.76

127.09
366.55
648.29
476.05
321.58
86.90

8.38
19.47

A2R1

8.57
5.90
2.88
3.78

86.56
410.21

568.56
503.08
346.54

36.09
1.21

116.61

A2R2

8.00
5.88
3.93
3.93

81.90
428.08
582.46
502.83
292.18
24.24

5.19
 7.97

A2R3

4.61
5.80
2.93
4.16

89.09
428.22
671.93
507.86
356.84

72.14
1.28
6.22

A2R4

7.56
6.27
3.66
4.32

85.34
382.15
575.75
503.71
352.87

27.21
2.02
7.17

A2R5

4.98
6.37
4.87
3.93

152.99
410.33
511.56

503.48
353.27

26.74
1.76
9.05

January
February
March
April
May
June
July
August
September
October
November
December

| TABLE 3 | The median ensemble projections under the B1 scenario (rainfall in mm)

Historic

18.20
16.01
20.97
40.76

127.09
366.55
648.29
476.05
321.58
86.90

8.38
19.47

A2R1

5.34
6.25
5.21
4.10

91.24
424.27
569.03
510.78
346.99

21.72
1.18
7.41

A2R2

8.12
5.94
0.01
4.05

72.85
430.13
569.19
510.92
348.84

30.57
1.38
7.31

A2R3

8.21
6.30
6.26
4.15

81.95
389.39
568.01
504.58
364.59

20.08
1.46
8.70

A2R4

6.98
6.23
3.17
3.88

188.08
470.72
604.46
500.50
292.65

23.59
1.80
8.28

A2R5

7.04
1.25
6.18
3.87

76.85
400.36
584.48
504.09
347.80

24.02
1.99
9.60

For the A2 and B1 scenarios, the Rohini Basin appears to be drying out in all

months except for the monsoon months of JJAS. Under the B1 scenario, July is

projected to be dryer than the historical record. For the both A2 and B1 scenarios,

there is strong agreement amongst all the model runs (i.e. the median ensemble

member from A2R1 is very similar to all the other runs of A2). The implication of a

wetter monsoon season is the potential for increased flooding. Furthermore,

because the model had a tendency to underpredict very high precipitation events

during the monsoon, it is likely that these future projections are lower than their

potential in the A2 or B1 scenarios. The drying of the other months has potentially

negative implications on the agricultural seasons, reducing the ability to plant

certain types of crops. A generally drier July under the B1 scenario would negatively

affect the crucial nursery stage of paddy crop. We have more confidence that the

For the majority of the year, the months are projected to be drier than the period 1976-2006. The monsoon months of JJAS are wetter
than the historic period.

For the majority of the year, the months are projected to be drier than the period 1976-2006. The monsoon months of June, August and
September are wetter than the historic period. Surprisingly, July is projected to be drier under the B1 scenarios.

monsoon months, the boxplots are tighter and less variability in rainfall is seen. It

is better to utilize the ensemble projections as a range of possible precipitation, and

not try to expect a single rainfall value, which no climate model could give. The best

way to acquire a sense of how rainfall might change is to compare the median

ensemble projection (A2: runs 1-5 and B1: runs 1-5) with the historical mean to

figure out, on average, if the month is likely to be wetter or drier than the historical

period. See Tables 2 and 3.
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dryer conditions projected in non-monsoon months are more accurate than the

monsoon month projections, because the model was better able to replicate

historical rainfalls in non-monsoon months than in monsoon months. We are

fairly confident in the projections for the month of August, though, as the model

was able to perform well over the test period (this is likely due to well established,

stable atmospheric conditions sustaining the monsoon during August, that are not

as well established in other monsoon months). The ensemble spread (the range of

rainfall values either replicated or projected) is much smaller in non-monsoon

months than in monsoon months, indicating smaller model uncertainty and less

variability in rainfall.

As noted earlier, it is the degree of uncertainty and variability in the rainfall

projections that is extremely important. While we might say with confidence that

during the monsoon month of August, both the A2 and B1 scenarios are projecting

an average precipitation increase of 6% from the historical mean, the spread of the

ensembles is also critical. Even though the average increase might be 6%, there is

large year-to-year variability, which implies the potential for more frequent, low-

magnitude flood and drought events in the basin. The ability to predict high

magnitude events is difficult with this model. However, the greater variability in

small events indicates that effective climate adaptation and disaster risk reduction

measures need to account for increased variability.



20

From
 Risk to Resilience

W
orking Paper N

o.  3



21

Do
w
ns
ca
lin
g:
 P
ot
en
tia
l C
lim
at
e 
Ch
an
ge
 Im
pa
ct
s i
n 
th
e

Ro
hi
ni
 B
as
in
, N
ep
al
 a
nd
 In
di
a

The analog, statistical downscaling methodology presented here provides a robust

means of translating large-scale climate change scenarios generated by GCMs to

potential scenarios at smaller geographic scales. The accuracy and skill of the

downscaled outputs is constrained by the quality and quantity of data available at

river-basin scales or the geographic region under consideration. The Nepali

datasets for the Rohini Basin were too short to capture the full range of historical

climatic variability in the basin. The incompleteness of the data is evident in the

uncertainty (variability) evident in the model calibration phase and the inability of

the model to replicate precipitation patterns in the months of January, September

and October. The model provides some skill in the months of June and July, but not

as much skill as the remaining months. During the non-monsoon months, the

model has a tendency to slightly overpredict rainfall for small rainfall amount

events. In the monsoon months of June-August, the model underpredicts rainfall

during years of abnormally high (>70th percentile) rainfall.

The uncertainty from hindcasting historical rainfalls propagates forward into the

climate change projections for the basin. For both the A2 and B1 scenarios, the

model projects a decrease in precipitation in non-monsoon months. During the

monsoon months, a slight increase in precipitation is projected. Given the model's

dry (wet) bias in monsoon (non-monsoon) months, these future projections are

possibly understated. The model does indicate a high degree of uncertainty in its

predictions, telling that precipitation variability is likely to increase.

The model relied on the climate change scenarios A2 and B1 from a single GCM to

make precipitation predictions for the basin. No other GCMs out of six possible

GCMs were considered due to time constraints and data availability. For

completeness, climate change projections from another GCM should be used for

comparison.

Concluding Discussion

The statistical downscaling method utilized to project potential impacts of climate

change on the rainfall patterns of the Rohini Basin proved to be robust in

Summary of Findings
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replicating historically observed rainfall for the period of 1976-2006. The ability of

the model to replicate rainfall or make projections is determined by three factors: the

quality and quantity of the data input in the model, the atmospheric instability

caused by the basin's proximity to the Himalayan Range and the changing

relationships between monsoon rainfall and large-scale climate patterns such as the El

Niño Southern Oscillation (ENSO). Our model's ability to produce rainfall

projections with the accuracy of projections made for models of either the United

States or Western Europe is hindered by these three factors, which cannot be

overcome.

In an ideal climate modelling situation, such as seen in the developed world,

datasets of weather and climate indices (such as rainfall or temperature), are

available for fifty years or more. The longer datasets give climatologists greater

confidence in their ability to make forecasts because longer records provide better

insight into the range of weather events that are possible in an area. The number or

weather stations per area and the methodology used to collect data are also very

important. For instance, Boulder County, in the state of Colorado in the United

States, is roughly half the size of the Rohini Basin and has twenty weather stations

in which data has been collected since 1948. The measurements of temperature,

rainfall and wind speed, amongst other variables are fully automated and recorded

hourly. Moreover, the weather data from the Boulder County stations are easily

accessible online for a minimal fee.

The situation is not so fortunate in the Rohini Basin. On the Nepal side, data were

only available from five weather stations located primarily on the upper, western

edge of the basin. Weather records for points in the middle of the basin do not exist.

Given the sometimes highly localized nature of cloudbursts and heavy rainfall

events during the monsoon months, we cannot be certain that the geographic

distribution of the weather stations for which we do have data are really

representative of average rainfall conditions in the basin. The rainfall records only

extend back to 1976, which is not a statistically long period for recording if there

have already been climate shifts in the basin or for capturing the full range of

potential rainfall behaviour. Furthermore, Nepal has been experiencing civil unrest

for a number of years. The Nepal Tarai, in which the Rohini Basin is partially

located, has experienced significant instability, hindering the ability of the

individuals in charge of the weather stations to collect data. The government official

(anonymous) who provided the weather data indicated that gaps of daily data had

been filled in from memory.

On the Indian side of the Rohini Basin, which encompasses 1,943 km2, only two

weather stations are/were in existence: one at Nautanwa and another at Gorakhpur

Airport. The Nautanwa station collected data only for a brief period in 1978 and at

sporadic intervals until 2003. The Gorakhpur Airport weather station began

collecting data in 1954, with several decades completely missing. For the period of

1976-2006, nearly 35% of the dataset was missing, rendering it useless for this

modelling effort. Furthermore, we procured these datasets from the World

Meteorological Organisation (WMO). The price for the Indian government's

Nautanwa dataset alone was 50,000 rupees and their version proved to be almost
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identical to the WMO version. We did not inquire about the price of the Gorakhpur

Airport dataset. Thus, we have no idea about the true rainfall distribution in the

majority of the area of the basin. The lack of Indian rainfall data is a major gap in

the model, as nearly 70% of the land area of the basin lies in India.

The second factor limiting our model is the Rohini Basin's proximity to the

Himalayan Range. All climate models, whether numerical or statistical, have

difficulty in replicating historical weather patterns for areas near or in the major

mountain ranges of the world. Every GCM from which the IPCC compiles climate

change projects has difficulty in modelling the physical weather and climate

processes over the Himalayan, Rocky Mountain, Alps, and Andean mountain

ranges. This is because atmospheric processes are affected by heating, pressure and

wind changes around mountain peaks. The Himalayas are the highest mountain

range in the world and the area extent of their weather/climate influence is quite

large. Indeed, it is not certain that the South Asian Monsoon would exist without

the presence of the Himalayas.

The final factor, the changing relationship between monsoon rainfall and large-scale

climate predictors such as ENSO or the snow cover over the Tibetan Plateau,

hinders confidence in the ability of all climate models to project how climate change

will impact the monsoon. For many years, there was a strong relationship between

the monsoon and ENSO: during El Niño years the monsoon tended to be weaker

and drought was widespread; during La Niña years, the monsoon was stronger.

Over the past fifteen to twenty years, however, the relationship between ENSO and

the monsoon has been breaking down (Ihara et al., 2006; Kumar et al., 2006;

Douville, 2006). Furthermore, none of the GCMs can reliably replicate all the

features (sea surface temperature, cloudiness, pressure changes, etc.) of ENSO and

all of the projections of ENSO under climate change scenarios are different (de

Szoeke and Xie, 2008). Due to the breakdown in the relationship between ENSO and

the monsoon, the inability of the GCMs to project ENSO, we did not incorporate

ENSO into our downscaling model.

We can say with certainty that the model's ability to project rainfall is severely

limited by the data constraints under which we had to operate. The Nepali saying

"Ké garné? - What to do?" is particularly apropos. The reality of the weather data

available for the Rohini Basin is the same reality in the majority of the developing

world. It is in developing nations that individuals are more vulnerable to current

climate hazards and likely the most vulnerable to climate change impacts. Without

a better sense of potential climate change impacts at smaller geographic scales than

100-200km, it is difficult to begin planning and implementing adaptation or disaster

risk reduction measures.

Finally, we have to caution about treating the climate change projections of GCMs

as completely certain. The IPCC climate change scenarios were developed by a

consortium of scientists after careful analysis of social, economic, and energy use

trends. Despite the scientific analysis, the IPCC climate change scenarios are only

educated guesses of future energy use and how societies will evolve in the next

century. The climate change projections by the GCMs are conditioned on these



24

From
 Risk to Resilience

W
orking Paper N

o.  3

best-guess climate change scenarios. The lack of certainty in climate change

scenarios, coupled with lack of complete understanding about the relationships

between various physical land, ocean and atmospheric processes warrants caution

in relying upon traditional engineering solutions as adaptation measures. The lack

of certainty in climate change scenarios DOES NOT imply that we should not believe

in climate change. Indeed, the effects of climate change are already beginning to be

felt around the world. Some effects, such as the rapid melting of the Arctic and

Greenland ice sheets is more profound than that being projected by the GCMs,

indicating that climate change processes might be occurring faster and be more

severe than we can guess.
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Detailed evaluation of the costs and benefits of alternative strategies for flood

risk management along the Rohini Basin in Eastern Uttar Pradesh, India,

highlight substantial differences in economic returns.

Construction of embankments for flood control has been the primary strategy

for risk management over the last half century. Detailed analysis undertaken

through the project demonstrates that this investment cannot be concluded to

have been economically beneficial. When analyzed from a social welfare

perspective in which all costs and benefits are considered, the benefit/cost ratio

from past investments is about 1; that is the costs have equaled the benefits.

Projected impacts from climate change would reduce returns further probably

driving the benefit/cost ratio for new embankment construction in the future

below 1. Given that investments in existing embankments represent sunk costs,

investments in proper maintenance of those embankments would, however,

generate high economic returns (benefit/cost ratios in the range of 2) under both

current and future climate change scenarios.

In contrast to historical reliance on major structural measures for flood control,

scenarios based on a more "people-centered" resilience-driven flood risk

reduction approach perform economically efficiently. Benefit/cost ratios for such

strategies range from 2 to 2.5 under both current and future climate change

scenarios. Furthermore, since such strategies have low initial investment costs in

relation to annual operation and maintenance, these returns are not sensitive to

discount rates or assumptions regarding future climate conditions. Projected

increases in flood risk due to climate change are unlikely to erode the overall

returns from people-centered strategies. Overall, economic returns from

portfolios of people-centered strategies appear highly resilient under a wide

variety of conditions and assumptions.

Although the above conclusions appear robust, limitations on data availability

and quality constrained the analysis. Such limitations are an inherent in most

risk management contexts, particularly in the developing world. As a

consequence, however, the outcomes from cost-benefit analyses depend heavily

Key Messages
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on key assumptions and data. Testing the accuracy of available data and any

assumptions that must be made through extensive stakeholder involvement in the

analytical process is, as a result, essential. Benefit/cost ratios and other quantitative

outputs are most meaningful as order of magnitude estimates rather than absolute

values, especially when the inherent uncertainties in climate change projections are

considered. As a clearly structured participatory process for strategy evaluation,

however, cost-benefit analysis has benefits that go beyond the quantitative

economic results generated.

If undertaken in an inclusive stakeholder-based manner, the process of undertaking

a cost-benefit analysis forces participants to systematically evaluate the details of

risk management strategies and the assumptions underpinning them. This

analytical process can ensure that the strategies ultimately selected are socially and

technically viable, broadly owned and likely to generate solid economic returns. It

can also ensure that the distributional consequences of strategies - who benefits and

who pays - are addressed; a factor not incorporated in conventional cost-benefit

analysis. Without inclusiveness, debate and iterative learning among stakeholders,

cost-benefit analysis can easily be manipulated and thus misused.
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The Rohini River, a part of the Gangetic Basin, has its headwaters in the Nepal

Tarai, but is primarily located in the northeast region of Uttar Pradesh, India. The

basin is prone to annual monsoon floods, the intensity and frequency of which seem

to have increased during the past 10 years. In this case study, the costs and benefits

under potential climate change of different flood risk reduction approaches in

northern India were analyzed and compared. In addition, the utility, applicability

and limitations of cost-benefit analysis for supporting disaster risk reduction

decision-making under a changing climate were investigated.

Beginning with a risk analysis, past flood impacts were adapted to current

conditions and then projected for future changes in risk due to climate and

population changes. Flood risk reduction strategies were selected based on both

real and potential interventions. Field experience and estimations were used to

quantify and monetize costs, benefits and disbenefits (potential negative

consequences of interventions), which were subsequently compared under a

probabilistic cost-benefit framework. Finally the methodology, experiences and

results of the analysis process were reviewed for robustness and utility within the

policy context.

Downscaled climate change projections to the year 2050 indicate monsoon rainfall

will increase. Translated into potential changes in flooding, the frequency of smaller,

less-intense events will increase greatly, for example with a current 10-year flood

becoming a 5-year flood, while rarer but more intense floods will remain relatively

constant. This will result in a twofold increase in future average annual economic

loss due to floods.

The economic performance of embankments, reflecting a historically dominant

centralized flood risk reduction approach, was analyzed in comparison to a more

egalitarian "people-centered" basket of interventions. People-centered interventions

were assumed to be implemented at the individual, community and societal levels

with the goal of reducing vulnerability within the relatively poor population in the

basin by increasing general socio-economic resilience to floods. Embankments, on

the other hand, are threshold-driven, meaning that they are designed for a certain

flood magnitude, beyond which they fail to provide protection.

Introduction
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The analysis showed that when actual costs, performance and "disbenefits"

(externalities) are considered, since their inception the embankments in the Rohini

Basin cannot be concluded to have been economically efficient. Future proper

maintenance of existing embankments, even under climate change projections,

would however be economically efficient. This efficiency declines with the increased

flooding that is projected to occur as a consequence of climate change. The people-

centered approach also performs efficiently. Furthermore, because benefits do not

depend on advance knowledge regarding specific flood magnitudes, the approach

continues to perform well under projected climate change. In addition the presence

of annual non-flood related benefits further strengthens the robustness of the

strategy.

The limitations inherent in applying cost-benefit analysis to complex situations

such as disaster risk reduction should be recognized in reviewing the results of this,

and any other, similar evaluation. Cost-benefit analysis is a useful support tool for

decision-making, but does not capture distributional (who benefits?) and non-

monetizable aspects of disaster risk reduction. It should thus not be used as a

standalone decision-making metric, but rather in conjunction with vulnerability-

based stakeholder-driven processes. Final benefit/cost ratios generated through

cost-benefit analysis are order of magnitude estimates. Rather than such numbers,

the real benefit from cost-benefit analysis lies in the framework and process used.

The approach provides a logical and transparent framework for organizing and

reviewing assumptions. It also provides a clear basis key stakeholders can utilize to

evaluate tradeoffs and the implications of their own assumptions. As a result, it can

help operationalize and promote dialogue and integration of policies and

programmes across ministries, departments and other organizations.
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Case Study Location,
Issues and Responses

Location

The Rohini River is part of the Gangetic Basin,

located in Gorakhpur and Maharaganj Districts in

the northeast Tarai region of Uttar Pradesh, India,

in what is also known as the trans-Sarayu plains.

Starting in Nepal, the river flows approximately

north to south, with a catchment area in India of

about 872 km2.  The Rohini ends at its junction with

the Rapti River near Gorakhpur City. The basin

location and its features are shown in Figure 1.

With a very small slope, even the smallest

disruption in the natural flow of water can cause

large-scale and long-term flooding. The area had a

| FIGURE 1 | Location and features of the Rohini Basin
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large number of permanent water bodies which developed over time, due both to

changing river courses and abandoned channels becoming blocked by silt (locally

called charans). Historically, these water bodies/areas played an important role in

flood management and provided livelihoods to a large population. In the last two

decades, however, the water bodies have been heavily encroached upon.

The climate of the area is monsoonal. The temperature ranges between 5o and

46oC, and average rainfall is approximately 2000-2200 mm/annum, over 80% of

which falls during the monsoon. July and August are the wettest months,

receiving about 60% of the monsoon season rainfall.

Numerous rivers and drainage channels have contributed to the formation of the

region through sedimentation of soil and silts brought from the hills in Nepal.

The soil in the area plays a vital role in crop production. The low lying lands

usually have clayey soil well suited for paddy, while higher lands have loam or a

clay and sand mixture that is well suited for wheat, pulses and oilseeds. About

80% of the area is under cultivation. There are two main crop seasons, kharif

(monsoon) and rabi (winter), with a third during the summer (zaid) in places

where suitable irrigation exists. The main crops of the region are paddy in kharif,

wheat in rabi and vegetables and maize in zaid.

Flood Hazard

Like all of eastern India, the Rohini is prone to floods during the four monsoon

months. About one third of its catchment lies in the Nepal Tarai where

cloudbursts cause intense rainfall events. There is always some annual flooding,

with major floods occurring in 1954, 1961, 1974 and 1993. In the last 10 years the

intensity and frequency of floods appear to have increased and three major floods

have occurred within a decade: 1998, 2001 and 2007.

In the upper part of the basin, piyas, or small hill streams and drainage channels,

are prone to erosion and sudden course changes. In the lower part the very low

gradient causes the Rohini to meander sluggishly through the plains. Water

logging occurs because of drainage congestion caused mainly by embankments

and other linear developments (roads, railways, canals, urbanization, etc.). In

certain areas the water logged area increased by 65-95% during 1971-1991. In

many cases waterways developed across road and railway embankments drain

insufficiently. Excessive rainfall can cause overflowing of low and poorly formed

riverbanks, and drainage congestion is a serious problem. Flood hazard is

pronounced where drainage channels merge into the Rohini and especially lower

in the basin above the confluence of the Rohini and Rapti Rivers. The overall

nature of flooding has therefore changed; inundation depths have become higher

and more unpredictable (embankment failures), with constant water logging in

certain areas. While earlier floods were considered to have done more good than

harm, they now cause immense damage to life and property and have become an

obstacle to the development of the region.
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People at Risk

Villages located close to the river or the embankments are vulnerable to erosion,

sand deposition, river flooding and water logging. Thirteen villages are trapped

between the river and the embankment, suffering increased flooding and sand

deposition. People in these villages tend to shift their houses over the embankments,

living in temporary shelters. These villages lack the most basic infrastructure and

due to water logging and/or regular deep flooding most of their lands have become

unfit for cultivation.

There are 48 villages located within 1 km outside the embankments. Here large

tracts of land remain water logged due to embankment-caused flow and drainage

obstructions. The embankments block water from local rainfall from flowing into

the river. In addition, water seeps through the embankments inundating or causing

water logging in adjacent land. Kharif paddy is either partially or fully destroyed

and even rabi wheat cannot be sown or suffers from lower productivity. Incidence of

vector borne diseases has also increased in these villages. An additional 75 villages,

1-3 km from the embankments also suffer during years of high floods, especially

when embankments breach in the vicinity or inundation is caused due to the water

backing up from blocked drains. Siphons are either closed during high floods or do

not function due to silting and clogging. Therefore about 136 out of 837 villages in

the basin are directly affected by flooding often exacerbated by embankments.

Another 267 villages lie within 2 kms of the river, mostly in the upper reaches of the

basin. Here numerous hill streams and drainage channels cause much flooding and

sand deposition and the villages are unprotected by embankments or other

structures.

High population density (about 1000 persons per km2) puts many people at risk.

Over the past 10 years about 45% of households have had at least one death in the

family due to floods, and in 65% of these households the victims were the earning

member. While a significant percentage (23%) of casualties was caused by drowning,

flood related deaths are also caused by other factors such as snakebites, malaria,

diarrhea and viral infection.

The study districts of the basin lag in all the aspects of human development

indicators, compared to both national and state averages (Uttar Pradesh itself being

lower than most of India). Official figures report about 30% of the local population

live below the poverty line, as compared to 25.5% for Uttar Pradesh and 21.8% in

India. In rural areas poverty is strongly associated with land ownership, which is

the main productive asset.  In the study area, about 50% of households own less

than 0.4 hectare of land.

Primary income sources are farming (65%), agricultural labour (14%), non-farm

wages (14%), business (4%), service (2%), and animal husbandry (1%). While 60% of

the population derive household income from local opportunities, 22% migrate to

compensate for lost household income. In a significant number of cases (30%)

distress migration occurs due to livelihood and productive asset losses.
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Most of the population does not have access to potable water, with the majority of

households (71%) fetching drinking water from open dug wells. Privately owned

handpumps provide poor water quality, especially during and after floods because

of their shallow nature and tendency to become submerged. Government

handpumps generally deliver potable water during non-flood periods, but they are

rare. Private sanitation facilities are often poor and very few households actually

use these public toilets due to cultural/religious habits.

Flood Risk Reduction

The primary flood management strategy that has been implemented by national

and state government actors in the Rohini Basin has focused on flood control

through structural measures, in specific the construction of embankments and

spurs. Although the major focus on structural measures for flood control started in

the 1950s, most of these have been constructed since the 1970s.  Despite large

investments in such measures, they frequently breach causing perhaps more

damage than if they had not been built. Embankments fail for a variety of reasons.

In some cases failure occurs due to lack of maintenance.  In other cases, however,

hydraulic design capacities are exceeded during extreme flood events.  This is an

inherent challenge facing the design of structures in regions where long-term data

are unavailable and extreme event frequencies are changing as climatic conditions

evolve. In addition, embankments slow river flows causing sediment deposition in

the channel and resulting in riverbeds rising above the surrounding lands. In parts

of the Ganga basin, riverbeds in areas where embankments have been constructed

rise at over 10cm/yr - or a metre per decade.  Four decades following initial

construction of the embankments, river beds can be as much as four metres above

the surrounding lands.   This decreases the river's carrying capacity between the

embankments and is a major factor contributing to frequent breaches.

Although the history of flood control has focused on structural measures, local

populations have developed their own strategies for mitigating the impact of floods.

These more people-centered strategies could, if expanded and supported, provide a

foundation for planned interventions to reduce risk at a basin-scale. Local

populations, for example, often raise the plinth level of houses, construct high

protected points for grain storage, keep boats in reserve for transport during flood

periods, have traditional systems for early warning and diversify livelihoods

through migration to access external labour and product markets. Such strategies

substantially reduce the impact of floods on local livelihoods and are much less

dependent on knowledge regarding flood frequencies and characteristics than

structural measures.  As a result, the protection they provide may be more resilient

in the face of changing climatic conditions.

Institutionally, at present community level risk management activities are generally

undertaken through the initiative of individuals or limited to actions by self help

groups (SHGs). In most cases SHGs are meant only as savings and lending groups,

which are able to access loans from public sector banks, providing women from

poor households with lower-interest credit. There appears to be little attempt to
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use these institutions as vehicles for flood risk management. They could, in theory,

represent a starting point for this.  That said, it is important to recognize that many

SHGs function irregularly or even disintegrate because of mistrust and conflicts.

Beyond SHGs, not much is being done to promote flood risk management. In the

study area, a farmers' school run by a local NGO is attempting to promote flood-

adapted agriculture. The government focuses on distributing post-flood relief, but

does invest in improving health care or other resilience building basic services in

this basin.

Climate Change Impacts

The Rohini River has its origins in the Chure Hills of Nepal. Rivers here are highly

dependent upon rainfall and respond rapidly to rainfall events. During months of low

precipitation, base flow in Chure rivers is sustained through groundwater. In the

headwater reaches of the Rohini, approximately 86% of the annual precipitation occurs

during the monsoon months of June to September (NWCF, 2003; Dixit et al., 2007).

Climate change is projected to influence river flow patterns through changes in the

amount and timing of rainfall in the basin. The IPCC (Christensen et al., 2007)

projects an approximate 11% increase in precipitation during the monsoon months

for the entire Gangetic Basin. The IPCC projections, however, are based on the

geographic resolution of the general circulation models synthesized by the IPCC (on

the order of 100-200 km), which is too large a geographic range to support targeted

climate change adaptation interventions in the Rohini Basin. Therefore, a statistical

downscaling model was developed to investigate potential climate change impacts on

precipitation patterns in the Rohini Basin and to be used in flood models.

Statistical downscaling models work by finding a relationship between large-scale

climate variables (e.g. wind, pressure or air temperature) and a local variable, such as

the rainfall in the Rohini Basin. The particular downscaling method used is a robust,

analogue method that looks for similarities in large-scale climate variables across a

period for which historical observations are available (1976-2006) to replicate

historical rainfalls. Projections of potential climate change impacts on precipitation

are made by comparing future projections of large-scale climate variables (in this

study obtained from the Canadian Third Generation Coupled Climate Model or

CGCM3) with historical observations of large-scale climate variables and then

resampling the rainfalls of the most similar historic years.

Climate change projections for the Rohini Basin are based upon two climate change

scenarios: A2 and B1. The A2 scenario refers to a world with continued high reliance

on fossil fuels and high population growth. The B1 scenario assumes that carbon

dioxide levels in the atmosphere stabilize at around 550 ppm. The A2 and B1

scenarios were each comprised of five simulations, resulting ultimately in 10

different scenarios.

Rainfall projections were fairly similar for the runs within each scenario. Each of the

model runs is equally probable under that given climate change scenario. In order to
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test the potential impacts of climate change

on flooding, the rainfall projections were run

through the flood model, which took several

days of computing time per rainfall

projection. It was therefore decided to use

only the runs from each climate change

scenario A2 and B1 representing the highest

and lowest annual rainfall projections:

A2Run1, A2Run5, B1Run3 and B1Run4. The

results are shown in Table 1.

Each model run of scenario A2 or B1

indicates the potential for an increase in

drought conditions the majority of the year, which might lead to overpumping of

groundwater resources and greater crop failure. During the monsoon months,

rainfall amounts are projected to increase, leading to increased flooding and water

logging. There is also a shift in the timing of rainfall, with smaller amounts

happening in July and greater rainfall in August and September.

Projected Flood Changes

Rainfall-runoff and hydraulic river modelling were used to estimate present and

projected future flood risk. A geographic information system (GIS) allowed for the

compilation and analysis of a digital elevation model (based on the NASA Shuttle

Radar Topography Mission - SRTM), official topographic maps of varying scales,

land cover and soil maps, and information on administrative boundaries, roads,

settlements, etc.

Rainfall-runoff analysis was based on data from the period 1982-2005, however

omitting 1986, 1987, 1995 and 2000 due to missing or clearly erroneous data. A

model using a parametric description of the main hydrological processes at the

catchment scale, such as infiltration and evapotranspiration, was calibrated with

the existing data. The model then used projected rainfall from the climate change

analysis and soil information to predict future flows.

River flow hydraulics and inundation mapping was performed with free and well-

established software. The ultimate results used in the cost-benefit analysis were

current and future probabilities of flooded areas within the Rohini Basin. To

support analysis of embankments, modelling was performed both with the existing

embankments as well as under the assumption of no embankments.

January
February
March
April
May
June
July
August
September
October
November
December

Historic
18
16
21
41

127
367
648
476
322

87
8

19

A2R1
9
6
3
4

87
410
569
503
347

36
1

117

A2R5
5
6
5
4

153
410
512
503
353

27
2
9

B1R3
8
6
6
4

82
389
568
505
365

20
1
9

B1R4
7
6
3
4

188
471
604
501
293

24
2
8

| TABLE 1 | Median rainfall projections under select A2 and B1
scenarios, in mm of rainfall
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Cost-Benefit Analysis

Purpose

Cost-benefit analysis was performed to evaluate, under several potential climate

change scenarios, two contrasting flood risk management approaches in the Rohini

Basin, based on existing as well as potential interventions. In addition, the use of

cost-benefit analysis under complex and dynamic conditions was investigated. By

applying a highly data-and resource-intensive probabilistic cost-benefit approach,

a detailed modelling approach was reviewed and evaluated for applicability,

robustness (especially under uncertain conditions), and utility for the disaster risk

reduction decision-making process.

The flood risk reduction strategies were evaluated through both quantitative and

qualitative frameworks, the focus of this report being the quantitative cost-benefit

analysis. The qualitative framework involved shared learning dialogues (SLDs) and

focus group discussions with various community groups, as well as interviews of

key informants. This complemented the quantitative cost-benefit analysis and

captured many of the non-tangible and non-monetary aspects of costs and benefits

of disaster reduction strategies.

Evaluated Strategies

The traditional highly centralized and hierarchical (in terms of decision-making

and implementation processes) strategy to control rivers through embankments

was analyzed for its past as well as projected future economic performance. A

contrasting decentralized and more egalitarian ("people-centered") strategy,

implemented at different levels, was also designed and analyzed for projected future

economic performance. Interventions in this strategy at the household, community

and wider societal level that were evaluated included:

At the individual level:

• raising of house plinths,

• raising of fodder storage units, and
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• a water and sanitation package (rainwater harvesting, raising existing private

handpumps and toilets).

At the community level:

• an early warning system,

• raising community handpumps and toilets,

• building of village flood shelters,

• establishing community grain banks,

• establishing community seed banks,

• local maintenance of key drainage bottlenecks,

• development of self help groups, and

• purchasing of community boats.

At the societal level:

• promotion of flood adapted agriculture and

• strengthening of the overall healthcare system.

An important issue for such a people-centered strategy is "who pays?", as often

costs are shared between different stakeholders. For the purposes of this analysis,

it was assumed that all costs would be covered by a single external entity as

opposed to being funded by individuals or the community.

Data Issues

An overview of data required for analyzing the multiple factors that contribute to

hazard exposure, vulnerability and the effectiveness of risk reduction strategies

was developed to guide data acquisition and analysis. Data were collected from

secondary sources (government agencies, non-governmental organizations, etc.)

and through a detailed survey of a sample of households in the basin. Confidence

in data collected through the survey is higher than in data gathered from

secondary sources, particularly for hydro-meteorological data.

Focusing on evaluating flood risk reduction strategies, survey villages were

selected within zones at varying distances from the river and existing

embankments. This involved identifying six zones, including one actually between

the river and the embankments. One village from each of these six zones was

selected in the upper, middle and lower reaches of the basin. Alltogether, 18 villages

were selected, with 10% of households in each village surveyed, resulting in a total

of 208 households surveyed. Households were selected to capture diversity across

landholding size, wealth, caste, women-headed households and engagement in

different risk reduction activities. Drawn-up through extensive consultation with

field teams during a pre-survey visit and testing, the survey questionnaire was

designed to collect specific disaster-related loss, coping, exposure, vulnerability,

preference and cost/benefit data.

Despite this intensive data acquisition effort, data availability and quality

remained key issues in determining not only the specific analysis structure, but
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Issues

Secondary data incomplete, survey data likely not representative of full
basin. Only two events available.

Some satellite photos available, insufficient resolution for analysis.

Topographical maps of insufficient and mismatched resolution. Only one
cross-section available for the entire river.

Rainfall data was available only for the Nepali side of the Rohini Basin, but
its validity was unknown. Significant gaps exist in the streamflow data of the
Rohini River and the record is short. Both rainfall and streamflow datasets
had to be corrected and estimates used to fill significant gaps.

Failure data limited, specific maintenance information not available.

Recent census at village level but projected future trends only available at
state level.

Very limited information, some trends on autonomous risk reduction could be
inferred from surveys (primarily housing dynamics).

Downscaling of regional climate model results and transformation into
changes in flood regime highly uncertain.

Key Data Required

Past flood losses

Maps of flooded areas

Basin topography

Hydrometeorologic time-series

Embankment details including past
performance

Demographic information

Ongoing flood risk reduction activities
(explicit and/or autonomous)

Climate change projections

| TABLE 2 | Data requirements and issues for the Rohini Basin flood risk analysis

also the robustness of the results. Table 2 summarizes the key data elements

required for a probabilistic cost-benefit analysis and issues that arose specifically in

the Rohini Basin.
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A combined backwards- and forwards-looking approach was applied to assess current

and future flood risk. Review of past flood impacts provided estimates for current risk,

while projected climate and exposure changes were used to estimate risk for the period

2007-2050.

Backwards-looking analysis

Basin-wide flood losses for the large 1998 and 2007 floods were primarily estimated

using household averages from the survey, calibrated with secondary data. Considering

that the survey focused in high flood risk areas, it was not representative of average

basin conditions.  Up-scaling of survey results to the full basin therefore took into

account differences in the risk profiles of the survey sample versus the full basin.

Cost-benefit analysis of different risk reduction interventions required information

on various categories of household financial losses due to floods. The survey yielded

direct loss information for housing, assets, crops, livestock, wages and health/medical

expenditures.  Fodder losses were estimated indirectly based on crop damages and

normal fodder purchases, while food and grain losses were developed from

households' reported flood food aid needs. Increased debt-servicing loads due to

floods were estimated by computing total interest paid for loans covering

consumption losses and at high post-disaster interest rates. Due to the static nature

of the analysis, multi-year reconstruction loans could not be considered. Secondary

data was used to estimate public infrastructure losses (including public buildings). It

must be noted that while data on relief was available, relief is a response to losses in

the above categories and is therefore is not considered a loss category in its own

right. Exclusion of relief data also prevents potential double counting.

As cost-benefit analysis must be performed under present conditions, losses from

past floods were adapted to present conditions. Observed regional population

dynamics were used to account for changes in exposure. Due primarily to a trend of

switching from mud to brick construction, housing vulnerability has decreased by

about 40% over the past 10 years.  Enhanced rural communication (particularly the

advent and rapid expansion of mobile telephones) has also led to better early

Approach and Analysis
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warning, allowing for increased response time. After considering these exposure and

vulnerability dynamics, as well as economic inflation, the estimated total flood losses

in present value terms for the 1998 and 2007 events were INR 3.3 billion and INR 2.0

billion respectively.

Probabilistic cost-benefit analysis requires loss-frequency curves, providing loss

estimates for a full range of return periods. Based on anecdotal evidence, overall

monsoon descriptors and general loss trends, it was estimated that the 1998 flood

was approximately a 50-year event, and 2007 a 25-year event.  Using these two events,

as well as an assumption that floods up to 2-year return periods do not cause losses,

statistical distributions for each of the loss categories were developed.

Forwards-looking analysis

Modelled changes in flooded areas for the climate

change scenarios were used to adapt the current

condition loss-frequency curves developed

during the backwards-looking analysis to

projected future climate conditions.  Figure 2

shows the results, representing best estimates of

current and future monetary flood risk.  It can be

seen that climate change is projected to have a

greater impact on frequent smaller events than

rarer but larger events.  In other words, while

what is now a 10-year loss will in the future be

about a 5-year event, a current 100-year loss will

in the future be about a 60-year loss.

Expected Annual Losses

The primary outputs of the risk analysis for the cost-benefit analysis are the expected

annual losses for the different loss categories and climate scenarios. These are

determined by integrating under the estimated loss-frequency curves, the results of

which are shown in Table 3. Major components of the basin-wide monetary flood

impacts include crop losses (about 30% of the total), housing (20%), assets (15%),

public infrastructure (10%) and wages (10%).

Average annual expected flood losses are projected to approximately double during

the next 50 years due to climate change. This massive impact is again due to

projections that losses from smaller but more frequent events

will greatly increase. As this occurs, the annual average loss

burden increases, such that these “small” floods become more

important in terms of long-term economic impacts. With this

increasing importance, the lack of real loss data for such events

becomes more prominent. Estimates of small event losses based

on statistical distributions could over- or under-estimate

reality, greatly impacting the final results.

Climate Scenario

Current conditions
Future A2R1
Future A2R5
Future B1R3
Future B1R4

Expected Annual Loss

564 million
1169 million
1052 million
1141 million
1226 million

| TABLE 3 | Total average annual expected flood
losses for Rohini Basin (INR)

| FIGURE 2 | Flood loss-frequency curves for current conditions and
future climate scenarios (2007-2050)
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Key Assumptions

Review of the risk analysis has identified a number of key assumptions driving the

cost-benefit analysis design and results, summarized in Table 4.  Further key

assumptions in terms of costs, benefits and disbenefits are also listed in Table 4, and

discussed in the following section.

Assumption

District level secondary data
representative of basin

Survey data representative of
entire basin

Return periods of past events

Pareto distribution best represents
loss frequencies

Rainfall and large-scale climate
data are valid and accurate

Relationships between rainfall and
large-scale climate will remain
valid in future

GCM (General Circulation Models)
climate change projections are
sufficiently dependable

Basic hydrologic and hydraulic
analysis sufficiently dependable.

Flood losses linearly related to
flooded area

Future exposure represented by
projected populations

Shifting of larger loss frequencies
to reflect embankment failures

Intervention costs

Intervention benefits

Intervention disbenefits

Discount rate

Basis

Can pro-rate based on  per cent of area
in basin

Secondary data incomplete, no other
choice

Anectodal, overall monsoon descriptors
and general loss trends

Commonly used extreme value
distribution, based on two loss events
and no loss below 2-year event

Standard practice – no other choice.

Standard practice – no other choice.

Standard practice – no other choice.

Data limitations and desire to keep
analysis simple.

Simplification of modelling

Nothing else available

1998 and 2007 floods

Field experience

Modelling, field experience, expert
judgement

Modelling, field experience, expert judgment

Standard “best practice”

Issues

District outside basin includes other rivers, regional major city.

Although upscaling considered risk profiles, could still
misrepresent basin.

Inconsistent with hydrologic analysis, has major impact on
estimated loss frequencies.

Statistical fit based on 3 points is weak, has major impact on
estimated loss frequencies. Estimates of high frequency flood
losses a driving factor.

Significant gaps and uncertainty in the geographically limited
historic rainfall data adds uncertainty.

Monsoon rainfall has historically been linked to ENSO (El Niño)
and other large-scale climate features. These relationships are
changing and breaking down.

Climate change appears to be happening much faster than the
GCMs predict, e.g. the melting of Arctic and Greenland icesheets
is faster than predicted. Actual climate change could be much
different than model projections.

In relatively flat basins with large anthropogenic alterations like
the Rohini (embankments, land use changes, etc.), hydrology
and hydraulics become dynamic and multi-dimensional.

Over-simplifies a complex issue, particularly for small events and
economic flow (versus stock) losses.

Does not consider all autonomous adaptation.

Not calibrated with observations of flooded areas.

May not be appropriate for basin/programme specifics.

Monetized values generally unproven, based on multiple small
assumptions.

Monetized values often unproven.

Has major impact on results.

| TABLE 4 | Key assumptions driving the cost-benefit analysis
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Embankment Costs

Costs from an embankment project completed in 2003 in Gorakhpur District were

used as a basis, but compensation for land lost due to embankment construction

was found to be inadequate. Using real land area compensated at market values,

the original project capital costs of embankment construction doubled. While in

the project annual operations and maintenance costs are given as 4% of capital

costs, historical data shows actual spending in the basin was only about one

quarter of this.

Embankment Benefits

The benefit of embankments is the difference between expected annual losses with

and without embankments. The backwards-looking risk analysis provided

estimates of these for the with-embankment or "real life" situation. The hydrologic/

hydraulic analysis produced flooded areas with and without embankments for the

historical time period as well as future scenarios. Assuming losses to be linearly

dependent on flooded areas, theoretical without-embankment expected annual

losses were determined by pro-rating the with-embankment losses by the ratio of

without- and with-embankment modelled flooded areas. While standard practice,

the assumption that flood losses are linearly dependent on flooded areas is an over-

simplification, but often due to data and time restrictions necessary.

To capture the realities of imperfect embankment maintenance and therefore

performance, it was assumed that for the with-embankment condition a 50-year

flood actually experienced 100-year losses. Such a shift in the loss-frequency curve

could be justified based on observations during the 1998 and 2007 floods.

Cost-benefit analysis compares situations with and without a given project or

intervention. The forward-looking cost-benefit analysis of existing embankments in

the Rohini Basin must therefore consider the current reality that the embankments

have already been built. As the immediate removal of all embankments is not

realistic, the comparison is therefore not with versus without-embankments, but

rather with versus without proper maintenance (thus impacting performance).

Under the without-maintenance scenario, the embankments will lose effectiveness

over time. Utilizing a typical engineering project lifespan of 30 years, the analysis

assumes an annual decrease in performance leading to complete failure after 30

years. Benefits over time are further expected to increase due to increased exposure

based on demographic trends.

Embankment Disbenefits

While costs reflect specifically the financial investments necessary for

implementation of an intervention, the concept of "disbenefits" refers to the possible

negative consequences of an intervention. Low intensity flood events, while causing

damage, are also beneficial because they provide nutrients and water to the
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floodplains. With the construction of embankments, however, this natural nutrient

and soil water recharge cannot occur. It is also well known that embankments cause

water logging on land immediately behind the embankments, due to the inability of

local rainfall and tributary flows to adequately drain into the main river. This water

logging causes both losses in crop production and increases in waterborne vector-

based diseases. These disbenefits were monetized and included in the analysis.

People-Centered Strategy Costs

Costs for the individual interventions were based primarily on field experiences.

For given interventions, costs are probabilistic depending on flood intensity and

frequency. In these cases an averaged annual value was computed. Annually

recurring costs are relatively high, about two-thirds of capital costs (as opposed to

4% for embankments). This reflects the more systemic resilience-driven approach of

the strategy, which requires constant and consistent resources rather than massive

up-front investments.

People-Centered Strategy Benefits

Benefits for each intervention were considered individually for each loss category

defined in the risk analysis. Table 5 provides an overview of the assumed loss

categories reduced by each intervention. In many cases an intervention provides

benefits only for one or two loss categories while, at the other extreme, the

maintenance of key drainage points was considered to reduce losses for all

categories, as it would reduce the

actual flooding hazard.

Ultimately the various

interventions combine to reduce

losses. As a simple modelling

approach, loss reductions from

different interventions are added,

but not allowed to exceed full loss

prevention. In some cases the total

sum would far exceed total flood

losses, indicating that there are

either benefits beyond flood

reduction, or inefficiencies in the

strategy design. Benefits beyond

flood reduction, such as increased

agricultural productivity, are

considered separately in the cost-

benefit analysis, but the issue of

strategy design efficiency (avoiding

duplication of efforts) must be

considered during planning.

| TABLE 5 | Financial loss categories reduced by the various people-centered
interventions

Interventions

Individual Level

Raise house plinth
Raise fodder storage unit
WatSan package

Community Level

Early warning
Elev. handpumps & toilets
Flood shelters
Community grain bank
Community seed bank
Maintain key drainage points
Self help groups
Purchase community boat

Societal Level

Flood adapted agriculture
Strengthen overall healthcare
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People-Centered Strategy Disbenefits

As opposed to the embankments, possible disbenefits identified for the people-

centered strategy are, for example, loan defaults by self help groups and

groundwater contamination due to poor oversight of private toilets. Such

disbenefits were not considered in the cost-benefit analysis, however, as they were

considered unlikely to occur.

Discount Rate

In economic calculations, future benefits are discounted in relation to current

benefits to reflect the cost of capital. This is justified on the assumption that the

current value of future benefits from investments should be compared to existing

secure alternative investment alternatives for the same funds. Applying high

discount rates expresses a strong preference for the present while potentially

shifting large burdens to future generations. Standard practice in developing

countries assumes a discount rate of 10-12%, while sensitivity analysis covering the

full range of 0-20% is useful to understand the implications of the chosen rate.
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Main Results

Historical Embankment Performance

Figure 3 shows the computed benefit/cost ratios, under multiple modelling

assumptions and a range of discount rates, for past embankment performance since

1973. A benefit/cost ratio over 1.0 generally reflects that the intervention is

economically efficient.

Traditional engineering analysis of

infrastructure projects tends to ignore

disbenefits and often does not capture all

societal costs. Such an approach based on

official embankment costs and hydrologic

engineering analysis yielded at a discount

rate of 10% a benefit/cost ratio of about 4.6,

indicating high economic efficiency. It could

therefore be concluded that the

embankments have been "worth it." When

refining the analysis, however, the economic

efficiency reduces greatly. By considering

real land compensation costs, the benefit/

cost ratio is about halved. Further adding to

the analysis a better reflection of real

embankment performance, that is

insufficient maintenance (as also reflected in the costs) leading to failures, the

benefit/cost ratio further reduces to about 1.6 (again at discount rate 10%). When

these disbenefits are explicitly taken into account, the embankments become

economically inconclusive (benefit/cost ratio of 1.0 at discount rate of 10%).

Considering that all disbenefit assumptions and computations were conservative,

and reflecting on the many uncertainties within this probabilistic analysis, it cannot

be concluded with any confidence that the embankments of the Rohini Basin have

been economically effective since 1973.

| FIGURE 3 | Results of CBA for historical performance of embankments
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Future Performance

Figure 4 shows the results of the cost-benefit

analysis of proper embankment maintenance

under different climate projections.

Not surprisingly, the benefit/cost ratios for

practicing proper embankment maintenance are

above 1.0. Even with their disbenefits, it is

economically efficient to maintain existing

embankments. The benefit/cost ratios for all

scenarios are however not greatly above 1.0.

Considering that already incurred capital costs

are not included in this analysis, a much higher

benefit/cost ratio for simply maintaining the

embankments may be expected. These not-too-

high benefit/cost ratios point to the importance of proper embankment maintenance,

which implies higher costs but also more effective performance.

Projected climate change impacts lead to reduced embankment performance. While

the embankment designs and implementation remain the same, with an increasing

intensity of floods they become less effective.

People-Centered Strategy

The results of the cost-benefit analysis of the people-centered strategy for 2007-2050

considering different climate change projections are shown in Figure 5.

Benefit/cost ratios for the people-centered strategy are above the economic efficiency

threshold of 1.0. The discount rate has a limited impact on the results, with benefit/

cost ratios barely changing over the spectrum of tested discount rates.  This is because

although annual costs may be high, annual

benefits are still always greater, such that the

weight given to current versus future years is less

important.  Considering that the only non-flood

related benefits explicitly considered were those

resulting from adapted agricultural practices, it

must be assumed that the true economic efficiency

of the strategy, when considering other direct and

indirect benefits, may well be higher than what is

shown in Figure 5.

As opposed to the embankments, the economic

efficiency of the people-centered strategy increases

when climate change is considered. Due to the

resilience-driven approach of the strategy,

increases in flooding result in increases in benefits

(while the flooding may be greater, their impacts

| FIGURE 4 | Results of CBA for future embankment
maintenance

| FIGURE 5 | Results of CBA for people-centered flood risk reduction
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are still reduced, leading to greater benefits). The actual flood risk reduction of the

people-centered strategy in light of climate change is admittedly difficult to quantify.

However, even if the current assumptions of future risk reduction are overly optimistic,

sensitivity analysis shows that with a 50% reduction in the assumed benefits, the

benefit/cost ratios under climate change projections are still around 1.2. While due to

uncertainties and the probabilistic nature of the analysis a benefit/cost ratio of just over

1.0 does not guarantee economic efficiency, considering that this represents a worst-case

scenario, a certain robustness of the results can be inferred.

Comparison of Strategies

While cost-benefit analysis of classical engineering solutions like embankments is

considerably easier than for more community/household-based approaches, the results

appear to be less robust. People-centered resilience-based flood risk reduction approaches

tend to provide benefits (many not even captured in this study) that occur every year,

regardless of if a flood occurs or not. As costs are also primarily annual (as opposed to

one-time initial), it is safe to say that if annually benefits are greater than costs, than the

project is "worth it." This holds true also for embankments, but such threshold-driven

benefits are probabilistic (they may or may not be realized in any given year), while

resilience-based approaches tend to yield at least some benefits every year.

Resilience-based approaches therefore reduce some of the cost-benefit uncertainty, or at

least the dependence of the strategy's performance on known risk, because they do not

depend on certain events happening to be beneficial. This further manifests itself also in

light of projected climate change: the people-centered approach continues to perform

well even though flood risk increases, while embankments clearly lose efficiency with

increased flood risk.

Estimating the costs and benefits of the embankment strategy proved more straightforward

than the people-centered strategy. Embankments are engineering constructions with specific

dimensions and thus costs, as well as threshold-driven designs that make it relatively easy to

estimate benefits. These are, however, challenged by the primary assumptions that

embankments will always be perfectly maintained and subsequently perform as planned,

and that all flood losses including those involving financial flows and regional supplies are

reduced proportionally to the reduced area of flooding.

People-centered benefits are more difficult to assess. Assumptions must be made on

intervention impacts at the household level, also varying by flood intensity. Further, the

combining of benefits of multiple interventions, while performed linearly in this study,

is in reality likely not a simple sum of benefits. As different interventions provide

benefits, behaviours and risk choices may change, leading to dynamic starting points

for other benefits. Non-flood related benefits, while clearly of importance to people-

centered strategies, may also be difficult to quantify.

In theory, the resource management of a people-centered strategy, defined by relatively

high annual costs, should be left to the served communities and include self-propagating

resource mobilization (return on investments). It also, however, begs the question of

securing guaranteed long-term outside support as opposed to one-off "donations."
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Evaluation

Intense data collection efforts in the Rohini Basin provided very useful insights into

household flood impacts and coping strategies, particularly through the survey. At

the same time, however, the collected data still provided only an incomplete picture

of flood losses for two large and recent events. Broad assumptions were needed to

estimate various categories of losses, both at the household and basin levels. In

light of the multitude of uncertainties introduced during other stages of the CBA,

the data collection effort, while indeed increasing confidence in assumptions, cannot

be considered to have been worthwhile in terms of improving the CBA results.

Given the vast uncertainties in the collected data, risk analysis and cost, benefit and

disbenefit estimations, the results of cost-benefit analyses are racked with

compounded uncertainty. Final numbers must therefore be treated in terms of

order of magnitude to draw reasonable conclusions, and a benefit/cost ratio of over

1.0 cannot without hesitation be accepted as an indicator that an intervention is

"worth it."

While the absolute results may not always be robust, the process of developing the

analysis itself was quite useful. Beyond the fundamental challenge of risk analysis,

assumptions about disaster reduction strategies were developed in a transparent

and logical manner. Particularly for people-centered approaches, the compounding

of benefits had to be considered, possibly also contributing to the optimization of

limited resources. Without transparent and detailed discussions between the

involved stakeholders, however, cost-benefit analysis can be easily manipulated and

thus misused.

For the people-centered flood risk reduction strategy cost-benefit analysis was used

to provide an aggregated economic analysis of the full strategy. It could just as

easily be applied individually to each intervention to provide component

evaluations. This would, however, lead to incomplete results as some more

coordination-driven actions, while contributing to the overall strategy impacts,

may on their own provide little monetizable risk reduction benefits (for example,

the development of self-help groups).

Cost-Benefit Analysis Issues
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A known drawback of cost-benefit analysis is that it does not consider distributional

aspects, that is “who pays?” and “who benefits?”. This continues to be a challenge

when analyzing centralized disaster reduction strategies like embankments, but is

somewhat better handled through the inherent designs of people-centered risk

reduction strategies.

Possibilities for Improvement

Provided the necessary data were available, the hydrometeorlogic hazard analysis

could well be refined by utilizing more complex analysis methods. Given the intense

data acquisition required for this, as well as current limitations on climate modelling,

such an effort is likely not worth the effort in terms of improving overall results. This

conclusion is further supported by the identified analysis limitations: results should

be considered in terms of orders of magnitude with the process being more

important than the exact values.

As discussed, the cost-benefit analysis did not explicitly consider who loses and who

benefits from disaster reduction interventions ("distributional aspects"). Such

information is particularly critical for specifically targeting assistance to the poor

and vulnerable. It is thus important to simultaneously consider more qualitative

vulnerability, preference and risk reduction analyses. These should help guide not

only strategy design, but also support assumptions used within the cost-benefit

analysis. Less tangible and therefore difficult to monetize costs, benefits and

disbenefits would be given due consideration, unlike in the current approach.

The analysis as performed has captured only benefits with regards to reductions in

immediate asset losses. Flow effects, such as dynamic impacts on household income,

savings and consumption over many years, are better indicators for individual and

societal welfare and changes therein due to shocks such as disasters. In our case, asset

effects were used as a proxy for the flow effects, which may be sufficient given the

scope of the analysis. A more comprehensive yet more complex analysis such as

conducted in the Risk to Resilience Working Paper No. 5 would better reflect long-

term welfare issues.
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The Policy and Programme Context

Cost-benefit analysis can be used to contribute to effective decision-making and

bridging coordination gaps across ministries and departments dealing with flood

management.  Assumptions driving the analysis have been transparently presented

and could be refined through targeted consultations among ministries,

departments, community organizations and other stakeholders.

Disaster risk reduction interventions are implemented by various ministries and

departments. The Government of India has recently developed a framework for

better coordination to address horizontal and vertical integration across ministries

and departments. Cost-benefit analysis could help to operationalize such

coordination through a clear and transparent process.

In India, embankment construction has been the dominant strategy considered for

flood management in spite of the attempts of civil society groups to force a

reconsideration of the strategy.  Many of the reasons behind this are reflected in the

cost-benefit experience:

• challenges of understanding the (disaggregated) impacts of embankments and

(aggregated) impacts of decentralized risk reduction strategies,

• inability of civil society to engage effectively with relevant government

departments,

• unwavering support or criticism of different risk reduction approaches without

a sound scientific baseline and

• promotion of a single approach rather than a diversified basket of options.

Attempts to undertake a quantitative cost-benefit analysis for different risk

management strategies have highlighted major gaps in data availability.  This has

important policy relevance: if basic data are not available, then it is impossible to

generate the knowledge and information base required to inform policy-making.

Identifying such gaps can assist relevant government departments refining their

data acquisition.  The results of this study also suggest that, if maintained, existing

embankments have the potential to reduce some of the flood risk even under climate

change projections. Adequate and consistent maintenance is, however, required and
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resources within organizations such as the irrigation department should be

committed for this.  Overall, approaches need to emphasize the development of

strategies, such as the more "people-centered" approaches that local populations

already practice, that are resilient under changing climatic conditions while

deemphasizing reliance on structural control measures.

Traditionally, cost-benefit analysis is driven primarily by monetized figures of costs

and benefits. Often undertaken through non-transparent processes utilizing biased

assumptions, as well as ignoring important negative and positive externalities

(disbenefits), cost-benefit analysis can be used to steer decision-making towards the

interests of dominant stakeholders. This risk, especially within a strongly

hierarchical discourse, continues to exist.
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Conclusions

Historical analysis of embankments following a strict engineering cost-benefit analysis

shows a high benefit/cost ratio, indicating economically efficient performance. However,

when conservative estimates of disbenefits, more realistic costs and actual structural

performance are incorporated, the ratio reduces substantially. Given the many

uncertainities involved, it cannot be concluded that the Rohini River embankments have

performed in an economically satisfactory manner. Future analysis indicates that proper

embankment maintenance, even under climate change projections, is economically efficient.

Projected climate change will, however, reduce embankment economic performance.

The benefit/cost ratio for the people-centered strategy indicates economic efficiency for

all climate change scenarios. Moreover, the results are less dependent on the discount

rate because benefits are greater than costs every year, even accruing in non-flood years.

In contrast to embankments, the economic efficiency of the people-centered strategy does

not reduce due to projected climate change impacts. The resilience-driven approach of

the strategy means increased flood risk does not reduce overall benefits, whereas the

threshold-driven embankments depend upon certain design floods to optimize benefits.

Simplified estimation of the costs and benefits of embankments is relatively

straightforward, but challenged by issues of proper embankment maintenance and vast

loss assumptions. People-centered cost and benefits are even more difficult to assess, with

assumptions required not only at the household level, but also with regards to

compound impacts of multiple interventions. Add to this vast uncertainty in the risk

data, assumptions and analysis, as well as intervention disbenefits, and the results of the

cost-benefit analysis are themselves highly uncertain. This is even more pronounced

when climate change is taken into consideration.

Cost-benefit analysis is a useful support tool for decision-making, but it does not capture

distributional (who benefits?) and non-monetizable aspects of disaster risk reduction

well. It should, thus, not be used alone, but rather concurrently with more vulnerability

and stakeholder-driven processes. While the ultimate results of cost-benefit analysis

should be considered only in terms of orders of magnitude, the approach provides a

logical and transparent framework for organizing and reviewing assumptions.  It can

thus help operationalize and promote dialogue and integration of policies and

programmes across ministries, departments and other organizations.
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Introduction

Particularly in developing countries where a large proportion of the population

depends on agricultural livelihoods, drought related disasters are a major factor

contributing to endemic poverty. Such disasters and the associated

impoverishment of large populations are likely to grow if climate variability

increases as a consequence of global change processes. Furthermore, while large-

scale droughts may have sufficient immediate impact to draw the attention and

concern of global actors, the increases in incremental losses associated with

changes in the variability and unpredictability of climate conditions may have an

equally great impact on vulnerable populations. Strategies for reducing this

impact are, as a result, central to poverty alleviation and adaptation to climate

change.

The case study presented here analyzes the costs and benefits of alternative

strategies for mitigating the impact of drought on rural livelihoods in Uttar

Pradesh, India. The case study explores both insurance mechanisms for

spreading drought risk and, as an alternative, the development of groundwater

irrigation for eliminating such risk. While the study is based on analysis within a

relatively narrow case area, the results have more general implications for the

development of effective strategies for responding to drought and the challenges

associated with global climate change. Specifically, the study suggests that the

benefits of insurance are likely to decline in relation to the costs if climatic

variability increases substantially as a consequence of climate change. In

addition, the study suggests that approaches to drought mitigation that are

based on integrated combinations of strategies rather than single set of

techniques or mechanisms may perform better.  Our analysis indicates that

irrigation plus insurance has higher return rates than either technique would if

practiced on its own.

The Issue: Drought and Rural Livelihoods

Drought poses a considerable risk to rural livelihoods in rural Uttar Pradesh. In

a survey conducted during 2007 for the Risk to Resilience project, farmers
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reported significant impacts on their livelihoods in the 2004 drought (see Figure 1

below for reported effects for the full sample and those below the poverty line, as

well as in comparison to the 1998 and 2007 floods).

1 For a more in depth discussion of the CBA methodology refer to From Risk to Resilience Working Paper No.1
on cost-benefit analysis.

In this study, using cost-benefit analysis (CBA), we assess the impact of drought on

rural livelihoods and the benefits of reducing and sharing risk, thus stabilizing

income and consumption. A focus on livelihoods denotes an analysis at the

microeconomic level (focus on households) as compared to a macroeconomic level

study (focus on economic aggregates). The unit of analysis is a farming household

which mostly derives income from subsistence farming.

The Methodology and Key Findings1

Table 1 summarizes the characteristics of the Uttar Pradesh drought CBA. For this

case study, we conducted a detailed CBA analysis for assessing the drought risk

small-scale farmers in Uttar Pradesh are exposed to and risk management

interventions that can help them to reduce or share those risks. We adopted a

detailed approach, which may be used for a preproject appraisal or project appraisal

or for evaluating of accepting, modifying or rejecting projects. For this purpose, we

adopted a forward looking methodology assessing risk explicitly in a risk-based

modelling framework. The resource and time commitment for the analysis was large

due to the need for conducting statistical analysis, stochastic modelling, and economic

modelling of the household income generation process.

We assessed the costs and benefits of donor Disaster Risk Management (DRM)

support for helping farmers better deal with drought risk to rice and wheat crops

and subsequent income effects. DRM interventions considered were (i) irrigation via

the implementation of a borehole for groundwater pumping, with pumping costs

| FIGURE 1 | Drought and flood impacts as reported in survey (losses as per cent of income)
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paid for by the affected household, (ii) subsidized micro crop insurance, and (iii) an

integrated package.

The benefits evaluated in our analysis consisted of the reduction in average losses and

the variability of income due to DRM interventions. As key findings of the CBA, we

found all the interventions including the integrated package economically efficient

given the assumptions taken. Insurance seemed less dependent on discount rate

assumptions, which can be explained by the fact that it offers a secure, guaranteed

payout, while irrigation and its benefits are dependent on the ex-post ability of the

household to pay for pumping water. As the household is generally constrained in its

financial ability, multiple events over the study period lead to accumulation of debt

and an inability to pursue pumping efforts in later periods (which are more heavily

discounted than the present). With a changing climate, groundwater irrigation

benefits are likely to increase as average rainfall and rainfall variability increases,

while insurance benefits are likely to decline as volatility is reduced. Finally, integrated

physical (irrigation) and financial (insurance) packages return higher benefits at

similar costs, as interventions for higher (irrigation) and lower frequency events

(insurance) are combined. As a consequence, it seems highly important to explore

such integrated packages in a process involving diverse public and private actors.

Risks assessed

Type of CBA

Methodology

Focus of analysis and interventions
analyzed

Benefits

Unit of analysis

Resource and time commitment for the
analysis

Key findings

Drought risk affecting small-scale farmers in Uttar Pradesh in terms of rice
and wheat production and related income

Preproject appraisal or project appraisal for detailed evaluation of
accepting, modifying or rejecting project

Forward looking, risk based methodology

Costs and benefits of donor DRM support for helping farmers better deal
with drought risk to rice and wheat crops and subsequent income effects.
Interventions considered:
1. Irrigation: Implementation of a borehole for groundwater pumping,

pumping to be paid by household
2. Subsidized micro crop insurance
3. Integrated package of interventions

Stabilization of income and consumption due to DRM

Representative farmer household of 7 comprising 80% of the survey
sample with income/person of up to 6,570 INR (national poverty line in
2008: 4,400 INR).

Large due to statistical analysis, stochastic modelling, and explicit modelling
of the household income generation process

• All interventions seem economically efficient
• Irrigation benefits increase with climate change as rainfall means

increased
• Insurance benefits decline as volatility becomes less important with

climate change
• Integrated package delivers similar benefits at lower costs
• For harnessing the benefits of integrated packages, cross-sectoral

cooperation between different public and private actors is essential.

| TABLE 1 | Key characteristics of  the Uttar Pradesh drought CBA
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The Case Location,
Issues and Responses

The study was conducted in the Nautanwa tehsil (administrative sub-district)

which lies in the northernmost part of the Maharajganj district of Uttar Pradesh,

India (see Figure 2).

The tehsil falls under the Tarai region which is characterized by small undulations,

and crossed by numerous streams and drainage channels. The area is traversed by

two rivers, the Rohini and Piyas, the latter merging with the former somewhere in

the middle portion of the Rohini basin. There are many other hill streams and

drainage channels, the banks of which are not well formed; all these merge with the

Rohini.

The climate of the area is strongly modulated by the monsoon, with the majority of

rainfall occurring during the monsoon months from June-September. Average

rainfall is approximately 1,200-1,400 mm/annum. July and August are the wettest

months receiving about 60% of the rainfall of the monsoon season. For a more in

depth discussion of the basin's hydrometeorology refer to From Risk to Resilience

Working Paper No. 3.

About 80% of the area is under

cultivation. There are mainly two

cropping seasons - the monsoon

kharif and the winter rabi season. A

third cropping season, zaid, during

the summers is also taken in places

where some artificial irrigation

facility exists. The main crops of the

region in these seasons are rice in

kharif, wheat in rabi and vegetables

and maize in zaid. The growing

popularity of 'green revolution'

methods, though its entry was late in

this region, has changed the

composition of agriculture. High

| FIGURE 2 | Case study location
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2 The crop production is quite low as compared to national averages and the grain production is 21.4 and 25.6
quintals/ha in Gorakhpur and Maharajganj districts respectively.

Yield Variety (HYV) seeds have replaced the indigenous varieties of seeds and the

use of chemical fertilizers has increased, along with groundwater irrigation.
Although this has increased cropping intensity and crop productivity in the
region, productivity still remains low by national or state averages.2 The main
causes of low productivity are small land holdings, lack of irrigation facilities and
absence of extension services. Absence of infrastructure for food storage,
processing, communication, electricity etc. all add to the poor gains in
agricultural income. There is ample scope for agricultural diversification and
development of off-farm and non-farm activities.

The Risks

Although a predominantly flood prone area, the basin also experiences drought-
like conditions which cause widespread distress. Drought happens because of
below normal, untimely or poorly distributed rainfall. Considering that rain fed
agriculture is practiced in large parts of the basin even a slight deviation in the
quantity or time of rainfall causes distress. The areas relatively more vulnerable
to drought are the Nautanwa and Laxmipur tehsils. These tehsils are particularly
vulnerable because large parts are uplands where the soil is of an inter-mixture of
clay and sand (domat) -- which is less retentive of moisture -- and canal networks
are limited. Although irrigation from tube wells is growing in this area, it is not
economical to use groundwater to save the rice crop, especially if rains fail during
the crucial flowering stage of rice. Drought also affects rabi crops in the case of an
early cessation of rain; this reduces the moisture content of the soil thereby
decreasing the productivity of wheat.

Who is Affected and How

When drought hits the region the entire population, except that falling in the
canal command area, is affected, but the extent varies according to location.
Those living in uplands are hit hardest as there is no moisture in their land. A
number of people whose land is closer to some stream or drainage channel put
an obstruction in the water and pump it to their fields while others use
groundwater over a small area to protect their crops. Small and marginal
farmers and landless labourers, the most vulnerable groups, suffer the effects of
drought the most. They not only lose the investments they made in the sowing
and other operations but also lose the food grain they rely on for subsistence.
The landless are also heavily affected as there is no agricultural work available
locally and they lose employment opportunities. Households where one or more
members have migrated outside can survive the effects of drought if they receive
income from remittances but others have to suffer malnutrition and exploitation
at the hands of local moneylenders.
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The Main Strategies for Risk Reduction that are Being Implemented

Historically, the main strategy to deal with drought and rainfall variability has been

surface irrigation. Parts of this tehsil falls under the command of various perennial

canal networks - Gandak canals, the Rohini canal and the Danda canal. The Rohini

canal is the oldest. It was built in 1954 to irrigate a narrow strip of land on the right

bank of the river. Although it was built to secure the kharif rice crop, it has also

helped in the extension of the area of wheat cultivation in this area. Gandak and

Danda canals were built during the 1970s. Although these canals are important,

only a small area of the study tehsil benefits from canal waters; large stretches of it

are outside the command area.

In the 1980s, and even more in the 1990s, there was an increase in the use of

groundwater irrigation through borewells. Earlier open dugwells were used only to

irrigate a small area under some valuable rabi crops and for summer (zaid)

vegetables. The development of groundwater irrigation started very late in eastern

India (compared to north, west and south India) and, although this region has

about one-fourth of India's usable groundwater resources, only about one-fifth of

the groundwater potential has been exploited (Shah, 2001). The growth of

groundwater irrigation in the region is mainly due to private sector initiative rather

than government policies. Apart from private borewells, some government group

tube well schemes exist. These have not, however, been good models of efficiency or

equity, and have largely failed.

Whatever little groundwater irrigation exists is further limited by the inadequate

and insufficient electricity supply in the region. Tube wells have to be run on diesel

pumps and the cost of irrigation is significant. This has put a limit not only on the

total area irrigated but also on securing the main crop - kharif rice - from rainfall

variability3. On the other hand, groundwater irrigation does help save the rabi

wheat and also gives an option of growing vegetable crops during zaid. A water

market has developed in this region: those who do not have tube wells buy water

from neighbouring wells and rent the diesel pump required to deliver the purchased

water to their fields. Generally, the cost of irrigation from a 5 horsepower pump

comes to about INR 80 per hour. So the issue is not of irrigation availability but of

affordability.

Aside from irrigation, a key strategy of the government to deal with drought is the

ex-post distribution of relief to the affected population. For instance, after the

drought of 2004, Nautanwa was declared drought affected. All the landholders

received cash relief for crops lost on the basis of their landholding size. In some

cases the relief amount was as little as INR 50. The relief amount hardly covered

one-tenth of the cost of sowing the fields. The timing or delay in relief distribution

also makes it more of a politically driven event rather than a sincere attempt to

3 Further, tube well irrigation for rice is possible only in the nursery preparation stage; if drought occurs anytime
in the post transplantation stage then it becomes unviable to save the entire rice crop.
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cover the losses of the drought affected people. In most cases the state level

politicians use their clout to get their electoral constituency declared as disaster

affected to gain popularity. Because of this areas that are affected and need support

are often left out.

In contrasty to relying on ex-post relief, crop insurance could serve as an important

strategy for helping farmers address drought risk. Crop insurance has not yet,

however, become very common in this area. Only a few big farmers have access to

financial services such as Kisan Credit Cards (KCC) and historically only some of

them have taken loans for agriculture. According to responses in the survey

conducted for this project, none of them are aware of the crop insurance that KCC

holders have access to. They are only aware of the built-in life insurance benefit of

the KCC. This is surprising considering that in some villages, for instance Satguru,

farmers are growing high investment, high risk banana crops. In the canal irrigated

villages, e.g. Koharwal, about 100 households have KCC. They all consider that it is

a good scheme as the loans are provided at low interest rates (7-9%). But even here

none of the KCC holders, including the village pradhan (the elected village leader),

are aware of the crop insurance aspect of the KCC. Obviously banks and extension

agencies of the government have not done enough for raising awareness on this issue.
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In order to systematically assess the costs and benefits of risk management, we

developed a risk-analytic modelling approach. The following steps, in line with the

general methodology, are taken in the model (Figure 3). This involves:

1. Assessment of direct physical and monetary risk to crop yield as a function of

rainfall

2. Assessment of economic risk to farmers' livelihoods

3. Evaluation of the costs of risk management interventions

4. Evaluation of the benefits of interventions

5. Computation of the economic efficiency of different risk management options

The model is stochastic in nature making use of Monte-Carlo simulation to generate

probabilistic drought shocks to farmers.

Assessing Risk:
The Modelling Approach

| FIGURE 3 | Model algorithm
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Monetary risk due to drought is modelled as a function of hazard, vulnerability and

exposure. Hazard is defined as the lack of rainfall over given time periods,

vulnerability is determined through a statistical model which relates total rainfall

over specific dates with average crop yields in tonnes per hectare, and exposure is

determined through the average area over different household's consumptions

groups and different prices of crops due to drought events. Economic risk is income

risk due to drought as amplified or mediated by the financial vulnerability of the

household.

In Table 2 specific risks (impacts commonly incurred as a consequence of drought)

are identified which, when avoided or reduced, create benefits. These risks along

with important changes in the future are explicitly modelled in our analysis.

Climatic changes are incorporated via a statistical downscaling model for different

climate change scenarios. Changes in the variance of total rainfall over given time

periods are also explicitly modelled with the help of ensemble runs. This assisted in

estimating the uncertainty of climate related changes within this integrated

modelling approach. In general, the uncertainties the integrated modelling

approach are substantial. These uncertainties are addressed in the ensuing

discussion whenever they are considered important.

Households
Farmers
Farm workers
Community
Health
Education
Stability
Cohesion

Private sector
Households

Economic sectors
Agriculture
Industry
Commerce
Services

Public sector
Education
Health
Water and sewerage
Electricity
Transport
Emergency spending

Non-monetary ImpactsMonetary Impacts

| TABLE 2 | Potential impacts of drought assessed in the case
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In the following sections we discuss the drivers of risk in more detail. Our analysis

starts with the level of exposure to the hazard; that is, the lack of precipitation over

given areas and time horizons based on past precipitation data as well as climate

modelling results coupled with an analysis of rainfall-crop yield relationships. We

have done this utilizing past crop yields over two districts in Uttar Pradesh

supplemented by the outputs from statistical models for rice and wheat crop

production and rainfall characteristics. The resulting rainfall-crop production

relationships are translated into monetary production values (the market value of

estimated crop yields), which then serve as input to the economic livelihood model.

The components of the modelling approach and the sources of data utilized in the

analysis are shown in Table 3.

Module Data/Model source

Drought hazard and climate change

Vulnerability

Exposure

Risk

Economic vulnerability and risk

DRM interventions and benefits

Observations, SRES model runs

Observations

Survey

Combination of above

Survey, national statistics

Shared learning dialogues

| TABLE 3 | Data and model sources

Approach

GCM downscaling, statistical relationship

Statistical relationship

Survey analysis

Stochastic modelling

Microeconomic livelihood model

Scenario-type simulation analysis

Exposure

The level of economic exposure to drought hazards in an agricultural region is

primarily a function of the cropping system. As a result, the unit of analysis is a

farming household which mainly derives income from the subsistence farming of

rice and wheat crops4. We define a representative household as characteristic of the

lower 80% income stratum of the survey sample. We consider such households to

be the sole beneficiaries of the DRM interventions evaluated in this study. More

wealthy households would thus not be eligible for the donor supported DRM

interventions evaluated here. Table 4 shows the characteristics of an average farm

household according to the survey.

Household characteristics Values reported in 2008 INR, for year 2008

Household size

Income from farming

Land owned

Total household farming income from
crop production

National poverty line for household

Debt

Savings

7

92%

0.8 ha

31,000.00 (average). The top of the sampled income range was
45,000.00 (about 1.6 times the poverty line)

28,500.00

2,500.00

600.00

| TABLE 4 | Farm household characteristics

Data source: Survey conducted by project team.

4 In order to estimate poverty of subsistence farmers, the poverty line is measured in terms of the caloric intake
necessary to sustain a living, and the monetized value of the food consumed. The income metric measures a
potential income to be achieved when selling crops in the market after the minimum nutritional requirement
has been met (here defined by the national government of India as the national poverty line).
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Hazard

A large part of India is located within the semi-arid tropics characterized by low

and erratic rainfall. The areas with high to very high climate sensitivity are located

in the semi-arid regions, including major parts of the states of Uttar Pradesh,

Madhya Pradesh, Rajasthan, Gujarat, Punjab and Haryana. Villages in the Rohini

Basin face the double climate hazards of drought and flood. The majority (70-80%)

of rainfall in the basin falls during the monsoon months of June-September. The

average rainfall in the Gorakhpur and Maharajganj districts has been

approximately 1,200-1,400 mm per annum. When the rains are delayed, insufficient

or sporadic, drought-like conditions harm the livelihoods of many. The recurrence

period of highly deficient rainfall in Eastern Uttar Pradesh at present has been

calculated to be six to eight years whereas in Western Uttar Pradesh it is ten years.

The IPCC (Christensen et al. 2007) broadly projects

an overall change in annual precipitation range of -

15% to +20% for South Asia by 2099. This projection

though, is for an extremely large geographic area,

long time scale, and too broad to be of use in

deciding the benefits and costs of specific disaster

risk reduction and adaptation strategies "on the

ground." Furthermore, there are large discrepancies in the amount and timing of

rainfall in many areas of South Asia that simply are not captured in the IPCC

projections. To this end, a statistical downscaling model was developed for the

Rohini Basin to project potential climate change impacts on rainfall patterns in the

basin. Using a statistical downscaling method, we estimated the distribution and

probability of rainfall in the study area for current and expected future climates. We

utilized two representative climate change scenarios (A2 and B1) run by the

Canadian Third Generation Coupled Climate Model (CGCM3) (see Flato 2005). In

terms of rainfall conditions for the basin, the following broad projections were

made by the climate model (Table 5). We considered a total of 5 different model

runs for the A2 and the B1 scenarios each and picked the two most representative

A2R1and B1R3 scenarios. A complete description of the model methodology and

limitations can be found in From Risk to Resilience (Working Paper No. 3)

Predictions of median rainfall for the A2 and B1 scenarios indicate significant

drying for the pre-and post-monsoon seasons and a slight increase in monsoon

rainfall. The B1 scenario would lead to stronger post-monsoon drying.  Climate

projections do not estimate daily, weekly or monthly weather variability. As a

result,  the next step in our analysis involved examining observed "on the ground"

data on local rainfall patterns in order to link to the climate predictions. We

assessed observed rainfall data for 5 different stations for 1976-2006, and finally

picked the station of Bhairhawa Airport in Nepal as the only station leading to

satisfying relationships with average crop production in our two study districts.

We examined accumulated rainfall over dekads (10 day periods, which is the time

period standardly used for studying crop phenology). On the top panel of Figure 4

we show mean rainfall for each dekad for observed as well as future rainfall in the

| TABLE 5 | Projected seasonal per cent changes in median
precipitation for the years 2007-2050.

- 46%
1%

- 40%

Pre-monsoon (JFMAM)
Monsoon (JJAS)
Post-monsoon (OND)

Season A2

- 45%
2%

- 71%

B1
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years 2030 and 2050 for the A2 model scenario run.

The possible effects of climate change are evident.

Compared to observations over the historical

period of record, in 2030 the timing of  heavy

precipitation shifts from dekad 20 (middle of June)

to dekad 17 (end of May).  There are also shifts in the

magnitude and variance of precipitation.

Furthermore, in other months rainfall totals are

projected to decline in 2030 in comparison to the

historical period of record.   For the more distant

future, e.g. 2050, the magnitude of precipitation

during the monsoon months is projected by the

model  to be more extreme.  The model also suggests

that heavy precipitation would be more likely at the

end of December  while in other dekads mean

rainfall totals would decline in relation to the past.

As a next step, we fitted probability distributions

for each of the dekads to the empirical and

projected rainfall data. Generally, for rainfall totals

a heavy tailed probability distribution like the

gamma distribution is used.  Based on the given

data, we estimated gamma distributions using

maximum likelihood techniques for each dekad for

current conditions, 2030 and 2050. The top panel

on Figure 4 shows distributions for dekad 16

(beginning of June). These distributions served as the basis for representing the risk

due to (lack of) rainfall in the study period 2008-2022.  We used one distribution for

each of the years of our study period. We find effects for B1 similar to A2, yet

especially in the non-monsoon months rainfall effects in B1 are more pronounced

than in the A2 scenario.  As a result, for the drought analysis we use the A2 scenario

leading to a more conservative estimated climate effect as the modelled drying effect

is less pronounced.

Vulnerability

In a next and important step, we assessed physical

vulnerability in terms of crop production and loss due

to lack of rainfall. We utilized a nonlinear statistical

model based on the rainfall data and time series for

wheat and rice production for the two  districts for

1990-2006. Only two types of crops were considered,

wheat and rice. While there are two growing seasons

for rice there is only one growing season for wheat. For

rice the most important growing season is during the

monsoon months from June to October, the other

season from March and June is less important and it is

| FIGURE 4 | Observed and projected mean precipitation of
dekads based on observed data and climate
change projections for the years 2030 and 2050
(Top panel), and fitted Gamma probability
distributions (Bottom panel)

| FIGURE 5 | Observed and estimated curve for rice
production in June
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| FIGURE 6 | Loss-frequency curve for crop yield for
baseline (2008) and future A2R1, B1R3
climate scenarios

not included in the analysis. Winter wheat is usually grown between October and

March. The values for rice and wheat are normalized according to the total land

area used for the crop. Various curves were fitted with the observed data however,

only the curves with quadratic and cubic fit showed good results and we used the

quadratic fit. Figure 5 shows the scatter-plot and the fitted curves for rice as

estimated using maximum likelihood techniques5.

Monetary Crop Yield Risk

Combining exposure, vulnerability and hazard leads to an estimate of monetary risk

in terms of crop production lost. The monetary risk is determined by multiplying the

crop yields for rice and wheat in tonnes by the average price to be achieved on the

market,  which is fixed by the government. We calculated loss-frequency distributions

(representing direct risk) indicating the probability of monetary crop losses for

current climate conditions (as well for future scenarios).

Figure 6 displays the loss-frequency schedule for rice for

2008 (baseline) and future A2R1 and B1R3 climate

scenarios with year 2020 chosen for illustration purposes.

It indicates that probabilities of a given loss ratio (such as

a 10% yield loss) increase under future scenarios; i.e.

events that cause losses occur more frequently. According

to our analysis, losses of this type have a probability of

about 40% today, and this probability may increase

respectively to more than 60% or 70% in the future under

the two climate scenarios. As the A2R1 and B1R3 climate

scenarios appear to be rather similar (the signal being

stronger for the latter scenario), in the following we only

focus on the A2R1 scenario and we use this as a "marker"

scenario for future climatic changes in the study area.

Economic Vulnerability and Risk

We now turn to assessing the livelihood and income consequences of crop risk to

households. As discussed, the unit of analysis is one representive of subsistence

farming household.

The "livelihood" model

Livelihoods and income are generated and determined by a host of factors. For

example, the sustainable livelihoods framework, a well known conceptual framework,

defines assets, policies, institutions, as well as vulnerabilities, to critically determine

livelihood outcomes such as income, wellbeing and improvements in these outcomes

(DFID, 2000). Our model and approach focuses on vulnerability to drought (and

5 Using a quadratic function, rainfall in June approximately explains 83% of the annual variation of rice yields,
and rainfall in October 65% of wheat yield variation.
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| FIGURE 7 | Direct and indirect drought risks and risk management interventions

BOX 1

Model algorithm

Mechanics of the model are illustrated here for any of the 15 years of

the time horizon.

1. At the beginning of the year, given household’s initial savings and

debt, a minimum savings buffer is determined for

• smoothing income in case of an event to guarantee a minimum

level of consumption;

• to be used in a drought to implement the backstop option of

water pumping.

2. The residual savings may be invested

• in income generation: seeds, technology etc., or

• into risk management in order to stabilize income.

3. Stochastic rainfall is calculated determining a possible crop loss

• Pumping mediates crop loss during event,

• Income is derived from selling yield,

• Income in drought event is derived from the insurance claim

payment.

4. With total income obtained, a critical subsistence consumption level

determined by the poverty line needs to be achieved (for 2008

28,470 INR/household)

5. If income falls below this level, a loan needs to be taken out with

local money lenders creating debt dynamics, as the loan has to be

paid back in following years. This reduces savings and thus the

ability invest and conduct risk management.

6. Pumping has additional benefits by increasing productivity during

the non-monsoon rabi and zaid seasons.

7. Finally savings and debt are determined forming the initial

conditions for the next year.

flood) and physical, natural and financial assets. Particularly, the latter is a key

determinant of the analysis, which is based on dynamic debt, investment and income

relationships. Conceptually the relation between crop risk (direct) and economic risk

to income and consumption (indirect risk) is shown in Figure 7.

The model is based on dynamic debt,

investment and income relationships, is

informed by our survey and refers to the

literature on debt-poverty dynamics (see

for example, Carter and Barret et al., 2006).

Crop yield (rice and wheat) is a major

source of a farmer's income and is a

function of weather and prior investment

decisions. The model assumes a critical

subsistence level (calorie-based) that needs

to be achieved with annual income or

additional debt if income falls below this

critical level.

Given initial debt and wealth, the farmer

faces the following investment decision:

1. Invest into income generation: Farmer

increases income by investing into land,

labour, technological progress

(fertilizers), or buying improved seeds;

or

2. Invest into income stabilization:

Physical and/or financial risk

management, of which a large portion is

sponsored/subsidized by donor or

government.

This is the key trade-off for assessing the

viability of risk management. The costs and

benefits of risk management are
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| FIGURE 8 | Income and debt dynamics with and without  a
drought shock

• Cost: Due to limited savings and the need to consume the necessary calories, risk

management done by the farmer takes away from income generating investment,

thus depressing income;

• Benefit: Risk management reduces the losses and stabilizes income.

This trade-off may be fully relaxed or weakened by donor or government

intervention. For example, doners may sponsor a borehole, subsidize insurance or

support any other development or DRM intervention. The trade-off is not a

complete one, e.g. water pumping may be used in normal, i.e. non-drought, years as

well. The costs and benefits of risk management looked at in this report are the costs

of an outside sponsor for this risk management. Benefits arise due to an increase in

income and increased stability (reduced volatility) in income and consumption.

Additionally, benefits arise to the government due to a reduction in relief payments

required (this only in the insurance case). The endpoint in our analysis is indirect

risk and changes in investment and consumption and we model the dynamics over a

15 year time horizon based on the assumed viability of the irrigation borehole.

Ideally, a model would be comprised of detailed asset-flow relationships using a

production function relationship. This would require the representation of

technology, land, labour and capital use, as they determine the generation of income.

Yet, similarly to the crop modelling, we take a reduced form approach, and relate

income statistically to crop yields, then study the financial consequences of crop risk

on households.

Figure 8 illustrates the effects of a drought on farm income and debt with and

without a loss of crop production of 30% in 2010 for a time horizon of 10 years.

Starting from initial income and debt levels in 2008, without a drought event, the

household would achieve modest income growth and,

as a priority, be able to slowly repay debt with the

savings generated. After repaying debt, productive

investments would be fostered and income would

increase over time.

In contrast, a drought event would severely affect crop

income and hamper the ability of the household to

achieve the critical income level defined. This would

cause income to fall below the critical consumption level.

Per model assumption, the remedy chosen would be for

the household to incur debt quickly post event from

local money lenders at high rates. This substantial debt

would have to be paid back consequently over time with

savings otherwise earmarked for productive investment.

Thus, in our model - as in the survey - ex post coping

with the drought to maintain subsistence consumption

levels diverts from future consumption opportunities.

The key question we address in this study is how and

whether those future income, debt and consumption

effects can be avoided and reduced by DRM interventions.
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Risk Management Interventions:
Identification and Costs

Overview

Based on shared learning dialogues conducted with local populations under the Risk

to Resilience project we identified two DRM interventions for the purposes of

quantitative evaluation.

• Risk reduction with irrigation via groundwater pumping: Construction of a

borehole that can be used by drought-affected farmers for pumping water and

reducing the water deficit.

• Risk financing via (micro) crop insurance: Crop insurance can be used to transfer

crop risk for a premium payment. We examine the establishment of a new micro

scheme by a sponsor including technical assistance and premium subsidies.

Table 6 summarizes the costs and benefits of the interventions.

Categories of impacts Insurance

Activity

Costs to government

Costs to farmer

Direct Benefits

Indirect Benefits

Parametric micro-insurance

Premium subsidies

Non-subsidized premium portion

Compensates direct losses

• Smoothes consumption & income,
reduces variability (farmer)

• Reduces relief expenses
(government)

Irrigation

Groundwater imigation

Construction of borehole

Costs of pumping water

Reduces hazard

• Smoothes food supply, consumption
& income (farmer)

• Reduces relief expenses
(government)

| TABLE 6 | Summary of costs and benefits of groundwater irrigation and insurance interventions

Irrigation

The lack of large- or small-scale irrigation is a key constraint to agriculture in Uttar

Pradesh and India more generally. As groundwater depletion is not an issue in this

study area we identified groundwater irrigation using boreholes and pumps as an
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intervention to reduce risk. The borehole would be drilled

by the sponsor (fixed costs), and the pumping is

undertaken during a drought by the affected farmer

(variable costs). Key assumptions used to evaluate this

intervention are listed in Box 2 and a schematic illustration

of these benefits is shown in Figure 9. The yellow line is the

unmitigated drought loss curve without pumping, the

green line shows risk and risk reduced with pumping.

In this illustrative example, pumping would help to

mitigate up to a 10-year drought event (probability 10%)

associated with accumulated rainfall in June of 500 mm, a

deficit of 30mm. For providing the additional 30 mm

required, about 3 hours of pumping would be necessary at a total cost of 240 INR.

Given the establishment of a borehole, risks could thus be reduced assuming

sufficient savings are available for pumping water.

Insurance

In contrast to irrigation, insurance does not reduce risk, but it spreads out risk by

pooling it across a larger population in exchange for a premium payment, and thus

providing indemnification against losses. People affected by a disaster benefit from

the contributions of the many others who are not affected thus receive

compensation that is greater than their premium payments. Micro-insurance is

distinguished from other types of insurance by its provision of affordable cover to

low-income clients. By providing timely financial assistance following extreme-

event shocks, it helps to reduce the long-term consequences of disasters. Affordable

insurance can provide low-income farm households with access to post-disaster

liquidity, thus securing their livelihoods. Moreover, insurance can improve their

creditworthiness and allows smallholder farmers access the capital required to

engage in higher-return crop practices. (See Box 3 for a description of calculation of

insurance premiums).

• Construction of borehole by a sponsor,

• to be used in drought years as an option for pumping water to alleviate the water deficit,

• reduces water deficiency, thus rice and wheat crop loss risk is reduced.

• In normal, non-drought years additional benefits due to increased productivity during non-

monsoon harvests in rabi and zaid seasons (productivity increases by 1%/year.

• Total cost of drilling a borewell (60 feet deep): 10.000 INR, no maintenance assumed

• Lifetime 15 years

• One such borewell can irrigate about 10 acres or 4 hectares

• Average land owned by farmer households: 0.8 hectares, so borehole serves 5 families and

cost/family is 2,000 INR

• Cost of pump set is 22,000 INR. Poor households do not have pumps. The cost of renting the

services (including diesel) are 80 INR/hour

• 10 mm of water can be pumped per hour

BOX 2

Key assumptions for irrigation

| FIGURE 9 | Mechanics of irrigation intervention
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Insurance does not reduce the

average losses to be expected, but

helps with the variance. Another

way of paraphrasing this is that

insurance helps with the larger,

yet more infrequent events, which

potentially may have debilitating

consequences; it is not a useful

mechanism to reduce frequent or

even annually-occurring losses.

Uptake of insurance in developing

countries has been miniscule

owing to its high cost in relation

to the low incomes of those at risk,

as well as a lack of "insurance

culture." Recently, novel micro-

insurance instruments have been emerging to address these problems and cater to the

poor and vulnerable. Innovation is related to product delivery and claim settling

(Hess et al., 2005). Based on achievements and institutional structures set up for

providing microfinance, donor supported public private partnerships for providing

sustainable and affordable insurance are emerging involving insurers, rural

development banks, NGOs, public authorities and international sponsors. A key aim

is to provide insurance catered to the needs of the vulnerable and poor at low costs

using established delivery channels. The second innovation is related to the claims

settling process, where the claim payment is based on physical parameters, such as

rainfall measured at a local weather station; this compares with indemnity-based

insurance, where the actual loss experience establishes the basis for a claim payment.

By using representative indexes for a group of people, the transaction costs of issuing

contracts and settling claims can be drastically reduced. The downside to index

insurance is the potential lack of

correlation of the index with the

actual loss ("basis risk").

Insurance can be costly and the

premium charged may be

considerably higher than expected

losses, sometimes amounting to

several times the expected losses.

In order to simplify the analysis,

we have made the insurance

assumptions shown in Box 4

based on a review of crop

insurance in India and elsewhere

(see Manuamorn, 2005; Mechler

et al., 2006).

• A novel microinsurance scheme is set up potentially involving an insurance company,

NGO, local or state government or a donor, and the insured

• Technical assistance for risk and premium calculation and scheme set-up is assumed

to amount to 5,000 INR/household (assuming 1000 farmers are insured, the technical

cost would be 5 million INR which corresponds with anecdotal information.

• Based on a survey of micro crop insurance, the (unsubsidized) premium is ca. 3.4

times the expected losses. Given expected losses for the baseline of 1.8%, the full

premium would amount to 6.4% of insured value (i.e. monetary crop production).

• The premium subsidy is 50%

• The scheme is based on rainfall, with a claim layer defined by lower (exit point) and

upper (exit point) thresholds for rainfall

• Reinsurance is not considered explicitly, but considered to be organized by the

insurance scheme

• The government will prorate relief payments in proportion to its premium subsidy

provided; maximum relief according to Uttar Pradesh statistics was 400 INR. For

example, If the subsidy is 50%, then maximum relief would be 200 INR per year. We

are studying this scenario.

BOX 4

Key assumptions for insurance

Generally, the basis for the premium calculation is the expected losses, the

losses that can be expected to occur on an annual basis. These are also

called the pure premium. On top of the expected losses a risk premium will

be charged by the insurer consisting of transaction costs, profit margin and

loading factor as follows:

Insurance premium = Expected losses + risk premium (loading factor +

transaction costs + profit margin)

Natural disasters are low-frequency, but high-consequence events, and the

volatility of losses is also taken into account by insurance companies in order

to be properly prepared for an event.  This is done by charging a loading

factor accounting for the variability of losses. Transaction costs arise such as

personnel costs for risk assessment and contract delivery.  These have to be

included in estimating premiums. Last but not least, insurance companies

will also charge a profit surcharge.

BOX 3

Calculating the insurance premium
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In the following illustrative example shown below, insurance may protect from

losses from 20 year (5% probability) to 50 year (2% probability) droughts, and

there would be no compensation for smaller (more probable) or bigger (less

probable) events. Generally, it will not be cost-efficient to cover all possible events

and purchase full insurance, particularly for disaster risk, due to a high premium

mark-up, which can be multiples of the annual average losses.

Compared to pumping, where risk reduction (and

the income loss effect) would be limited by savings

available to meet the cost of pumping, an

insurance claim would guarantee a certain payout.

This payout would be determined by the entry and

exit points, here the 20 and 50 year droughts

respectively. On the other hand, for insurance an

annual premium payment would be required,

while with pumping for irrigation costs are only

incurred (i.e. the pump is switched on) when a

drought or water deficit is actually experienced.

| FIGURE 10 | Mechanics of insurance interventions

Table 7 lists the costs and benefits of the insurance intervention considered.

Scenario
Costs to Government

(=costs in CBA) Costs to HH Benefits in CBA

50% subsidy 50% of premium,

technical assistance

Reduced income diversion by the

farmer from productive activities,

reduced relief expenditure

50% of premium, leads

to substantial diversion

of income

| TABLE 7 | Insurance intervention considered
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Risk Management Interventions -
Assessment of Benefits

Irrigation

Figure 11 illustrates the mechanics of the two

interventions by modelling a 30% crop income

shock in 2010. This is a shock of the size of the

drought that actually occurred in 2004 and is

considered to be about a 50 year event. Based

on our approach, such a shock would cause

income to fall for both scenarios, yet for a

household with the ability to pump, the risk

could be partially reduced depending on the

(limited) savings available for pumping. While

pumping comes at a cost for the household in

terms of drawing down and diverting savings

from investment into production

improvements, the effect here would be that

the debt burden to be taken out to guarantee

the subsistence level of income, is smaller with

irrigation. Additionally, there are benefits to

irrigation in normal years. For example,

during the non-monsoon, rainfall-deficient

seasons, irrigation in the early cropping stages

would increase productivity. Overall, over

time, in this deterministic illustration with one

drought event occurring, there would be a

small increment to income.

Crop Insurance

Similarly we now deterministically illustrate the benefits of financially managing

risk via insurance. In case of insurance, the risk is not reduced, but a claim is

received post event in exchange for a fixed annual premium payment.

2008    2009    2010    2011    2012    2013    2014    2015    2016    2017

60,000

50,000

40,000

30,000

20,000

10,000

       -

IN
R

Income with RM

Income without RM

| FIGURE 11 | Effects of irrigation intervention on income and debt
streams for a farming household
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The benefit of insurance is the extra income

received after the event and the income stream

is smoothed out; also, no new additional debt is

necessary. In the less subsidized case, however,

premium payments are large and future income

stagnates in a similar way as in the uninsured

case, where livelihoods are affected by the large

debt repayments. For the case of full premium

subsidy, there is no income effect of the

premium payment and income can increase

(although there are no relief payments by the

government).

Stochastic Representation of Interventions

Nature is not deterministic, however, and

droughts may occur frequently or may not

occur at all. Accordingly, benefits of DRM will

materialize only in a drought and those benefits

are probabilistic. In order to capture the

vagaries of nature, we had to simulate the

system stochastically and ran a large number of

possible "futures." For example, when

conducting stochastic analysis for insurance

and running the simulation 1,000 times for a

time horizon of 10 years (2008-2017), the

income stream is smoothed out as its

variability is reduced.

Essentially, insurance cuts out a large number

of bad "years" with severe income effects, as the

income loss is reduced due to the claim

payment received.  Although this is difficult to

see visually, the effect is illustrated in the greater

variability of income stream trajectories shown

in the top panel in Figure 13 in contrast to the

lower panel.

| FIGURE 12 | Effects of insurance option on income and debt streams
with full insurance

| FIGURE 13 | Comparison of stochastic income trajectories
without and with risk insurance
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Economic Efficiency of
Risk Management

As a last step in our analysis, we calculate economic efficiency of the interventions

via CBA. In the following we present results for the interventions discussed under

baseline (constant) climate and changing climate conditions, as well as for different

discount parameter assumptions.

Constant Climate

All interventions were considered economically

efficient given the assumptions taken (see Figure

14). The B/C ratio for irrigation, which mainly

helps to reduce the impact on income of high-

frequency, low-magnitude events, is well above

the threshold of 1 for the range of discount rates

considered. The total cost calculated per

household, is assumed to be financed by the

government or development bank as the sponsor,

would be about 0.4% of farmer's income for

baseline and future climates. In contrast,

insurance helps to reduce the variability of

income when higher magnitude but less frequent events occur. We find B/C ratios to

be high for the 50% subsidy scenario; for a less subsidized premium (not shown

here), benefits are reduced as more household income is necessary to pay for the

premium by diverting income from productive investments. The total public sector

cost for sponsoring insurance over the time period considered amounts to a value

in the range of 1.5%, the private household's costs for paying the other 50% of the

insurance premium would amount to 0.9% of farmer's income6. Insurance is less

dependent on discount rate assumptions, which can be explained by the fact that it

offers a secure, guaranteed payout over the whole time horizon, while irrigation and

6 As explained, in order to avoid double-counting these private costs do not figure in the CBA, as they are already
included via the investment-income relationship, where the premium payment diverts money from productive
investment and thus reduces income.

| FIGURE 14 | B/C ratios for interventions considered given constant
climate
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its benefits are dependent on the ex-post ability of the household to pay for

pumping water. As the low-income household is generally constrained in its

financial ability, multiple events over the study period can lead to accumulation of

debt over time and the inability to conduct the pumping efforts in later periods

(which are further more heavily discounted than the present).

According to our analysis, the greatest benefits would be achieved with an

integrated strategy combining both irrigation and insurance. In such an adaptive

strategy, a more efficient insurance layer structure could be implemented: as

irrigation reduces the higher-frequency events (irrigation, in effect, cuts off the

initial portion of the risk curve), insurance could be adapted to cover more of the

lower frequency events. We studied different interventions while keeping the

premium constant, and found that with irrigation and a 10 to 50 year event

insurance layer, for example, could be changed to a 20 to 80 year event layer, as the 0

to 20 year layer would in effect, be covered by irrigation, and thus more protection

could be achieved at the same cost.

Changing Climate

In a changing climate with low-

magnitude, high-frequency, drought

events increasing, (as modelled by the

A2R1 scenario) the benefits of irrigation

would increase, while the insurance

benefits would be reduced when low-

frequency/high-magnitude events become

less common. Again, a combined package,

where the insurance contract is linked to

the irrigation intervention and adapted to

changing conditions, would reap the

highest benefits.

| FIGURE 15 | B/C ratios for interventions considered given a
changing climate
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The Policy and
Programme Context

The results of this study may be useful for promoting stakeholder dialogue for

decision-making on investments and design of schemes in a transparent and

coordinated manner within and across the following departments, agencies and

NGOs related to groundwater irrigation, crop insurance and drought relief in Uttar

Pradesh and India. The three DRM strategies discussed can be put to use for the

following institutions and applications:

• Data organization for assessing and monitoring above DRM strategies by the

Crop Weather Watch Group (CWWG) and State Planning Department of

Government of Uttar Pradesh;

• Systematic assessment of investments needs and tradeoffs in crop insurance and

groundwater irrigation management by Grameen (rural) Banks, primary

agriculture cooperatives (PACs), the Agriculture Insurance Company of India,

private bodies such as Birla Sunlife; departments of rural development -

watershed development, agriculture and minor irrigation-groundwater

recharge;

• Promoting micro-finance activities through non-government organizations with

government support from agencies such as National Bank for Rural

Development (NABARD) in the form of matching funds;

• The Uttar Pradesh government may consider shifting its existing focus and

investment away from minor (surface) irrigation to funding and supporting an

intensive groundwater programme because of the huge groundwater potential

and the results of our CBA. Further, it should also learn from schemes from

other states (the Jyotirgram scheme in Gujarat) and provide a dedicated

electricity connection at non-subsidized rates for groundwater pumping
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Conclusions

We conducted a detailed, forward looking, risk based CBA for current and future

climates in order to assess the economic benefits of risk management for a typical

poor farming household in UP in terms of helping to smooth income and

consumption. Risk management approaches within this quantitative methodology

framework were chosen to be risk reducing type of interventions (irrigation) as well

as risk-sharing instruments (micro crop insurance).

As key findings of the CBA, we find the two interventions and the integrated

package economically efficient given the assumptions taken. Insurance seems less

dependent on discount rate assumptions (primarily because it offers a secure

guaranteed payout in return for annual premium payments), while irrigation and

its benefits are dependent on the ex-post ability of the household to pay for

pumping water. As the typical household modelled according to our sample

findings is generally financially vulnerable, multiple events over the study period

lead to accumulation of debt and an inability to afford groundwater irrigation

pumping in later periods (which are also more heavily discounted than the present).

With a changing climate, groundwater irrigation benefits can be expected to

increase as average rainfall and rainfall variability increase, while insurance benefits

are likely to be reduced as volatility is reduced. Finally, integrated physical

(irrigation) and financial (insurance) intervention packages return higher benefits

at similar costs, as interventions for higher (irrigation) and lower frequency events

(insurance) are effectively combined. As a consequence, it seems highly important to

foster the exploration of such integrated packages in a process involving different

public and private actors.

When implementing this data and model intensive framework, we encountered a

host of methodological hurdles introducing considerable uncertainty into the

assessment process. One of the biggest challenges was to incorporate the different

types of information and estimation methods within one modelling approach. For

example, rainfall variation pattern analyses require statistical methods, while the

generation of future scenarios has to be dealt within a simulation programming

approach. Furthermore, outputs should be based on risk measures involving some

mathematical complexity. Hence, not everything that is desirable to incorporate
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into such a framework can and should be incorporated. For example, the crop yield

model is based on rainfall only, and detailed crop simulation modelling (accounting

for soil conditions, cropping patterns etc.) could not be made use of this analysis

due significant data and resource limitations as well as unsatisfactory calibration

results.

As generally holds true for CBA, the information about the costs and benefits of

risk management strategies by itself is not sufficient for decisionmakers and

implementers to devise and implement risk management strategies. There are

always limitations to using a modelling approach for determining and assessing

risk and risk management strategies, and finally calculating the desirability of

interventions as done, for example, by a cost benefit analysis. Models do not and

cannot capture everything. Yet, even if caution is required when interpreting B/C

ratios, CBA provides important decision support as it requires systematic

assessment and estimation of risks, as well as estimation of the degree to which

DRM interventions enable those risks to be reduced or shared. Such analysis

conducted in collaboration with stakeholders and used as input by decision-makers

within a more process-oriented framework is likely to lead to better informed, more

economically efficient and also more equitable decisions.
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In the northern Ganga plains floods are common and constitute a major cause of

the poverty endemic to the region. The largest investment governments have made

in response to the risk of flooding has been in structural measures such as

embankments and spurs. The relative costs and benefits of building embankments

are widely debated but have never been systematically evaluated. Alternative

strategies for managing floods also exist, but no cost-benefit analysis of such

interventions has been undertaken either.

The purpose of this paper is to present the results of a systematic qualitative

analysis of the costs and benefits of constructing embankments in the lower

Bagmati River basin, which stretches across the Nepal Tarai and into northern

Bihar. The methodology we employed provides insight into the trade-offs among

strategies that are similar to, but more transparent than, those used in a full cost-

benefit analysis. In particular this methodology also reveals the differences in costs

and benefits for different sections of the population, information not generated by

conventional approaches to quantitative cost-benefit analysis which focus

primarily on the aggregate benefits and costs to society as a whole. Our

methodology also enriches conventional approaches because it includes many

costs, benefits and dis-benefits that are often excluded as externalities. The method

is useful in a data-deficient environment.

Our analysis suggests that constructing embankments and spurs for flood control

in the Ganga basin has different implications for different groups.  In particular,

while some people do benefit from embankment many also lose. Embankments and

other similar structures provide short-term benefits to the communities nearest

them but have negative consequences downstream and in other locations not

directly protected. In addition, in a region where rivers and their tributaries

transport high sediment loads, embankments play only a limited role in flood

alleviation. In many cases, they block tributaries from draining into main rivers,

impede the drainage of precipitation within basins, and cause sediment deposition

in river beds, thereby raising their level above the surrounding land. As they age,

embankments become highly vulnerable to breaching even during normal-flow

stages. The embankment breach and subsequent flooding of North Bihar and the
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Nepal Tarai by the Kosi River, which occurred as this paper was being written, was

devastating.

The role embankments play in flood mitigation provides a useful vantage point for

exploring the link between the impacts of climate change and disaster risk

reduction. As climate change alters regional weather patterns and hydrological

systems, the frequency and magnitude of extreme storms and the incidence of the

floods they generate are likely to increase. These changes, in turn, are likely to

trigger higher rates of erosion and sediment transport within river systems. As

flow variability and sediment loads increase, the technical effectiveness of

structural measures designed to control flood flows declines and the frequency of

floods and flood related disasters is likely to increase. In data-limited environments

common across much of the developing world, it is often impossible to conduct

quantitative assessments of the characteristics of such hazards. Much of the data

required are unavailable and even recorded trends are too short to yield

meaningful analysis. As a result, it is necessary to turn to qualitative approaches in

order to evaluate the costs and benefits of embankments and of alternative risk

management strategies for local populations and for society as a whole.

In this paper we analyze the costs and benefits of both structural flood control

measures, and a wide array of local, "people-centered" strategies. These strategies

range from the planting of forest buffers to the raising of houses and villages. They

also include the development of early warning systems and the expansion of

existing local strategies (such as the provision of boats) for coping with floods. Our

analysis indicates that the costs of current structural approaches have exceeded

their benefits. Reliance on such measures should be reduced, and instead a

combination of people-centered and appropriately designed and maintained

structures adopted. If they are designed carefully and accompanied by measures to

improve drainage and address location-specific effects, structural approaches can

form part of a package of complementary interventions.

Where climate change impacts are concerned, the effectiveness of the approaches to

flood risk management will change significantly.  Increases in flow peaks and

sediment loads appear almost certain to undermine the efficacy of existing

embankments, spurs and other structural interventions.  In particular, the

associated water logging and embankment breaches are likely to increase. As a

result, structural measures cannot be an effective primary strategy for responding

to the increased flood risk anticipated as a consequence of climate change.  In

contrast, the benefits of people-centered interventions appear relatively resilient to

the impacts of climate change.
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Basin: Location, Issues and
Responses

Our study area is the lower Bagmati basin, which straddles the two districts of

Rautahat and Sarlahi in the Nepal Tarai, as well as the adjacent Bairgania block in

the state of Bihar in India. It falls in the doab (inter-river zone) between the Bagmati

and the Lal Bakaiya rivers. It lies in the northern Ganga plain, which extends across

eastern Uttar Pradesh, Bihar and parts of West Bengal.

From a modern developmental perspective, the region is one of the poorest and most

densely settled in the world. It represents a microcosm of other regions in the Ganga

plain. As table 1 below demonstrates, the region's physical characteristics exacerbate

the social vulnerability of its people.  Currently, the risks of hazards are augmented

by human-built infrastructure systems and the institutional, social and political

context of the region and these risks will only increase as the climate continues to

change.

Hazards

Dynamic physical context that
will alter due to impacts of
climate change

Intense in-basin rainfall

Flash floods from Chure rivers

Flood

Changing plan-form

Regional sedimentation: erosion,
transportation and deposition

Human Built Systems

Ring embankments

Partial embankments

Spur

Revetment

Irrigation canal

Road and highways

Buildings

Social, Institutional and Political

Poor data institutional base

High social vulnerability

Political restructuring

Inappropriate conventional methods

Conflict

Poor governance

Impacts due to climate change

| TABLE 1 | Hazards and their intersection with human built and social, institutional, and political systems

Substantial investments have been made in the construction of large-scale

infrastructure, specifically irrigation systems and flood protection embankments in

the Ganga plains since the 1950s. While irrigation systems have promoted

agricultural growth, embankments have not been beneficial and many social activists
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argue that these structures have not had significant benefits in comparison to the

environmental, social and other costs. Despite the debate, however, embankments are

still the primary mechanism for flood control that state agencies pursue.

Our purpose in analyzing the performance of

embankments along the Bagmati River is to as

systematically and, as objectively as possible,

evaluate the costs, benefits and impacts of both

existing flood control infrastructures and

potential alternative "people-centered" flood risk

management strategies. Before we discuss these strategies in detail, we describe the

regional context into which they fit.

Administrative Characteristics

Bairgania is one of the seventeen bocks in Sitamarhi District of North Bihar. The town

of Bairgania lies in this block. According to 2001 census, Bairgania has a population

of  34,821. A meter gauge or narrow railway line to Raxaul running parallel to the

Nepal-India border passes from Bairgania. Since no information on Bairgania Block,

in Bihar is available, the following section focuses on Nepal. Besides, the two regions

are similar. In Nepal, the Bagmati Basin lies in Rautahat and Sarlahi districts, which

extend from the Chure hills (the foothills of the Himalaya) in the north to the Nepal-

Bihar border in the south. Rautahat is one of 11 districts in the central development

region of Nepal and lies in the Narayani Zone south of the capital Kathmandu. The

district has 97 village development committees (VDCs), which are the lowest

administrative level of government. Rautahat covers an area of 1,126 km2 and,

according to the 2001 census, has a population of 545,132 living in 88,162 households.

Sarlahi District, which falls within the large administrative region of Janakpur Zone,

is located east of Rautahat District. It contains 100 VDCs and covers an area of 1,259

km2. As of 2001, Sarlahi District had a population of 635,701 living in 111,076

households.

Large portions of both districts were covered by forest until the 1960s. This forest was

part of an area known as the Char Kose Jhadi, where, until the 1960s, malaria was

endemic. After malaria was eradicated, the inflow of people increased gradually. At the

same time, the government investments in water development projects, including

flood control. Before the construction of the East-West Highway (the main transport

corridor extending right across Nepal and lying in the northern bhabar1 region of

Rautahat and Sarlahi districts), Gaur, the district headquarters of Rautahat, had to be

1 Bhabar - a narrow, but deep zone of boulders, gravel and coarse sediment deposited at the base of the Chure
hills – the southernmost range of hills before the Gangetic plains.

River Basin

Bagmati

HH having land (%)

49.7

Average holding size (ha)

0.91

HH having land (%)

24.0

Average holding size (ha)

0.86

| TABLE 3 | Status of land ownership

Landholding in flood affected area Landholding outside flood affected area

Gravel

41.0
279.4

Earthen

83.5
102.3

Total

200.3
446.3

National
Highway

26.4
30.2

Rautahat
Sarlahi

Type of road

| TABLE 2 | Status of road system

Source: Road Statistics, 2004
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accessed via the town of Bairgania in Bihar. After 1969,

however, Gaur became accessible through

Chandranigahapur, which lies on the highway about

40 kilometres north of the district centre. Once the

region had been opened still more roads were built.

Development in Sarlahi District followed a similar

pattern. Still this region is less developed than other

parts of the Nepal Tarai.  More specifically, the length

of roads in Rautahat and Sarlahi districts is much

lower than the national average in 2004 of 11.7 kilometres per 100 km2. Most land in

both districts is cultivated; the second most common land use is forest.

Social and Economic Characteristics

Despite rapid increase in settlements in recent decades, the area is not developed.

Large sections of the population face social and economic hardships, particularly

during the monsoon season, because they lack access to safe drinking water

supplies, sanitation, basic health services and nutritious food. As is common

throughout most of Nepal, the literacy rate is highly skewed: the rate for males is

45%; for females, 24%. Just 35% of households have access to water supplies and

only 20% to sanitary toilets.

Source

Agriculture
Livestock
Service
Trade/Business
Cottage Industry
Other (Specify)
Total

Income (NRs.)

17,862
3,334
8,633
4,279

445
8,729

43,282

%

41.3
7.7

19.9
9.9
1.0

20.2
100.0

| TABLE 4 | Household's average annual Income

Source: Survey 2003

S.N.

1

2

3

4

5

6

7

8

9

10

Grampanchayat

Bairgania

Pastaki Jadu

Mushachak

Nandbara

Belgunj

Parsauni

Patahi

Jamua

Akta paschim

Total

ST

NA

| TABLE 5 | Population distribution of panchayats within Bairgania Block

Source: Field Study

Remarks

Municipality

Village
Panchayat

SC

NA

951

1,064

1,489

533

816

1,580

848

55

7,336

Others

NA

8,378

5,020

6,622

6,551

8,574

7,076

9,726

7,554

59,441

Total

NA

9,329

6,084

8,111

7,084

9,330

8,656

10,574

7,609

66,777

PopulationVillages

Asogi, Senduriya, Baluwatole,
Bhakurahar, Nuniyatola,
Dumarwana, Shivanagar, Sekhauna
and Chikana Tola

Pastaki Jaddu, Pastakki Ram, Barahi

Musachak, Adambaan, Masaha
Nawaratan, Masaha Aalam

Nandabara, Bengahi, Adambaan,
Masaha Aalam, Bel Bengahi

Bakhari, Bel, Gunj, Bakhari Tola

Jodiyahi, Bhatauliya, Parsauni

Bahiri, Chhoti Bahiri, Patahi, Marpa,
Kudhwa, Dhangar Tola

Jamuwa, Pakadiya, Bilardeh,
Hasima, Madhuchhapara

Akta Paschim, Chakwa, Barwa Tola,
Takiya Tola, Lohari Tola, Satparuwa,
Pipradi Sultan
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Rautahat and Sarlahi are inhabited by various groups, including Yadhavs, Tharus,

Rajputs, Brahmins, Chhetris, Kurmis, Baniyas, Musahars, Telis, Dhobis, Malis and

Muslims. A similar ethnic and caste structure is present in Bairgania block of Bihar.

Agriculture is the mainstay of the region's economy. Table 5 shows the population

and caste distribution within the Bairgania ring embankment portion of our study

area.

According to the district agriculture office (DAO) of Rautahat, 79% of the population

depends on agriculture to earn a livelihood. The remaining 21% are engaged in non-

agriculture livelihood like service, trade and business. Some households also work as

agricultural labourers. Twenty-six per cent of households are landless. Female and

child labourers also work as labourers in agriculture. Paddy is the main crop; but

sugarcane, mustard, wheat and potato are also commonly cultivated. Because

landholdings are small (an average of 1.06 ha in Rautahat and similar in Sarlahi), very

little surplus is generated. Most production is merely subsistence level; only a few

wealthy farmers practice commercial farming.  Opportunities for livelihood

diversification are limited.

Hydrologic and Geologic Characteristics

The hydrologic and geologic context of the Nepal Tarai and the adjacent area in

northern Bihar, is dynamic. The region lies in the northern Indo-Ganga plain, which

extends from the base of the Himalayan mountain range across the Nepal-India

border into Bihar. Its large alluvial fans, which have been deposited at the base of the

mountains by rivers originating in the Himalaya and in Tibet, include alluvium

dating back to the Pleistocene Era. The average thickness of these sediment deposits

in the Tarai is approximately 1,500 metres, but their nature varies across north

south. Immediately south of the Chure range (the unconsolidated foothills at the

southern base of the Himalaya), are alluvial fans composed of boulders, gravel and

coarse sediment. They create what is known as the bhabar zone, a narrow but deep

band of boulders and course gravel, where water infiltrates rapidly to contribute

substantially to overall recharge of the Ganga Basin.

At Karmaiya, where the Bagmati River enters the Tarai, sediment is about the size of

gravel but  changes to sand, then to silt and finally to clay along the downstream.

This reduction in sediment size is a result of progressive decline in the capacity of

rivers to transport materials as topographic gradients flattens once rivers exit the

mountains and flow on the Tarai.  All alluvial deposits right across the Tarai,

regardless of the size of their sediment, form good aquifers. Groundwater is generally

available although it is found at different depths and, in some locations, only in

pockets.

The study area is drained by numerous large and small rivers, including the Bagmati,

Lal Bakaiya, Chandi, Manusmara and Jhanjh, all of which are tributaries of the Kosi

River and, ultimately, of the Ganga.  The Bagmati River originates in the Mahabharat

hills (the middle range of the Himalaya below those areas fed by snow or glaciers).  Its

headwaters are in the Shivapuri range about 16 kilometres northeast of Kathmandu

at an elevation of 2,800 metres. The river merges with the Kosi River at Badlaghat in



7

Co
st
s a
nd
 B
en
ef
its
 of
 Fl
oo
d 
M
iti
ga
tio
n 
in
 th
e L
ow
er
 B
ag
m
at
i B
as
in
:

Ca
se
 o
f N
ep
al
 Ta
ra
i a
nd
 N
or
th
 B
ih
ar

Bihar after travelling a distance of 195 kilometres in Nepal and 402 kilometres in India.

Its total catchment area is about 13,400 km2 of which about 7,000 km2 are in Nepal.

For the first 154 km from its headwaters, the river catchment is mountainous. The

average slope of the Bagmati River between Teku Dovan in Kathmandu and the

confluence with the Kokhajhor Khola, a stream at the base of the Mahabharat

mountains, drops 10 metres in a kilometre. Further south, the slope within Nepal

declines to approximately to a drop of one metre in a kilometre. At Karmaiya, where

the river debouches onto the plains, the elevation is about 140 metres above sea level

and the river slope begins to reduce further. From Karmaiya to its confluence with the

Kosi River, the Bagmati flows in the low-gradient Tarai plain. At Karmaiya the

maximum flood with a return period of 100 years is estimated to be 10,500 m3/s, but

the peak flood ever recorded was 16,000 m3/s in 1993.

After the river exits Nepal and enters the Indian state of Bihar, the slope of Bagmati

decreases to a drop of 0.87 metres per kilometre. In contrast with the upper reaches of

the basin, where the river drops 1,000 metres in a 100 kilometres stretch, the much

flatter gradients of the lower basin give the Bagmati a highly dynamic character. In

our study region in Nepal and in Bihar, the Bagmati and its tributary rivers deposit

sand on large areas of the flood plains. The deposition of sand is a regular process

and one which damages agricultural land. The regional sedimentation pattern of the

rivers is a product of both the fragility of formations in the upper catchment (a

consequence of the rapid tectonic uplift that created the Himalaya) and the intense

rainfall in the middle hills and Chure range. In the upper catchment, the geology is

unstable and prone to natural weathering. Erosion continually provides sediment to

the Bagmati River; landslides and bank cutting also make regular contributions. All

this sediment is then transported downstream. Much of it is deposited rapidly as the

Bagmati flows from the mountains to the plains.

The stream channel in the Nepal Tarai is mostly braided until it reaches the Nepal-

India border and enters Bihar, from where it meanders extensively as is common for

rivers within the central Ganga plains. The high concentration of sediment and the

flatness of the terrain cause the Bagmati River to shift course regularly and

contributes to the regular flooding that inundates the agricultural land and villages

along its banks. In an attempt to control flooding, embankments were constructed on

both banks of the Bagmati from Bihar upstream to the Nepal border. Within Nepal,

embankments along the river are partial and discontinuous.

One of four major tributaries of the Bagmati, the Lal Bakaiya River joins the Bagmati

downstream of the Bairgania ring embankment south of Pipradi Sultan. Of its total

length of 109 kilometres, 80 kilometres are in Nepal and 29 kilometres in Bihar.  The

river has a total catchment area of 896 km2. The Lal Bakaiya's maximum discharge

having a 100-year return period is estimated to be 500 m3/s. The river is dynamic,

highly mobile; it cuts its banks regularly, affecting settlements and cultivated land

abutting it. Flooding is common too. During the monsoon, both the left and the right

banks of the river flood in both Nepal and Bihar. The other three tributaries of the

Bagmati are also dynamic and, depending on the volume and nature of rainfall in

their catchments, can become hazardous. In particular, intense rainfall can cause

damaging flash floods.
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Flood hazards in the Bagmati River and its

tributaries are heavily influenced by both the

monsoon, which lasts from June to September, as well

as by events in upstream tributaries. In particular,

cloudbursts, mud flows, debris flows, flash floods and

bishyari (major floods caused when landslides that

dam rivers breach) are common in the mountains.

The lower Bagmati region receives a substantial amount of rainfall during the

monsoon season and it is this precipitation which serves as a primary trigger for

most flood events. After the monsoon, in contrast, conditions are often drought-

like. The characteristic alternation of flood-drought in the region is a natural

outcome of the region's climate.

What is the impact of flooding? Moderate flood events benefit agriculture but can

result in three types of hazards: inundation, the erosion of banks and loss of land,

and the deposition of sediment on land. Floods carry mirco-nutrients, fine silt and

loam and, after waters recede are deposited on fields, where they improve soil

fertility and productivity. During major flood events, however, no such benefits

accrue. In 1954, for example, a major flood deposited so much sand on agricultural

land in Brahmapuri VDC that the entire paddy crop was destroyed. The land could

not be cultivated again until 1961, when a low-intensity flood deposited a layer of

Category

Severely affected
Highly affected
Moderately affected
Total affected

Population

10,048
8,732
13,150
31,930

Households

1,421
1,158
2,331
4,910

| TABLE 6 | Impacts of 2007 floods in Rautahat District

Source: Compiled from Nepal Red Cross Data, 2007

silty loam, restoring its fertility. In the seven years between these flood events, the

residents of Brahmapuri faced food shortages. Wealthy households bought food in

the local market while the poor migrated to India and to neighboring villages in

search of jobs.

Although monsoon rains and the floods they create are crucial for sustaining

agriculture in the region, they also pose a major hazard. Sediment eroded from the

upper regions of rivers is transported to their lower reaches and deposited on the

flood plains of the Tarai. Rivers cut their banks and shift laterally, creating serious

problems as they erode land and destroy crops. In 2007, when this study was being

conducted, 93 out of the 97 VDCs of Rautahat District were affected by floods

(Table 2) and in some section of the study area, farmers were unable to cultivate

kharif (monsoon) crops.  In some years, as was the case in 1993, the loss of life and

property can be extensive.

| TABLE 7 | Loss of life and property during 1993 floods in Bagmati Basin, Nepal (in NRs.)

District loss

Kathmandu
Lalitpur
Makwanpur
Kavre
Sindhuli
Rautahat
Sarlahi

10
0

14,748
2,958
11,051
14,644
15,560

Note * Generated data
 ** Missing data

Affected

HHs Popn.

58*
0

101,482
10,642
59,142
89,146
53,265

Death

2
6

242
20
52

111
687

8
57

1,732
914

1,206
2,003
7,066

Houses damaged

Completely Partially

0
51

1,879
92

1,314
4,541
8,494

Land Loss

(area in ha)

3
135

4,656
1,030
4,061
1,366

25,966

Livestock

loss

(Km)

159
0

665
159

1,930
3,211

17,736

Infrastructures

0
0
8
0

26
40

266

Road Bridge Dam

FMIS

building Public

0
1

16
0

41
13
81

0
0
1
0
5
0
4

0
1

251
0
6
1

117

0
0

118
0

24
37

184

Food
grain loss

0
0

0
1,186

31,673
0

Total

Worth (NRs.)

867,274,750
**

119,864,381
86,274,750
86,349,764

899,680,261
1,118,918,500

Source: Developed from Photo Album, Disaster of July 1993 in Nepal, December DPTC (1993)
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Climate Change Impacts

Relatively little scientific information is available on the implications of global

climate change for the Nepal Tarai and what is available is general and does not

capture local dynamics. Projections by the Intergovernmental Panel on Climate

Change (IPCC) for the Himalyan region indicate that overall precipitation is likely

to increase by approximately 20%.  Variability is also projected to increase, as is the

frequency and intensity of extreme storms. In general, increases in the variability

and intensity of climatic events are likely to increase by existing natural features

such as the dynamics of the monsoon and the orographic impacts of the Himalayan

range. As air moves northward and encounters the Himalayan uplift during the hot

summer pre-monsoon and humid monsoon seasons, intense storms are generated

within the Ganga Basin, especially in the middle and lower hills of the mountain

range.  Although no quantitative scientific studies are available, logic suggests that

this phenomenon is likely to be intensified by the anticipated increases in the

volume and variability of precipitation.

If the volume and variability of precipitation and the intensity and frequency of

extreme events do increase, the hydrology of the region is likely to become more

dynamic as well. Extreme events often trigger erosion and large-scale sediment

transport as well as bank cutting and the natural migration of rivers as across

alluvial fans. For this reason, mechanisms for managing flood risk can still function

effectively as sediment loads and flood flows increase need to be a core element of

any strategy for adapting to climate change in the basin.

Embankment along Bagmati River at Brahmapuri, Rautahat District, Nepal.
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Management Strategies

Given the dynamic nature of the Bagmati River and its tributaries, the adverse

impact that existing patterns of flooding already wreak on with region's population

and the likelihood that such impacts will worsen as climate change makes the

regional hydrological systems more erratic, there is an urgent need to identify

effective mechanisms for flood risk management. As discussed above, the current

approaches to flood management implemented by the governments of India and

Nepal rely primarily on embankments and other structural measures. In addition to

such formal interventions, local populations have developed an array of strategies

for coping with or adapting to the dynamic nature of the region's hydrology.

There is little data on the effectiveness of either these structural measures or the

informal self-initiated responses of individuals or communities. There is a dearth of

even the most basic of data, such as precipitation within the basin, river flow levels,

areas of flooding, and investment in the construction of flood control structures,

whatever data is available is often incomplete or of uncertain quality. With so little

information, making effective decisions regarding flood control strategies is difficult.

Because there is so little quantitative information, it is essential to turn to

qualitative approaches to identifying and evaluating alternative strategies as a first

most basic step towards making informed decisions. What sort of information is

needed? At the very least, an understanding of the potential strategies for responding

to floods is essential. Beyond this, developing an understanding of the effectiveness

of such strategies as well as benefits they generate and, the costs they entail, who

benefits and who loses is central to strategic decision-making. Qualitative

approaches to cost-benefit identification and evaluation, such as the methodology

outlined below, can provide much of this insight. If necessary, such approaches can

also provide a foundation for quantitative approaches to evaluating the costs and

benefits of specific strategies for flood risk management.
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Methodology using Shared
Learning Dialogues

BOX 1

Indicators of well-being

A society is doing well when its members enjoy

• Secure access to food, clothes, shelter, drinking water

and energy

• Affordable health services, hygiene and sanitation

• Access to education

• Access to reliable communication systems

• A reliable source of livelihoods, i.e. livelihood resilience

• Social harmony

• Individual and collective security

• A clean environment

• Harmonious cultural and religious identity

• Voice and representation

• Social equity

How does one evaluate the potential gains and losses associated with a flood or

other disasters. Gains help meet basic societal goals such as those listed in Box 1,

while losses reduce the ability of society to reach them. Reaching these indicators of

well-being is central to development efforts, but far beyond the capacity of disaster

risk reduction interventions to achieve on their own. Besides, only the first four

objectives are tangible enough to be directly identified and measured. It is these four

objectives that our methodology assesses to estimate the costs and benefits of flood

risk management strategies though it could also be used to identify these strategies

influence a society's ability to reach some of the other goals as well.

To assess cost and benefits, we followed the relatively

simple set of steps listed below though the process was

not as linear or smooth as the step suggests. Indeed, lines

dividing steps became evident only in retrospect and the

order sometimes varied. That said, the overall process of

evaluation did move through the phases identified below.

Step 1: Scoping and initial engagement: Since ISET-

Nepal and its partners have been working in the region

for several years, our initial scoping activities focused on

reviewing the relevant information (maps, background

documents, etc.) already available as well as on making a

series of visits to the region. During these visits team

members discussed flood-related issues with existing

contacts, identified new contacts and met with local

communities. In addition, we gathered published and other information related to

the region's hydrology and the impacts of climate change that ISET-Nepal had not

collected earlier. This step identified areas affected by and vulnerable to floods as

well as local perceptions about existing governmental, community and individual

strategies for responding to floods and, in effect, set the stage for more detailed

discussions with local communities regarding the specific nature of flood hazards

and response strategies. In addition, our review of global and regional climate and

water-related literature identified key issues that did not emerge in discussions at

the local level.

Adapted from Kuiper (1971)
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Step 2: Intensive shared learning dialogues to identify key risks and potential

response strategies:  The next step was to hold a series of focused group and one-to-

one discussions in local communities in order to outline flood hazards and

responses to them. The discussions focused specifically on the nature, condition and

location of the flood mitigation measures the government had implemented as well

as on systematically identifying what people do during floods and what measures

they take to meet their key needs, including how they protect their lives, livelihoods

and assets. Using information from global scientific literature on climate change,

study team members asked individuals and groups what they thought the major

issues and challenges would be if climate change projections became a reality and if

floods and drought impacts become more intense and more frequent.

Step 3: Intervention-specific evaluations to identify the benefits and costs

associated with each response strategy. The results of the shared learning dialogues

were used to identify key risk management measures for evaluation. In the lower

Bagmati River Basin these measures consisted of (a) structural interventions,

specifically the network of flood control embankments that has been constructed

over recent decades; and (b) an array of alternative measures, undertaken by

individuals, communities and NGOs to minimize the risks they face. In the case of

embankments, the evaluation involved mapping existing structures and then

holding a series of shared learning dialogues with communities along a series of

transects cutting across the region. The purpose of this exercise was to identify and

discuss local perceptions of the benefits of these interventions and if the negative

impacts associated with them. Since alternative measures do not cut right across the

landscape, discussions were not organized along the transects.

Step 4: Ranking and related techniques to assign relative weights to perceived

benefits and costs:  In consultation with local communities, we ranked the relative

costs and benefits of each response measure identified. People were asked to identify

all the benefits associated with each measure and then weight each benefit on a

simple scale from small to medium to large. In the case of embankments, the ranking

of both benefits and costs was done along transects that cut across protected and

unprotected areas both up and downstream from the protected locations. During

the shared learning dialogues process we listened to the perspectives and insights of

local communities but also had them consider information that they had not

previously known. Discussions emphasized both direct costs (like how much was

invested to construct embankments, what it costs to buy a boat or raise the level of

houses) and indirect costs (like the losses due to water logging outside

embankments). The end result of this process was (a) a list of strategies that either

had been implemented to respond to floods or that contribute to the ability of

individuals and communities to manage flood risks; (b) a list of the direct and

indirect benefits and costs associated with each strategy; and (c) a weighting of those

costs and benefits using a simple plus-minus system. Examples of how this worked

in practice are outlined in the next section.

Step 5: Shared learning dialogues to identify directions of change in perceived

benefits and costs as climate and other processes of change proceed: In this final

step discussions were held with communities to consider the implications of climate
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change would have on the direct and indirect benefits and costs currently associated

with each of the main response strategies. The focus was on whether or not the

strategies would remain effective in the projected climate change scenarios.

Participants were asked, for example, whether or not they thought water logging and

the tendency of embankments to breach would increase. They were also asked whether

or not the benefits of the community and household-based strategies listed of Box 2

(such as the traditional practices of using boats, raising the level of plinths and

constructing silos to protect grains in locations safe from inundation) would still be

generated. Other questions brought out peoples' perception of the changes in the

direct and indirect costs associated with each strategy.

After all five steps had been carried out, we had generated a list of hazards and

response strategies as well as the costs and benefits associated with each strategy and

their relative weights. The costs and benefits related to the tangible indicators of well-

being identified in the first four bullets in Box 1 (secure drinking water, food and

shelter, energy, and health and education and communication services). The

methodology also enabled us to identify and weight the impacts of various strategies

on some of the less tangible indicators of well-being, such as livelihood resilience,

social equity and harmony, a clean environment, and so on. How this worked in

practice is illustrated in the example below..

Example of the Methodology Employed

The five-step sequential process described above was over the qualitative yet

systematic cost-benefit assessment. It involved conducting shared learning dialogues

with local people, local governments and NGOs about specific risk mitigation

measures, both conventional and alternative. This assessment was conducted in

villages located along a series of transects selected to cut across a spectrum of

conditions from those in the lower sections of the basin in Bihar to those in the

adjacent upstream areas in Nepal (see Figure 1). For each transect, costs and benefits

were compiled according to the type of intervention. For some local interventions,

such as early warning systems, raising the plinth of houses and providing boats for

use during floods, the use of transects that cut across the region was less essential

than for other interventions, such as embankments, whose upstream-downstream

relationships strongly influence costs, benefits and their distribution. Even in terms of

community-based responses, however, strategies do differ substantially in different

areas because the nature of the flood hazards people face change. The use of transects

enabled the evaluators to do two things:

a) capture the local nuances of the interventions carried out in various villages and

their relation to the various characteristics of the flood hazard; and

b) zoom out for a wider and therefore more complete picture of the issues that is not

possible if interventions carried out in just one village are the sole focus.

The shared learning dialogues conducted in villages along transects were combined

with a systematic assessment of vulnerability. Other dialogues were carried out with

local government agencies such as the VDCs, district development committees
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(DDCs), local and International NGOs as well as with sector-specific high-level

institutions such as the Department of Irrigation and the Department of

Agriculture. Dialogues moved through a typical sequence, beginning with a

discussion of the specific local characteristics of flooding to government, NGO and

community responses to it. Then discussions shifted to the advantages and

disadvantages of those responses and ended with the identification of those

advantages and disadvantages as specific benefits or costs. The evolution of the

nature of the discussion, which often occurred over several meetings, enabled

researchers to develop a disaggregated list identifying the specific direct and

indirect benefits and costs associated with each individual strategy.

The costs and benefits identified differed for each type of intervention. Discussions

of the benefits of embankments, for example, typically started with the direct flood

protection they provide and then moved on to consider their role, as areas of

relatively high elevations serving as points of refuge to secure lives and assets after

villages are inundated. The costs identified often focused first on the construction

and maintenance of the embankments but then moved on to consider impacts such

as water logging and the increased incidence of disease due to stagnant water, impacts

which are typically treated as externalities in conventional economic analysis. Finally,

as discussions of such tangible costs and benefits proceeded, other benefits and costs

related to gender, social cohesion, and other factors emerged. A similar evolution in

the nature of discussions also took place in the case of community-based strategies,

but most of them had no major costs to consider aside from the initial direct financial

and maintenance costs (like the cost of purchasing and maintaining a boat or

installing, operating and maintaining a flood warning system).

Along each transect, each cost and each benefit was initially marked with a minus (-)

or plus (+) sign respectively following dialogues with different groups selected to

reflect various geographic contexts, genders, poverty and other factors that affect

the level of exposure and vulnerability to floods. Once impacts were identified as

plus or minus, ranking and other techniques were used to assign each cost or benefit

a relative magnitude ranging from one three, plusses (+++) or minuses (- - -).

We selected three transects in the lower Bagmati basin to capture the diversity in

social and natural context and in past interventions (see Figure 1).  A snapshot of

the main villages engaged in the shared learning dialogues along each transect is

given table below. The transects crossed through the following areas:

1. The main channel of the Bagmati River

2. The Lal Bakaiya tributary to the Bagmati; and

3. The Bagmati-Lal Bakaiya doab across the Gaur municipality, through the

Bairgania ring embankment and to Pipradi Sultan.

During the scoping phase, villages along these three transects were selected using

topographic maps, Google Earth images and discussions with local stakeholders.

Our earlier adaptive study project (Moench and Dixit, 2004) and the adaptation

pilot activities being planned in the region gave us access to substantial background

information.
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| FIGURE 1 | The three transects in lower Bagmati Basin

The existing strategies for responding to floods that were ranked are listed below:

• Embankments along the Bagmati and Lal Bakaiya rivers

• The Bairgania ring embankment

• Raised platforms and flood shelters (community level strategy)

• Raised houses (household level strategy)

• Flexible bridges

• The Bagmati, Chandi and Gandak irrigation canal and the Bagmati barrage head

works.

• Basic services: water, sanitation, health and irrigation (using mechanized pumps,

including treadle pumps)

• Forests as buffer zones for bank protection, including plantations and small

embankments located at a distance from flood plains, and

• Spurs and revetments

The above responses can be categorized into two major strategies for responding to

floods: (1) government-led strategies that rely primarily on structural measures
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Bagmati  River

1. Brahmapuri is situated on the
banks of Bagmati River. The
Bagmati and Bairgania
embankments together
compound the inundation
problem.

2. Sedhawa village lies east of
Brahmapuri and is impacted by
the floods of the Bagmati River
along with the backwaters of
Bairgania embankment. The
village is situated upstream of the
railway bridge that constricts
downstream flow of Bagmati.

3. Rajghat. A forest buffer along
with a stretch of embankment of
smaller heights compared to that
of Brahmapuri and Bairgania
works as flood protection. The
embankment begins from the
headworks of Bagmati irrigation
barrage.

Lal Bakaiya River

1. Banjarhawa - A new
embankment has recently been
built. Many pukka (cement)
houses have been constructed
after the embankment was
constructed. Land prices have
soared following the construction
of the embankment.

2. Bhasedwa. Series of spurs and
revetment walls constructed by
the Bagmati Irrigation Project and
Oxfam forms the predominant
DRR strategy.

3. Phatwa Harsa. This village lies
west of Lal Bakaiya and
downstream of Bhasedwa. The
water from Lal Bakaiya is re-
directed by spurs and pitched
embankment (revetment). The
embankment in Bhasedwa village
is built to protect the Bagmati
Canal.

Bairgania-Gaur Municipality

1. Gaur: The drainage of this
municipality is affected by
Bairgania ring embankment.

2. Mahadev Patti is a village
situated around one kilometre
west of Gaur Municipality. The
Bairgania embankment obstructs
the drainage.

3. Bairgania Block: Ring
embankment, raised platform
and settlements on the top of
embankment.

4. Pipradi Sultan lies upstream of
the confluence of Lal Bakaiya
and Bagmati Rivers.

| TABLE 8 | Snapshot of the main villages engaged in SLDs along  the three transects

such as embankments and spurs; and (2) people-centered strategies that emerge

from the autonomous responses of households and communities at the local level

and involve a broad mix of relatively location-specific, small-scale interventions. It

should be noted that this is not a comprehensive listing of alternative interventions

being practiced in the communities. A set of additional interventions is identified

and evaluated in "Risk to Resilience Working Paper No. 4".



19

Co
st
s a
nd
 B
en
ef
its
 of
 Fl
oo
d 
M
iti
ga
tio
n 
in
 th
e L
ow
er
 B
ag
m
at
i B
as
in
:

Ca
se
 o
f N
ep
al
 Ta
ra
i a
nd
 N
or
th
 B
ih
arResults along the Transect

| FIGURE 2 | Transect I: Bagmati River

Transect I: Villages along the Bagmati River

As Figure 1 indicates, the Bagmati transect begins downstream of the Bagmati

irrigation barrage and continues to the Nepal-India border. The northern stretches

of the Bagmati River have a greater gradient than sections five kilometres

downstream, where the flood plains are much wider and the slope much less. As a

result, in upper areas like Rajghat VDC (the site of some shared learning dialogues)

floodwaters recede much faster than they do in villages in southern portions of

Rautahat District. In upstream areas, the period

of inundation associated with flooding is short,

generally less than a day. Major floods can,

however, generate longer periods of inundation,

but even during the major flood of 1993, water

remained for just two days. Long-term

inundation is not the major issue facing upper

areas. Instead, flash flood damage, bank cutting

and migration of the stream channel are a greater

direct concern. In the lower region, in contrast,

the primary concern is long-term inundation that

frequently lasts weeks or even months.

Response strategies along this transect reflect the

different natures of the flood hazard in different

locations. In upper northern areas, forest buffers

and small embankments along the river are a key

strategy. In the middle and southern portion of the

transect, the core strategy implemented by the

government involves the construction of major

infrastructure for flood control, specifically

embankments, spurs and revetment walls. There

are four sets of embankments in the middle and

southern reaches of this transect. All four are

illustrated in Figure 2 and further described below.
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Benefits

These embankments stops flood waters from damaging
the houses in the village

When houses are not damaged, the cost of maintenance
and repair are negligible

Men, who have gone for jobs in various states of India
(seasonal migration) do not have to come back during
monsoon. The fear factor of loosing members of family
and assets are low

The chance of losing cattle is lower

Accessibility will not be hampered

Chances for establishment of small industries will be higher

Negative consequences

The silt deposit is checked by the embankment and
this results in declined agricultural productivity

Soil fertility declining fast

The land situated between the river and the
embankment is rendered useless as floods deposit
sand

The problem of bank cutting intensifies as flood
water returns back to river

More problem of inundation and water logging as
there are no drainage facilities

Employment opportunities decrease

| TABLE 9 | Benefits and negative consequences of embankment 1 and 2 as listed by communities engaged in SLDs

1. The Bairgania ring embankment was constructed in 1973/74 in order to safeguard the

Bairgania block and the adjoining regions of north Bihar. The northern portion of this

embankment runs east-west about 200 to 400 metres south, and parallel to, the Nepal-

India border. It starts at Majorgunj, a market centre in Bara District, and ends north of

Muzzafarpur. Except for a gap to the south of Bairgania, the embankment forms a

complete ring. Although this 18 foot high embankment successfully protects the northern

part of the area it encircles, it also obstructs most southward drainage. Drainage is

further impeded because the sill level of the four sluices intended to allow non-monsoon

waters to pass are at least two feet higher than the adjoining drain in Gaur, Nepal, and

because these sluices are shut down during floods. Part of an adjoining railway

embankment (described below) and the main road are also linked to and form part of this

embankment system. These structures also greatly impede drainage in areas outside and

upstream of the ring embankment, creating a backwater effect that causes extensive

flooding in villages and in Gaur municipality, the headquarters of Nepal's Rautahat

District, which lies north and outside the ring embankment.

2. The railway embankment that connects Raxaul to Darbhanga runs east-west and

intercepts the worth-south drainage channels. The section connecting Ghodasahan (in

eastern Champaran District and Sitamarhi, the district capital of Sitamarhi District,

falls within the lower Bagmati-Lal Bakaiya catchments and is connected to the

Bairgania ring embankment. The railway bridge which crosses the Bagmati River

further south constricts flood flows and, as a result, contributes to flooding in

northern areas. The 15 five-foot-wide piers of the 500-foot-long railway bridge over the

Bagmati River reduce the waterway by 75 feet. Four hundred metres downstream of the

existing bridge a new bridge is now being built following the failure of earlier efforts.

3. The third embankment starts at Harpurba in Manpur VDC in Nepal and joins the

railway line near the Bagmati bridge at Rout-Chanki Tola. This incomplete embankment

lies completely within Nepali territory. The existing segment extends up to the village of

Sareh, west of Sedhawa. It is 30 metres wide and five metres high.

4. The fourth embankment runs along the west bank of the Bagmati entirely within

Nepali territory. It runs adjacent to Brahmapuri village and begins at Samanpur, north

of Brahmapuri. There are plans to connect this embankment with the Bairgania ring
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embankment near Musachak in Bihar and to further extend it to the northern reaches of the

Bagmati. Construction of this fourth embankment was started in the year 1999/2000.

The outcomes of shared learning dialogues revealed that these four embankments have

substantial negative impacts on the villages of Rautahat District of Nepal. These impacts

include:

• Water logging:  This harms crops, reduces the value of land, fosters mosquito breeding

and exacerbates the spread of vector-borne diseases such as malaria.

• Increase in inundation and severe flooding:  This impact damages household assets and

reduces agricultural production. Kuchha houses made of locally available mud and other

materials collapse and become unlivable. Stored food grains and fodder are also destroyed.

• Restricted mobility:  Boats are the only means to get to or leave villages during floods.

This is a serious problem, especially in the case of health emergencies.

Interventions

Embankment along Bagmati
River: 14.2 Km long

Initial cost

Land lost

Land protected

Land affected by sand deposition
due to embankments

Crop protected

Use as roads

Crop losses

Houses protected

Land under bank cutting and
sand deposition downstream

Bagmati, Chandi and Manusmara
Irrigation systems

Mechanized pumps including
treadle pumps

Forest buffers

Land protected

Agricultural land lost

Houses protected

Timber produced

Fuel and fodder produced

Raised community shelter

Land lost

Plusses &
minuses

- - -

+ +

- - -

+ +

+ +

- - -

+ +

- - -

+ + +

+ + +

+ + +

+ + +

- -

+ +

+ +

+ +

+ +

-

Details

The Government of India's full contribution to the construction of
embankments along the Bagmati will have been NRs. 215 million.
The Embassy of India gave NRs. 44 million to the Department of
Water-Induced Disaster Prevention, as the third installment of
India's contribution towards construction of marginal
embankments along the right and left banks of the Bagmati River.
The first installment of NRs. 42.7 million was released in October
2003 and the second installment of NRs. 54 million was released
in July 2004. The amount to be given in July 2008 is not known at
time of writing.

426 ha

980 ha (agricultural land rendered non productive)

1,200 ha

Rajdevi VDC uses embankment for day to day commuting

1,600 ha

350 metre wide, 13 Km long strip of forest adjacent to the river.
Partly owned and managed by government, partly by community.
Timber, fodder and fuel are all products of this forest.

3,250 ha

1,650 houses

Revenue from selling hard wood goes to the government.
Community managed portion is new growth so will only provide
timber income after10 to 15 years.

20 households of Laxmipur plan to take refuge for 15 days during
three months of June-August.

Land provided free of cost

Value (in NRs.)

188,604,049

14,700,000

Numbers not available

| TABLE 10 | Assessment of costs and benefits identified during SLDs  along the Bagmati River transect

EMBANKMENT

ALTERNATIVE INTERVENTIONS
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Both affluent and poor households in Sedhawa believe

that  the embankments built along and across the

border have great costs through the populations of

other locations believe embankments generate some

benefits as well as entailing large costs. The costs and

benefits of embankments, as well of other response

strategies identified along the transect, are listed in

Table 11.

Transect II: Along the Lal Bakaiya River

This transect runs through villages along the Lal

Bakaiya River, beginning at Bhasedwa VDC and ending

at the Nepal-India border. Bank cutting is a major

problem for these settlements: each year it destroys

many acres of land. Occasional sand deposition also

takes place. The Lal Bakaiya River is embanked along its

southern reaches just before it enters northern Bihar. In

Year Constructed

Spur, 1987

Spur, 1995

Spur, 2000

Embankment-425
metres, 2004

2005 (Spur I, II
and III)

Embankment 2005

Type

DDC and Department of Irrigation placed gabion-
boxes packed with sand bags. The total cost was
NRs. 400,000.

Plastic nets packed with sand bags.

The building of the spur was initiated by the local
people at the same location where attempts to
build a spur in 1987 was unsuccessful. The river
course was changed using bamboo piling and
spur constructed out of gabion boxes filled with
boulders. The total cost was estimated as 1.2
million (out of this, cash support of 100,000 NRs.
was provided by Oxfam GB-Nepal). Other support
through DDC, DoI and DWIDP was in kind,
equipments and fuel for vehicles.

A sand embankment was being constructed by
Bagmati Irrigation Project at a total cost of NRs.
1,100,000. The work was not completed.

To protect the canals of Bagmati Irrigation
System the project built three spurs. The cost of
each spur was around NRs. 2,400,000 with a total
cost of NRs. 7,300,000.

Further in the year 2007, NRs. 100,000 invested to
repair and strengthen spur.

725 metres long embankment made out of clay.
The clay embankment is strengthened using
gabion boxes packed with boulders.

Type

Did not check any bank cutting. Floods in the same
year did not leave any trace of the spur.

The structure washed away in the same week it was
constructed.

The spur stopped bank cutting for five years. This
helped save more than 25 bigha of land and around
60 households.

Embankment caused more harm. While it was being
constructed, the floods deposited sand over 50 bigha
land rendering it useless.

Spur I checked further bank cutting, saved land and
private houses.

Spur II was washed away while being constructed. Its
construction was never completed. There is no trace of
this spur today.

Spur III helped prevent bank cutting. Instead of
repelling the flow,  it attracted flow towards the
village. The result was flooding and deposition of sand.

Initial plan was to build 1,125 metre long
embankment. Completion of remaining 400 metres
will prevent land cutting, sand deposition and flooding
in Bhasedwa.

Results

Unsuccessful
The entire village
had to be resettled

Unsuccessful

Very Successful

Unsuccessful

Spur I was very
successful. Spur II
was not even
completed and
Spur III did more
harm than good.

Successful

| TABLE 11 | Spurs and other physical interventions made along Lal Bakaiya River in Bhasedwa VDC

| FIGURE 3 | Transect II: Lal Bakaiya River
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Year Constructed

Spur, 1987

Spur, 1995

Spur and bamboo
piling, 2000

Spur, 2005

Type

Gabion boxes, sacks filled with sand and bamboo piles in a stretch of 1
Km.

Plastic nets and sacks filled with sand.

Bamboo piles, gabion boxes filled with boulders. The river channel
straightened.

Boulders and stones spur.

Results

Unsuccessful

Unsuccessful

Partly successful

Successful

| TABLE 12 | Spurs and other physical interventions made at Phatuwa Harsa

the upper reaches, spurs, small stretches of embankments and revetment walls have

been constructed to protect villages against floods. The table below describes the

types of spurs constructed and some of their impacts in and around Bhasedwa

VDC. The railway bridge constructed over the Lal Bakaiya also constricts river

flow. This area receives irrigation waters from the Bagmati irrigation project and

the tail-end canals of the Narayani irrigation project. The costs and benefits and the

relative magnitudes of various flood risk management strategies identified along

this transect are listed in the table below.

Interventions

10.8 Km long

Initial cost

Land lost

Land protected

Crops protected

Crop losses

Agricultural productivity losses

Houses protected

Spurs

Land lost

Houses protected

Land protected

Downstream bank cutting and
sand deposition

Boats

Flexible bamboo bridges

Bagmati and Gandaki Irrigation
system

Mechanized pumps including
treadle pumps

Raised toilets

Plusses &
minuses

- - -

+ + +

+ + +

- - -

- - -

+ + +

-

+ + +

+ +

 - -

+ + +

+ + +

+ + +

+ + +

+ +

Details

The Government of India has contributed NRs. 41 million to the
construction of embankments along the Lal Bakaiya.

32.4 ha

1,116 ha

670 ha (60% of the area protected)

187.5 ha (only during kharif season)

1,116 ha

1,500

60 households for five years.

120 ha of agriculture land. The earthen embankment was not
completed before the monsoon of 2004.

In the near by downstream area more than 100 ha of agriculture
land comes under bank cutting every year as spur III attracts river
flow. The 2004 floods washed an embankment under construction
and spread sand over 50 bigha adjacent agricultural land.

There are three boats in the area. Each boat costs NRs. 20,000.

Three bamboo bridges connect Bhasedwa along with three other
VDCs to Birgunj.

Value (in NRs.)

NRs. 14,344,533. Based on
NRs. 15,000 per kattha

NRs. 16,740,000

NRs. 60,000

NRs. 15,000 (NRs. 5,000 per
bamboo bridge)

NRs. 8,250,000 (NRs. 5,500
per HH toilet)

| TABLE 13 | Assessment of costs and benefits identified during SLDs along the Lal Bakaiya River transect

EMBANKMENT

ALTERNATIVE INTERVENTIONS
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Transect III: Gaur Municipality - Bairgania Ring Embankment - Pipradi Sultan

This transect begins at Gaur Municipality of Rautahat District of Nepal and extends

to the confluence of the Bagmati and Lal Bakaiya rivers in Bihar crossing the

Bairgania  embankment built in 1973 to protect the Bairgania Block of north Bihar.

The 30-kilometre long, 6-foot-high embankment occupies the doab between the two

rivers within Bihar. Its base is 132-feet wide and top 25-feet wide. An additional 20-

feet of land on each side of the Bairgania embankment has been acquired by the

Bihar government. Although the structure is called a 'ring embankment' two

portions in the southern end, one 100-metres and one 50-metres long are

unconnected.

The 12.7-kilometres long eastern Bagmati embankment begins at the East-West

Railway while the western embankment along the Lal Bakaiya River is about 20

kilometres long. The Lal Bakaiya River flows along west of the ring embankment in

Bihar. Although the embankment continues further downstream along both sides of

the Bagmati River, only its length up to the confluence of the Bagmati and Lal

Bakaiya rivers was evaluated. Next to Jamuwa village in Bihar, its lower reaches are

jacketed by two embankments spaced less than 400 metres apart: the Lal Bakaiya

River has to flow through this constricted channel at this section. As mentioned

above, in the northern side of the Bairgania embankment consists of four sluices.

During the 1993 floods, the Bairgania ring embankment

breached in three different locations and flooded all the

villages within the embankment. Even when there are no

breaches, the villages in the southern section of the

embankment are inundated by up to 10 feet of water

because of the two unconnected sections totaling 150

metres in length. In addition, neither of the two

spillways operates. One sluice constructed in 2005 has a

water way width of three metres and a gate five metres

high. Local people say that it is too small. In addition,

water does not flow out of the sluice when water level

increases during the monsoon at the confluence of the

Lal Bakaiya and the Bagmati rivers.

In 2000, a raised platform with an area of 17 acres was

built 200 metres north of the southern side of the

Bairgania ring embankment. This platform is paved

with bricks and was recently surfaced with bitumen.

Only two acres are in use, though, as the rest has subsided and is submerged during

floods. Around 15 Muslim families have built thatched huts on the raised platform.

After the Bairgania ring embankment was built, the area affected by water logging

increased, particularly inside and adjacent to the southern section. Almost all of the

musahar families living in the village of Marpa say that up to 150 acres of land is

water logged throughout the year and that water levels can reach more than 15-feet

deep. In 2007 October a local boy drowned while trying to cross the water logged

section. It is not just water logging that has reduced the land available to the people

| FIGURE 4 | Transect III: Gaur Municipality – Bairgania Ring
Embankment – Pipradi Sultan
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of Marpa; 55 acres was acquire to build the embankment and another 17 acres

purchased to build the raised platform. As a result of this acquisition most of the

population of Marpa has become landless. The Bihar government compensated the

landowners INR 6,000 per acre, a rate far below the market rate at that time.

Maintenance work on the embankment has been contracted, but though it was

supposed to commence in 2006 it started only a year later. The work is to be

completed in 2009.

Interventions

26.5 Km long ring

Initial cost of embankment

Land lost

Land protected

Crop protected

Crop losses

Houses protected

Houses inundated at least four
months of the year

Land under permanent water
logging

Increase in malarial incidences

Increased human diseases during
inundation/flooding

Mobility restricted due to
inundation

Use as roads

Houses on top including that on
railway embankments

Human lives lost

Plusses &
minuses

- - -

+ + +

+ +

- - -

+ + +

- - -

- - -

- -

- - -

 - -

+ +

+

- - -

Details (Regional terminology)

IRs. 1,885, 552,941 for 26.5 Km length

Around 125 ha (26.5 Km of land of width 40.4
metres width plus 6 metres additional space
both inside and outside of the embankment)

1,000 ha

400 ha is protected within the ring embankment.
Kharif crop not possible in 3,500 ha due to
inundation caused by the ring embankment.

5,000 households of Bairgania municipality &
twelve villages

2,700 households

50 ha

Kalazar, malaria and japanese encephalitis are
frequently mentioned by the villagers during SLDs

People drink flood waters.

People from about 2,700 households are unable
to travel during monsoon.

All dirt roads connecting Bairgania bazaar to the
villages in the southern part of the ring
embankment are inundated during monsoon
season. The only way is walking on the
embankment.

About 600 houses. Counting done using Google
Earth map. People have built their houses,
though illegal.

Marpa villagers mention that at least 2 to 4 people
die annually due to floods in Marpa alone. The
embankment directs flows towards this village.

Basis through which value could be
established (local units)

Total cost for 85 Km of embankment from
Dheng near the Indo-Nepal border to Runni
Saidpur, including the 26.5 Km, was IRs. 60.48
crores (1975-77)

IRs. 10,887,677 as per 1973/74 values. (The
values used are based on the compensation
received by some villagers. IRs. 3,000 per kattha
of land was provided in 1973/74)

IRs. 2,954,501,618 @ IRs. 10,000 per kattha

IRs. 9,444,960 per annum

IRs. 82,643,401 per annum
 

IRs. 1,350,000. Each household spends around IRs.
500 to repair their house after every monsoon.

IRs. 14,760,000. Priced at IRs. 10,000 per kattha
of land.

Numbers not available

Numbers not available

IRs. 6,075,000 as lost wages. Priced at IRs. 50 a
day for 90 days of a year for 50% of the houses
affected.

Numbers not available

IRs. 600,000. Valued at IRs. 10,000 per
household.

Numbers not available

| TABLE 14 | Assessment of costs and benefits identified during SLDs along Gaur Municipality – Bairgania Ring Embankment–
Pipradi Sultan

EMBANKMENT
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Numbers not available.

IRS 5,312,790/year. Productivity losses are
estimated at 20 kilogrammes per kattha compared
to areas not protected by embankments. And price
of paddy is 10 per kilogramme.

Numbers not available.

IRS 20,000

IRS 1,000 for annual repair & maintenance

IRS  48,000. Mobility is valued as 80 trips per
family for 3 months for all 300 households.

NRs. 5,000

NRs. 50,000

IRS 5,300,000

IRS 186,000. Valued at IRS 10,000 per household
permanently living on the platform and at IRS
1,200 per household for 30 households living 4
months of the year.

IRS 102,000

IRS 1,500,000. Estimated as IRS 5,000 per
household for 300 households.

NRs. 120,000,000. Community sanitation costs
NRs. 20,000 per unit (e.g the unit build by
Oxfam). Assumed to build 6,000 sanitation units.

Tentative cost NRs. 1,200,000

IRS 24,000,000. Estimated as USD 10 per person
to serve a population of 60,000.

Marpa villagers mention that at least one dozen
cattle die due to floods created by
embankments in Marpa. The embankment
directs flows towards this village.

900 ha. Despite use of chemical fertilizers the
productivity is about half of areas not protected
by embankments.

Cattle do not get enough fodder during inundation
and they are further prone to diseases.

Cost includes the cost of wooden log , cost of
transporting log to the village and the skilled labour
required to build. One wooden boat lasts for around
five years. There is one boat serving 300 households.

Requires no operation cost as every person in the
household can row it.

Males from all 300 households are able to commute
for daily labour without having to swim long
distances. The boat is used for commuting required
for marketing and also for medical treatments.

Connects Mahadev Patti village in Rautahat to
Bairgania ring embankment

People from about 1,000 households use it for
commuting. Motorcycles are charged NRs. 5 per
trip and bicycles NRs. 2 per trip.

The total cost also includes the cost of relocation
and land provided 8 decimal or 1 kattha 12 dhur for
relocation.

15 Musahar families of Marpa Village live
permanently on the raised plinth. Another 30
households take shelter during 4 months of the
monsoon.

Land was compensated @ IRS 6,000 per acre.
Only the Rabi harvest is lost as the area is subjected
to 8 feet of inundation in the monsoon.

300 households of Piparadi Sultan are built on an
average of 6 feet high earthen mounds. Some
houses are built on 8 to 10 foot mounds.

Most of the villages in the southern region of the
embankment and in Laxmipur village of Rautahat
had no sanitation units.

Bairgania and 4 villages have access to cell phones
and land line telephone connections. With additional
input, the system can be made a multi-functional.

Though only 5 raised water points have been observed
in the villages, such water points would substantially
reduce the occurrences of water borne diseases

- - -

- -

-

-

-

+ + +

-

+ + +

- -

+ + +

- -

+ + +

+ +

+ +

+ + +

Note: The costs discussed here relate to the ring embankment around Bairgania block, not the other embankments along the Bagmati and Lal Bakaiya. These have
not been included because these embankments have not been systematically studied.

Cattle lost

Agricultural productivity losses

Cattle productivity losses

Boat serving 300 households of Pipradi
Sultan

Initial cost of boat

Cost of operation, repair &
maintenance

Increased mobility

Flexible bamboo bridge

Initial cost of bridge

Increased mobility

Raised community plinth

Initial cost

Houses protected

Land and crop loss

Raised houses

Houses protected

Sanitation facilities

Improved health

Early warning systems (using cell
phone, radio & telephones)

Life and assets saved

Inundation adapted water points

Savings from medical expenses,
minimizing wages lost

ALTERNATIVE INTERVENTIONS
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the Transects

As transects along the lower Bagmati River illustrate, flood control measures have

many trade-offs. Where embankments are concerned, the wide variety of major

costs appears to overwhelm unquestionably considerable benefits. Furthermore,

the distribution of benefits and costs is highly skewed. In the case of the ring

embankment, for example, those who live or own land in regions that are protected,

but located at a distance from water logged area benefit, while those who live north

of the embankment or in the southern water logged area bear much of the cost. All

embankments have similar distributional effects.

The identification of the major indirect costs of embankments and other flood-

management strategy using qualitative analysis can serve as a first step toward

quantifying them. Many of the costs are related to backwater effects and the

blockage of natural drainage. Investments in drainage and in re-designing

structural measures to reduce such costs could form part of a solution, but, at

heart, there is no easy solution to many of the costs identified. Sedimentation, for

example, will remain high no matter what measures are implemented. As a result,

any sort of structural protection will always have a limited lifetime.

Qualitative analysis also highlights the substantial benefits that can be achieved by

implementing an array of individual and community interventions ranging from

the provision of boats and flexible bridges to the construction of raised platforms.

While such approaches do not provide as much direct protection from floods as

embankments do, they do generate major benefits and appear to involve far fewer

trade-offs. The costs involved are largely just initial capital investments; there are

few, if any, major externalities to take into consideration.

While the above differences between structural and people-centered categories of

strategies are significant, it is important to recognize that comparisons between the

two are somewhat misleading. First, in many ways, the types of benefits and costs

generated by each are difficult to compare directly. Furthermore, while some of the

costs of structural measures are a built-in feature of the technology itself, at least

some of the associated indirect costs are due to poor initial design and maintenance.

Finally, embankments have benefit unique to themselves. they can be used to protect

clearly defined areas (such as towns) where high-value investments are concentrated
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and can serve as points of refuge during flood events. None of the people-centered

measures evaluated in this study can provide either of these benefits on their own.

If designed carefully and accompanied by technically effective measures to improve

drainage and socially effective measures to address the distributional impacts,

structural approaches can form part of a package of interventions that complement

people-centered measures. Our analysis indicates that the costs of current structural

approaches exceed their benefits and that, as a result, reliance on such measures

should be reduced. A combination of people-centered and appropriately designed

and maintained structures that help populations to live with floods is more effective

than either strategy on its own.

The effectiveness of the two different approaches to flood risk management will

change significantly due to climate change. Structural approaches will probably

prove to be increasingly less effective while people-centered strategies will sustain.

Higher flow peaks and sediment loads will almost certainly make existing

embankments, spurs and other structural interventions ineffective. As result water

logging, breaches and other costs will increase further. This means, reliance on

structural measures as a strategy for responding to the increased flood risk

anticipated as a consequence of climate change will not be effective. In contrast, the

benefits from people-centered interventions appear relatively resilient to the impacts

of climate change. The benefits from boats, early warning systems and raised plinth

levels on houses, for example, are likely to grow if floods increase though their

benefits may not be sufficient to respond adequately to the impacts of climate change

on local populations. A, a combination of strategies may ultimately prove more

effective than reliance on one response alone.

Given that governments continue to emphasis on importance of embankments

construction to alleviate the impact of flooding, we must consider the large-scale

implication of our qualitative cost-benefit analysis.  State reliance on embankment

was markedly evident in the conclusions of many meetings between government of

Nepal and India. According to Dixit (2008) the Standing Committee on Inundation

Problems Along the Border Regions of the Nepal Tarai has repeatedely recommended

that new embankments be built even though the problem is itself created by

obstruction of natural drainage caused by an embankment built in northern Uttar

Pradesh and Bihar.

The existing political and institutional dynamics have meant that state agencies

strongly support the construction of embankments to serve as the primary

mechanism for flood protection despite the fact that these structures have had more

negative than positive impacts. A more balanced regional approach that emphasizes

people-centered interventions, limited structural protection measures in conjunction

with specific investments in drainage and maintenance to reduce the embankment-

created costs of water logging, disease transmission and breaching, could be effective

both now and in the future under changed climatic conditions.

Such efforts are likely to yield more dividends than will total reliance on relief. In 2007

the representatives of communities affected by flooding in the region themselves
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expressed severe dissatisfaction with relief efforts, especially the use of high-cost

helicopters to distribute food and materials. They suggested that measures that

focus on preparedness and incremental support are likely to be much more effective

in the long run. The same criticism was made during the floods of 2008.

Issues Encountered in Conducting CBA

Although the qualitative estimate of costs and benefits was conducted in a

systematic way, it has certain limitations primarily because the data available in the

region is very limited. In many cases data for the last decade is not even available.

Information on the direct costs of most interventions (for example, embankments

and irrigation projects) is also lacking. The challenge of locating data is illustrated

well in the case of the regional profiles produced by Nepal's Department of

Agriculture). While the district offices of the Department do publish annual district

profiles which record agricultural inputs and outputs, total food surpluses and

deficits and the prevailing market prices for agricultural produce, they are rarely

available for any year before 2003. In addition, district offices lack institutional

memories because personnel are transferred frequently. Furthermore, although

district offices do forward their annual profiles to regional offices, when these

offices were moved from Hetauda to Kathmandu and back again, most data were lost.

Major difficulties also exist in obtaining reliable demographic data and maps.

Officials in Bairgania block, for one, were hesitant to provide such data until letters

and the scope of research were presented. Only then was the researchers directed to

Sitamarhi, the district headquarters. There the local maps available at Sitamarhi

Cadastral Section (Napi Sakha) proved very difficult to obtain. At the Bairgania

block office, even the 2001 census data was unavailable and there are no civil society

actors like NGOs which could provide that information.

In addition to challenges in collecting data, assessing the losses avoided and the

often non-market nature of the benefits of many disaster risk reduction

investments, is complex. As a result, many indirect costs and benefits associated

with interventions might be unintentionally overlooked. The political uncertainty

and unrest in the Nepal Tarai that began in 2007 and has continued to date was

another major impediment. Surprise strikes and protests hindered the mobility of

the study team and events like beating to death 30 people in the third week of March

2007 in Gaur the headquarters were acts of political violence.

In addition to limitations in the conduction of the analysis, the very idea of using

cost-benefit analysis to evaluate flood risk management strategies is a relatively

new one. Most donors and government departments and their field staff are

unfamiliar with this approach. Advocating use of cost-benefit analysis as a tool for

evaluating flood management interventions in the policy-making process is a

hurdle. To overcome such challenges, points of entry need to be identified as a part

of a continuous process and attempted by engaging with agencies such as the

Ministry of Finance and introducing the insights of analysis into the process of

preparing the country's National Adaptation Plan of Action (NAPA).
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Conclusions

Our assessment clearly reveals that current investments in constructing

embankments to address flood risks produce both winners and losers. Structural

measures provide short-term benefits to a few communities but generate negative

consequences downstream and in unprotected areas when they prevent flood water

within the basin from draining quickly. Furthermore, when embankments breach,

the devastation in, and cost to the protected areas will be extremely high. The

flooding caused by the breach of the Kosi embankment in Nepal's Sunsari District

on 18 August, 2008, is a case in point. The resulting inundation affected over 50,000

people in Nepal and as many as 3,500,000 in North Bihar.

Analysis in the case study region suggests that the number of families benefiting

from structural measures, such as embankments, as they are currently designed, is

relatively few if one keeps the costs in mind. Our analysis also suggests that in a

dynamic hydrologic context where rivers move laterally and transfer large sediment

loads, the role of embankments is limited and that their effectiveness may decline

further as hydrological dynamics become more erratic due to the impacts of global

climate change. People-centered investments such as early warning systems, raising

the plinth level of houses and providing boats, in contrast, have fewer costs than

benefits. They also appear far more resilient to the expected uncertainty associated

with climate change impacts. This said, however, it is unclear that such strategies

will be able to mitigate flood risks sufficiently to reduce losses as the impact of

climate change on the hydrological cycle increases.

In a context where embankments, spurs and other structural measures are the focus

of government and policy-making organizations, the qualitative methodology of

this study provides new insights and helps evaluate alternatives. By systematically

identifying the costs and benefits of embankments and other alternatives in this

method could be a useful tool for planning and implementing disaster risk

reductions strategies.

Our qualitative cost-benefit analysis helped to identify (a) the types of costs and

benefits associated with various flood management techniques; (b) the relative

magnitudes of these costs and benefits; and (c) their distribution. While this
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method does not provide sufficient information for us to be able to evaluate the

overall economic viability of the various strategies, it does provide critical insights,

which are, at the least, sufficient to indicate major areas where work is needed on

drainage and sediment management, for example, if structural measures are to be

part of future flood risk mitigation strategies. The analysis also provides key

insights into people-centered measures that could serve as a core element in the

design of future strategies to manage flood risks and adapt to climate change

impacts.

The information generated by this qualitative benefit-cost assessment can serve as a

foundation for many of the similar insights that would be generated by a

quantitative approach. It highlights both the direct and indirect costs and benefits

associated with each type of risk reduction intervention. In addition, the

methodology enables an evaluation of the differential distribution of costs and

benefits to different sections of the population in a data-deficient environment.

Quantitative cost-benefit techniques, in contrast, are inadequate for estimating the

magnitude of the costs and benefits identified and for comparing them

meaningfully. In many ways, this qualitative analysis lays the groundwork for a

quantitative evaluation without replacing it. If a full cost-benefit analysis is needed

to assess structural options, this methodology would strongly complement it

because it identifies and includes many costs and benefits that are often excluded as

externalities in standard economic evaluations.
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Introduction

Climate change and rising urban population density pose increasing risks in the Lai

floodplain in the Rawalpindi/Islamabad conurbation in Pakistan (Figure 1). A

recent flood in 2001 took 74 lives and caused damage estimated at PKR 7.73 billion

(over USD 1 billion) (Khan and Mustafa 2007). Such events have drawn repeated

attention of policy makers and residents along the Lai towards various options for

proactive flood risk reduction.

This case study is designed to use both social and natural science tools to answer a

set of basic questions on proactive risk reduction. The primary question is to

determine whether and/or in what cases is proactive disaster risk reduction cost

effective. Second, how can we compare the cost

effectiveness of various proposed strategies to assist

policy makers in making decisions? Finally, what are

the limitations and risks in use of CBA for decision-

making? Although political expediency and

organizational biases tend to dominate policy level

decision-making (Khan and Mustafa 2007), it is

essential to see how compelling the economic

justifications for the various strategies are. Such an

analysis also helps compare competing demands on

most appropriate use of the land by various interest

groups such as real estate developers,

environmentalists and local populations living along

the Lai River and allows us to lend a lens of economic

scale to such comparisons.

To answer the above questions the case study we have

used a methodology that combines social science (cost-

benefit analysis) with natural science (hydrological and

climate modelling) to evaluate various strategies for

risk reduction in the Lai flood basin. The methodology

(see Risk to Resilience Working Paper No. 1: Cost-

Benefit Analysis Methodology) incorporates

| FIGURE 1 | Map of the Lai floodplain in the Rawalpindi/
Islamabad conurbation in Pakistan
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probabilistic climatic risk in determining benefits of risk reduction. Findings and

tools developed in this area are expected to be highly replicable and relevant to

developing world urban hazardscapes that have traditionally received lesser

attention in the academic world but are omnipresent.

This case study starts with a description of the study area, the current risks faced by

the local population, the evolution of various approaches debated for risk

reduction, and the likely impacts of climate change in the area. Section three,

discusses the parameters, assumptions and approaches in the application of cost-

benefit analysis to the strategies selected for economic evaluation. Policy

implications and advocacy potential of the analyses are discussed in Section five

and, finally, broad conclusions from the case study are summarized in the last

section.

Running through Islamabad/Rawalpindi conurbation in Pakistan, the Lai River

offers important lessons about the geography of exposure and vulnerability in this

flood prone area. The Lai Basin phenomenon is not uncommon in urban areas of

the developing world. On its banks lives a growing urban poor population that has

been neglected, even mistreated, by the city government. Elitist city planning has

resulted in enclaves of unaffordable formal development. The poor are left with no

choice but to reside in hazard prone areas. Along the Lai, their social, physical and

economic vulnerability is enhanced by high exposure to flood damages. Rapid

development of Islamabad in the upper reaches of Lai is constantly reducing the

permeability of the catchment area and increased runoff in to the Lai. At the same

time, global climatic change predicts more high intensity events, which would

translate into higher flooding frequencies and intensities in the future.

Flood hazard in the Lai has attracted the attention of city managers since colonial

times, starting in 1944 when British engineers proposed blasting the rock fall at the

extreme southern end of the river before its confluence with the Soan River. Ever

since technological solutions have dominated the discourse on reducing flood

hazard in Lai.

These development plans included the Asian Development Bank (ADB) funded

project to undertake channel improvements and removal of some encroachments in

the floodplain, and the Japan International Cooperation Agency (JICA) funded

installation of a telemetric flood warning system. JICA additionally funded studies

on construction of a retention pond in the upper reaches of the Lai, diversion of the

two western tributaries of the Lai into the neighboring Korang River, and

construction of a flood spillway into the Korang (LEAD, 1999). Most recently, the

government of Pakistan has proposed straightening and lining in concrete the Lai

channel in its middle reaches and building an expressway along its banks as a flood

control measure.

Residents of the floodplain see the a much wider range of hazards in their lives

which includes health hazards such as unsafe drinking water and sanitation and

consider provision of basic social services as a key proactive intervention to
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increase their resilience. Consistent with the view of the floodplain residents of the

need for a multi-pronged approach to the multiple hazards  in the Lai, those

options that call for solid and liquid waste management along with prevention of

encroachment on the floodplain, restoration of riparian ecology and turning the

floodplain into a park after just and fair compensation to the existing residents are

most desirable (Mustafam, 2005 and 2004.)

Secondary data availability precluded analysis of health and related services in this

study although they were termed high priority risks and among the key targets of

risk reduction strategies identified by the community (Khan and Mustafa, 2007).

The analysis also does not consider distributional aspects of costs and benefits

because of the aggregate treatment of costs and benefits in CBA methodology.

Qualitative analysis based on vulnerability indices showed varying level of

resilience within communities living along Lai. Therefore, any decision based purely

on CBA analysis would be misguided without qualitative assessments of the

winners and losers in Lai flood basin, particularly if poverty reduction in the face of

climate change and variability is the objective of the risk reduction strategy.

However, pinpointing high vulnerability within the area would allow a much more

cost effective approach resilience building strategies than those evaluated

generically in this study.

Among the proposed interventions in the urban

Lai basin in Pakistan, almost all options including

relocation of exposed households are cost effective

strategies (see Table 1). The various structural

measures for river improvement especially those

outside the densely populated areas tend to create

the best returns in disaster risk reduction even

though the investments are very large.

The likelihood of a strategy being implemented tends to be constrained by the

initial cost outlay despite its effectiveness and cost-benefit ratio in disaster risk

reduction. The only strategy adopted so far in Lai has been the early warning

system, which is partially because of its low cost and the availability of willing

donor for the system. The channel improvement and expressway despite political

will and backing was not launched due to the large initial investments, technical

difficulties and a fluid political scenario where much larger short term interests like

retention of political power and government at the federal and provincial levels

were at stake.

Restoration of the wetlands by clearing the riverbanks of human encroachment was

a theoretical scenario considered to see whether it was economically viable. It was

deemed the most ecologically sound option, which could provide social amenity in

the shape of recreational space on the banks of Lai. The very high cost of this

measure does not mean that restoration is a bad idea but rather indicates high cost

of reversibility of urban development strategies that result structural development

in hazard prone areas.

Strategy/
Intervention

Expressway/channel
JICA options (both)
- Community pond
- River improvement
Early warning
Relocation/restoration

Benefit Cost Ratio

1.88
9.25
8.55

25.00
0.96
1.34

| TABLE 1 | Summary results of cost-benefit analysis

Net Present Value of
Investment (PKR mill.)

24,800
3,593
2,234
1,359
412

15,321

Projects duration = 30 years, Social discount rate = 12%
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Contrary to the general perception of effectiveness of soft measure, the over-

designed early warning system in place is the only one with a benefit cost ration of

less than one. This indicates that without careful consideration to various aspects

(including economic) there is not a foolproof way of devising effective risk reduction

strategies. The warning time is not enough to allow removal of household contents

and commercial stock and a simpler system based on lesser dedicated

infrastructure and more on already operational cell phone/sms could have been

just as effective in saving lives at a much lower cost.

Each of the above options would need a different entity for implementation. For

example, the community pond falls within Capital Development Authority and

downstream river improvement in Chaklala Cantonment. For an  optimal solution

the analysis needs to be done at the Federal level or a body that is not committed to

jurisdictions or line function such as roads, meteorology etc. From this analysis it is

clear that CBA for proactive risk reduction would be best used by apex

organizations like Planning Commission, National Disaster Management

Authority or independent research organizations like Institute for Social and

Environmental Transition (ISET).



5

Ev
al
ua
tin
g 
th
e C
os
ts
 an
d 
Be
ne
fit
s o
f D
isa
st
er
 R
isk
 R
ed
uc
tio
n 
un
de
r

Ch
an
gi
ng
 Cl
im
at
ic 
Co
nd
iti
on
s :
 A
 P
ak
ist
an
 Ca
se
 St
ud
y

The Case Location,
Issues and Responses

1 This spelling comes closest to the phonetic pronunciation of the name and is most widely used. Other spellings,
e.g. Leh and Lei, are also in use.

Running through Islamabad/Rawalpindi conurbation, the Lai River offers

important lessons about the geography of exposure and vulnerability in this flood

prone area. The Lai Basin phenomenon is not uncommon in urban areas of the

developing world. On its banks lives a growing urban poor population that has

been neglected, even mistreated, by the city government. Elitist city planning has

resulted in enclaves of unaffordable formal development. The poor are left with no

choice but to reside in hazard prone areas. Along the Lai, their social, physical and

economic vulnerability is enhanced by high exposure to flood damage. Findings and

tools developed in this area are expected to be highly replicable and relevant to

developing world urban hazardscapes that have traditionally received lesser

attention in the academic world but are omnipresent.

The Lai1 Basin drains a total area of 244 km2 south of the Margalla hills, with 55% of

the watershed falling within the Islamabad Capital Territory and the remaining

portion within the downstream Rawalpindi Municipal and Cantonment limits

(Figure 1). The stream has five major tributaries: Saidpur Kas, Kanitanwali Kas,

Tenawali Kas, Bedranwali Kas and Niki Lai, in addition to twenty other minor

tributaries. The maximum length of the Lai from its start to its final confluence with

the Soan River does not exceed 45 kilometres, thereby allowing very little time for

any flood warning in its middle reaches within the Rawalpindi municipal limits. The

Rawalpindi/Islamabad conurbation is the fifth most populous urban area in

Pakistan, with a combined population of 2.1 million, with 1.5 million residents in

Rawalpindi and 0.6 million in Islamabad (GOP, 2000). About 400,000 out of the two

million residents of the twin cities live in the 100-year floodplain along the Lai River

(JICA, 2004). The conurbation is an important economic and transportation node

connecting southern and eastern Pakistan with the northern Areas, Azad Kashmir

(Pakistani Administered Kashmir), and the Northwest Frontier Province (NWFP).

As the capital of Pakistan, Islamabad has all the administrative presence of the

federal government, while Rawalpindi is the headquarters of the Pakistan Army, the

most important institution in Pakistan.
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The most exposed populations to the flood hazard are also the most vulnerable.

The poorest residents of the modern, planned capital of Islamabad typically live in

shanty towns along the tributaries of the Lai. The residents of these settlements

predominantly belong to minority Christian communities, in addition to certain

communities of Afghan refugees and other recent migrants from the other parts of

Pakistan. In downstream Rawalpindi as well, the people living in the most exposed

parts of the floodplain are also the poorest. The relatively better off are engaged in

minor retail businesses, lower level government employment, and daily labour,

while those who are worse off live closer to the banks of the Lai and are engaged in

garbage collection, sanitation and begging.

While flood hazard is a recognized, most high profile risk in the floodplain by the

decision makers of the city, the floodplain residents tend to place solid waste

pollution in the river as a comparable priority (Mustafa, 2004; LEAD, 1997). In

addition, raw sewage and medical and industrial waste dumped in the river is a

major cause of olfactory and visual discomfort (Figure 2). Furthermore, water

borne diseases are a major concern for women, who are the primary caregivers for

the sick within households (Mustafa, 2005).

Flood hazard in the Lai has attracted the attention

of city managers since colonial times, starting in

1944 when British engineers proposed blasting the

rock fall at the extreme southern end of the river

before its confluence with the Soan River. The

project was shelved because of the potential danger

that the blasting posed to the foundations of the

nearby railway bridges. Since that time, twenty-one

different proposals were launched by various

government agencies to address the flooding

problem in the Lai Basin. More recently, these

development plans included the ADB funded

project to undertake channel improvements and

removal of some encroachments in the floodplain,

and the JICA funded installation of a telemetric

flood warning system. JICA additionally funded

studies on construction of a retention pond in the

upper reaches of the Lai, diversion of the two

western tributaries of the Lai into the neighboring

Korang River, and construction of a flood spillway

into the Korang (LEAD, 1999). Most recently, the

government of Pakistan has proposed

straightening and lining in concrete the Lai channel

in its middle reaches and building an expressway

along its banks as a flood control measure. Almost

all of the twenty-one proposals, like the more recent ones, were heavily based on

engineering solutions, ranging from complete diversion to turning the Lai into a

concrete channel. The two exceptions were a proposal by the Rawalpindi

Development Authority (RDA) for planting trees along the channel to prevent soil

| FIGURE 2 | Raw sewage and solid waste draining into the Lai

©  F. Khan
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erosion and a proposal by the Rawalpindi Cantonment Board (RCB) in 1998 for

solid waste management and encroachment removal. Not a single proposal was

ever implemented, either partially or fully, until the two most recent ones.

In addition to the official proposals, a number of other interlinked options are also

possible for flood risk reduction in the Lai, including:

• Removal of encroachment in the floodplain, only after equitable compensation.

• Ecological restoration of the watershed and creation of a/several recreation

area(s) in the floodplain.

• Safe disposal of solid and liquid waste outside the Lai floodplain.

• Effective flood warning and communication.

• Mapping of the 100-year floodplain and public information.

• Construction of upstream ponds and check dams to slow flood onset.

• Construction of flood spillway towards the Korang River.

The option often mentioned by the floodplain residents was of preventing human

encroachment into the floodplain and turning the floodplain into a park for

recreation. Consistent with the view of the floodplain residents of the need for a

multi-pronged approach to the multiple hazards  in the Lai, those options that call

for solid and liquid waste management along with prevention of encroachment on

the floodplain, restoration of riparian ecology and turning the floodplain into a

park after just and fair compensation to the existing residents are most desirable.

For environmentally sensitive management of the Lai floodplain, an attractive

utilitarian feature could be the provision of a corridor for non-motorized

transport, such as bike tracks, and, contingent upon funding availability, even an

elevated monorail corridor. The team of researchers working on the Lai has been

particularly keen on advocating comprehensive floodplain management directed

towards socially and ecologically friendly risk reduction with economic benefits.

The above options for risk reduction in the Lai basin must also be viewed in the

context of climate change. We used a simplified downscaling technique and rainfall

runoff model to investigate potential climate change impacts on the Lai. The rainfall

runoff model incorporated a localized regression model utilizing the LOCFIT

scheme (Loader, 1999). The model does not incorporate ponding, infiltration,

overland flow or other factors commonly incorporated in traditional hydrologic

models. The simplicity of the model is dictated by several factors including:

1) Lack of verified, daily rainfall and runoff data of statistically significant (if one

applies traditional engineering metrics) length;

2) Lack of soil type/area data, channel roughness, etc.;

3) Time constraints; and

4) Uncertainty about the appropriate General Circulation Model (GCM) to use.

Given the above data limitations, precipitation results for the general region from

the Canadian GCM were used for the period 2010 to 2050. The coefficients of

correlation were derived between the historic simulated precipitation from the

CGCM and the actual streamflow data since 1987. The modelling effort shows a
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shift in the timing and magnitude of rainfall (reflected in the streamflow

predictions). August appeared to be a little drier, with lower streamflows. On the

other hand, May and June had greater precipitation and higher streamflows. Since

much of the precipitation that occurs in the basin during May-September is rainfall

associated with convective activity, it is probably safe to say that either the number

of storms will increase or the amount of rainfall per convective event will be

increasing. This means that flooding events are likely to increase in May and June

and decrease in August, with an increased possibility of rainfall in September.

December also appears to exhibit an increase in precipitation, with possible minor

flooding. These climate scenarios, despite the uncertainties associated with them,

point to a need for greater attention to the issue of flooding, particularly with

ongoing demographic and economic changes in the urbanized basin.
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The Cost-Benefit Analysis

This section describes the parameters and relevant data used for risk reduction in

all four scenarios, namely, warning system, concrete lining of the channel,

construction of a dam in the upper reaches of the stream, and relocation of the most

exposed population to higher ground. Along with the general assumptions and

limitations, which are a part of the process of conducting a CBA, issues specific to

each strategy are described individually under that approach. Following is an

overview of the process adopted for conducting the CBA.

Risk

Flooding was the primary risk identified by the communities and in institutional

shared learning dialogues (SLDs). The JICA study on comprehensive flood

mitigation conducted after the 2001 floods proved to be a wealth of information.

However, most of the data going into it was provided neither by JICA nor the local

counterpart authorities (i.e. Federal Flood Commission) who remained skeptical of

the analysis.

The flood hazard, return periods and depths have been based on JICA’s estimation

of various return periods (i.e. 5, 25, 50 and 100-year periods). Since JICA

consultants had left accessible neither the software nor the data for its analysis, the

research team decided to use its own model to fit the results that JICA had

estimated based on the actual data from the 2001 flood. The team used a simpler

steady state hydraulic model fine-tuned with critical on the ground measurements

such as those for bridges, etc. As a result, the estimations came within acceptable

range for a cost-benefit analysis based on secondary data. For a more forward

looking analysis (for details refer Risk to Resilience Working Paper  No. 1), the team

tried various commonly used statistical distributions for flood modelling such as

Gumbel and Pareto, finding the best fit with Log Pearson 3 and used it to

extrapolate flood levels up to the 200-year return period.
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Vulnerability

The basic vulnerability analysis was conducted using assets at risk and damage data from

the flood of 2001. Since there was a three-fold difference between the official government

figures and what JICA had calculated, it was deemed necessary to review the process of

estimation. The government had calculated damage using compensation data and hence

did not include huge losses that were not compensated. The JICA study did approximate

the number of structures and assigned values taking citywide averages rather than look at

the specific assets that were affected. It is reasonable to assume that the pattern of

settlement and distribution of different types of infrastructure would be different from the

city average on the banks of Lai. The area inhabited by lower income groups and the

nature of the land is likely to be different because of its exposure to flood risk. Therefore, a

triangulation of property values was conducted through interviews with real estate

agents along the entire stretch of the floodplain to estimate realistic figures.

According to the real estate agents, around eighty per cent of the properties within 100

meters of the banks of the Lai are illegal and hence it was necessary to reconfirm the

number of units along the river’s banks. Readily available Google Earth imagery was

used to ascertain actual assets at risk rather than estimations or official figures.

Contour maps of flood depths for various return periods were superimposed on the

Google Earth images to calculate the number of structures likely to be affected at

different flood levels.

Procuring reasonably detailed contour maps for this analysis was extremely difficult.

Official maps are considered classified because the Lai is close to the General

Headquarters of the Pakistan military. The minimum size of maps required for a visual

count of assets at risk was 1:50,000. The research team used the surveys done for a

detailed design of the Lai expressway to make a raster and vector analysis of flood

depth using ArcMap, ArcInfo and Adobe Illustrator software. This data was useful for

plotting the damage estimations for floods below 100-year return periods as there is no

historical damage data for these scenarios.

Depth-Damage Analysis

As there was no local data on depth-damage ratios, the team used data from various

studies in the region and globally and then used what seemed to be reasonable

estimates from Rawalpindi and corroborated them with anecdotal evidence found in

qualitative surveys on the area. Average depths of the 2001 flood were used as the

estimator for median damage figures and applied to other return periods.

Economic Effects

The impact of the 2001 flood is the only event that is well documented for damage

caused. These figures were used to interpolate and extrapolate damages for other

return periods using flood depths from hydraulic modelling, area of inundation and

satellite imagery of the area.



11

Ev
al
ua
tin
g 
th
e C
os
ts
 an
d 
Be
ne
fit
s o
f D
isa
st
er
 R
isk
 R
ed
uc
tio
n 
un
de
r

Ch
an
gi
ng
 Cl
im
at
ic 
Co
nd
iti
on
s :
 A
 P
ak
ist
an
 Ca
se
 St
ud
y

The historical data on flood damage in 2001 had huge variations. The official

government estimates were several times lower than those estimated through the

JICA survey, which reached a figure of 53 billion rupees as opposed to 10-15 billion

by official estimates (2000 PKR). The reason for this may be that the official estimate

is based on a flat compensation on the basis of whether the houses damaged or

destroyed were of kuchha or pukka construction only and not by the extent of

actual damage. Also, there is a flat compensation for death depending on whether

the person was the family breadwinner or not and for heads of cattle lost that can

be verified through official documents only. Therefore, the study team used the JICA

survey results rather than the official figures.

The surveys in the JICA study measured some indirect damage estimated from

random surveys. This analysis tried to measure the damage caused by the

disruption of business due to the closing of markets and factories and also that

caused by damage to productive assets. The figures for these “flow” damages turned

out to be to the tune of 35% of the total damages. Although the survey sample was

not well designed and hence the results are not statistically significant, the value

derived seems to be an underestimate when compared to the generic flood damage

figures in other cases. Therefore, it was decided to use this figure as long as the

analysis did not overestimate the benefits of risk reduction. Otherwise, not using

indirect costs of floods would have been a gross underestimation of damage caused.

Environmental and ecological effects of floods were not included in the analysis due

to lack of data. Nevertheless, the qualitative assessments and Shared Learning

Dialogue (SLD) process clearly indicated that diseases and illnesses due to lack of

sanitation and clean drinking water was one of the major costs to the local

populations. There is also anecdotal evidence that some families had to stop

sending their children to school or sent them to less expensive schools as a part of a

coping strategy due to long-term losses to family incomes.

The environmental and social benefits of certain risk reduction strategies can be

immense and therefore it is imperative to include these for better analysis of the

alternatives. These are opportunity costs or benefits that are often overlooked in

analysis for project selection. In the new expressway design for channel

improvement, the base of the deepened river bed is also to be paved. This will have

dire consequences to groundwater recharge in the city. For drinking water alone the

lack of recharge will exacerbate the current decline of the average water tables from

under 40 feet in 1980 to over 150 feet in 2003 due to groundwater overdraft (ADB

2005). Therefore, important issues that were not quantified are described in the

following sub-sections which describe how the analysis for the four given options

was structured. Besides the generic approach described above, the following

subsections detail particular assumptions and challenges for using CBA in different

scenarios.

Sheikh Rashid Expressway
The Sheikh Rashid expressway was the most likely option for implementation until

the recent elections after which the political forces behind the project were thrown

out of power. This project was a hastily designed dual-purpose project that would
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| FIGURE 3 | The loss-frequency curve for the planned expressway
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provide flood protection through deepening and paving with concrete the section of

the Lai that passes through the most densely populated areas of Rawalpindi. The

second purpose of this project was to provide an expressway that joined

Rawalpindi and Islamabad to ease the traffic burden between the two cities. The

highway would also connect the old Army headquarters of the country with the new

one being constructed upstream in Islamabad.

There were several issues with this approach. First, there was little experience of

maintaining a paved channel in a perennial river prone to flooding without additional

measures for water diversion. Second, although the middle section of the river was

being designed to carry a 100-year return period flood, there was no modelling done

for the effects of the section downstream from the project area, which has a much

lower carrying capacity and thus already causes backwater effects in the river. Third,

since this was a multi-purpose project, the benefits from transportation and increase

in property value would have accrued as additional benefits that were not attributable

to just flood prevention.

The issue of limiting channel enhancements to the expressway section in the middle

reaches of Lai as opposed to the whole river has three implications for flood hazard:

i. Due to higher carrying capacity in the intervention reach there may be increased

flooding downstream;

ii. Due to downstream backwater effects, the enhanced channel will likely not be

able to carry the designed flow, thus reducing its flood reduction impacts; and,

iii. Slowing the water flow in the channel due to backwater effects mentioned above

could cause heavy deposition in the channel area, reducing its depth and slope

and ultimately bringing it back to its current position.

These effects were reflected in the analysis

by reducing the risk reduction capacity of

the channel to a 50-year return period

from 100 years and incorporating a

higher maintenance cost for upkeep of the

channel than that suggested in the design

documents (Figure 3).

To separate the flood prevention from

transportation and other benefits, we

incorporated the costs for the flood

protection portion only and treated the

road as a separate, stand alone project,

although its construction is dependent on stabilization of the riverbanks with

concrete. Taking this approach still leaves the opportunity cost of having the road,

for which there may not be an alternative. The study team strongly recommends

using much more environmentally friendly elevated mass transit in the Lai corridor

which will not restrict the channel capacity and can also be used by poorer people

living along the Lai, most of whom do not own cars.
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Social benefits of flood prevention in terms of disease

burden, psycho-social effects of trauma and long-term

effects such as children dropping out of school because

of post flood poverty were not included in the analysis

because of lack of credible data for analysis. These

benefits of risk reduction are also omitted in all the

other scenarios and hence do not affect comparative

analysis for selecting more economical options.

There were some alarming ecological effects of this

project as it was designed because it would have

stopped groundwater recharge in the areas of the river

to be paved. Although not included in the mitigation

strategy for reducing environmental damage, the

design of the channel can be altered to allow infiltration

of water without a substantial cost increase. Therefore,

the cost of loss of groundwater recharge was not added

to the analysis.

Despite all the issues, the “hard resilience” technical

measure still yields a positive benefit-cost ratio of 1.88 at

a commonly used discount rate of 12%. With lack of

comparative strategies, a project like this would easily be

approved in policy circles and it indeed was approved by

the last government.

JICA River Improvement Options
Among the options recommended by a JICA study for

flood mitigation after the 2001 flood there were some comparable options for

channel improvement. Two of these recommendations were the construction of a

pond upstream of Rawalpindi in a park in Islamabad, and the straightening of a

river bottleneck downstream of the densely populated area to increase flood flow

and reduce backwater effects.

| FIGURE 4 | Typical people transport along Lai

©  F. Khan

Figure Need

| FIGURE 5 | Typical goods transport along Lai

©  F. Khan

| TABLE 2 | Estimated discharge by return period (m3/sec)

Reference Point

Kattarian
Gawal Mandi

Channel Capacity

640
820

5-yr

640
820

10-yr

640
820

25-yr

640
820

50-yr

640
820

100-yr

640
820

With Pond (Peak reduction of 190 m3/sec for 25-yr and 240 m3/sec for 100-yr)

Kattarian
Gawal Mandi

960
1,320

1,450
1,970

2,030
1,840

River Improvement (Increment flow capacity of 260 m3/sec)

Kattarian
Gawal Mandi

890
1,250

1,210
1,920

2,010
2,700

Both measures (450 m3/sec)

700
1,060

1,190
1,710

1,770
2,460

Source: JICA, 2003 and interpolation by authors

Kattarian
Gawal Mandi
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| FIGURE 6 | Loss-frequency curve for JICA river improvement options
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| FIGURE 7 | Loss of life frequency curve for Lai floods
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Since the modelling software was not

available to the study team and the

JICA country office was reluctant to

provide the data, the following

parameters from JICA study were used

to estimate the risk reduction strategy

(Table 2). If the model was available the

team would have been able to generate

results for a wider range of scenarios,

rather than depend on the few results

that were published in the report.

The risk reduction for various flood

intensities was calculated through the

decrease in flooded area and subsequent reduction in damage. This strategy yields

the best benefit-cost ratio of the four strategies reviewed and is higher by several

orders of magnitude.

There are several reasons for this outcome. First, the analysis appeared technically

sound and took into consideration the river morphology for optimization.

Second, the approach makes interventions in sparsely or non-populated areas of

the city, which are either government owned or of low value. Third, due to the

nature of the analysis and availability of more accurate data, the CBA process is

very well suited to measure the tangible benefits from engineering based solutions.

This does not mean that other measures such as improvement in social services

such as drinking water and sanitation cannot give better ratios. The required data

for such analysis was not and the research project did not have resources to

collect primary data to conduct CBA on health related benefits and costs.

Early Warning System
An early warning system was proposed as a “soft resilience” or non-structural

intervention. Although the cost of this measure is considerable, the ensuing

benefits are low because of the short response time of the Lai River in which only

lives and perhaps some movable property

can be saved. Unlike physical damage data,

loss of life in various flood periods is well

documented in newspapers. We carried

out a newspaper research on the number

of lives lost during various floods and

plotted them against return periods

estimated by the flood heights or

discharges reported in various sources.

This resulted in the following curve fitted

to a Gumbel distribution (Figure 7).

Integration of the curve yielded an average

of 3.34 loss of lives per annum due to

floods. The cost of saving lives came out to



15

Ev
al
ua
tin
g 
th
e C
os
ts
 an
d 
Be
ne
fit
s o
f D
isa
st
er
 R
isk
 R
ed
uc
tio
n 
un
de
r

Ch
an
gi
ng
 Cl
im
at
ic 
Co
nd
iti
on
s :
 A
 P
ak
ist
an
 Ca
se
 St
ud
y

be around PKR 3 million (USD 44,000) per life. This does not mean much in absolute

values, as putting an estimate on the value of a life is a matter of much debate and

raises moral issues. However, for comparing risk reduction strategies this number

can be very useful in making decisions. For example, one may compare this number

to the number of lives saved through investment in basic services such as neo-natal

health and provision of clean drinking water and sanitation. Although such data

were not available for the Lai area population, there was a strong demand for basic

services from the poorer communities as a major risk reduction strategy.

For further analysis, we also included an upper limit on household and business

contents that can be removed. For this purpose, we assumed that 20% of the value of

all household contents and 2% of the value of warehouse stocks can be removed in

the short warning time provided by the system. With these assumptions, the benefit-

cost ratio became marginally positive, although it is still very low. Although this was

a “soft” strategy, the main thrust of the project was on sophisticated telemetric

hardware and expensive technology. It was learned during field visits that despite

multiple sophisticated control stations, communication and evacuation strategies

were still not developed, indicating the strong focus on equipment alone. Moreover,

the institutional setup for the system is highly complex and the front-end response

agencies, such as the fire department and the voluntary civil service, have very low

capacity compared to the requirements for such an evacuation.

A simpler, lesser high-tech system reliant on a short messaging service to all cell

phone holders would have had significantly lower costs and much higher

communication outreach. Such strategies have already proved highly effective in

many similar countries (Aditya, 2007).

Relocation and Restoration of Floodplain (Hypothetical)
One of the more unconventional strategies for Lai flooding that has frequently been

discussed, though never examined, is the ecological restoration of the Lai floodplain.

This strategy would entail the relocation of people out of the floodplain and opening

up space around the river for vegetation growth and recreational areas. For a

stylistic economic analysis, the study team decided to perform a CBA on clearing all

housing within 100 meters of both banks of the Lai. The cost of this measure was

calculated based on market value of building units and the benefits from the

reduction in flood damage. The damage is reduced by buildings and people being

moved out of harm’s way, but also by the associated clearing of part of the floodplain

flow area such that water levels and thus flooded areas are reduced.

This approach also yielded a very low benefit-cost ratio compared to river

improvement measures. The main damage averted was that to the houses that were

removed while the increased channel capacity actually had little effect on the

reduction of the floodplain area. The high cost and density of urban infrastructure

once again was driving the results of the analysis.

There are ecological benefits to river restoration but relocation alone will not be

enough and enormous investment and coordination will be required to rehabilitate

the wetland. It will entail provision of piped sanitation to all households in
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Islamabad and Rawalpindi and convincing

the Capital Development Authority to treat

all its sewage before dumping it into the Lai.

A complete solid waste management

collection and disposal system would also

be needed in the twin cities.

Another issue with this approach is its

implementation. Pakistan still follows

outdated and unjust resettlement laws from

the colonial period framed in the 1890s.

Because of this, resettlement has been a

money minting business for bureaucracy

and works against the poor and powerless. For example, around the Lai 80% of the

most exposed housing is illegal and hence the most physically vulnerable would not

be compensated. Moreover, most of the people living in these houses are tenants

rather than owners, which further lowers the chance of reducing the vulnerability of

those who deserve the most assistance.

The benefit-cost ratio, however, remains positive. Cost of basic services not

included would yield their own benefits in terms of health and recreational value

and biodiversity of the wetland. This lower benefit-cost ratio does not imply that

rehabilitation is not a cost effective strategy but is rather indicative of the sunk

costs accrued because of bad city planning and development strategies which are

very costly to reverse.

| FIGURE 8 | Loss-frequency curve with relocation
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The Policy and Programme Context

The institutional landscape of the Lai is characterized by complex, multiple,

fragmented jurisdictions. At the macro-scale, the upper basin is under the federally

controlled Capital Development Authority (CDA) and its various directorates, e.g.

for water supply, sanitation, and environmental management. The middle basin

falls under the local Rawalpindi Tehsil Municaipal Administration (TMA) as well as

the provincially controlled Rawalpindi Development Authority (RDA). The lower

basin is again under federally controlled Rawalpindi and Chaklala Cantonment

Boards (RCB and CCB) and their various departments. The assorted stakeholder

institutions within the Lai Basin display all the specialized bureaucratic structures

and disciplinary backgrounds, from public administrator to civil engineers,

particular to a modernist state apparatus. Bureaucratic objectives are disconnected

and uncoordinated: the Sanitation directorate of the CDA is preoccupied with solid

and liquid waste disposal, while the Relief Commissioner of Rawalpindi focuses

solely on floods. In the context of the federalist structure of Pakistan with an

emphasis on provincial autonomy, is no mechanism for the provincial and federal

institutions to have operational or even policy coordination vis-à-vis the Lai. The

messy substantive interlinkages between issue areas, although widely recognized, do

not and supposedly must not distract the public servants from their assigned tasks.

The assessed interventions, therefore, geographically fall with various agencies and

there would be no reason for any of the agencies to conduct a comparative CBA.

The highway project was to be implemented by the RDA in the middle reaches of

Lai. The JICA recommended pond would falls in CDA territory and the channel

improvement with Chaklala Cantonment Board and Pakistan Railways. With a

stand alone CBA most strategies and options would get a green signal from their

planning authorities. The over-designed and costly early warning system would not

have passed the CBA criterion but then saving lives alone would have justified it.

Therefore, the stand alone CBA in a single jurisdiction or a technical line agency

would bring little improvement in selecting the most cost effective measure.

In the context of the Lai, where the local, provincial, and federal levels are all

important stakeholders, simply by virtue of the basin’s geography, any

comprehensive floodplain management initiative of necessity will be dominated
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most by the federal government followed by the provincial and local levels,

respectively. This can be good news for the CBA methodology as federal institutions

such as the ‘Planning Commission’ are largely staffed by people trained in

economics, who are familiar and experienced in the methodology and are likely to

make the best use of it for comparing multiple projects. More recently, National

Disaster Management Authority (NDMA) has also been formed to serve as a

coordination body at the federal level between different provincial institutions, but

it is still in its infancy with an ambitious mandate but little constitutional cover for

its enabling legislation and little technical capacity. The provincial Planning and

Development (P&D) Departments, also have substantial human resources at their

disposal, which can be consumers of the CBA methodology for project selection.

Although, ideally it ought to be the local governments, which should be at the

forefront of project selection and implementation their limited human resources

and geographical jurisdictions are unlikely to use the CBA methodology.

Local and international advocacy groups, academia and other research institutes

can however use CBA as a tool for advocacy at all levels. Since all decision makers

and governments operate in political contexts, it is often the politics of an

intervention rather than the economics of it that drive the decision-making. The

politicized decision-making can be tempered by the economic test of CBA, and then

too when it is used to compare multiple options with consistent assumptions about

discount rates and future scenarios informing the analysis across different projects.

The CBA methodology can be susceptible to abuse in the risk reduction context.

Apart from the technical difficulties of actually quantifying and monetizing levels of

exposure to hazards whose probability and consequences are often highly uncertain,

there is a fundamental ethical issue posed by this financial based method for

assessing hazard exposure. Measured in dollar (or rupee) terms the consequences of

a given event will always be higher if it affects richer people. Financially based tools,

like cost-benefit analysis, are blind to the distributional effects and to the

consequences for the worst off, which are central to the Rawlsian conceptions of

justice (Johnson et al., 2007). Therefore it is all the more important that CBA

analysis be coupled with vulnerability analysis, such as the Vulnerabilities and

Capacities Index (VCI) proposed by Mustafa et al. (2008) to have a sufficient

understanding of the patterns of differential vulnerability in the target area. Using

the index we found a range of vulnerability among the residents affected by Lai and

any intervention to make them more resilient would not be possible without

identifying these groups and the specific causes for their disposition.
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Our analysis based on secondary data show that all four interventions for flood risk

reduction have a favorable benefit/cost ratio, indicating economic efficiency proving

that pro-active risk reduction among densely populated urban poor can indeed be

cost effective. However, there is a wide difference between these ratios, with some of

the interventions proposed by JICA have by far the greatest impact on flood peak

reduction. The CBA tool is extremely useful in comparing two similar technology

based strategies where the concrete paving of the channel in the midsection is far less

economically beneficial than channel improvement in the lower reaches.

Due the short length of the Lai and over design of the project in terms of costly

equipment, the early warning system does not have a favorable benefit cost ratio. In

terms of cost per life saved, it would not compare with improvement of basic

services like health, water and sanitation. Using newer technologies for outreach

such as Short Messaging Services on cell phones and fewer telemetry stations a very

cost effective system could have been developed. Despite the lack of cost effectiveness

the lower scale of investment made it the most viable project in terms that it was

implemented. The CBA tool was extremely useful in highlighting this short-coming

of the designed project, whereas, generally most early warning systems are

considered to be worthwhile investments.

Many conservationists and locals of Rawalpindi would like to see Lai restored to its

natural state. The CBA analysis shows that although the results are still positive the

cost of restoration (through relocation) is the highest of all strategies. There are also

other multiple issues of untreated sewage from both Islamabad and Rawalpindi, and

solid waste from the localities around Lai being dumped in river. Installing and

enforcing water treatment in so many administrative jurisdictions is a task, which is

yet to be achieved in South Asia. These heavy costs and issues do not mean that

rehabilitation of urban wetlands is bad idea but rather indicate the high cost of

reversibility of urban planning and growth in sensitive ecosystems such as wetlands.

In the case of Lai, rehabilitation is complicated further by the archaic relocation

laws that tend to benefit the richer and go against the poor. Most of the people living

Conclusions
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along Lai rent their houses and landlords are compensated. In addition, a large

portion of the houses are encroaching public property, which makes them illegal,

and hence the owners are unable to claim benefits. In terms of cost of land, CDA has

the mandate to develop new housing and owns large tracts of land for low cost

housing. If the houses along Lai were to be exchanged for units upstream then the

prospect of relocation would become even more feasible as the authorities would

have to pay for land development only and not cost of the land. This would have to

be done under a special project with more pro-poor policies and procedures.

The CBA process has made it possible to compare similar approaches for cost

effectiveness and lent a sense of proportion to softer approaches in risk reduction

that tend to focus more on people rather than the hazard. The process has also

highlighted the shortcomings of the tool in assessing people-centered resilience

building. Due to lack of distributional aspects in the analysis, it is extremely

important to use more qualitative tools that focus on the differential effects of

various approaches on the poor and the vulnerable. If one were to focus on

resilience building and number of people rather than amount of capital then such

an analysis would yield even better results.

Despite the shortcomings, the tool has established that one form of river

improvement is much better than the other and secondly that the early warning

system could have been made much more cost effective, had one done some benefit

cost analysis on it. Use of CBA with its known limitations leads to tangible results

in some cases and calls for further analysis in others.
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"More effective prevention strategies would not only save tens of billions of dollars, but

tens of thousands of lives. Funds currently spent on intervention and relief could be

devoted to enhancing equitable and sustainable development instead, which would

further reduce the risk of war and disaster. Building a culture of prevention is not easy.

While the costs of prevention have to be paid in the present, their benefits lie in a

distant future. Moreover, the benefits are not tangible; they are the disasters that did

not happen," (Kofi Annan, Annual Report on the Work of the Organisation of the

United Nations, 1999).

The role of disasters in building and maintaining the cycle of poverty and

undermining development progress is increasingly recognized as a major global

challenge. While many recent disasters are related to geophysical events

(earthquakes, tsunamis, etc.), approximately 70% are weather related and this

proportion is likely to grow as climate change processes increase the variability and

intensity of weather events (Hoyois and Guha-Sapir, 2004). As a result, cost-effective

strategies for reducing disaster risk are central both to meeting development goals

and responding to the challenges climate change will present all sectors of society,

particularly the poor, women and other vulnerable groups.

The purpose of this summary note on methodologies is to present practical

approaches for identifying, prioritizing and ultimately demonstrating the costs and

benefits of tangible interventions to reduce disaster risks, particularly those likely

to emerge as a consequence of climate change. Such practical approaches are

essential if governments, humanitarian organizations, the private sector and local

communities are going to invest substantial resources in reducing both current

disaster risks and those anticipated as a consequence of climate change.

Cost-benefit analysis or CBA on its own is often a double-edge sword. Many of the

costs and benefits associated with potential interventions to reduce risk are difficult

to identify or quantify in an objective manner. In many cases, perceptions regarding

the nature of risks and the array of potential strategies for reducing them may differ

greatly both within and between communities. As a result, while the concept of risk

reduction may be understood, what it means in practical terms is often unclear in

Introduction



2

From
 Risk to Resilience

W
orking Paper N

o. 8

the absence of detailed analyses that address location specific conditions and the

impacts of hazards on different groups. In addition, the overall economic returns

from investments in risk reduction do not reflect their distribution across

vulnerable groups in society. As a result, cost-benefit analysis needs to be seen as

part of a larger package of methodologies that include:

1. Clear and transparent processes with extensive stakeholder engagement that

enable development of a common understanding regarding the nature of risk

and the potential strategies for reducing it;

2. Detailed analysis of the factors contributing to vulnerability within exposed

communities;

3. Quantitative and qualitative methods for evaluating the impacts of climate

change;

4. Processes for quantitative and qualitative data collection and cost-benefit

analysis that are transparent, inclusive and clearly identify the assumptions on

which the analysis is based.

This methodological summary outlines a series of key elements and the

methodologies associated with them for understanding risk and vulnerability

within communities, identifying potential response strategies and evaluating the

qualitative and quantitative costs and benefits associated with them. The approach

is based on a shared learning process that moves iteratively from initial scoping

through systematic vulnerability analysis, identification of potential risk reduction

options to qualitative and quantitaive evaluation of their costs and benefits as a

basis for decision-making. In addition, in order to incorporate evaluation of the

impacts of climate change on the economics of risk reduction strategies, the

approach includes downscaling of results from global circulation models for

incorporation in the quantitative evaluation of costs and benefits. Before going

through these methodologies, however, it is essential to understand the underlying

reasons behind our emphasis on process rather than quantitative outcomes alone.



3

M
ov
in
g 
fro
m
 Co
nc
ep
ts
 to
 P
ra
ct
ice
: A
 P
ro
ce
ss
 an
d 
M
et
ho
do
lo
gy

Su
m
m
ar
y f
or
 Id
en
tif
yi
ng
 Ef
fe
ct
iv
e A
ve
nu
es
 fo
r R
isk
 M
an
ag
em
en
t

Un
de
r C
ha
ng
in
g C
lim
at
ic 
Co
nd
iti
on
sProcesses & Qualitative Methodologies

The Importance of ‘Soft’ Process Approaches

Most investment decisions concerning disaster risk reduction (DRR) in South Asia

have focused on hard prevention or structural measures for which data are more

readily available and costs and benefits more tangible making them easier to

quantify. In India, for example, the government has invested heavily for decades in

building dams and embankments as the cornerstone of flood mitigation efforts.

Similarly, where drought is concerned, investments have focused on the

development of irrigation systems and on watershed management (where most of

the investment goes into water harvesting structures and physical land

management activities such as contour bunding). Despite the dominance of hard

structural approaches in DRR, attention is increasingly being devoted to a wide

variety of softer measures. These include a range of interventions to support

community capacity building, develop disaster management policies and planning,

spread risks through financial or other mechanisms and support adaptation. Such

largely community or individual (household) based measures, both autonomous

and planned, can contribute to systemic changes that in the long run may not only

support the sustainability of more targeted interventions but also build more

enduring and resilient communities.

Community-based strategies can either complement or conflict with more

centralized strategies. In the case of floods, for example, large-scale programmes to

regulate river flows through embankments and dams can fundamentally change

both the nature of risk and the incentives facing individuals, households and

communities to respond to risk. If, for example, river regulation eliminates small-

scale annual flood events, then communities may feel insulated from flood impacts

and have little incentive to invest time or resources in risk reduction. In addition, if

the remaining risk relates only to large-scale events (for example, when control

structures breach) then the scale of events may be beyond the capacity of

communities to mitigate. The situation in August 2008 when an embankment

breached along the Kosi River that affected over three million people in Nepal and

the Indian state of Bihar is a prime example of this. Similar conflicts between

community incentives and larger-scale initiatives can be made in the drought case,

where irrigation through large systems can provide a buffer - thus eliminating the
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incentive of communities to reduce the dependency of livelihoods on agriculture -

until the source of water itself is affected.

Although it is well recognized that the most effective points of entry for risk

reduction tend to be local (Wisner et al., 2004), community-based strategies often

depend on higher-level enabling conditions in a variety of ways including:

• Dependency on data: Localized early warning systems often depend on weather

information issued by state or national weather agencies.

• Risk spreading: The viability of micro-insurance generally requires mechanisms

for reinsurance that spread risk beyond local communities - i.e. beyond groups

who are likely to all be affected by any given event and where simultaneous

requirements would overwhelm local insurance pools.

• Institutions: Establishment of organizations for DRR may require enabling

legislation and sources of finance from national levels.

Processes for Working with Communities

Working with communities often necessitates investing time and resources to

determine:

1. Who faces risk and what form that risk takes for different groups within an area

vulnerable to specific hazard events; and

2. What courses of action might actually respond to the specific risks faced by

different groups.

In many situations, disaster risks and the groups that should have interest in

reducing risk may seem self-evident. The reality is, however, often different. In urban

Rawalpindi, Pakistan, for example, urban flood control programmes that have

attracted massive donor funding focus on early warning and control of flows.

Research by ISET-Pakistan and partners in the flood affected area indicates, however,

that health problems created when floods deposit municipal waste across large areas

are of much more significance to women in local communities than the direct flow

impacts (see Risk to Resilience Working Paper No. 7). In this case, women represent a

key group of stakeholders and the strategies they support would be quite different

from the structural measures implemented by governments.

Thus, processes that enable the integration of knowledge from different sources are

essential. Our ISET partners and field teams used a combination of methods

including broad scoping activities and shared learning dialogues (SLDs) with a range

of stakeholders to identify different DRR interventions and their broad cost and

benefit areas, as well as potential disbenefits. These initial activities can serve as the

basis for more detailed capacity and vulnerability analyses, qualitative techniques for

ranking and prioritizing alternative DRR activities and ultimately, if desired, for a full

quantitative cost-benefit analysis. Ideally the SLD process should continue beyond

the initial phase as a mechanism to feed insights from the more detailed vulnerability

and cost-benefit assessments back to communities and other key actors as a basis for

final decision-making. As a result, although the process below is presented

sequentially (scoping>shared learning>vulnerability analysis>qualitative and
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quantitative assessment of costs and

benefits>ultimate implementation decisions)

as diagrammed in Figure 1 should be

recognized as iterative.

More generally, SLDs for climate and disaster

risk reduction grow out of itertative learning

and action research processes that have been

applied for decades in many research and

implementation fields. These action-learning

processes are diagrammed in Figure 2

following Lewin (1946). At each phase, action

iterates with planning, monitoring,

documentation and reflection so that experience and knowledge accumulate. This is

exactly the type of process required to respond to the uncertainty and gradual

accumulation of scientific and other knowledge regarding hazards, particularly those

related to climate change.

Scoping

In virtually all situations some degree of initial scoping is useful to structure later,

more detailed, processes leading toward the identification of points of leverage for

reducing disaster risks. Where external actors are unfamiliar with conditions and

communities in target areas scoping is essential as a first step to gain a basic

understanding of the region, the communities involved and the hazards they face. Even

where organizations have been working with communities over an extended period,

revisiting the objectives and types of information collected through scoping processes

can serve as a critical mechanism for cross-checking assumptions and information.

Objectives
What are the objectives of scoping?  Based on our experience they need to include:

1. Outlining the array of hazards present in a region. This can be particularly

complex in areas that have recently been affected by high-profile disasters such as

earthquakes. In this situation, attention tends to focus on the recent event rather

than the hazards most likely to be of consequence in the future. As a result,

scoping processes may need to explicitly counterbalance attention to recent

events by including specific activities and report sections directed at other

hazards. In addition, in the case of hazards that could be exacerbated by climate

| FIGURE 2 | Iterative learning and action research

Following Lewin (1946)

| FIGURE 1 | The Shared Learning Dialogue (SLD) process
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change, evaluation of recent overview assessments (IPCC reports) and recent

scientific literature, particularly any available for the specific region under

consideration, is essential. Evaluation of potential hazards associated with

climate change requires approaches that focus as much on changes in the level

of uncertainty regarding future conditions, as on the results of specifc future

scenarios. A large part of the uncertainty in climate change projections is due

to an increase in variability away from the previous long-term climatological

mean. The systems are literally transitioning into a new climate state which we

cannot completely know. Understanding the implications of uncertainty in

hazard evaluation is as important as attempts to narrow such uncertainty.

2. Identifying the core communities that are particularly vulnerable to different

hazard events. The degree of exposure to different hazards often differs greatly

between communities residing in the same area. As our research in Eastern Uttar

Pradesh has documented, for example, people living in traditional (kuccha)

houses face far higher flood losses than those residing in adjacent brick (pukka)

houses (Risk to Resilience Working Paper No. 4).

3. Beginning the process of exploring how hazards translate into risk of different

types. Understanding different patterns of vulnerability can serve as a basis for

initial analytical activities to map the relationship between hazards and the risks

faced by different communities. It is important to undertake such analysis even

in the scoping phase because understanding the manner in which hazard

exposure relates to risk is central to identifying both community interest in risk

reduction and the interventions that could reduce such risk. Some of these

dimensions are relatively obvious. Fishermen, for example, may face a very

different type of risk from cyclones than other coastal communities due to the

nature of their work. Similarly, high-rise office workers face different types of

vulnerability to earthquakes than poor farmers living in ground-level traditional

houses. Some key differences are, however, far less obvious. Such differences

define what might be called "communities of vulnerability" that face similar risks

and may have similar interests in approaches to risk reduction.

4. Identifying existing projects and programmes. In many regions projects and

programmes either exist or have previously been implemented to respond to

specific hazards and increasingly the potential consequences of climate change.

However, information on such prior events is rarely considered in the

development of new programmes and policies. As a result, regions often

"reinvent the wheel." Having some level of understanding regarding what has or

hasn't worked in the past and why, should be a central part of scoping exercises.

5. Beginning the process of identifying major alternative avenues for addressing

risk. Although any identification of avenues for addressing risk must remain

preliminary at the scoping phase, developing initial ideas on practical avenues

for doing so is essential as a basis for discussion with key actors. In addition, it

is important to think through at this phase how different types of hard versus

soft or direct (targeted) versus systemic interventions might influence the risk

faced by different communities of vulnerability. In most cases, key actors tend
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to move rapidly toward "tangible" hard interventions that directly control the

physical impact of specific hazards. Such interventions may not, however, be

particularly effective in relation to the risks faced by different communities of

vulnerability. In flood affected regions, for example, development of basic

health care systems might have far greater impact on the disease morbidity

generally associated with flood events than structural control measures.

Beginning to think through how different dimensions of vulnerability relate to

risk and how those relate, in turn, to broad categories of potential risk

reduction strategies is essential during the scoping phase in order to create a

basis for future dialogue and shared learning with key actors and communities

at later phases.

Core elements
To meet the above objectives, scoping processes need, at minimum, to contain the

following core elements:

1. Collection and review of existing published and secondary information on

hazards and their impacts: This should include the type of hazard, its frequency

and intensity as well as whatever basic information is available on impacts and

their distribution (deaths, economic losses, communities affected, etc.). It should

also include any information that is available on the changing nature of regional

hazards whether that is due to global processes such as climate change,

demographic and economic changes (urbanization, shifts out of or into

agriculture or other sectors) or other factors. Geo-referenced information (maps

or the data bases required for creating them) can be of particular importance for

all of the above.

2. Policy and programme reviews: Targeted reviews of disaster related policies and

programmes are essential in order to understand the institutional landscape.

Where possible, such reviews should also address key elements in the wider

policy environment that may contribute to hazard exposure. For example,

policies supporting agriculture in drought prone regions or encouraging coastal

development, if they exist, could be important factors contributing to hazard

exposure.

3. Collection of basic information on conditions in exposed communities: This

should include basic information on demographics, economic systems, etc.

4. Interviews with carefully selected key informants:  This is one of the most

important elements in scoping processes. Carefully targeted key informant

interviews can serve as a critical guide to understanding both perceptions

regarding the nature of hazards, patterns of vulnerability and potential response

elements. Wherever possible, it is important to interview key actors representing

a wide array of social perspectives and knowledge. The above information

should be sufficient to serve as a basic starting point for the more intensive

learning dialogue processes that we believe are, in most cases, essential in order

to develop broadly shared understanding of risks and the potential avenues for

addressing them.
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Shared Learning Dialogues (SLDs)

Moving beyond the level of understanding that can be achieved through initial

scoping requires iterative processes in which analysts and different communities of

actors (local "communities", sector specialists, governmental actors, NGOs, etc.)

can share insights and come to a common understanding. This is particuarly true in

the case of complex hazards, such as those associated with climate change, where

highly specialized information from high-level scientific research must be brought

together with the equally specialized, location specific, insights of communities.

The nature of hazards and the process through which highly variable vulnerability

attributes create different patterns of risk within communities is complex. No single

group, whether at the community level or within the government, is likely to have a

comprehensive understanding of risks, particularly for hazards with long

recurrence periods. Instead, different groups tend to have partial but key insights

and perspectives that relate to their position within society or the specific

vulnerabilities they face. In addition to their partial, fragmentary nature, the

insights and perspectives of local groups often lack the insights that specialized

groups from the international scientific or risk management communities can

bring.

Even more importantly, where patterns of vulnerability are changing, local

knowledge is unlikely to reflect the types of changes that can be projected by

drawing on global resources. Furthermore, where responses are concerned,

knowledge is also fragmentary. Local communities often have key insights on the

types of activities that could reduce the risks they currently face - but they

frequently lack any understanding of processes and limitations operating at levels

beyond their immediate community. Government officials may have larger

perspectives and certainly understand the operation of the formal systems within

which they work - but they tend to lack understanding of the different dimensions of

vulnerability within communities. As a result, the solutions they propose rarely

respond to diverse priorities at the community level. This is also the case with more

globalized scientific communities. The scientific community may have unique

insights into emerging hazards but generally lack understanding of both risk

patterns at the community level and the strengths or limitations of governmental

and other institutions. Overall, as a result, effective solutions rarely emerge from

any one set of actors.

The core point here is that all forms of knowledge on hazards and risk tend to be

partial and unless these can be brought together, risks cannot be effectively

addressed. Shared learning dialogues are the mechanism we have developed for this

purpose. These are essentially iterative focus group meetings with the following key

attributes:

1. Information sharing should be multi-directional: the goal is for external actors

to learn from the communities (local groups, government actors, etc.) they are

interacting with and vice versa;
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2. The processes should be iterative: People at all levels have time to absorb and

think about the information and perspectives of different groups before they

interact again and work towards the development of specific mechanisms for

responding to hazards and the risks they create;

3. The processes should cross scale, community, organizational and disciplinary

boundaries: They bring together local, regional, national and global scientific

perspectives; and

4. The processes should involve participants reflecting different socio-economic,

gender, geographic, and cultural groupings:  Because patterns of vulnerability

often differ between such groupings, the goal is to ensure, as far as possible, that

shared learning processes capture these different patterns and the response

patterns they suggest.

In the SLD process we have developed, each meeting starts with a brief synthesis and

critical issue presentation by the organizers. Other participants are then invited to

provide critical comments, insights, information, data and suggestions drawn from

their own organizations and activity areas. Particular attention is paid to identifying

points of entry where all participants agree on key points, knowledge gaps or the need

for specific research or pilot activities. In many cases, the regular meetings lead to

sharing of information or further dialogue in electronic forums. Holding shared

learning dialogues throughout the duration of a project encourages the engagement

of external counterparts and decision-makers in project activities. Such dialogues

also provide an immediate mechanism for feedback and help to 'close the loop'

between knowledge generation, testing, dissemination and application.

The core goal underlying the development of shared learning processes is growth of a

common understanding regarding the nature of hazards and the potential avenues

for responding to them. Development of a common understanding takes time - it

requires a process in which insights from communities (and often different groups

within communities) can be brought together with insights from groups and

organizations working at other levels. To achieve this, iteration and interaction with

multiple groups across scales and disciplinary boundaries are essential.

On a practical level, what does a shared learning dialogue process involve?

1. Iterative meetings among diverse groups that bring together different perspectives

on vulnerability, the factors that contribute to social resilience and potential

avenues for responding to disaster risks;

2. Provision of key technical and analytical inputs to support the joint evolution of

understanding regarding hazards, risks and potential response strategies;

3. Mechanisms to evaluate and prioritize alternative response strategies.

The ultimate outcome of shared learning dialogue processes should be the identification

of avenues for responding to the specific risks faced by different communities that are:

1. Practical - they have a clear mechanism reducing risk for vulnerable communities and

can be implemented with the capacities and social or financial resources available;
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2. Broadly owned - they should be understood and supported by the core sets of

actors (whether at the community level, the government or the private sector)

that need to be involved in implementation;

3. Sustainable - they have a clear operational or business model that will ensure

risk mitigation interventions remain effective until hazard events occur;

4. Technically effective - the activities should actually reduce the potential for

damage when hazard events occur or mitigate them (as discussed further in the

section on qualitative evaluation this can be an issue when measures depend on

threshold values related to the magnitude of events); and

5. Economically and financially cost effective - investments in DRR should be

economically justifiable relative to other potential uses of public funds.

Although identifying avenues for responding to risk that reflect the above are the

ultimate objective of SLD processes, at initial stages of engagement, objectives can

be much more limited. Prior to more detailed work on vulnerability or the

prioritization and economic evaluation of potential options for responding to risks,

shared learning dialogues should produce:

1. A fairly detailed understanding of hazards, including those likely to emerge as a

consequence of climate change, and their likely implications for different groups

(communities, economic groupings, geographic regions);

2. A fairly detailed understanding of the factors that local groups see as mediating

the impact of hazard events and strengthening the resilience of society when

events occur;

3. A fairly detailed understanding of the groups where additional vulnerability

analysis will be required;

4. Broad understanding among key actors (local, regional and external) of

potential risk response strategies that reflects distinctions between hard versus

soft, targeted versus systemic, community versus centralized and risk spreading

versus risk reduction concepts; and

5. Initial identification of potential response strategies for more detailed evaluation.

The above initial outcomes should provide a sufficient degree of shared

understanding to support the more detailed vulnerability analyses and qualitative

and quantitative evaluations of avenues for responding to risk that are discussed in

the sections that follow below.

Vulnerability Analysis

Why is vulnerability analysis important?  In virtually all situations, different

groups face different levels of risk in relation to specific hazards. Perhaps the most

tangible case of this relates to the tendency of poor populations to cluster in high

risk areas such as urban and rural floodplains. As a result, they have a far higher

level of vulnerability to flooding than groups living in less hazard prone areas.

Interventions to mitigate flooding can be designed that meet the needs of such

groups but in many cases interventions that might "benefit" the larger society as a

whole actually increase the risk some groups face. This duality, the fact that

interventions often have differential effects or may not reach specific groups, is
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common across most hazards and contexts. Furthermore, in many situations the

factors causing vulnerability aren't as direct or immediately evident as in the

flooding example given above. Instead, vulnerability may be related to culturally

based gender differences (women can be more vulnerable to floods due to cultural

inhibitions on swimming or clothing styles), differential access to basic services

(you cannot call for help as effectively if you don't own a phone) and a host of other

factors. As a result, clear understanding of patterns of vulnerability is essential to

identifying effective risk reduction strategies. This understanding needs to move

beyond the immediately evident exposure to specific hazards and address some of

the deeper systemic factors that shape risk for different groups. Furthermore, we

believe it is important for approaches to vulnerability analysis to be based on

common metrics - indexes and other elements that can be mapped and

disaggregated - in order to provide an effective basis for planning and decision-

making. At present most approaches to vulnerability analysis are narrative based.

Because of this they are difficult to map in ways that illustrate the concentration or

diffusion of vulnerable groups. They are also difficult to aggregate and disaggregate

in ways that assist in identifying common factors contributing to vulnerability

across large areas or multiple groups. For these reasons, we focus here primarily on

the semi-quantitative vulnerability index developed as part of the Risk to Resilience

Project (for more detail see Risk to Resilience Working Paper No. 2).

The concept of vulnerability has been one of the most insightful and influential

additions to hazards and climate change research during the last three decades.

Although vulnerability is a contested term, partly because of different

epistemological roots which are beyond this summary, we define vulnerability as a

"set of conditions determined by physical, social, economic and environmental factors

or processes which increase the susceptibility of a community to the impact of

hazards," (the Hyogo Framework, 2005-2015, adopted by the UN at the World

Conference on Disasters in 2005).

While vulnerability analyses from varying intellectual and theoretical perspectives

have enriched the conceptual and analytical understanding of the patterns of

damage from environmental extremes, their contribution to the policy realm has

been peripheral at best. Some of the reasons for the lack of integration of

vulnerability in policy include:

• The dissonance between the policy-makers' concern with aggregate populations

at the meso and macro national scales and the vulnerability analyst's general

bias towards socially differentiated household and community levels at the

micro and meso scale (Mustafa, 2002 and 2004);

• Policy-makers' social position as representatives of the prevailing political and

economic structures and many vulnerability analysts' concern with fundamental

inequities of the social structures and the need for systemic change (Hewitt, 1983,

Wisner et al., 2004);

• Policy-makers' need for simpler, generalized, actionable, preferably quantitative

information for input into policy process, and the spatially and temporally

nuanced, complex, generally qualitative information directed towards

understanding causation rather than prescribing action generated by

vulnerability analyses (e.g. see Swift, 1989, Bohle and Watts, 1993).
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Not surprisingly, measuring vulnerability has been an ongoing challenge for

vulnerability researchers. Anderson and Woodrow (1989) proposed the Capacities

and Vulnerability Analysis (CVA) matrix, which came to be one of the more influential

schemas, largely qualitative, for monitoring the vulnerability of communities and

households and was primarily used by many influential NGOs (ActionAid, 2005;

Davis, 2004). Drawing on this, we developed a quantitative Vulnerability and

Capacities Index (VCI) which is applicable at the household and community level, with

slight modifications for application in rural or urban areas.

The VCI identifies eleven most critical drivers of vulnerability and its converse,

capacities, from the universe of drivers of social vulnerability identified in the literature.

The index is not comprehensive, but rather indicative, and because it is concerned with

persistent conditions that drive vulnerability, the index does not measure them relative

to any thresholds of damage from specific hazards as some other vulnerability indices,

see Luers et al. (2003) and Luers (2005), for example. The main thematic areas in the VCI

are consistent with the thematic areas mentioned by Twigg (2007) under the theme of

risk management and vulnerability reduction for resilient communities, in addition to

similar quantification exercises by others (e.g., Bosher et al., 2007). The overall weight

distribution of vulnerability drivers between the three categories of material,

institutional and attitudinal vulnerabilities is 35, 50 and 15%, respectively. This

distribution is roughly consistent with the weights used by Vincent (2004) of 20% for

economic wellbeing and stability, 20% to demographic structure, 40% to institutional

stability and strength of public infrastructure, and 10% each to global interconnectivity

and natural resource dependence for measuring vulnerability of African countries. Since

we are operating at the micro scale, our material vulnerabilities category encompasses

the first and the last two of her categories, while the demographic structure category is

not as applicable at the micro scale or household and communities. Furthermore,

general distribution varies slightly as we go from household to community level and

from rural to urban area VCI indices.

Table 1 outlines the VCI for households in rural areas. For detailed analyses on the

rationale and scoring for the different indicators as well as examples of its use in

different contexts, rural/urban and at the household or community level in each

context, see Risk to Resilience Working Paper No. 2. Data to compile the VCI can either

be drawn from primary sources, e.g. household surveys or focus group discussions for

the community level VCI, or from secondary data sources (existing surveys). All data

collection tools that we developed and used were simple enough for community

researchers to adopt, the idea being that they could repeat this exercise six months or

one year down the line to look at the impact of the various adaptation or disaster risk

reduction interventions. Before undertaking data collection, there has to be thorough

discussion of the scoring amongst field team members, and scoring must be done by at

least two field researchers, particularly for some of the more difficult calibrations on

livelihoods, assets and exposure. We also recommend that scores and their rationale

are discussed in the group before being finalized and the discussions thoroughly

documented before being shared with a wider audience.

In sum, formulation of an index of anything is invariably an exercise in generalization,

where one is bound to exclude what many may consider important variables, and
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present a static snapshot of a dynamic reality particularly when it comes to such a

concept as vulnerability. While the impact of the full conceptual and analytical weight

of vulnerability may indeed be reduced by a quantitative measure, the communicative

impact of the VCI, particularly in a comparative sense and in terms of relaying critical

information for non-expert policy-makers, cannot be underestimated. The VCI as it

has been developed and field-tested here, can be used by NGO teams and community

animators to collect baseline information on vulnerability in a village or urban

community so as to not only target specific interventions and limited resources at

vulnerable households, but also to later monitor impacts and outcomes of the same.

In looking at vulnerability at both the household and community level in a given

context, whether urban or rural, the VCI provides an objective understanding of the

differential dimensions of vulnerability. However, as with all quantitative indicators,

the VCI is only an approximation of reality and not the reality and therefore its use

should ideally be supported by a narrative on the complex social and institutional

context underlying the measurement of vulnerability.

| TABLE 1 | A composite vulnerabilities and capacities index for the household level in rural areas (RHH-VCI)

Types of Vulnerability and Indicators

Material Vulnerability

Income Source: If 100% dependent on a local level productive asset, e.g., fishing, land, shop, etc.
• Lower vulnerability score by 1 for every 10% of non-local income reported
• Subtract 2 if the income source is stable and insensitive to local hazard.
• Add 2 to the score if the income source is unstable, e.g. day labour.

Educational Attainment: If no member of the household is literate
• Lower vulnerability score by 1 for every 5 years of schooling of the most educated male member of the

household.
• Lower the score by 2 for every female member’s 5 year schooling.

Assets: If none of the assets are immediately fungible, e.g., farm implements, household items
• Lower the score by 1 for every Rs. 20,000 of fungible assets, e.g. tractor, animals, savings, jewelry (to be

calibrated empirically).

Exposure: Distance from the source of prime hazard, e.g., river, coastline, landslide zone. If within the
equivalent of 10-yr. floodplain

• Lower the score by 1 for the equivalent of every 10-yr. floodplain residence and or assets.
• Lower the score by 1 for every piece of evidence of hazard proofing, e.g., building of a house on higher

plinth for floods, light construction, low cost construction which could be rebuilt with local resources.

Institutional Vulnerability

Social Networks: Membership of ethnic, caste, professional or religious organization or grouping. If none, then
• Lower vulnerability score by 2 for every instance of past assistance by a group/organization in adversity.
• Lower multiple times if multiple organizations.
• Lower score by proportion of respondents reporting the organization to be efficacious.

Extra-local kinship ties: If no extra-local kinship or other ties which could be source of shelter and assistance
during adversity

• Lower the score by 2 for every immediate family member living extra-locally
• Lower the score by 1 for every non-immediate family member living outside

Infrastructure:
Lack of an all-weather road
If seasonal road then
Lack of electricity
Lack of clean drinking water
Lack of robust telecommunications (mobile coverage)
Lack of local medical facility

Vul.

35

10/12

5

 8

10

50

10

5

4

2
2
4
4

Cap.

-4
-2
-2
-2
-4
-4

1

2

3

4

5

6

7
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Results from a comprehensive vulnerability analysis using the above index can be

mapped using geographic information systems or statistically analyzed in order to

identify groups where vulnerability is concentrated. They can also be disaggregated

to show the mix of factors why groups are being identified as more or less

vulnerable than others. When used in shared learning dialogues, the results from

this type of analysis provide a solid basis for identifying the specific factors that

appear to contribute to risk and their relative importance or weight. This, in turn,

provides a very tangible basis for identifying and justifying specific intervention

strategies to address risk.

Processes for Qualitative Evaluation and Prioritization
of Risk Reduction Measures

Once an array of potential avenues for responding to risk have been identified

through a combination of scoping, shared learning dialogues and vulnerability

analysis, these options need to be evaluated in relation to their effectiveness and

sustainability as a basis for prioritization and ultimately decision-making. At a

minimum, the types of qualitative evaluation described in this section should be

undertaken. If it is seen as important and sufficient resources (data, financial and

human) are available this can provide the basis for a full cost-benefit analysis.

Initial Evaluation
Once a suite of potential options for reducing disaster risks have been identified,

these need to be evaluated in a relatively systematic manner to understand

tradeoffs, and potential costs and benefits for different vulnerable groups.

Qualitative evaluation of alternative strategies consists, in essence, of subjecting

Cap.

8

9

10

Proportion of dependents in a household:
If the proportion is greater than 50%
• Lower the number by 1 for every additional earning member
If a single parent headed household

Warning Systems:
Lack of a warning system

Warning system exists but people are not aware of it or don’t trust it
Membership of disadvantaged lower caste, religious or ethnic minority

Attitudinal Vulnerability

Sense of Empowerment:
Self declared community leadership
or
Proximity to community leadership
Proximity to regional leadership structure
or
Access to national leadership structure
Lack of access to community or regional leadership
Lack of knowledge about potential hazards (lower score by 1 for every type of hazard and its intensity
accurately listed by respondents)

Total Possible Vulnerability Score

Vul.

5
or
10

4
or
4
5

15

10

5

100

-4
or
-4

-10
or
-10
-15
or
-15

Types of Vulnerability and Indicators
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those alternatives that have been identified on a preliminary basis to a number of

critical questions, such as:

1. Can the relationship between the proposed intervention and the risks faced by

communities be clearly demonstrated? This may seem obvious but in practice

the connection between implementation activities and risks is often not clear or

direct. Key elements to consider in answering this question include:

• Does the strategy affect risk by directly targeting the impact of a hazard event

(e.g. by reducing damage to buildings or keeping flooding out of an area) or

does it affect risk through systemic changes in vulnerability (e.g. by

encouraging livelihood diversification or improving communications)?

• If the strategy directly targets specific hazard events, evaluators need to

consider whether or not they are the most important hazards and whether or

not targeted interventions will be sustainable given the anticipated frequency

of events (e.g. Will changes in building regulations "last" if earthquakes are

extremely rare?).

• If the strategy focuses on systemic changes, care may be required in relating

interventions to specific risks (e.g. do improvements in general

communications systems actually improve early warning capacities?).

2. Does the proposed strategy have major distributional implications? In many

cases there are clear gainers and losers when DRR strategies are implemented.

This is particularly clear in the case of embankments for flood protection - those

living in areas between the levies lose (e.g. they are subject to more flooding)

while those living in areas protected by the levies gain. Similar distributional

effects also often exist with mechanisms such as insurance or zoning that tend to

benefit wealthy groups, in some cases at the expense of less well off groups.

3. Is the strategy accessible to the intended beneficiaries? Insurance, for example,

may not be affordable for the poorest sections of society however much they

might benefit from it. Similarly, early warning systems may only serve that

portion of the population that has regular access to specific technologies (such

as cell phones or radios).

4. Is the proposed strategy based on a sustainable operational model? In many

situations, interventions to reduce risk are not sustainable over the

indeterminate and often long period between events. In Pakistan, for example,

building codes were established following the 1975 Quetta earthquake. These

codes existed only on paper and in the memory of a few actors by the time the

earthquake in Muzafarabad/Kashmir occurred in 2005. Similar challenges exist

with other types of interventions as well. Expensive "high-tech" interventions

(such as tsunami warning systems) often suffer from lack of maintenance

between events. Unless a clear operational model can be demonstrated that will

ensure risk responses remain alive between events, then the viability of such

responses is highly questionable. This is an area where systemic interventions

may have a substantial advantage over interventions targeted at specific hazards.

Many systemic interventions (such as the improvement of communication,

transport, education and financial systems) serve multiple immediate purposes
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and are maintained by the business models associated with those services. This

is a distinct contrast to more targeted interventions (such as flood warning

systems or earthquake building codes) that may need to be maintained in the

absence of sustained public demand for the service.

5. Is the strategy consistent with emerging and projected social or other trends? As

illustrated in the cases that are part of the Risk to Resilience working paper

series, climate change may, for example, reduce or increase the effectiveness of

different strategies. It is important to recognize, however, that the effectiveness of

strategies can also be affected by social trends. Community-based risk reduction

strategies, for example, may face major challenges where migration or other

major economic or demographic shifts increase mobility and reduce the links

and commonalities between individuals living in vulnerable regions. Similarly,

strategies reliant on governmental inputs may not be viable in regions where

formal institutions are weak, disrupted or limited by declining financial,

technical and other resources.

6. Is the effectiveness of the proposed strategy dependent on key assumptions or

threshold values that may be incorrect or change? In the case of flood control,

for example, the viability of embankments and other protective structures

depends heavily on the specific frequency and magnitude of projected flood

events. If flood events exceed embankment design criteria then the partial

protection provided by such embankments may actually increase the ultimate

scale of disasters by providing an illusion of protection and encouraging

settlement and investment in the "protected" areas. It is important to recognize

that the effectiveness of some types of interventions (the embankment case just

given, for example) depends heavily on specific assumptions while others are

much more robust under uncertainty. This is particularly important to

recognize in the case of weather related disasters since recognition of climate

change processes undermines the reliability of many basic projections regarding

flood, storm and drought frequency, intensity and duration.

7. Are the capacities for implementing a given strategy available within the society

or can they be developed with relative ease? In many situations, strategies are

developed based on the assumption that either technical or institutional

resources are available. Such issues can range from data availability to

enforcement of laws.

8. Are there additional questions beyond the above that relate to the viability of

proposed strategies in the specific region of concern? All risks are ultimately

inherently local. In virtually all situations additional criteria should be added to

the list above.

Qualitative comparison of potential strategies in relation to key tests such as the

above can be achieved relatively simply through construction of a matrix listing all

the potential interventions and flagging where each scores well and where major

questions or concerns exist. In general, the evaluation process should be done with

direct input from participants in shared learning dialogues. It is precisely in the
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process of discussing different perspectives on potential options with communities,

technical specialists and other key actors that key advantages and constraints

associated with each option - i.e. the answers to the above test criteria - will become

clear. In the example below, areas where clear answers exist that support the strategy

are shown in green, areas where major questions exist are marked in blue and

answers that do not support the viability of a given strategy are marked in red. The

net result should provide, at minimum, a clear indication of strategies where

numerous indicators suggest they are likely to be viable and other strategies where

major concerns or questions would need to be resolved.

Prioritization and Ranking
Results of the above types of qualitative evaluation of potential DRR interventions

should provide a fairly robust, although preliminary, indication of strategies that are

likely to be viable, others where significant questions remain to be resolved, and a

final set where problems are known to exist that are likely to undermine the

strategies effectiveness. This type of evaluation does not, however, provide much

indication regarding the relative benefits of different strategies in relation to their

financial or other costs, or even their dis-benefits.

As with the qualitative evaluation, mechanisms for prioritizing alternative strategies

that reflect social perceptions of their relative costs and benefits can be achieved

using relatively simple matrix-based ranking techniques in focus group and shared

learning dialogue processes. The method simply involves having groups rank the

benefits and costs of potential interventions in relation to their impacts on both

hazard specific and more general risks on a scale of 1 to 10. The reasons behind these

initial rankings are then probed in the discussion with questions focusing on the

reasons different interventions were ranked as higher or lower cost and higher or

lower benefit. Discussions of this type rapidly focus down on sets of interventions

that are perceived as high-benefit/low-cost. They can also be used to draw out why

specific interventions are perceived as having higher or lower costs and benefits.

Example of Cost and Benefit Matrix Exercise
1. List possible courses of action to reduce climate risks in the first column. As a

scoping exercise, suggestions by non-project members should be listed first, then

project members should list the potential interventions they view as possible.

This can be done on a white board or flip chart.

| TABLE 2 | Qualitative comparison matrix

Potential Implementation Strategies
(examples)

Embankments for flood control
Early warning system as part of cell network
Dedicated flood early warning system
Encouraging drainage and maintaining floodplains
Building small protected areas and structures
Improve banking and financial systems
.............
............. (More strategies can be added)

Answers to test criteria
(numbers in relation to bulleted criteria above)

1 2 3 4 5 6 7 8
Y Y ? ? Y Y ? ?
Y N Y Y Y N ? ?
Y N ? N ? N ? ?
Y N Y ? ? N N ?
Y N Y ? Y N N ?
? ? ? Y Y ? ? ?
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2. Rank these on a scale of 1 to 10 in relation to how effective they might be in

reducing climate risk and impacts (1 = low effectiveness; 10 = high)

3. Rank interventions on a scale of 1 to 5 in terms of cost (1 = low cost, 10 = high

cost). This cost should include not just the financial cost of the intervention but

also any negative impacts or "disbenefits" it may have.

4. Probe: why are certain interventions likely to be more or less effective? Why do

you think they will be more or less cost?

While ranking ratio between benefits and costs based on the above ranking does not

actually reflect economic returns, the ratios do indicate social perceptions of the

types of intervention that are likely to be most effective in relation to the level of

investment required. At minimum they can be used to identify the types of

interventions that are broadly perceived to be beneficial in relation to overall

investments required. In combination with the other analyses and shared learning

dialogue outputs, this may provide sufficient information to choose effective

strategies. For large investments, however, more systematic quantitative evaluation

of costs and benefits are important. This is particularly true because more

quantitative measures may highlight information or the scale of specific costs and

specific benefits that are different from the perceptions that emerge from community

dialogues. In the Pakistan case study, for example (Risk to Resilience Working Paper

No. 7), the specific early warning system implemented was shown to have a very low

benefit to cost ratio, quite different from the ranking ratio shown in Table 3.

Qualitative evaluations such as the above can be combined with other techniques to

identify the distribution of perceived costs and benefits across areas. In the Nepal

case study (see Risk to Resilience Working Paper No. 6) ranking exercises using a

simple +/- system were used along a series of transects to assist local populations in

identifying the costs and benefits of specific risk mitigation measures across flood-

affected areas. At regular points along the transect, shared learning dialogues were

held to identify the major benefits and costs associated with each risk reduction

measure. Local groups then weighted each of the costs and each of the benefits using

between one and three +/- symbols to indicate their view regarding relative

magnitudes. This enabled development of a systematic, although qualitative,

picture of perceived benefits and costs of each set of interventions for the region as a

whole. The approach also provides a foundation that could be used for more

quantitative evaluation of the costs and benefits should that be desired.

Potential Intervention Ranking RatioEffectiveness/Benefits

| TABLE 3 | Qualitative ranking (illustrative)

Cost

Embankments for flood control 5 10 0.5

Early warning system as part of cell network 8 4 2.0

Dedicated flood early warning system 4 8 0.5

Encouraging drainage and maintaining floodplains 9 10 0.9

Building small protected areas and structures 8 6 1.3

Improve banking and financial systems 6 3 2.0
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Moving beyond qualitative approaches to evaluation, such those described in the

preceeding section, represents a significant shift in the level of data, analysis and

information required. As a result, time and analytical capacity requirements, and

consequently cost, increase. The decision to proceed with quantitative analysis should,

as a result, be based on careful evaluation of the degree to which such information

would actually inform the choice of risk management strategies and whether or not

the types of information desired can actually be produced. As the India and Pakistan

case studies (Risk to Resilience Working Papers Nos. 4, 5, and 7) illustrate, even with

substantial quantitative data, cost-benefit analyses for risk reduction often require

numerous assumptions and estimates. Furthermore many of the costs and benefits

associated with disasters and alternative risk reduction strategies cannot be easily

measured. In consequence, even following substantial data collection, such analyses

are best viewed as semi-quantitative evaluations. This said, however, quantification

and the process required to do so can fundamentally alter understanding of the

effectiveness and the underlying factors affecting cost and benefit magnitudes.

Many types of quantitative analysis can be necessary to generate the types of

information required for evaluating the costs and benefits of climate and disaster risk.

These range from basic hydrologic modelling (essential for projecting flood impacts)

to extensive field surveys designed to collect basic data on assets, demographic

characteristics, disease and and so on. Cataloguing and discussing all these

methodologies is beyond the scope of this summary. Instead, we focus here on

methods for projecting future climate conditions (the main source of uncertainty in

projecting future weather-related disasters) and cost-benefit analysis. The climate

change element, although highly technical, has become essential for any analysis of the

role risk reduction could play under different potential climate futures with regard to

weather-related hazards.

Projecting Climate Change Impacts on Smaller Geographic Scales

In order to understand the manner in which floods, droughts, storms or other

weather related disasters may change as climatic conditions evolve, analysis is limited

by the current state of scientific understanding. Projections, such as those synthesized

Quantitative Methodologies
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by the Intergovernmental Panel on Climate Change (IPCC) in its reports are very

general. They discuss trends and broad patterns of change. They also identify areas

where available information points toward the potential for substantial change, but

little scientific consensus exists regarding the directions of change, and as a result

uncertainty is high. Moving beyond general projections requires both familiarity

with the scientific literature on climate change - which is evolving rapidly - and the

ability to scale the scenarios that can be generated using large-scale General

Circulation Models (GCMs) to the specific area and hazard of concern. This latter

element, involving the downscaling of model results, is the crux of developing

scenarios regarding future climate risks.

The downscaling methodology described in this section was developed to undertake

detailed case analyses in India and Pakistan (Risk to Resilience Working Paper Nos.

4, 5 and 7). For a variety of reasons, mostly related to data and hydrologic system

dynamics, it was however not possible to use the results to analyze changes in

flooding in the Pakistan case (Risk to Resilience Working Paper No. 7). The

discussion below, as a result, is drawn from the Indian cases. Because climate

science is evolving rapidly, appropriate downscaling methods may also develop

quickly. The discussion here, however, illustrates the issues and challenges that are

likely to remain relevant to any organization seeking to estimate the impacts of

climate change on hazards and risk reduction measures.

Why Climate Downscaling?
The majority of climate change projections are made using general circulation

models (GCMs) on a global scale, with a geographic resolution of 100-200 km. The

GCMs' resolution is too broad to be of use in developing specific disaster risk

reduction and adaptation measures. As seen in Risk to Resilience Working Paper

Nos. 4 and 5, the flood and drought models used for estimating weather related

hazards within river basins require climate information at a much smaller

geographic scale. The ability of CBA and other techniques to assess the economic

viability of DRR investments requires probabalistic information (frequencies and

magnitudes) of potential events such as floods and droughts.

The Risk to Resilience project assessed the viability of current DRR investments and

investigated their continued relevance under various climate change scenarios for

Eastern Uttar Pradesh. A robust statistical downscaling technique was developed

for relating large-scale climate information, such as wind or atmospheric pressure,

to rainfall patterns in the Rohini Basin. We must caution, however, for reasons

which are explained here and in greater detail in  Risk to Resilience Working Paper

No. 3, while the method presented here can provide key insights into potential

climate change impacts in the basin, the projected changes in basin rainfall patterns

(timing and magnitude) exhibit a high degree of uncertainty. Understanding the

source of this uncertainty is central to understanding the uses and limitations of

any analysis based on outputs from downscaling attempts.

A large part of the uncertainty inherent in climate change projections is due to an

increase in variability away from the previous long-term climatological mean. The

systems are literally transitioning into a new climate state which cannot completely
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be known. The numerial and statistical climate models rely on data from the near

past (~last 100 years) and knowledge of current physical climate dynamics to make

guesses of the new system states. The picture is incomplete because recent climate

regimes have been fairly stable. This underlies recent research on paleoclimatic

conditions to get information from further in the past when climate regimes were a

lot more variable in order to supplement the knowledge of possibilities and

constraints. It could turn out that it will not be possible to reduce uncertainty in

certain parts of the world, simply because those systems are becoming more

variable. An additional difficulty is that there can be sudden transitions or snaps

into new climate states, without any nice, gradual transitions. As a result, the

outputs from GCMs and attempts to downscale those results represent scenario

generation exercises rather than actual projections of future conditions.

Furthermore, there are multiple downscaling methodologies in existence, ranging

from numerical methods to stochastic methods. The choice of which method to use

is determined by the quality and quantity of historical climate data available for the

region for which downscaling will be attempted. Numerical methods model the

physical processes that govern an area's climate, but require significant amounts of

quality data and computational time. There are many stochastic methods, ranging

from neural networks, weather generation schemes and non-parametric, K-Nearest

Neighbor schemes. Stochastic models rely on relationships between the variable to

be predicted (often precipitation or temperature) and other climate variables. All of

the downscaling methods are complex. Therefore, we focus only on the downscaling

method we developed for use in the Rohini Basin. Although this methodology and

most other climate downscaling techniques would not be possible to implement

without expert support, we've included discussion of it here in order to give readers

an idea of the issues and steps involved. This section, as a result, provides less

insight on "how to" implement the techniques than other sections in this summary.

For those interested primarily in the mechanics of methods they can directly

implement, a detailed reading of this section is not necessary.

Climate Downscaling Methodology

There is significant disagreement between GCMs about current and future

precipitation and temperature estimates for South Asia (Kripalani et al., 2007;

Christensen et al., 2007). Global temperature projections are however fairly robust;

most agree that temperatures are increasing and will continue to increase (IPCC,

2007). Global precipitation projections vary widely in timing, geographic

distribution, amount and variability between all the GCMs. However, GCMs are

able to simulate large-scale climate fields, such as wind, specific humidity and

geopotential height (atmospheric pressure) quite well and are generally in

agreement (Trigo and Palutikof, 2001; Osborn et al., 1999).

Utilizing the GCMs' ability to more reliably simulate large-scale climate fields,

basin-scale rainfall forecasts were derived. A non-parametric, statistical

downscaling approach based on the K-Nearest Neighbour (K-NN) algorithm was

employed (Yates et al., 2003; Gangopadhyay et al., 2005). The algorithm was

modified to forecast monthly precipitation ensembles, based on various climate

change scenarios, which were then disaggregated to daily precipitation estimates.
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The steps taken to perform the downscaling are described below:

STEP 1: Data Collection

The Rohini Basin straddles the border of Uttar Pradesh (India) and Nawalparsi

(Nepal) with approximately 70% of the basin lying in India. The basin receives the

majority (70-90%, depending on location) of its annual precipitation during the

monsoon months of June-September. With some difficulty, daily rainfall data for

five weather stations on the Nepal side were acquired, with 1976-2006 being the

most complete. No information exists about how the data were collected or steps

taken to ensure validity. Unfortunately, due to budgetary constraints, we were not

able to purchase data sets for the Indian side of the basin. Thus, information on

rainfall patterns for the majority of the basin is missing in this study.

After collecting rainfall data, selection of the large-scale climate fields commenced.

Selection of large-scale climate fields is governed by two sets of assumptions which

determine the physical relationship between the local variable (rainfall) and large-

scale variables. The first set is based on the necessary atmospheric conditions that

allow for convective activity, which drives most of the Rohini's rainfall:

1. Changes in air pressure that lead to atmospheric instability (measured through

geopotential height)

2. Moist air (measured through specific humidity)

3. Warm air (measured through air temperature)

4. A transport mechanism to move the warm, moist air (measured through winds)

The second set of conditions is governed by their climate change relevance (von

Storch et al., 2000):

1. The large-scale climate predictors have a direct physical relationship with the

local variable and are realistically modelled by the GCMs

2. The physical relationship between the large-scale predictors and the rainfall is

expected to remain relevant in the future, regardless of climate change

3. The large-scale climate predictors capture the climate change signal.

We selected the large-scale climate variables - geopotential height, zonal or

meridional winds, specific humidity and air temperature, based on the two sets of

conditions. Large-scale variables from the historical period of 1976-2006 were

obtained from the NCEP/NCAR Reanalysis datasets (Kalnay et al., 1996) and were

also used to test the ability of the model to replicate past rainfalls. The better the

ability of the model to replicate past occurrences, the higher the confidence in its

ability to project possible climate change futures.

A second set of large-scale climate variables was acquired from the Canadian Third

Generation Coupled Climate Model (CGCM3). This represents potential climate

change scenarios and is used to simulate future rainfall in the basin. The CGCM3

was selected after a literature analysis to determine which GCM is best able to

model the South Asian Monsoon. Kripilani et al. (2007) analyzed the ability of 22

GCMs (the same the IPCC utilizes) to reproduce historic key features of the

monsoon and found that only six models performed well. Out of the six possible

GCM candidates Kripilani et al. identified, data from the CGCM3 proved easiest to
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access. The project team  agreed that the A2 and B1 climate change scenarios would

be applied.1 Due to great uncertainty in climate change processes (e.g. Artic and

Greenland icesheets melting faster than GCMs are predicting), only climate change

scenarios for the years 2007-2050 were utilized.

Finally, a rescaling of the large-scale climate variables was conducted. Both the

NCEP and CGCM3 datasets cover the geographic range of 25oN-30oN, 80oE-90oE,

but the resolution of the datasets is different. The NCEP observations are of a

higher resolution (2.5o × 2.5o) than the CGCM3 projections (3.75o × 3.75o). Thus, the

NCEP dataset had to be rescaled to match the grid spacing of the CGCM3 data.

STEP 2: Final selection of climate variables
The physical relationships between the large-scale climate indices and basin rainfall

can be established through correlation analysis. Correlation analysis between each

month's total rainfall (1976-2006) with various large-scale climate indices from the

NCEP dataset was performed. Correlations were tested for significance and the

climate indice that had the highest correlation with the month's rainfall was

identified to form the predictor set.

STEP 3: Testing the model over the historic period 1976-2006
During the testing phase, the model is run in drop-one, cross-validation mode. This

means that the year for which the model is trying to predict rainfall is dropped from

the rainfall and large-scale climate datasets. For instance, in trying to estimate the

rainfall for May 1980, the rainfall and large-scale climate indices of May 1980 are

dropped from the datasets. The model then makes the rainfall prediction using the

remainder of the data.

The model works by finding a relationship between the rainfall/large-scale climate

variables of the month (say May) and year (1980) to be projected and all data for

that same month for the whole historic period (all Mays 1976-2006, except May

1980), again minus the year to project. The years with the most similar large-scale

climate features to May 1980 are retained (the K-NN years). The rainfall values from

the K-NN years are then resampled, based on a weighting scheme, to make the

rainfall projections for May 1980. The resampling process generates multiple

rainfall values (ensembles) to give a range of possible rainfalls under the large-scale

climate conditions. This the ensemble approach  also provides a range of

uncertainty (variability) in rainfall projections.

The smaller the range of rainfall projections (say 100 - 130 mm) and the accuracy of

projections to the actual, historic rainfall observations, determine, the certainty of

the projections. The model's accuracy can thus be tested, and whether or not the

large-scale climate variables choosen capture the majority of physical processes

governing rainfall in the Rohini Basin, by seeing how well the model could hindcast

rainfalls for 1976-2006. Several comparison techniques to test the model's

performance were employed.

1 For a detailed description of the A2 and B1 climate change scenarios, refer to the IPCC (2000) Special Report on
Emission Scenarios.
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STEP 4: Generating future rainfall conditioned on climate change scenarios A2 and B1

The generation of future rainfall for the Rohini Basin is based on comparing the

projected large-scale climate variables from CGCM3 with the historically

observered large-scale climate variables from NCEP. For example, the large-scale

climate indices of May 2020 calculated from CGCM3 are compared with the large-

scale climate variables of all Mays 1976-2006 calculated from NCEP. The rainfall

amounts of the K-NN from the historical period are resampled to produce the

mean rainfall projections for May 2020. The differences between the main rainfall

projections and the model fit (residuals) are also resampled and added

(bootstrapped) onto the main projections to generate rainfall ensembles.

Bootstrapping of the residuals quantifies the range of variability (uncertainty) of

the future rainfall projections.

STEP 5: Verifying the model over the testing period 1976-2006
Each ensemble forecast is equally probable for the period 2007-2050, such that only

time will tell which was the most accurate. Therefore only indication of model

validity is revealed during hindcasting, as described in Step 3. The best indicator of

the validity of future projections, therefore, is the degree to which it can replicate

conditions over the 1976-2006 testing period.

STEP 6: Disaggregating the monthly model rainfalls to daily rainfalls for the flood and

drought models
The flood and drought models require daily precipitation values, while the

downscaling model was run on a monthly timestep. The monthly rainfalls were

disaggregated to daily timesteps by multiplying the daily rainfall percentage

distributions from the K-NN. For example, say May 2020 had six K-NN (e.g. 1978,

1992, 1995, 2001, 1987 and 2003). In May 1978, rain fell on six days throughout the

month, with each day receiving a percentage of the total monthly rainfall. The

percentage rainfall patterns were then multiplied by May 2020's monthly rainfall

projection to produce hypothetical daily rainfall distributions.

Results and Discussion

The model was better able to hindcast rainfall for some months than others for the

period 1976-2006, in particular the months of February-May, August, November

and December. The model showed limited, but still useful, confidence in rainfall

hindcasts for June and July. The rainfall hindcasts for January, September and

October exhibited little success.

The ability to hindcast rainfall in certain months over others is largely due to

atmospheric conditions and the ability of the selected large-scale variables to

capture the atmospheric conditions. January is dry in most years. When rainfall

does occur in this month, it is usually due to remenants of depressions that formed

over the Mediterranean that transport moisture into Nepal. The timescale of these

depressions is on the order of a few days and are therefore not captured in the

monthly timestep of the model. During September and October, the atmospheric

conditions that create and sustain the monsoon decompose and the atmosphere

does not stabilize until November. The model cannot capture these rapid

atmospheric processes. This implies that higher confidence in the climate change
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projections for February, March, April, May, August, November and December,

limited confidence in June and July and no confidence in projections for January,

September and October.

There is a great deal of uncertainty in the future projections of climate change impacts

on rainfall in the Rohini Basin. Mean rainfall predictions are shown in Table 4.

While the median rainfall projections show a significant decrease in rainfall during

non-monsoon months and a slight increase in precipitation during the monsoon.

However, there is a high degree of variability in projections for all months of the year,

indicating that the rainfall can be much higher or lower than the median projections

in each month. The rainfall projections during non-monsoon months, while low, are

consistent with the downward rainfall trends over all of India during non-monsoon

months projected by other scientists (Kumar et al., 2006; Gosain et al., 2006). Likewise,

other studies are projecting increases in monsoon rainfall, although the projections

vary. The most important consistent finding between this study and others is that

variability in rainfall is projected to increase greatly in all months.

Use of Results from Downscaling
Results from the quantitative climate downscaling exercise are of critical

importance for both qualitative and quantitative evaluation of the costs and

benefits likely to be generated by different disaster risk management strategies.

First, where qualitative evaluations are concerned, the range of potential rainfall

patterns generated through even a relatively limited modelling exercise such as this

can be used to give stakeholders a sense of the inherent uncertainty that is hidden in

more general synthesis results from gobal scientific activities. Published projections

of climate change for India as a whole, for example, suggest an overall median

increase in precipitation of perhaps 20%. Results from our modelling exercise,

however, show prominent decreases during some months for the Rohini Basin. Such

differences drive home the point that broad climate projections may differ greatly

from the realities likely to be experienced in specific basins or locations. This

"realization" is of fundamental importance for any discussion of specific response

strategies.

Second, appropriate techniques for modelling climate change generate ensembles of

results. In our case, the limited modelling exercise produced an ensemble of 150

potential rainfall futures, each having an equal probability of acurately reflecting

future conditions. Using statistical techniques to select scenarios that "bracket"

conditions in all other scenarios (i.e. that reflect the extremes), we selected only a few

of the ensemble members to use in the flood and drought modelling for cost-benefit

Season

Pre-monsoon (Jan-May)

Monsoon (June-Sept)

Post-monsoon (Oct-Dec)

B1A2

- 46%

1%

- 40%

- 45%

2%

- 71%

| TABLE 4 | Projected seasonal per cent changes in median precipitation for the years 2007-2050
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analysis of risk management interventions. This was necessary due to limitations on

computing capacity; the hydrologic model to estimate flooding for each scenario took

two days of computer time. Ideally, however, the entire hydrologic and cost-benefit

analysis would be run for each of the scenarios in the ensemble. This would have

generated a distribution of cost-benefit results for each intervention that could have

been used to determine the robustness of returns under the full selection of future

scenarios. If CBA results are positive under all future scenarios, then confidence is

much higher than if they are positive under only a portion of the scenarios.

Third, as the climate experts emphasize, the uncertainty inherent in projections of

future climate conditions is very high. As emphasized in the following section on

CBA and Risk to Resilience Working Paper No. 1, there is a fundamental difference

between risk and uncertainty. When event probabilities can be calculated with some

confidence, then risk can be estimated. If, however, it proves difficult to assign

probabilities to events and quantify the forecasts' skill, lack of confidence is high.

The fact that confidence levels for climate projections have not been fully

established represents a fundamental constraint for probabalistic approaches to

cost-benefit analysis of disaster risk management. Where lack of confidence in the

likelihood of future climate scenarios is high, probabalistic approaches to cost-

benefit analysis can be used to generate scenarios but not forecast probable returns.

In such cases, sensitivity analysis is particularly important to test the robustness of

scenarios and their potential predictive capacity. Furthermore, the fact that future

projections of probabalistic returns depend on underlying climate scenarios whose

skill and accuracy are not fully quantified because they are based on guesses of

societal behaviour (what kind of energy cultures we will have), needs to be

recognized. As a result, while still reflecting estimates of potential economic returns

from DRR investments, the inherent uncertainty and scenario characteristics of

such CBAs must be transparently reported.

The above points are important to keep in mind in any case where quantitative

approaches to cost-benefit analysis are being used to assess the economic viability

of climate related disaster risk management.

CBA: Quantitative Decision Support for Assessing the Costs and Benefits of
Disaster Risk Management

Why CBA?
Cost-benefit Analysis (CBA) is an economic technique used to organize, appraise

and present the costs and benefits, and inherent tradeoffs of public investment

projects and policies taken by governments and public authorities in order to

increase public welfare. Broadly speaking, if benefits exceed costs, then an

investment/project should be undertaken. The task of CBA is to systematically

assess the costs and benefits and check whether social welfare is indeed maximized.

In the context of disaster risk reduction (DRR), two important issues deserve

additional attention when undertaking a CBA:
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1. Risk: The analysis should be performed in a statistical manner in order to

account for the specific nature of natural hazards and associated disaster

impacts. This is to say that analyses have to take into account the probability of

future disaster events occurring. As discussed in the climate modelling section

above, the substantial uncertainty inherent in most projections of climate

change complicates such an analysis.

2. Avoided risks: As disaster risk is a downside risk, benefits are the risk avoided.

The core benefit generated by investments in disaster risk management is the

reduction in future losses.

Data Collection
By definition, quantitative CBA requires data to sufficiently reflect current and

future risk, as well as the costs and benefits of the strategy being analyzed. Data are

usually primarily acquired from secondary sources, for example government

agencies, NGOs and other organizations working or monitoring in the area. If

insufficient, data can also be collected through direct surveying of stakeholders, but

as described in Box 1, gathering appropriate and sufficient data through surveys

can be a resource-intensive undertaking.

Quantitative data are needed to describe all aspects of disaster risk reduction:

• Current hazard and vulnerability

• Information to support estimates of future hazard and vulnerability

• Costs (capital and recurring annual) of disaster reduction strategies

• Benefits of disaster reduction strategies

• Possible disbenefits (negative impacts) of disaster reduction strategies

For the CBA these aspects are ultimately needed in

financial values, with social and environmental

factors often being difficult to monetize. Even despite

intense data acquisition efforts, data availability and

quality often become key issues in determining not

only the analysis structure, but also the robustness

of the results. This is especially true when possible

climate change impacts are to be considered. For

example, in the Uttar Pradesh flood analysis (Risk to

Resilience Working Paper No. 4), data shortfalls

greatly impacted the final CBA. Table 5 summarizes

key data elements required just for the flood risk

analysis in the Rohini Basin, highlighting the issues

that arose.

In many cases, assumptions will need to be made to

account for insufficient data. If at all possible these

should be based on some real information, whether

direct or proxy data, and in any case be

transparently described within the analysis.

To gain a deeper insight into the household impacts of floods and
risk reduction strategies in the Rohini Basin in Uttar Pradesh,
India, a household survey was carried out. Survey villages were
selected at varying distances from the river and existing
embankments. This involved six zones, including one actually
between the river and the embankments. One village from each
of these six zones was selected in the upper, middle and lower
reaches of the basin. In total, 18 villages were selected, with 10%
of households in each village surveyed, resulting in a total of 208
households surveyed. Households were selected to capture
diversity across landholding size, wealth, caste, women-headed
households and engagement in different risk reduction activities.
The questionnaire was designed with closed-ended questions
targeting cost-benefit data needs, drawn up through extensive
consultation with field teams during a pre-survey visit and testing.
The questionnaire development and survey implementation
process required over six months to complete.

BOX 1

Surveying floods and risk reduction in

Uttar Pradesh, India
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Analysis
In this project, the CBA process has been

operationalized in four steps

(see Figure 3):

1. Risk analysis: risk in terms of potential

impacts without risk management has to be

estimated. This entails estimating and

combining hazard(s) and vulnerability.

2. Identification of risk management

measures and associated costs: based on the

assessment of risk, potential risk management

projects and alternatives and their costs can

be identified.

3. Analysis of risk reduction: benefits of

reducing risk are estimated.

4. Calculation of economic efficiency: economic efficiency is assessed by

comparing benefits and costs.

These four steps are now reviewed in greater detail.

STEP 1: Risk analysis

Risk is commonly defined as the probability of potential impacts affecting people,

assets or the environment. Natural disasters may cause a variety of effects which are

usually classified into social, economic, and environmental impacts, as well as

according to whether they are triggered directly by the event or occur over time as

indirect or macroeconomic effects.

Key Data Required Issues

| TABLE 5 | Data requirements and issues for the Rohini Basin flood risk analysis

Past flood losses

Maps of flooded areas

Basin topography

Hydrometeorologic time-series

Embankment details including past performance

Demographic information

On-going flood risk reduction activities

(explicit and/or autonomous)

Climate change projections

Secondary data incomplete, survey data likely not representative of

full basin. Only two events available.

Some satellite photos available, insufficient resolution for analysis.

Considering the relatively flat topography, topographical maps and

the available digital elevation model (DEM) of only one cross-

section were available for the entire river.

Rainfall data was available only for the Nepal side of the Rohini

Basin, but its validity was unknown. Significant gaps exist in the

streamflow data of the Rohini River and the record is short. Both

rainfall and streamflow datasets had to be corrected and estimates

used to fill significant gaps.

Failure data limited, specific maintenance information not available.

Recent census at village level but projected future trends only

available at state level.

Very limited information, some trends on autonomous risk reduction

could be inferred from surveys (primarily housing dynamics).

Downscaling of global climate model results and transformation into

changes in flood regime have high uncertainty due to poor quality

and insufficient length of historic rainfall data.

| FIGURE 3 | Framework for operationalizing risk-based CBA
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The standard approach for estimating natural disaster risk and potential impacts is to

analyze natural disaster risk as a function of hazard, exposure and vulnerability:

• Hazard analysis involves determining the type of hazards affecting a certain area

with specific intensities and recurrence periods in order derive a statistical

representation of the hazard.

• The exposure of people and property to a certain hazard needs to be identified next.

This involves assessing quantities and locations of people, property, assets,

infrastructure, natural resources and any other items of utility possibly impacted by

the given hazard future. Accounting for changes in exposure is important, for instance

based on socio-economic trends, as reductions in future damages and losses often

may be compensated by the sheer increase in people and assets in harm's way.

• In order to operationalize and quantify vulnerability for CBA purposes, it can be

defined more narrowly as the degree of impact observed on people and exposed

elements as a function of the intensity of a hazard.

• Resilience plays a key role in defining vulnerability, but it is difficult to capture the

numerous factors that contribute to it in quantitative terms (such as availability of

organizational structure and know-how to prevent and deal with disasters). As a

result, in quantitatively oriented assessments, resilience is often not addressed

effectively. This is, again, a major reason for coupling quantitative techniques with

more qualitative assessment measures and processes.

Combining hazard, exposure and vulnerability leads to risk and the potential impacts a

natural disaster may trigger. Risk is commonly defined as the probability of a certain

event and associated impacts occurring. Potentially, there are a large number of impacts.

In practice, however, only a limited number of those can and are usually assessed. Table 6

presents the main indicators for which usually at least some data can be found.

| TABLE 6 | Summary of quantifiable disaster impacts/benefits

Non–monetaryMonetary

Direct

Social

Household Number of casualties
Number of injured
Number affected

Increase of diseases
Stress symptom

Economic

Private Sector

Household Housing damaged or
destroyed

Loss of wages,
reduced purchasing power

Increase in poverty

Public Sector

Education
Health
Water and sewage
Electricity
Transport
Emergency spending

Assets destroyed or
damaged:

building, roads,
machinery, etc.

Loss of infrastructure
services

Economic Sectors

Agriculture
Industry
Commerce
Services

Assets destroyed or
damaged:
building,

machinery, crops,
etc.

Losses Due to reduced
production

Environmental Loss of natural habitats Effects of biodiversity

Total

Indirect Direct Indirect
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Categories of impacts Characteristics

| TABLE 7 | Categories and characteristics of disaster impacts

Direct

Indirect

Monetary

Non-monetary

Due to direct contact with disaster, immediate effect

Occur as a result of the direct impacts, medium-long term effect

Impacts that have a market value and will be measured in monetary terms

Non-market impacts, such as health or environmental impacts

The list of indicators is structured around the three broad categories: social,

economic and environmental, whether the effects are direct or indirect and whether

they are originally described in monetary or non-monetary terms (Table 7).

Disaster risk so far has been defined as the probability of potential impacts affecting

people, assets or the environment. If the probability of events and impacts can be

determined, one talks of risk ("measured uncertainty"); if probabilities cannot be

attached to such events, this is the case of uncertainty.

A standard statistical concept for the

representation of natural disaster risk is the

loss-frequency curve, which indicates the

probability of an event not exceeding a

certain level of damages (exceedance

probability).. Another important concept is

the inverse of the exceedance probability,

the recurrence period. For example, an event

with a recurrence period of 100 years will on

average only occur every 100 years. It has to

be kept in mind that this is a standard

statistical concept allowing calculation of

events and their consequences in a

probabilistic manner. A 100 year event

could also occur twice or three times in a

century, the probability of such occurrences however being low. In order to avoid

misinterpretation, the exceedance probability is often a better concept than the

recurrence period. Figure 4 shows an example of a loss-frequency curve for floods in

the Lai River in Rawalpindi, Pakistan.

An important property of loss-frequency curves is the area under the curve. This

area (the sum of all damages weighted by its probabilities) represents the expected

annual value of damages, i.e. the annual amount of damages that can be expected to

occur over a longer time horizon. This concept helps translate infrequent events

and their potential damages into an annual number that can be used for planning

purposes. In a typical stochastic CBA, benefits reflect the potential reduction of

expected annual value of damages every year.

STEP 2: Identification of risk management project and costs

The selection and design of appropriate risk management options are discussed in

the processes and qualitative methodologies sections of this report. The costs in a

| FIGURE 4 | Loss-frequency curve for floods on the Lai River in Rawalpindi,
Pakistan
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CBA are the specific costs of conducting a project focusing on the financial costs: the

monetary amount that has to be spent for the project. There are also the so-called

opportunity costs, which are the benefits foregone from not being able to use these

funds for other important objectives. These opportunity costs, which are generally

considered to be captured within the discount rate, are discussed later.

Key information on risk management measures required for quantitative cost-

benefit analysis includes:

• the exact type and design of the DRR intervention under consideration,

• its planned lifetime,

• the costs including investment/capital costs, maintenance/operations costs,

planned funding sources and

• possibly information on planned funding sources, and

• potential additional (non-DRR) benefits and negative impacts.

Usually there are major initial or capital outlays for the investment effort, such as

building embankment, followed by smaller maintenance and operational expenses

that occur over time, e.g. for maintaining embankment. On the other hand, risk

transfer measures usually demand a constant annual payment, e.g. insurance

premium guaranteeing financial protection in case of an event. These costs normally

can be determined in a straightforward manner as market prices exist for cost items

such as labour, material and other inputs. Some uncertainty in these estimates

usually remains as prices for inputs and labour may be subject to fluctuations.

Often, project appraisal documents make allowance for such possible fluctuations by

varying cost estimates by a certain percentage when appraising the costs.

STEP 3: Analysis of risk reduction: Potential impacts with risk management
Next, the benefits of reducing risk are estimated. Whereas in a conventional CBA of

investment projects, benefits are the additional outcomes generated by the project

compared to the situation without the project, in the DRR case benefits are the risks

that are reduced, avoided or transferred.

The effect of interventions on risk needs to be

evaluated and represented as a new, changed loss-

frequency curve. To assess potential returns from

the intervention, this new "with intervention" loss-

frequency function must be compared to the

original "without intervention" loss-frequency

function. Risks may be completely avoided, reduced,

or transferred. As an illustrative example, we

consider the Uttar Pradesh case on drought risks to

farmer livelihoods (Risk to Resilience Working

Paper No. 5). Disaster risk reduction interventions

considered in this case study involve irrigation and

insurance. As can be seen in Figure 5a and 5b, the

mechanics of how these interventions reduce the

area under the loss-frequency curve differ. The

ultimate benefits are then computed as the area of

| FIGURE 5a | Mechanics of irrigation in the UP case
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the green areas in Figure 5a & 5b, representing

the expected average annual reduction in losses.

In addition to benefits, DRR options may also

create negative impacts, defined here as

"disbenefits." This is the case, for example, when

flood control embankments cause water

logging, resulting in losses of productive

agricultural land and increases in waterborne

health problems. These negative benefits need

to be considered as well and factored in on the

benefits side. While they can be computed on

the costs side and considering they represent

negative monetary flows it may appear more

appropriate to do so, in order not to confuse

disbenefits with the fixed and variable costs of

an intervention, it is considered more

appropriate to treat disbenefits within the CBA

as negative benefits.

STEP 4: Calculation of economic efficiency

The final step in a CBA is to assess economic efficiency by comparing the benefits

and costs associated with interventions to reduce risk. Costs and benefits arising

over time need to be discounted to render current and future effects comparable.

From an economic point of view, $1 today has more value than $1 in 10 years, thus

future values need to be discounted by a discount rate representing the preference

for the present over the future. Last, costs and benefits are compared under a

common economic efficiency decision criterion to assess whether benefits exceed

costs. Generally, three decision criteria are of major importance in CBA:

• Net Present Value (NPV): costs and benefits arising over time are discounted

and the difference taken, which is the net discounted benefit in a given year. The

sum of the net benefits is the NPV. A fixed discount rate is used to represent the

opportunity costs of using the public funds for the given project. If the NPV is

positive (benefits exceed costs), then a project is considered desirable.

• Benefit/Cost Ratio: The B/C ratio is a variant of the NPV. The benefits are

divided by the costs. If the ratio is larger than 1, i.e. benefits exceed costs, a

project is considered to add value to society.

• Internal Rate of Return (IRR): Whereas the former two criteria use a fixed

discount rate, this criterion calculates the interest rate internally, representing

the return on investments of the given project. A project is rated desirable if this

IRR surpasses the average return of public capital determined beforehand

(for example, 12%).

In most circumstances, the three methods are equivalent. In this project, due to its

intuitive appeal, we mostly focus on the B/C ratio.

| FIGURE 5b | Mechanics of insurance intervention in the
UP case
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Table 8 shows the CBA calculations for a river channel improvement project on the

Lai River in Rawalpindi, Pakistan. In such an engineering-driven project, initial

capital  costs (in this case construction) are large, followed by lesser annual

maintenance and operations costs. Benefits begin to accrue only in the second year,

after completion of construction, and increase over time due to increases in

exposure (in this case based on population projections). In other words, as more

people move and property develops in the area under protection, benefits increase

because greater potential losses are being reduced.

The effects of the discount rate can be most clearly seen in the costs; in this case 12%

was used. When discounted, the constant maintenance cost from 2009 reduces to

negligible values over time (compare "Costs" with "Discounted costs" columns).

It can be seen that with a net present value of PKR 10,976 million (greater than 0),

benefit/cost ratio of 1.88 (greater than 1.0) and internal rate of return of 27.6%

(greater than the chosen discount rate of 12%), the project is considered

economically efficient by all decision criteria. The discount rate has a key influence

on the results: if a discount rate of 0% is applied, the B/C ratio increases to 3.87,

while with a discount rate of 20%, the B/C ratio is 1.30.

| TABLE 8 | CBA of river channel improvements in the Lai Basin, Rawalpindi, Pakistan (all values in millions of PKR)

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

Sum

Costs

0

2,632

2,671

2,710

2,749

2,787

2,826

2,865

2,904

2,943

2,982

3,021

3,060

3,099

3,138

3,176

3,215

3,254

3,293

3,332

3,371

3,410

3,449

3,488

3,527

3,565

3,604

3,643

3,682

3,721

3,760

95,877

8,000

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

560

24,800

Year Benefits Net benefits Discounted costs
Discounted

benefits
Discounted net

benefits

-8,000

2,072

2,111

2,150

2,189

2,227

2,266

2,305

2,344

2,383

2,422

2,461

2,500

2,539

2,578

2,616

2,655

2,694

2,733

2,772

2,811

2,850

2,889

2,928

2,967

3,005

3,044

3,083

3,122

3,161

3,200

71,077

8,000

500

446

399

356

318

284

253

226

202

180

161

144

128

115

102

91

82

73

65

58

52

46

41

37

33

29

26

23

21

19

12,511

0

2,350

2,129

1,929

1,747

1,582

1,432

1,296

1,173

1,061

960

868

785

710

642

580

524

474

428

387

349

316

285

257

232

210

189

171

154

139

125

23,487

-8,000

1,850

1,683

1,530

1,391

1,264

1,148

1,043

947

859

780

707

642

582

527

478

433

392

355

322

291

264

239

216

195

177

160

145

131

118

107

10,976
1.88

27.6%

NPV
B/C
IRR
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Given the many uncertainties inherent in a quantitative CBA, it is prudent to perform a

sensitivity analysis. By varying the assumed costs and benefits as well as the discount

rate over a range, the robustness of the results can be tested. In the example above, if

under a "worst case" assumption the benefits are reduced by 25% and the costs increased

by 25%, the B/C ratio at a 12% discount rate becomes 1.13, and at a discount rate of 20%

it is 0.78, below the economic efficient threshold. As the B/C-ratio is near the threshold of

1.0, it should be concluded that the robustness of the economic efficiency of the project,

or, simply stated, the confidence in potential efficient economic performance, is not too

high. Results of stochastic CBA should be viewed in terms of orders of magnitude rather

than exact values.

Limitations of CBA
Experience has shown that CBA faces major limitations, particularly in the context of

disaster risk management (Benson and Twigg, 2004; Mechler, 2005):

• CBA requires some assessment of non-market values, such as health and the

environment. Although methods exist for quantifying these in economic terms, this

often involves making difficult ethical decisions, particularly regarding the value of

human life for which CBA should be used with great caution.

• The issue of discounting. In economic calculations, future benefits are discounted in

relation to current benefits to reflect the cost of capital (generally the equivalent of

long-term interest rates). This is justified on the assumption that the current value

of future benefits from investments should be compared to existing secure

investment alternatives for the same funds. Applying high discount rates expresses

a strong preference for the present while potentially shifting large burdens to future

generations.

• Some of the benefits that DRR interventions have on the community are difficult to

quantify. For example, collective mobilization to reduce risk through village disaster

management committees, building confidence in dealing with external government

agencies and empowering women are all important benefits of DRR. While in the long

run they reduce the vulnerability of communities and strengthen their capacity to

deal with disasters, they are not easily quantifiable, let alone monetizable.

• CBA relies on the best available information, which in developing countries is often

challenged with data being non-existent, unreliable or simply difficult to access.

Data are particularly difficult to access if they fall in the realm of 'confidentiality' or,

in other words, data which cannot be shared as they may affect national security.

• CBA also depends on a number of assumptions, some of which can be tested

through sensitivity analysis, while others are driven by possibly diverging opinions

and can significantly affect the results. This is particularly evident in the case of

climate change, where high levels of uncertainty exist regarding future conditions.

• The lack of accounting for the distribution of benefits and costs in CBA.2 In a CBA,

societal welfare is maximized by simply aggregating individual welfare over all

people affected and changes therein due to projects and policies. A focus on

2 A key tenet of CBA is that those benefiting from a specific project or policy should potentially be able to compensate
those that are disadvantaged by it (Dasgupta and Pearce, 1978). Whether compensation is actually done, however, is
often not of consideration. Also, methods to account for the distribution of costs and benefits exist, but are hardly
used in practice due to the additional methodological complexity involved (Little and Mirrlees, 1990).
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maximizing welfare, rather than optimizing its distribution is a consequence

(Dasgupta and Pearce, 1978). Changes in outcomes of "winners" are lumped

together with those of "losers", and compensation between those two groups is

not required. Moreover, as often perceptions on who is losing or winning can be

subjective, CBA cannot resolve strong differences in value judgments that are

often present in controversial projects (for example, nuclear power, bio-

technology, river management, etc.). This distributional issue has been a major

reason for the Risk to Resilience project to ensure distributional factors are

incorporated in the qualitative analyses and shared learning dialogues.

Generally, it is often advisable to use CBA in conjunction with other decision

support methods, such as cost-efficiency analysis or multi-criteria analysis.

Although challenged by the above issues, CBA can be a useful tool in DRR if a

number of issues related to conducting a CBA and using results are properly taken

into consideration.

Clarify objectives of conducting a CBA on DRM

Before engaging in a CBA, it is necessary to clarify the objective(s), foreseen process,

information requirements and data situation among the different potential

stakeholders, which may comprise representatives from local, regional and national

planning agencies, NGOs working in development and DRR, disaster risk managers,

officials concerned with public investment decisions, development cooperation staff

and, of course, the communities themselves. The type of envisaged analysis and

process should be closely linked to its potential users. A CBA may be conducted for

informational purposes (such as in the Lai Basin case in Risk to Resilience Working

Paper No. 7), for a pre-project appraisal (similar to the the India UP flood study in

Risk to Resilience Working Paper No. 4), as a full-blown project appraisal (the India

UP drought study in Risk to Resilience Working Paper No. 5) or as an ex-post

evaluation (presented in the India UP flood study as well). Necessary resources,

time commitments and expertise required differ significantly for these products. At

a very early stage of the process, it is critical to achieve consensus among the

interested and involved parties on the scope of the CBA to be undertaken.

Acknowledge complexities of estimating risk

Estimating disaster risk and the costs and benefits of risk management is inherently

complex, with climate change adding more uncertainty or "noise" to the system.

Disasters are inherently stochastic and, as a consequence, benefits from risk

reduction are probabilistic, arise only in case of an event occurring. Accordingly,

benefits should be assessed in probabilistic risk terms, requiring estimates of

hazard, vulnerability and exposure. While great progress has been made in better

understanding and modelling disaster risks, climate change will affect the nature

and frequency of many hazards (such as rainfall, cyclone occurrence and intensity).

This adds both complexity and uncertainty to any CBA of weather-driven risk

management, due to the inherent difficulties of modelling the climatic system and

anthropogenic interventions.

Probabilistic estimates of future disaster risk incorporating climate change

considerations may sometimes not be possible due to a lack of reliable information.
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Even with sound understanding of the system as a whole, analysis relevant for DRR

and CBA can also be difficult due to lack of expertise and operational resources.

Methodological shortcuts often have to be applied to arrive at a broader

understanding of key risks and benefits of DRR. These specific challenges and

characteristics of disaster risk reduction need to be transparently communicated

and clearly understood in order to properly interpret results derived in a CBA.

Process-orientation

Given the complexities involved in estimating the costs and benefits of DRR and the

historical and current usage of CBA as a decision support tool, it seems

appropriate to conclude that the role of CBA in DRR should be focused strongly on

process rather than outcome. CBA is a useful tool for organizing, assessing and

finally presenting the cost and benefits, and pros and cons of interventions; it

demands a coherent methodological, transparent approach. Yet, given the

difficulties of properly accounting for extreme event risk and climate change, CBA is

likely not as well suited to be employed as a purely outcome-oriented tool in DRR,

at least in environments where data are limited, a common case in development

cooperation. The evaluative process involved in conducting a CBA is generally

more important and more reliable as a basis for decision-making than the final

computed benefit-cost ratios.

If this is properly understood, they key role CBA can play in DRR becomes clear. In

many ways, CBA represents a process for organizing and evaluating information on

interventions to reduce risk in ways that can lead to common understanding and

provide a basis for decision-making. To achieve this, however, organization of the

process is as important as the analytical results it generates. One tool, for

organizing such a process is shared learning dialogues, which, by bringing together

the perspectives of diverse community, expert and government groups, can be used

to assess uncertainties and build awareness and ownership of the results from the

analysis. SLDs can also be used to refine and bound assumptions of disaster

impacts, valuations, utility of interventions, etc. SLDs provide perhaps the best

avenue of assessing many of the variables where quantitative data are lacking or

insufficient.
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The steps outlined in this methodology summary represent a systematic process for translating

broad concepts of disaster risk reduction into tangible strategies where their economic viability

can be evaluated. As highlighted here, cost-benefit analysis should be seen not as a "stand

alone" activity but rather as part of a larger process of decision-making. The numerical results

from cost-benefit analysis can be misleading and inappropriate to utilize for decision-making

unless they emerge from such a process. In any cost-benefit analysis of disaster risk

management, assumptions must be made, data must be evaluated and uncertainties are likely to

be high. This is particularly true in the case of weather related disasters where the impacts of

climate change at a local level are poorly known and inherently have high levels of uncertainty.

In addition, ethical decisions must often be made regarding who benefits and who bears the

cost of interventions. As a result, utilizing the results of cost-benefit analysis as a basis for

decision-making requires understanding and appreciation for the nuances inherent in the

analysis. Overall, CBA should be seen as part of a process involving extensive stakeholder

involvement that moves from initial assessment, through analysis of vulnerability and initial

qualitative evaluation of potential risk management strategies, to more quantitative techniques.

To put this in another way, the process involved in conducting a CBA is of more utility as a

basis for decision-making than the final computed benefit-cost ratios or rates of return.

That said, it is important to emphasize that the suite of methods presented here, including

quantitative cost-benefit analysis represent powerful tools for translating broad concepts for

disaster risk reduction into practical strategies that can be justified on a combination of

economic and other grounds. Shared learning dialogues provide a framework for

incrementally building shared understanding regarding the nature of risk and the types of

interventions that might be undertaken to reduce it. Supporting this type of dialogue process

with inputs that move progressively from qualitative to more quantitative forms of evaluation

enables learning and the gradual evolution of shared understanding. Furthermore, particularly

when systematic approaches to vulnerability analysis are used, strategies can be targeted at the

communities that are most at risk and most likely to benefit from different interventions.

Quantitative techniques for climate downscaling and CBA scenario generation can enable

groups to understand the implications of different strategies even given the high levels of

uncertainty that exist concerning future conditions. This ability is absolutely central if society

is to develop approaches to risk reduction and adaptation that are robust in relation to the wide

arrange of directions in which climate conditions can evolve. As a result, methodologies such

as those outlined in this summary can be of critical use in developing effective and equitable

responses to hazards including those emerging as a consequence of climate change.

Conclusions
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The benefits of investing in disaster risk management substantially exceed the costs.

This is the core finding that emerges from a series of detailed probabilistic analyses

of avenues for flood and, to a lesser extent, drought risk reduction in India, Nepal

and Pakistan. In most cases investigated, benefit/cost ratios are positive and in

some instances may be well above those achieved through other common

development investments. This finding holds true for an array of interventions that

range across a spectrum from insurance to early warning and from distributed

responses at the village level to large-scale infrastructure. Return rates are often

higher when the impacts of climate change are considered, particularly for

strategies that are resilient under uncertainty. Return rates appear particularly

robust for the often lower-cost “people-centered” interventions that reduce risks

associated with high frequency but low magnitude events rather than large

disasters. Such events are a source of chronic, in some cases annual, losses that can

erode the wealth of affected populations. The economic benefits from interventions

that require high initial investments and are targeted at less frequent “extreme

events” are particularly vulnerable to assumptions regarding the appropriate

discount rate to use and to uncertainties regarding the frequency and magnitude of

extreme events as climate conditions change. Investing in lower cost forms of risk

reduction that are designed to increase the resiliency of livelihoods, housing and

other infrastructure at the household and community level may be among the most

economically effective avenues for reducing risks and thereby supporting

adaptation to climate change. This does not, however, imply that investments

should be directed away from the lower frequency-higher magnitude disasters that

can set individuals, households and regions back for many years. Instead, it implies

the need for a balanced approach that combines sustained attention to the small

disasters that receive little public or policy attention as well as the large-scale, high-

profile impact of extreme events.

There are two major exceptions to our core finding that “risk reduction pays.” Risk

reduction often doesn’t pay where strategies have major externalities and/or depend

heavily on specific knowledge concerning the magnitude and probability of specific

event types. In the case of embankments for flood control, for example, accurate

evaluation of externalities related to drainage, land use and disease may offset any

Key Messages
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benefits from risk reduction. Risk reduction also may not pay in the case of high

cost “over-built” specialized systems. Specialized early warning systems designed to

reduce risks from low-frequency events, for example, may have poor rates of return

unless the value of life is monetized or unless the cost effectiveness of different

approaches to saving lives is compared with other investments where the objective

is similar. In most cases evaluated, however, appropriately designed risk reduction

strategies represent a sound investment that is central both to poverty alleviation

and for responding to the impacts on lives and livelihood systems anticipated as a

consequence of climate change.

The question of appropriate design is important to recognize. While risk reduction

does pay, returns and the effectiveness of some strategies depend heavily on future

climate projections and other factors where uncertainty is high. Other strategies,

however, deliver robust returns under a wide range of conditions. These differences

in the resilience of approaches also have implications for our ability to evaluate

their returns in contexts where limited amounts of data are available and numerous

assumptions must be made in order to evaluate returns. In specific:

1. The rates of return between different types of investments in risk reduction vary

greatly in how robust they are under different sets of assumptions and different

projections of climate change. In many cases, lower levels of investment can

generate rates of return that are both greater and much more robust than higher

cost investments. This appears to be particularly true of investments that

provide annual benefits by improving the ability of populations to “live with”

frequent floods and droughts rather than investments focused on larger but less

frequent “extreme events.” For basic human behavioural reasons, such

investments may also be more socially and institutionally sustainable than ones

directed at infrequent larger events (Gunderson and Holling, 2002; Holling,

Gunderson et al., 2002).

2. Even with the best scientific information the ability to project future event

probabilities will be highly uncertain. Nowhere is this more evident than in the

data limited environments that characterize much of the developing world. As a

result, any attempt to project the future costs and benefits of climate related

disaster risk reduction investments using probabilistic approaches is subject to high

levels of uncertainty.

3. In virtually all cases investigated, approaches to risk reduction that combine a

mix of “hard” infrastructure and “softer” institutional or financial measures are

more robust than approaches that focus on one or the other alone. Many of the

most robust avenues for risk reduction address underlying systems such as

those documented in earlier research (Moench and Dixit, 2007).

4. Large-scale infrastructure investments, while they may generate positive rates of

return, are particularly vulnerable to assumptions regarding discount rates,

investment costs, event frequencies and, most importantly, the negative

consequences (“disbenefits” or externalities) that tend not to be counted in

project evaluation. In the case of embankments, inclusion of realistic land values,
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crop and other losses associated with water logging and increases in disease

fundamentally reduce the benefit/cost ratio. Returns from such large investments

are, furthermore, highly vulnerable to climate change projections.

5. Approaches to evaluating the costs and benefits of disaster risk reduction and to

interpreting the results of such analyses need to be assessed carefully. In many

analyses, the real data required to accurately evaluate costs and benefits aren’t

available and are difficult to generate. As a result, such analyses depend very

heavily on assumptions and estimates made by project members or experts.

These are often deeply hidden in models and in the technical portions of the

analysis and are as a result unlikely to be evident to any but the most engaged

users.

6. Where technical evaluations of climate change are concerned, innovative

techniques for downscaling the results of global circulation models to local areas

have been developed under the project and used in the estimation of future event

probabilities to evaluate the costs and benefits of risk reduction interventions.

While such methods do provide key insights, their limitations are essential to

recognize. In specific, it is inappropriate to treat the projections as providing an

accurate representation of future event probabilities. Furthermore, in many

cases the absence of basic location-specific historical data limits the ability to

translate downscaled results from circulation models into streamflows or the

other types of projections required for local impact evaluation.

7. Given the high levels of data required for accurate estimation of the costs and

benefits of disaster risk reduction under climate change and the inherent

uncertainties in such processes, more limited forms of financial and project

analysis are likely to be more appropriate than full CBAs in most project and

evaluation contexts. Simplified methodologies that enable identification of key

cost and benefit areas along with their general magnitude coupled with methods

for comparing the cost effectiveness of different strategies for reaching similar

risk reduction outcomes are an essential complement to more rarely applicable

full CBA methodologies. In many cases, the costs of a full CBA will exceed the

benefits.

Overall, the case studies on which this report is based demonstrate both the high

economic returns that can be achieved by investing in risk reduction and the

importance of methodologies for analyzing the viability of different approaches

under often highly uncertain future conditions. Cost-benefit analysis is one such

methodology. In many cases, however, more simplified approaches that identify, but

do not fully quantify, major costs and benefits and also highlight key externalities,

uncertainties and assumptions may generate as much information as a full CBA.
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At a global level, evidence regarding the economic impacts of climate change and

disasters is accumulating rapidly. It is now widely recognized that recurrent

disasters represent a major factor undermining the ability of regions, nations and

the global community to meet basic development goals. Roughly 75% of disasters

are related to storms, floods, droughts and other climate-related causes (Hoyois

and Guha-Sapir, 2004). The intensity and possibly the frequency of such events are

likely to be exacerbated by climate change (IPCC, 2007). As a result, disaster risk

reduction (DRR) is central both to meeting global development objectives and,

equally fundamentally, as a core component in any attempt to adapt to climate

change. This is recognized globally in key agreements for action such as the Hyogo

Framework for Action (ISDR, 2005).

While broad consensus exists on the need for disaster risk reduction, a wide variety

of avenues that range across the spectrum from the design of physical structures to

the growth of social networks and institutions exist that could potentially reduce or

alter the nature of risks. Often little information is available on the economic basis

for investment in alternative avenues for risk reduction, making investments in

specific DRR activities difficult to justify relative to both the alternatives available

and to other social investments that contribute toward similar development

objectives. National and local governments, international financing agencies and

NGOs have limited resources. Investments in DRR either in relation to existing

conditions or those likely to emerge as a consequence of climate change take

resources away from other areas where investment may be equally important. As a

result, there is both a need and a demand for analytical frameworks such as cost-

benefit analysis that can support decision-making with regard to investments in

climate and other disaster risk reduction investments. This need and the pressure to

provide solid justification for investments is likely to grow as global investment in

addressing the impacts of climate change increases. While constraints on the

absolute availability of financing will decline if innovative mechanisms for funding

climate adaptation are implemented, global scrutiny and, in some cases, opposition

to such funds will increase as well. Consequently, solid evaluation of the economic

costs and benefits of alternative strategies will be increasingly essential to counter

the opposition and concern that will inevitably grow as the scale of investments

increases.

Introduction
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The challenge is not, however, just to demonstrate the economic returns from

investments. In many cases, perceptions regarding both disaster risks and avenues

for addressing them vary greatly between individuals and groups. This is

particularly true in the context of climate change where historical experience may

have limited relevance for future conditions. It is also the case where the impact of

disaster events is differentiated on the basis of social or economic grouping.

Women, for example, often face fundamentally different types of impacts than men

during disasters due to the nature and location of their day-to-day activities and

the different types of social networks and economic opportunities they have access

to. As a result, approaches that reduce or alter the nature of risk for one group may

not address the needs of other groups.

In this context, simply documenting the economic justification for investments in

risk reduction will be insufficient. Analytical frameworks and approaches that help

to identify who gains, who loses and whether or not the costs of disasters,

particularly those associated with climate change, are equitably addressed will be

essential. Global efforts to address climate change are heavily influenced by the

recognition that those benefiting from high carbon lifestyles aren’t the large poor

populations in developing countries who will bear much of the cost of climate

change. As a result, questions of equity are central to virtually all efforts to respond

to the impacts of climate change. Analytical frameworks that help to identify the

distribution of impacts from climate related disasters and the distribution of

benefits associated with strategies to address those impacts are essential.

Beyond analytical frameworks, on an applied, pragmatic level, the great diversity of

approaches that could reduce risk from disasters necessitates processes for

identifying specifically what should be done to reduce risks and for whom in

different contexts. Terms such as “disaster risk reduction” or “climate adaptation

and resilience” only acquire real meaning when they can be translated into specific

courses of action that have an impact at the ground level. At present, systematic

processes for identifying courses of action to reduce risk for vulnerable

communities are rare. In many cases, actions to reduce disaster risk focus on

proximate causes – such as poor building construction or the lack of protective

infrastructure and points of refuge – rather than the deeper systemic factors that

create or ameliorate risk within society. These are discussed further in the array of

publications produced by the Risk to Resilience project (www.climate-

transitions.org & www.i-s-e-t.org). This summary report, however, focuses

primarily on the costs and benefits of specific strategies for reducing flood and

drought related disaster risk both currently and under scenarios designed to

illustrate the effects of climate change.
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The Project on Risk to Resilience

The purpose of the project on Risk to Resilience is to evaluate the costs and benefits

of disaster risk reduction across a series of case areas in India, Nepal and Pakistan.

We focus on water related disasters and the manner in which they may change as a

consequence of climate change. Our objective has been to develop a suite of

methods and analytical cases that both illustrate how the costs and benefits of

different risk reduction strategies can be evaluated under different climate scenarios

and also generate analytical results for the risk reduction strategies evaluated.

Methodologically, our approach consists of the following key elements:

1. Scoping: An intensive scoping process to identify locations and risks that can

form a representative basis for detailed cases.

2. Vulnerability and capacity analysis: A systematic process within case areas,

including development of semi-quantitative vulnerability indices, to identify

vulnerable groups and disaggregate the different dimensions of vulnerability.

3. Shared learning dialogues within identified case areas: Iterative meetings with

communities and key actors that sequentially allow us to move from the analysis

of vulnerability to clear identification of the alternative strategies for disaster

risk reduction that key actors in government and affected communities believe

will address risk under current and projected climate conditions.

4. Systematic qualitative approaches for evaluating tradeoffs (broad costs and

benefits) between alternative strategies for risk reduction: Who benefits, who loses

and why?

5. CBA using quantitative probabilistic techniques for evaluating the costs and

benefits of different approaches to disaster risk reduction. This is a core economic

and hazard-modelling element and includes techniques for downscaling and

evaluating the impacts of climate change in data limited contexts.

The above techniques are also discussed in detail in a separate detailed

methodology report to be produced by ISET.1This report will focus on the core

insights that have been generated through application of the techniques to flood

related disaster risks in case study sites respectively in the Nepal Tarai, Rawalpindi

(Pakistan) and Eastern Uttar Pradesh (India). Examples of their application have

1  When completed these will be available on the publications tab on the ISET website: www.i-s-e-t.org
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also been discussed in a preliminary manner in Working With the Winds of Change,

an earlier ISET publication from the project (Moench and Dixit, 2007). A separate

report to be produced by the project will also address drought hazards and

insurance in the Eastern Uttar Pradesh context. The sites and locations where

research under the project was conducted are shown in Figure 1. The Eastern Uttar

Pradesh case presents full quantitative results while the Pakistan and Nepal cases

are more qualitative in nature.

The programme on which this report is based was structured in a highly

collaborative manner with all involved organizations playing core field, analytical

and conceptual roles. This said, individual organizations played a lead role in

specific component activities. Research in each of the case locations was conducted

by core partners in the project: ISET-Nepal and Nepal Water Conservation

Foundation led activities in the Nepal case site, Winrock International India led all

activities in India and worked in close coordination with the Gorakhpur

Environmental Action Group, Janvikas and the lead ISET associate in India. In

Pakistan, PIEDAR and ISET associates worked closely together on the Rawalpindi

case. International Institute of Applied Systems Analysis (IIASA) and King’s College

London led respectively on the technical cost-benefit and vulnerability components

of the project. All activities were coordinated and supported by ISET and ISET’s

regional associates.

| FIGURE 1 | Research locations
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Research on the costs and benefits of disaster risk reduction in the context of

climate change is, in many ways, a window into complexity. The political and social

context of South Asia is dynamic and fluid. Risks appear as rapidly evolving

emergent properties of development and settlement processes in different contexts.

In conjunction with often pre-existing patterns of social, economic and gender

differentiation such processes create a kaleidoscope in which patterns of

vulnerability appear or dissipate in ways that depend as much on interactions

within livelihood systems that span the spectrum from local to global as they do on

exposure to location specific hazards. As some of our earlier research has clearly

documented, changes in vulnerability to disaster often depend as much, if not more,

on systemic factors that may have little to do with actions taken under the rubric of

“disaster risk reduction” per se (Moench and Dixit, 2007). Changing access to

communications, financial systems, transport, utilities, health services and local to

global social networks heavily influence where people live, their overall mobility

and the vulnerability of their livelihood systems to disruption during floods,

droughts or other climate related events. They also influence the viability of

targeted strategies for risk reduction. At a national level, in highly dynamic political

environments, institutional memories tend to be short. However well planned or

conceived, strategies to enforce building codes, enforce land use plans or maintain

early warning systems tend to dissipate rapidly following disaster events. Unless the

“demand” underpinning such strategies remains constant, the constantly emerging

kaleidoscope of urgent issues facing government actors will drive disaster risk

reduction activities into the background – at least until the next disaster. This may

also be the case with many strategies based on action at the community level unless

risk reduction measures respond to events that recur with a high level of frequency.

In addition, the institutional memory within communities and the organizational

foundations of many community based organizations depend heavily on the degree

to which a community actually represents a relatively stable and unified entity. If

the types of events that cause disaster occur infrequently, then institutional memory

and organizational capacity to reduce risk will dissipate. This has been documented

in other research as a major factor undermining the ability of societies to organize

in response to long-term challenges (Gunderson and Holling, 2002). The situation

is further complicated by fundamental differences in perception regarding hazard

Critical Issues
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risks between groups within hazard prone areas. In the case of the Lai Basin in

Rawalpindi, Pakistan, for example, men focused on the direct flood risk to assets,

structures and lives while women emphasized the perpetual hazard of disease from

the ubiquitous liquid and solid waste pollution in the stream.

Given the complexity inherent in the case contexts, our analysis of the costs and

benefits of disaster risk reduction has focused first on the actions government and

individuals are actually implementing in response to specific hazard risks in case

areas. Many of these interventions are structural. They involve the construction of

water control structures, such as embankments, and other physical measures. In

addition, through the scoping processes we have identified what we believe is a

realistic alternative portfolio of local-level interventions that could contribute to

disaster risk reduction. Components in this portfolio include a spectrum of

interventions that range from establishment of protected locations (the raising of

houses and schools above flood levels) to establishment of grain banks, local

warning systems, self-help groups for micro-credit and more diversified livelihood

systems. As far as possible the costs and benefits of these have been evaluated as a

contrast to the approaches actually being implemented by governments and

individual actors. Inserting the implications of climate change into each of these

analyses has been done using a combination of published information on climate

impacts and some new techniques, partially developed by the ISET team, for

downscaling the outputs from general circulation models.

The above approach is realistic but also highlights, once again, the complexity

inherent in evaluating the costs and benefits of disaster risk reduction in applied

contexts. Often the only real “data” that shed light on the costs and benefits of

disaster risk reduction relate to large-scale structural interventions that have been

implemented by governments. In many, if not most cases, these data are partial and

biased. Costs are often underestimated and externalities are often excluded.

Evaluation of other strategies depends on projections and assumptions that may or

may not be fully justified or accurately represent future conditions. The use of

climate projections illustrates this well. Accurately evaluating the benefits from

disaster risk reduction activities requires information regarding the probability of

future events. Unless probabilistic information is available, losses cannot be

estimated and, as a result, neither can the benefits of loss reduction. While existing

information on climate change may provide information on broad trends, the

current resolution of climate models provides little real information on the

conditions that may be experienced in specific local areas. Techniques for

downscaling information to these areas involve, in essence, generating scenarios of

future climatic conditions. There is very little ability to evaluate or test how

accurate representations of future conditions such scenarios actually are.

Uncertainty is equally high regarding many other factors or courses of action that

could contribute to disaster risk reduction. As the case studies presented later in

this report clearly illustrate, data on assets at risk, hazard characteristics, losses for

differing hazard intensities, externalities and the sustainability of interventions are

often unavailable or inaccessible. Such data are of fundamental importance for any

systematic evaluation of the costs and benefits of DRR measures. Addressing such

gaps is often possible but the necessity implies that any scientifically defensible
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cost-benefit analysis will require substantial investment in basic data collection

and, even if this is undertaken, substantial uncertainties will remain.

The challenge, however, goes well beyond that just mentioned. As noted above, the

political and social context of South Asia is highly dynamic and there are

substantial reasons for questioning whether or not any interventions that require

long-term institutional support can be sustained, particularly where the events that

catalyze disaster are widely spaced. This is, of course, a critical question for

evaluation of costs and benefits. Unless measures actually are in place and

functional when events occur, any investment in them will be wasted. While the

costs and benefits of, for example, improvements in house design may be high, the

costs and benefits of a programme designed to achieve that through building

regulations depend on whether or not those regulations can be enforced over the

long term. Prior experience on this is less than encouraging as documented in the

history of policy responses to prior earthquakes in Pakistan (see Risk to Resilience

Working Paper No.12). Relatively little information or data currently exist that can

be used to evaluate such questions in a systematic way within a cost-benefit

framework.

Finally, questions regarding any strategy for risk reduction often exist that aren’t

well addressed within a cost-benefit framework. As discussed earlier, vulnerability

to disasters often varies greatly between groups. In many cases, distributional

issues exist in relation to risk reduction interventions. The distributional

consequences of different strategies heavily influence whether or not risk reduction

contributes to larger goals such as poverty alleviation.

Overall, the broad array of challenges inherent in conducting scientifically

defensible analyses of the costs and benefits of disaster risk reduction highlight

both the strengths and limitations of the approach. On one hand, systematic

exploration of factors that contribute to the costs and benefits of different strategies

represents a powerful process for identifying and evaluating key issues. On the

other, the final numbers generated through a full economic analysis depend heavily

on numerous assumptions and, as a result, can be very misleading as a basis for

decision-making. In many cases, as a result, the process of conducting the systematic

set of evaluations required for a cost-benefit analysis is more important than the

ultimate ratios produced. The process can serve as a transparent framework for

identification and analysis of tradeoffs between approaches. Finally, benefit/cost

ratios, however attractive they may seem for decision-makers or those advocating

specific strategies, require intimate knowledge of the data and assumptions on

which they are based in order to be interpreted accurately. Consequently, the

potential for misleading interpretations is high unless decision-makers are

intimately involved in the analytical process.
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The Case Studies

As previously noted, analyses of the costs and benefits of disaster risk reduction

were undertaken for this study in case areas in Rawalpindi (Pakistan), Eastern Uttar

Pradesh (India) and the Nepal Tarai. In each of these case studies, alternative

strategies for risk reduction were identified that focused respectively on existing risk

management interventions implemented by the government and alternative

strategies developed on the basis of detailed dialogue with local communities,

NGOs, risk management experts and local government entities. In the Nepal case,

strategies were evaluated using qualitative approaches to identifying the major

costs and benefits associated with each set of strategies. In Pakistan and India more

quantitative analyses were undertaken with the India case involving a full

quantitative CBA coupled with extensive analysis to downscale results from climate

change projections and incorporate them in the analysis. Except in the detailed case

in India where, in addition to flood, drought risks were also analyzed, all of the

analyses focused on evaluation of flood risks. Full details on the methodologies

used and the cases themselves are available in the other publications in this series

(Risk to Resilience Working Papers Nos. 1 through 8) and in full reports on the

same themes that are being produced separately. The main focus of each of the

different working papers is summarized in Annex II.

Flooding in the Nepal Tarai

The Tarai region of Nepal, the narrow belt of plains between India and the

Himalayan foothills, is subject to regular flooding. In order to ameliorate the

impacts of this flooding, embankments have been constructed both within Nepal

and across the border in India. In addition, local groups, NGOs and government

entities have been supporting communities to take a variety of actions (including

the construction of flood resilient housing, building secure water supply sources

and sanitation facilities and reducing flood exposure through forest buffers) that

reduce the impact of regular flooding on local populations.

In order to assess the impacts of existing strategy on flood risks, a qualitative but

systematic “cost-benefit” assessment of the main avenues for flood risk reduction in
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the Nepal case area was undertaken by ISET-Nepal in the Lower Bagmati Basin

(Figure 2). This location is close to the base of the Himalayan range in contrast to

the more central Ganga Basin location of the Eastern Uttar Pradesh case study

areas that are discussed further below. The details of the Nepal case assessment are

documented in more detail in other products from this project (Risk to Resilience

Working Paper No. 6). The basic approach, however, involved systematic

identification of the costs and benefits local populations identify for specific risk

mitigation measures along a series of transects across flood-affected areas. These

transects are shown in the diagram below. At regular points along the transect,

shared learning dialogues were held to identify the major costs and benefits

associated with each risk reduction measure. Local groups then weighted each of the

costs and each of the benefits using +/- symbols to indicate their view regarding

relative magnitudes. This enabled development of a systematic, although

qualitative, picture of the costs and benefits of each set of interventions for the

region as a whole. The approach also provides a foundation that could be used for

more quantitative evaluation of the costs and benefits should that be desired.

The picture that emerges from the analysis is of clear tradeoffs. At the local level,

when embankments and similar major structural measures are used as primary

mechanisms for flood control, the negative impacts identified by local groups are

perceived by them as overwhelming many of the benefits. Many of the negative

impacts perceived by local groups relate to the manner in which embankments,

while protecting some areas, shift flooding to other areas and block drainage. In

| FIGURE 2 |  Cost and benefit identification transect
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addition to such impacts, the failure of embankments can cause major disasters. This

is clearly illustrated by the failure of the Kosi embankment in eastern Nepal that

occurred at the time of writing this summary (see Box 1). This embankment failed at

a time when river flows were below the average for August – it was not related to an

extreme event. The Kosi broke through a poorly maintained embankment and flowed

down across the Nepal-India border into channels that had been abandoned decades

ago. At the time of writing, newspaper and relief agency accounts indicate that over

55,000 people are affected in Nepal and over 3,000,000 in India. In contrast, smaller-

scale more “people-centered” interventions that range from the provision of boats to

construction of raised areas are perceived by communities as having relatively large

benefits in relation to their costs. They are also not subject to the types of

catastrophic failure that is now occurring along the Kosi.

As noted above, the major costs and benefits associated with the risk reduction

measures along each of the above transects were identified through shared learning

dialogues and weighed by participants using a +/- system to obtain a first cut

impression of major benefit and cost areas. Because the resulting tables are large, it is

difficult to include them in the text here. Instead, an example along Transect 3 in Figure

2 is presented in Annex I. As this example illustrates, many of the distributed

approaches appear to involve far fewer tradeoffs than the large structural measures.

The costs involved relate to initial capital investments and there are few, if any, major

externalities to take into consideration. They also appear to be relatively resilient under

a wide variety of climate change scenarios. Unlike the embankments, where the negative

consequences appear likely to increase more rapidly than the benefits as climate change

proceeds, the benefits of distributed interventions will increase.

The information generated through the qualitative cost-benefit analysis conducted

by ISET-Nepal provides many of the same insights that would be generated by a

more quantitative approach. It highlights both the direct and indirect costs and

benefits associated with each type of risk reduction intervention. This said, the

magnitude of the costs and benefits identified remain difficult to compare. In many

ways, as a result, the qualitative analysis lays the groundwork for a more

quantitative evaluation but does not replace it.

Rawalpindi, Pakistan

The Pakistan case focuses on flood risk reduction options along the Lai River (also

called Lai Nullah) in urban Rawalpindi (see Figure 6, pg. 18). The Lai is a short river

basin that, as in many similar urban areas, creates a high risk of flooding in a very

densely populated area where physical assets, from housing to businesses, are

concentrated.

The striking conclusion of the Lai study is that, given the high value of assets in

urban areas, almost any initiative to reduce risks will be cost effective. This said, the

benefit/cost ratio varies greatly between different approaches. In addition, the

viability of different approaches in relation to the likely impacts of climate change

does as well. The methodologies used to estimate costs and benefits are discussed in
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Adapted from: NRSA, Dept. of Space, Govt. of India
(Based on the analysis of Radarsat-2 data of September 3, 2008)

On August 18, 2008 a flood control embankment along the Kosi River in Nepal Tarai breached. The failure occurred when flow in that river
was below the long-term average flow for the month of August. Over the following weeks a disaster slowly unfolded as the Kosi River
began flowing along one of its old courses east of its present one.

The Kosi drains an area of 60,000 km2 in Tibet, Nepal and North Bihar. In one year the river transfers an estimated 95 million m3 of
sediment derived from landslides and mass wasting to the Ganga. Much of the sediment is deposited in a huge fan where the river exits
from the mountains to the plains. This exceptionally high load of sediment is brought down to Chatara in the Tarai and is dumped on the
riverbed as the river slope levels off. Over time, as its main channel has aggraded, the Kosi had naturally shifted its course. In the preceding
220 years the river had oscillated over a stretch of 115 kilometres. In 1959 this natural process was interrupted when the river was jacketed
between two embankments following an agreement between the governments of Nepal and India that had taken place in 1954.

Following completion of the Kosi barrage in 1964  the river gradient changed and sediment deposition in the river section upstream of
the barrage increased rapidly. Over time, this raised the bed level of the river above the surrounding land, a factor that contributed to
the breach of August 18, 2008. When that occurred, the main river discharge began flowing along a course that had been blocked by the
eastern embankment. Instead of permanently protecting the surrounding area from floods, the embankments had changed the
morphology of the river, raising the jacketed channel above the level of the surrounding land. This is one of several factors that led to
the breach. Other factors included poor maintenance and institutional corruption and dysfunction in the aftermath of Nepal-India treaty
on the river. The resulting flood caused widespread inundation and concomitant adverse effects on the social and economic systems
dependent on the river.

Once the embankments were completed in 1959, the area to the east of the river was largely protected from major flooding and in the
subsequent four decades roads, irrigation channels, railways and other features were constructed. These developments blocked the natural
drainage and divided the region into a series of enclosed basins. When the Kosi embankment breached, the waters no longer flowed in one
or a few clearly-defined channels, but instead spread out across a width 30-40 km seeking the path of least resistance and filling the
enclosed basins, low lying lands and ponds. As this piece is being written, somewhere in that vast flooded area low points are being scoured
and transformed into new main channels for the river, and sand and sediment are being deposited across fields and in irrigation channels,
drainage ditches and other structures. In addition, approximately 50,000 people in Nepal and more than three million in India have been
displaced and lives have been lost.

BOX 1

The August 18, 2008 Kosi Embankment Breach

| FIGURE 4 | Changes in the course of the Kosi,
1700 - 2000

| FIGURE 3 | Flood inundation map of part of North Bihar
state and part of Nepal Tarai, satellite image
of September 3, 2008

Source: Gole and Chitale, 1966
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Breaches are an inherent risk of any flood-control embankment but even more so in a river such as the Kosi where the riverbed aggrades rapidly
because of the high sediment load. Topographic maps indicate that the river bed within the embankment is now about four meters higher than
the adjoining land: in other words the elevation of the bed has increased  approximately 1 meter per decade since the embankments were put in
place. The August breach was the eighth major one since the embankment was constructed. No matter how well embankments are maintained,
whether the breach occurs during a high flow or, as in this case, a normal one, breaches are inevitable. Furthermore, when such breaches occur it
is next to impossible to permanently return the river to a bed that is, in many cases, well above the adjacent land without substantial input of
resources and technology.

An embankment can provide relatively high levels of flood protection immediately following construction but its ability to protect declines at rates
that depend primarily on sedimentation and, to a lesser extent, on how well it is constructed and maintained. Unless some way of addressing the
massive amount of sediment deposition can be found, the river channel will breach and new channels will be established across lands that have
been settled for decades.

What are the costs and benefits of an embankment? In the Kosi case, a large section of land in East Bihar was protected from recurrent flooding
for about 50 years. The associated balance of benefits and costs is debatable. Protection has encouraged forms of development that are poorly
adapted to flooding. Furthermore, as illustrated in the Eastern Uttar Pradesh and Nepal flood case studies (see From Risk to Resilience Working
Papers Nos. 4 and 7), while flood protection does generate clear benefits, it also entails major costs. In the Eastern Uttar Pradesh case study, the
costs associated with land loss, poor drainage and water logging coupled brought the benefit/cost ratio close to 1 suggesting that the economics
of investment in embankments is highly questionable: And this reservation does not even consider the potential for breaches.

What are the costs of this breach? The true costs may never be known. The most evident costs include the loss of land, assets and livelihoods.
They also include losses associated with current and future agricultural production and in local ecosystems. In addition, the social cost associated
with disruption of over three million people in one of the most politically unstable areas of India must be recognized. Some families may never be
able to live on their land now that it has been submerged by the Kosi. Bihar is one of the poorest and least developed regions of India and is a
focal point for insurgent activities. The loss of lives, livelihoods and, in many ways, hope for the future among its population may well exacerbate
existing frustration and conflict, generating costs that spread across much of South Asian society, not just India. A systematic cost-benefit analysis
that includes the potential for massive disruptions such as the one of August 2008 might assist in identifying strategies with lower levels of
inherent risk.

| FIGURE 5 | August 18, 2008 Kosi embankment breach site at Paschim Kusaha, Nepal

© A. Pokhrel
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detail along with other aspects of the case

study in Risk to Resilience Working Paper No.

7. Table 1 gives the range of interventions

considered and their respective benefit/cost

ratios.

The options listed in this table reflect a cross-

section of “realistic” interventions that have

either been implemented or are actively under

discussion in the area. The early warning

system was implemented following a major flood in 2001 that took 74 lives and

caused damages of over 1 billion USD. In response to this flood, JICA (the Japanese

International Cooperation Agency) identified three options for reducing flood risks,

specifically developing a large community pond as a buffering reservoir, improving

(widening) the river in key bottleneck points and the early warning system that was

later implemented with their assistance. The urban expressway option is one that

was promoted by elements in the government in 2008. It essentially involved

canalizing the river and using the corridor as an avenue for road construction to ease

urban traffic congestion. Relocation and restoration of the river is the main avenue

for reducing flood risks that has been identified by environmentalists. This would

involve removing illegal settlements, controlling sewage and other waste disposal

and creating an urban park that could also serve a flood control function.

Interestingly, although heavily advocated by

the environmental community (members of

which dominated the case study team), when

the river restoration option was evaluated, it

was found to have by far the highest up front

capital costs and the lowest benefit/cost

ratios. This is due to the very high cost of

relocating existing settlements (always an

issue in urban areas) and the need to control

waste and sewage. Equally interestingly, the

early warning system, the only option

actually implemented, also had a low benefit/

cost ratios relative to some of the other

options. This is due to two factors – the high

cost “overbuilt” nature of the system and the

limited (15 minute) advance warning it is able

to produce given the short nature of the

stream. This short advance warning makes

the early warning system valuable in relation

to lives saved but does not give sufficient time

to save assets. Projections suggest that the

cost of the early warning system works out to

3 million Pakistani rupees ($44,000) per life

saved. Since no attempt was made to value

lives, this was not included in the cost-benefit

| FIGURE 6 | Map of Lai Basin, Rawalpindi

Strategy/
Intervention

Expressway/channel
JICA options (both)
- Community pond
- River improvement
Early warning
Relocation/restoration

Benefit Cost Ratio

1.88
9.25
8.55

25.00
0.96
1.34

| TABLE 1 | Benefits and costs of interventions in the Lai Basin

Net Present Value of
Investment (PKR mill.)

24,800
3,593
2,234
1,359
412

15,321

Project’s duration = 30 years
Social discount rate = 12%
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analysis. It does, however, represent an appropriate metric for comparison to

investments in other arenas, such as public health, where the cost of saving lives is

relatively well documented.

Unlike the other case studies, substantial data were available for the Lai case. This

was possible in large part because of the detailed work done in advance by JICA and

by the large amounts of secondary data available through government agencies. It

was also due to the high capacity of NGOs working with poor populations in the

urban area which permitted much more extensive surveys and enabled greater use of

external capacities for modelling and remote data collection. Despite this, however, it

was not possible to accurately evaluate some hazard vectors or response options

identified by local communities. In specific:

1. Although extensive work was done to downscale results from global climate

models and produce future rainfall estimates for the Eastern Uttar Pradesh case

that could, in theory, be used as inputs to rainfall-runoff models at the basin level

for estimating changes in flood hazards under climate change, this proved to be

impossible in the Lai Basin. Existing rainfall data showed essentially no

correlation with flood flows in the basin. As a result, there was no basis for

projecting future changes in flooding based on projected changes in rainfall.

2. Women in the basin identified dispersal of solid waste and sewage into residential

areas along with the diseases this causes as the main concern associated with

flooding. The Lai flood plain is a major site for the dumping of solid waste and

many sewers also drain into it. The perspective of women contrasts distinctly with

the focus of the government and most men on the physical damages associated

with flooding. Unfortunately, due to lack of information on increases in disease

and how this might change with control over waste disposal, it was not possible to

evaluate the costs and benefits of improved solid waste and sewage management.

Overall, the Lai basin study highlights the economic efficiency of most risk reduction

projects in urban areas and the critical role a systematic cost-benefit analysis can

play in their evaluation. Although it proved impossible to generate direct estimates

of flood changes that are likely to occur as a consequence of climate change, these are

expected to increase and, as a result, the economic efficiency of all proposed measures

to reduce such risks should as well.

The CBA process made it possible to compare similar approaches for cost

effectiveness and gave a sense of proportion to softer approaches for risk reduction

that tend to focus more on people rather than the hazard. The process also

highlighted the shortcomings of CBA as a tool for assessing people-centered

strategies to build resilience. Such strategies are often difficult to evaluate because

many of the benefits are non-monetary or difficult to quantify. Furthermore, since

CBA does not address the distributional aspects of different interventions, the

impacts of flooding and the degree to which interventions addressed these for

different groups were not incorporated in our analysis. If one were to incorporate

resilience building and the implications for specific vulnerable groups, rather than

just the impacts on assets and other financial goods, then the CBA would yield even
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better results. Qualitative techniques are essential in order to evaluate these types of

implications and, as a result, it is extremely important to use more such qualitative

tools in conjunction with the cost-benefit analysis.

The case of the Lai also illustrates the substantial impact data availability and

accessibility has on the ability to evaluate the costs and benefits of different options.

Finally, the Lai case highlights the fact that in some cases lower cost approaches can

generate the same benefits as higher cost approaches and as a result have

substantially better benefit/cost ratios – in this case, simple channel improvements

would generate much the same benefits as major structural measures at a fraction of

the cost. Similarly, some low cost interventions (the early warning example) can

have very low return rates and may have a relatively high cost in relation to non-

market objectives such as lives saved.

Eastern Uttar Pradesh, India

The Eastern Uttar Pradesh case studies

(documented in more detail in Risk to

Resilience Working Paper Nos. 4 & 5)

focus on measures to respond to both

floods and droughts. The locations for

these cases are indicated in the map

below. In contrast to the analysis in

Nepal, both cases in Eastern Uttar

Pradesh involved detailed quantitative

analyses of the costs and benefits for

different response measures and the

implications of various climate change

scenarios. Qualitative analysis was

conducted to complement the results of

quantitative analysis. In both cases, despite extensive data collection to support

quantitative modelling, major uncertainties in data and driving assumptions mean

that the results of cost-benefit analyses are themselves quite uncertain. Final

outputs must therefore be viewed as order of magnitude indicators, especially when

climate change projections are considered. This said, however, the analytical process

involved in conducting the quantitative CBA highlighted an array of costs and

benefits along with their relative magnitudes that would not have been identified in

less systematic approaches to evaluation of risk management strategies. As a result,

the process itself, rather than the final quantitative outputs, should be seen as

having major advantages in support of informed decision-making.

Flood Risk Reduction

As in the Nepal case, analyses of flood mitigation strategies in Eastern Uttar

Pradesh contrasted a diverse package of “people-centered” resilience-driven

interventions with the conventional embankment focused infrastructure strategy

| FIGURE 7 | Rohini and Bagmati Basins location map



21

Un
de
rs
ta
nd
in
g 
th
e C
os
ts
 an
d 
Be
ne
fit
s o
f

Di
sa
st
er
 R
isk
 R
ed
uc
tio
n 
un
de
r C
ha
ng
in
g 
Cl
im
at
ic 
Co
nd
iti
on
s

that has characterized government initiatives over recent history. The “people-

centered” approach involved actions at the household level (raising of house

plinths, raising of fodder storage units, and a water and sanitation package),

actions at the community level (an early warning system, raising community

handpumps and toilets, building of village flood shelters, development of

community grain banks, development of community seed banks, local maintenance

of key drainage points, development of self help groups, and purchasing of

community boats) and societal level interventions (promotion of flood adapted

agriculture and strengthening of the overall health care system). These types of

local level “people-centered” interventions tend to involve low up-front capital

costs and generate returns for the types of low magnitude, high frequency flood

events that characterize life in the Ganga Basin as well as the larger events that

cause “disaster.” These characteristics, as discussed further below, make returns far

more resilient than for courses of action that involve high levels of investment and

are designed to respond to the less frequent extreme events that cause “disaster.”

Results of the analyses showed a sharp contrast between the effectiveness of these

different approaches. As detailed reports from these studies conclude:

“Historical analysis of embankments following a strict engineering cost-benefit

analysis shows a high benefit/cost ratio, indicating economically efficient

performance. However, incorporating conservative estimates of negative effects,

more realistic costs, and actual structural performance, the ratio reduces

substantially. Given the many involved uncertainties, it cannot be concluded that

embankments have historically had an economically satisfactory performance.

Future analysis of proper embankment maintenance indicates that under all

climate change projections, it is economically efficient to maintain existing

embankments. Projected climate changes will however reduce embankments’

economic performance.

The benefit/cost ratio for the people-centered strategy indicates economic efficiency

for all climate change scenarios. Moreover, the results are less dependent on the

discount rate because benefits are greater than costs every year, even accruing in

non-flood years. In contrast to embankments, the economic efficiency of the people-

centered strategy does not reduce due to projected climate change impacts. The

resilience-driven approach of the strategy means increased flood risk does not

reduce benefits, whereas the threshold-driven embankments depend upon certain

design floods to optimize benefits.”

The analysis on which the above conclusions were based involved the use of

innovative statistical techniques to downscale results from the Canadian Third

Generation Coupled Climate Model (CGCM3). Scenarios analyzed (the A2 and B1

scenarios) assume respectively continued growth in carbon emissions levels (A2)

and stabilization at around 550 ppm (B1). Outputs from downscaling were coupled

with rainfall-runoff and hydraulic river modelling to produce flooded area estimates

with and without embankments for use in loss estimation. Based on this, modelled

changes in flooded areas for the climate change scenarios were used to adapt the

current condition loss-frequency curves developed during the backwards-looking
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analysis to projected future climate

conditions. Figure 8 shows the results,

representing best estimates of current and

future financial flood risk. It can be seen

that climate change is projected to have a

greater impact on frequent smaller events

than rarer but larger events. In other

words, while what is now a 10-year loss will

in the future be about a 5-year event, while

a current 100-year loss will in the future be

about a 60-year loss.

Results from the modelling indicate that

losses from smaller but more frequent

events will increase greatly as climate

change proceeds. As this occurs, the annual average loss burden will increase to the

point where such “small” floods become more important than larger extreme events

in terms of long-term economic impacts. Available loss data are, however, for the

large floods that occurred in 1998 and 2007. The lack of real data on losses for

smaller events represents a major limitation on the analysis of risk reduction

measures. Estimates of small event losses based on statistical distributions could

over- or under-estimate reality, greatly affecting the final results.

The above caveats aside, results of the cost-benefit analysis indicate fundamental

differences in the performance of structural measures and the more “people-

centered” package of interventions.

As Figure 9  indicates, while strict engineering analysis of structural measures

suggests that structural measures would have a positive benefit/cost ratio of about

4.6, more realistic inclusion of externalities or the “disbenefits” that are often

ignored in economic analyses makes the economic efficiency of investing in such

structures highly questionable. Furthermore, because of the high up front capital

cost of such investments, returns depend

heavily on the choice of discount rates.

Although this is not shown in the figure,

when climate change is considered the

economic efficiency of even maintaining

existing embankments declines. This said, the

benefit/cost ratios for maintenance does

remain above 1 suggesting that maintenance of

existing structures is economically efficient.

In contrast to the embankments, the returns

from a distributed array of  “people-centered”

risk reduction interventions deliver returns

that are resilient under different climate

change scenarios and relatively insensitive to

discount rates. This is because although

| FIGURE 9 | Results of CBA for historical embankments performance

| FIGURE 8 | Flood loss-frequency curves for current conditions and future
climate scenarios (2007-2050) Eastern Uttar Pradesh
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annual costs may be high, annual benefits are

still always greater, such that the weight given

to current versus future years is less

important. Considering that the only non-

flood related benefits explicitly considered

were those resulting from adapted

agricultural practices, it must be assumed

that the true economic efficiency of the

strategy, when considering other direct and

indirect benefits, may well be higher than

what is shown in Figure 10.

People-centered resilience-based flood risk

reduction approaches tend to provide

benefits (many not even captured in this

study) that occur every year, regardless of if a

flood occurs or not. As costs are also primarily annual (as opposed to one-time

initial), it is safe to say that if annual benefits are greater than costs, then the project

is “worth it.” This holds true also for embankments, but such threshold-driven

benefits are probabilistic (they may or may not be realized in any given year), while

resilience-based approaches tend to yield at least some benefits every year.

Resilience-based approaches therefore reduce some of the cost-benefit uncertainty,

or at least the dependence of the strategy’s performance on known risk, because they

do not depend on certain events happening to be beneficial. This further manifests

itself also in light of projected climate change: the people-centered approach

continues to perform well even though flood risk increases, while embankments lose

efficiency with increased flood risk.

Results of the analyses of flood mitigation options as part of a response to climate

change have major policy implications. In specific, they suggest that investments to

reduce the impact of lower-magnitude but frequent events are likely to generate far

more assured returns than investments in large infrastructure where up-front costs are

high and returns depend on both discount rates and unknown future event

probabilities. As previously noted, however, this does not necessarily imply that

investments should be directed away from the lower frequency-higher magnitude

disasters that can set individuals, households and regions back for many years.

Instead, it implies the need for a balanced approach that combines sustained

attention to the small disasters that receive little public or policy attention as well

as the large-scale, high-profile, impact of extreme events.

Although the above results appear to be robust under a variety of assumptions, the

limitations of the current cost-benefit analysis are important to recognize. In

specific, the types of data required to estimate the costs and benefits of different

approaches are often not available, particularly for low magnitude events that don’t

really qualify as “disasters” and, as a result, numerous assumptions must be made.
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| FIGURE 10 | Results of CBA for people-centered flood risk reduction
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Drought Risk Reduction

In addition to floods, the Uttar Pradesh case study site is highly vulnerable to

drought. Unlike floods, however, the primary risk from drought relates to

agricultural production in the rice-wheat system on which most rural livelihoods in

the Ganga Basin are based. As a result, as opposed to the much wider set of

interventions considered in the flood case, the Uttar Pradesh drought analysis

focused on two strategies for reducing agricultural drought losses: irrigation and

subsidized insurance schemes. The CBA approach is summarized in Table 2.

In order to systematically assess the costs and benefits of risk management using

insurance and irrigation, we developed a risk-analytic modelling approach. This

approach is discussed in detail in Risk to Resilience Working Paper No. 5. The following

steps in line with the general methodology are taken in the model (Figure 11).

1. Assessing direct physical and monetary risk

2. Assessing economic risk to farmers’ livelihoods

3. Studying the costs of risk management interventions

4. Benefits of interventions

5. Finally, the economic efficiency of options is calculated by comparing costs and

benefits.

The model is stochastic in nature making use of Monte-Carlo simulation

(randomized simulation of an underlying statistical distribution) to generate

probabilistic drought shocks to farmers.

Risks assessed

Type of CBA

Methodology

Focus and options of analysis

Benefits

Unit of analysis

Resource and time  commitment
for the analysis

Key findings

Drought risk affecting small-scale farmers in Uttar Pradesh in terms of rice
and wheat production and related income

Pre-project appraisal or project appraisal for detailed evaluation of accepting,
modifying or rejecting project

Forward looking, risk based methodology

Costs and benefits of donor DRM support for helping farmers better deal with
drought risk to rice and wheat crops and subsequent income effects. Options
considered
1. Irrigation: Implementation of a borehole for groundwater pumping,

pumping to be paid by household
2. Subsidized micro crop insurance

Reduction in variability of income due to DRM

Representative farmer household of 7 comprising 80% of the survey sample
with income/person of up to 6,570 INR and median income of 4,380 INR
(national poverty line in 2008: 4,433 INR).

Large due to statistical analysis, stochastic modelling, and explicit modelling
of the household income generation process
• All options seem economically efficient
• Irrigation benefits increase with climate change as rainfall means

increased
• Insurance benefits reduced, as volatility becomes less important with

climate change
• Integrated package delivers similar benefits at lower costs
• For harnessing the benefits of integrated packages, cross-sectoral

cooperation between different public and private actors is essential.

| TABLE 2 | Key characteristics of the Uttar Pradesh drought CBA
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Monetary risk due to drought is modelled as a function of the hazard, the

vulnerability and the exposure. Hazard is defined as the lack of rainfall over given

time periods, vulnerability is determined through a statistical model which relates

total rainfall amount over specific dates with average crop yields in tons per

hectare, and exposure is determined through the average area over different

households consumptions groups and different prices of crops due to drought

events. Economic risk is income risk due to drought as amplified or mediated by the

financial vulnerability of the household. Important changes in the future are

explicitly modelled. Climate changes are incorporated via statistical downscaling

for different climate change scenarios as well as different models. Also, changes in

the variance of total rainfall over given time periods is explicitly modelled with the

help of ensemble runs. This assists with estimating the uncertainty of climate

related changes within this integrated modelling approach. In general, the

uncertainties of this integrated modelling

approach are substantial and need to be

recognized when interpreting the quantitative

results.

Based on the above modelling approach, the

main benefits generated by the disaster risk

management interventions that were identified

involve reduction in average losses and the

variability of income. The detailed quantitative

results indicate that investment in both

insurance and irrigation are economically

efficient and generate real benefits. As the Figure

12 indicates, benefit/cost ratios are positive and

robust under different discount rate

| FIGURE 11 |  Model algorithm

| FIGURE 12 | B/C ratios for interventions considered given a constant climate
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assumptions. These strategies address different portions of the drought risk. As a result,

rather than representing alternatives they should be seen as complementing each other.

This said, analytical results indicate that the efficiency of insurance-based strategies is

likely to decline as chronic variability increases with climate change while the efficiency

of irrigation is likely to increase. The detailed quantitative results indicate that

investment in both insurance and irrigation

are economically efficient and generate real

benefits under constant and changing

climates.

As key findings of the CBA, we find the

options and the integrated package

economically efficient. Insurance seems less

dependent on discount rate assumptions,

which can be explained that it offers a

secure, guaranteed payout, while irrigation

and its benefits are dependent on the ex-

post ability of the household to pay for

pumping water. As the household is

generally constrained in its financial ability, multiple events over the study period

lead to accumulation of debt over time and inability to pursue pumping efforts in

later periods (which are more heavily discounted than the present). With a

changing climate, irrigation benefits are increasing as average rainfall and rainfall

variability increases, while insurance benefits are reduced, as volatility is reduced.

Again, a combined package, where the insurance contract is linked to the irrigation

option and adapted to changing condition would reap highest benefits. Finally,

integrated physical (irrigation) and financial (insurance) packages return higher

benefits at similar costs, as interventions for higher (irrigation) and lower

frequency events (insurance) are combined. As a consequence, it seems highly

important to foster the exploration of such integrated packages in a process

involving different public and private actors.

Results of the Uttar Pradesh drought CBA have important implications for both

policy and the use of CBA in the identification of effective strategies for responding

to drought and the impacts of climate change.

Where policy is concerned, the results highlight the complementary nature of

institutional (insurance) and physical (groundwater) interventions. They also

illustrate the potential limitations of risk spreading techniques such as insurance as

opposed to risk reduction strategies as climate change proceeds. Risk spreading is

most effective for larger magnitude lower frequency events where probabilities can

be determined. It is less effective as a response to chronic variability of the type that

many analyses suggest may increase as climate change proceeds.

As in the flood analysis, where the use of cost-benefit analysis is concerned, data

limitations inherent in the drought case necessitated numerous assumptions and

simplifications. Consequently, the resulting benefit/cost ratios themselves can only be

viewed as indicative. The process and understanding of interactions and directions of

change are, in many ways more important than the final numbers generated.

| FIGURE 13 | B/C ratios for interventions considered given a
changing climate
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The Use and Abuse of CBA

The case studies presented above illustrate both the importance of correctly

evaluating the costs and benefits of different strategies for disaster risk reduction and

the inherent limitations of existing methodologies for doing so. In many ways, CBA

represents more an organizing framework and process for understanding tradeoffs

than a fully “scientific” method for evaluating the economic returns from a specific

investment. Benefit/cost ratios produced even through a comprehensive analysis

depend heavily on the array of factors considered, the types and accuracy of available

data and the assumptions incorporated in the analysis. Furthermore, unless CBA is

done in a transparent manner, the results can easily be manipulated to produce any

outcome the analyst desires. As a result, benefit/cost ratios are meaningless and

subject to misinterpretation in the absence of full understanding of the factors on

which they are based.

At present, most CBAs are generally done on a one-off basis using approaches and

frameworks that are tailored to specific local contexts. Although a number of

guidelines exist, such as Handmer and Thompson (1997) and FEMA (2001) for

guidance on CBA for DRM, and the ILPES Manual for assessing the economic impacts

of disasters (Navarro, 2005), neither the manuals nor results in the literature are fully

consistent. As a result, in the DRR case there are no fully accepted and

institutionalized methods for determining what is a cost, what is a benefit or how to

discount the future. Furthermore, while many economists might agree on the value of

a statistical life or where and how discounting should be applied, such calculations are

often quite contentious in public policy and stakeholder environments. Values differ

among groups and this variation is often difficult to show transparently in existing

CBA frameworks. Furthermore, as conventionally structured, CBA is intended to

determine the overall returns to society of a given intervention, not how the costs and

benefits are distributed. Distributional issues are, however, of central importance in

many contexts and particularly where risk reduction interventions are justified on

the basis of their implications for poverty alleviation or the needs of specific

vulnerable communities.

The above issues and their implications for the use of CBA are explored in more detail

below. The methodology can provide key insights but the inherent limitations and

subjective nature of many components are essential to understand.
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Data Dependence

Accurate estimation of the costs and benefits of disaster risk reduction in any

context depends heavily on data availability and the ability to project returns over

the lifetime of any given intervention. Two key elements are central to this. The first

concerns the availability of basic data on costs of a project or intervention and the

specific benefits it is likely to generate. The second concerns that ability to project

future event frequencies. Both issues are particularly severe in developing country

regions where existing data tend to be limited or difficult to access and additional

data are expensive to collect.

In most situations, the costs of projects to reduce disaster risk are relatively easy to

document with the important exception of any negative consequences (“disbenefits”

or “externalities”) it may generate. Issues related to negative consequences are

discussed separately below – but it is important to recognize that even the relatively

easily documented “costs” can be far from clear. In project evaluation, for example,

governments often count the “cost” of land or other requirements at the rate they

offer to displaced people when they exercise the principle of eminent domain rather

than at current market rates. As illustrated in the flood case from Uttar Pradesh, the

difference can be huge and can fundamentally alter the results of the evaluation.

Similar issues relate to many cost elements. The issues are, however, far more severe

in relation to benefits.

The benefits from investing in disaster risk reduction consist, in essence, of avoided

costs. Avoided costs are the costs that would have occurred due to disasters in the

absence of any investments in risk reduction. Actual data on the costs of disasters are,

of course, only available for historical events. In many cases, these data consist only of

what governments or insurance agencies actually paid out in compensation, not the

real losses. Estimating the real losses, even from historical events, can require a

variety of information on which data are generally not collected. In the case of floods,

for example, important losses occur when people are unable to work either because of

the flood itself or due to the increase in illness that generally accompanies flooding.

Data documenting the number of days people were unable to work due to floods and

the illnesses associated with them are, in most situations, not available and it is even

more difficult to accurately determine the degree to which a specific risk reduction

interventions would reduce such losses. Furthermore, conceptually it would be

correct to assess the income and livelihood consequences (indirect risks) versus the

loss of assets and structure (direct risks) of disasters. For example, a loss of 10,000

INR has very different implications for a poor labourer than for a large-scale farmer.

Such as loss could, for example, cause severe follow-on consequences such as

malnutrition and deprivation for the labourer, whereas the farmer would just be able

to absorb this financial loss. Normally, the indirect risks cannot be easily assessed, as

this involves conducting surveys and statistical and economic analyses, so analysts

(also in this study) resort to the direct effects, which often in a development context

actually understate the “real” impacts.

This type of data issue is an inherent problem in relation to most of the benefits

from risk reduction. In the Pakistan case covering the Lai basin, lack of such data
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essentially eliminated the ability to estimate costs and benefits from the main risk

reduction intervention identified by women in the affected communities.

The issue of data governing event probabilities is particularly challenging in the case

of all climate related events. In many contexts, historical data regarding basic

hydrologic parameters (rainfall, stream flows, flooded areas, etc.) are extremely

limited or have restricted access in the interests of national security. Such historical

data are, however, required in order to translate the results from GCM downscaling

into future flood or drought event probabilities. When limited historical data are

coupled with the inherent uncertainties in data generated through downscaling

techniques, projections regarding the probability of future events are highly

uncertain. This issue is of fundamental importance for everything from the structure

of insurance programmes to the design of physical infrastructure. Insurance

programmes that are designed, for example, to pay out once every twenty-five years

will not be financially viable if similar magnitude payments must be made more

frequently. Similarly, structures that are designed to withstand floods occurring every

hundred years will fail if larger floods occur.

Assumptions

In most cases, the limited availability of basic data force analysts to rely heavily on

assumptions in order to estimate the costs and benefits of different interventions.

This is an arena where expert judgment is essential. It is also an arena where a lack of

transparency can seriously compromise the legitimacy of CBA results. As illustrated

in the flood case from India above, relatively minor seeming differences in

assumptions can often alter cost-benefit estimates in fundamental ways (see also Risk

to Resilience Working Paper No. 4). This is clearly illustrated by the impact on

benefit/cost ratios estimated in the India case depending on the value of land assumed

and the average width of the area affected by drainage problems behind

embankments. It is also clearly illustrated by assumptions regarding the extent of

assets that would be moved out of harm’s way using the fifteen minute warning

provided by the early warning system along the Lai Basin in Pakistan.

Academic journals rely on peer review processes to validate both the assumptions and

data on which analyses of all types are based. In the CBA case, a framework that would

enable stakeholders to see key assumptions and test their impact on the benefit/cost

ratios generated would serve a similar purpose. At present, however, information on the

assumptions being made tends to be buried in the technical analyses.

Negative Consequences

The negative consequences (“externalities” or “disbenefits”) associated with

investments are often ignored in cost-benefit analyses. These often relate to

environmental or other values that are difficult to identify and even more difficult to

quantify. The Nepal case illustrates a clear mechanism for identifying the negative

consequences of different investments and who they affect. Quantifying the negative
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consequences associated with risk reduction strategies can have a fundamental

impact on the overall social cost-benefit assessment and, even where the activity still

generates positive returns, may indicate the need for compensation of affected

groups or areas. In the Uttar Pradesh flood case, for example, the negative

consequences of embankments include: (1) loss of substantial agricultural land areas;

(2) loss of the soil moisture and fertility benefits from small floods; (3) actual

embankment performance that is substantially below design criteria; (4) losses in

crop production due to water logging behind embankments; and (5) increases in

disease vectors (Risk to Resilience Working Paper No. 5). Taken together these

negative consequences shift the benefit/cost ratios calculated for embankments from

above 4 for a purely engineering analysis to 1 or below at a 10% discount rate. That is

to say, consideration of such elements changes the evaluation of the project from one

with very high social rates of return to one where it is unlikely that the benefits

substantially exceed the cost.

Overall, where interventions to address disaster risks have negative consequences,

inclusion of them in the analysis is essential in order to identify real return rates.

Interventions that do not have such negative consequences are likely to have far

more robust returns.

Discount Rates

As with any investment intended to generate benefits over an extended time period, the

choice of discount rate has a major impact on the present value of an investment. This

is particularly true where upfront investment costs are large and the costs avoided

depend heavily on large magnitude but low frequency events rather than benefits that

accrue each year. In this case, the choice of discount rates can heavily affect the

economic efficiency of investments. In contrast, where benefits accrue from high-

frequency, even if lower magnitude, events return rates tend to be more economically

robust under different discount rate assumptions. Both of these issues are clearly

illustrated in the contrasting returns for flood risk mitigation using embankments

versus more distributed measures in the case from Eastern Uttar Pradesh.

Questions regarding the choice of discount rates are often socially sensitive since

they inherently raise ethical questions regarding the tradeoff between current

benefits (which benefit current populations) and future benefits (which may benefit

future generations)  and are a key area where transparency in the analysis is required.

Distributional Questions

Conventional cost-benefit analysis is concerned primarily with the overall economic

returns to society and not with their distribution. In situations such as the case areas

where poverty is a major concern and justification for any intervention,

distributional issues are of central importance. In many cases, the benefits from

investments in risk reduction accrue to dominant sections of society and not to

women, children, the poor or other socially excluded groups.
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This issue is particularly evident in the examples of major infrastructure projects

above but is likely to also be a concern for other interventions. In the case of

embankments in Nepal and Uttar Pradesh, the largest beneficiaries tend to be

wealthy individuals living in towns while the most vulnerable groups who live

either between the river and embankment or just outside embankments or in

locations where flow is concentrated tend to bear many of the negative

consequences. Even with distributed forms of risk reduction, however, the most

vulnerable groups are often the least likely to benefit. This is, however, not always

the case. Interventions such as fodder and food banks through self-help groups

that were identified in the Uttar Pradesh study are of particular benefit to the

poor and can also have extremely high benefit/cost ratios.

Identifying opportunities for targeting benefits toward vulnerable groups

highlights the importance of linking the CBA process with vulnerability analysis

of the type discussed in Risk to Resilience Working Paper No. 2. The process of

conducting the analysis conveys more “real” insights on the viability and

desirability of DRR rather than the ultimate numbers estimated. While

traditional cost-benefit techniques do not consider distributional issues, when

used as part of a process in conjunction with the qualitative techniques described

in the Nepal case key insights on distributional issues can be generated.

Lack of Transparency

All of the above issues point toward the importance of transparency. In complex

topic areas such as disaster risk reduction and climate change, the validity and

accuracy of cost-benefit types of analyses depend heavily on a very wide range of

factors that include data availability and quality, assumptions and model design.

In most analyses, these factors are buried in the technical details of the analysis.

As a result, decision-makers and other users of the results have little

understanding regarding the numerous – and often heavily debatable – factors

that determine the final numbers generated. The risks of this are clearly illustrated

in the case of embankments in Uttar Pradesh where an economic analysis that

draws on official figures and engineering standards alone would inaccurately

suggest a high social return.

As a result, unless analytical frameworks and the processes used to collect data

and make assumptions are transparent, the real meaning of any cost-benefit

analysis are uncertain and the technique is heavily vulnerable to abuse when used

to generate criteria for decision-making.
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Conclusions

The case studies on which this report is based clearly demonstrate that disaster risk

reduction pays and can make a substantive contribution towards adapting to the

impacts of climate change. This further confirms the results of numerous other

studies on the costs and benefits of disaster risk reduction. At the same time,

however, the case studies also clearly demonstrate that not all forms of disaster risk

reduction are good investments. They also demonstrate that attention needs to be

given to the manner in which cost-benefit analyses are framed and conducted.

Unless correctly framed and conducted in a transparent and highly participatory

manner, the results from CBA can be highly misleading.

Results of the qualitative and quantitative analyses and experience in the region

combined with climatic projections indicating variability will increase suggest that

much more attention needs to be paid to the consequences of inter-and intra-annual

variability and strategies for reducing the risks related to it. At present, most attention

is paid to high profile “extreme events” that generate large disasters. While

responding to such events is important, recurrent smaller events have the potential to

generate large aggregate economic impacts and may be of particular importance to

the ability of populations to move out of poverty and adapt to climate change. As a

result, low unit cost distributed approaches to risk reduction that respond to

recurrent events may often be more economically and socially effective than large

investments in embankments and major flood control measures which are targeted

toward lower frequency but higher magnitude events. Results from the current

project are insufficient to demonstrate this conclusively but do point toward areas

where additional research could provide critical guidance to policy-making.

An additional critical area for evaluation is on the costs and benefits of integrated

approaches where a mix of financial, small-scale distributed and carefully targeted

larger scale interventions for risk sharing and risk reduction could generate

substantially more benefits than any single approach could on its own. This is

illustrated in the Uttar Pradesh drought case.
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The case studies also illustrate the critical dependence of CBA on process and

methods if it is to have any real relevance as a decision support tool. In some cases

the results from CBA are not sensitive to assumptions concerning data or discount

rates, in others the level of sensitivity is high. In Uttar Pradesh, for example, the

CBA clearly demonstrates that distributed interventions that deliver benefits

annually and have a low initial cost are less sensitive to discount rates or climate

change scenarios. In more complicated cases, if CBA is to be used as a major

decision support tool it cannot be used in isolation from more qualitative and open

processes of analysis. In addition, the transparency and consistency of the methods

used need to be substantially increased. In specific:

1. Consistent sets of methods are required for different types of interventions.

Without this it is difficult to compare benefit and cost estimates between

different analyses. Frameworks can evolve and be improved but internally

consistent approaches are essential.

2. Consistent and transparent frameworks are required for identifying and

displaying externalities and incorporating these in the analysis. Unless

externalities are considered and incorporated effectively, the ratio of costs to

benefits is essentially meaningless.

3. Consistent and transparent frameworks for identifying key data and their source

are essential. Unless the source and reliability of data for cost-benefit analysis

are transparent, stakeholders have essentially no basis for evaluating the validity

of the results or of coming to their own conclusions.

4. Consistent and transparent framework for identifying assumptions and the

basis on which they are made are as essential as knowing the validity and source

of data inputs. Because data are lacking in most, if not all contexts, the

assumptions made within the analysis often have a fundamental impact on the

results generated. As with data, unless the basis for assumptions is transparent,

stakeholders have essentially no basis for evaluating the validity of the results.

5. Finally, consistent approaches to sensitivity analysis and for displaying their

implications for the resulting benefit/cost ratios are essential. This is required to

identify the factors that have the largest impact on whether or not investments in

risk reduction deliver robust returns under the wide array of possible conditions

likely to occur in the future.

For CBA to evolve from a “special purpose” technique for one-off evaluation of DRR

projects into a major tool supporting the identification and evaluation of strategies

for responding to disasters and reducing the impact of climate change substantial

improvements in methodologies and the processes through which they are applied

are essential.
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Annex I: Nepal Case Qualitative
Cost-benefit Table Example

Interventions

Ring embankment, length 26.5
kilometres

Initial cost of embankment

Land lost

Land protected

Crop protected

Crop losses

Houses protected

Houses inundated at least four
months of the year

Land under permanent water
logging

Increase in malarial incidences

Increased human diseases during
inundation/flooding

Mobility restricted due to
inundation

Use of embankments as roads

Houses on embankments
(includes railway embankments)

Human lives lost

Plusses &
minuses

- - -

+ + +

+ +

- - -

+ + +

- - -

- - -

- -

- - -

 - -

+ +

+

- - -

Details (Regional terminology)

IRS 1,885, 552,941 for 26.5 kilometres of ring
embankment.

Around 125 hectares (26.5 kilometres of land of
width 40.4 metres width plus 6 metres additional
space both inside and outside of the
embankment)

1,000 hectares

400 hectares is protected within the ring embankment.

Kharif crop not possible in 3,500 hectares due to
inundation caused by the ring embankment.

5,000 households of Bairgania municipality &
twelve villages

2,700 households

50 hectares

Kalazar, malaria and japanese encephalitis are
frequently mentioned by the villagers during SLDs

People drink flood waters.

People from about 2,700 households are unable
to travel during monsoon.

All dirt roads connecting Bairgania bazaar to the
villages in the southern part of the ring
embankment are inundated during monsoon
season. The only way is walking on the
embankment.

About 600 houses. Counting done using Google
Earth map. People have built their houses,
though illegal.

Marpa villagers mention that at least 2 to 4 people
die annually due to floods in Marpa alone. The
embankment directs flows towards this village.

Basis through which value could be
established (local units)

Total cost for 85 kilometres of embankment
from Dheng near the Indo-Nepal border to Runni
Saidpur, including the 26.5 kilometres, was IRS
60.48 crores (1975-77)

IRS 10,887,677 as per 1973/74 values. (The
values used are based on the compensation
received by some villagers. IRS 3,000 per kattha
of land was provided in 1973/74)

IRS 2,954,501,618 @ IRS 10,000 per kattha

IRS 9,444,960 per annum

IRS 82,643,401 per annum
 

IRS 1,350,000. Each household spends around IRS
500 to repair their house after every monsoon.

IRS 14,760,000. Priced at IRS 10,000 per kattha
of land.

Numbers not available

Numbers not available

IRS 6,075,000 as lost wages. Priced at IRS 50 a
day for 90 days of a year for 50% of the houses
affected.

Numbers not available

IRS 600,000. Valued at IRS 10,000 per household.

Numbers not available

| TRANSECT III | Assessment of costs and benefits identified during SLDs along Gaur Municipality – Bairgania Ring Embankment–
Pipradi Sultan

EMBANKMENT
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Numbers not available.

IRS 5,312,790/year. Productivity losses are
estimated at 20 kilogrammes per kattha compared
to areas not protected by embankments. And price
of paddy is 10 per kilogramme.

Numbers not available.

IRS 20,000

IRS 1,000 for annual repair & maintenance

IRS  48,000. Mobility is valued as 80 trips per
family for 3 months for all 300 households.

NPR 5,000

NPR 50,000

IRS 5,300,000

IRS 186,000. Valued at IRS 10,000 per household
permanently living on the platform and at IRS
1,200 per household for 30 households living 4
months of the year.

IRS 102,000

IRS 1,500,000. Estimated as IRS 5,000 per
household for 300 households.

NPR 120,000,000. Community sanitation costs
NPR 20,000 per unit (e.g the unit build by
Oxfam). Assumed to build 6,000 sanitation units.

Tentative cost NPR 1,200,000

IRS 24,000,000. Estimated as USD 10 per person
to serve a population of 60,000.

Marpa villagers mention that at least one dozen
cattle die due to floods created by
embankments in Marpa. The embankment
directs flows towards this village.

900 hectares. Despite use of chemical fertilizers
the productivity is about half of areas not
protected by embankments.

Cattle do not get enough fodder during inundation
and they are further prone to diseases.

Cost includes the cost of wooden log , cost of
transporting log to the village and the skilled labour
required to build. One wooden boat lasts for around
five years. There is one boat serving 300 households.

Requires no operation cost as every person in the
household can row it.

Males from all 300 households are able to commute
for daily labour without having to swim long
distances. The boat is used for commuting required
for marketing and also for medical treatments.

Connects Mahadev Patti village in Rautahat to
Bairgania ring embankment

People from about 1,000 households use it for
commuting. Motorcycles are charged NPR 5 per
trip and bicycles NPR 2 per trip.

The total cost also includes the cost of relocation
and land provided 8 decimal or 1 kattha 12 dhur for
relocation.

15 Musahar families of Marpa Village live
permanently on the raised plinth. Another 30
households take shelter during 4 months of the
monsoon.

Land was compensated @ IRS 6,000 per acre.
Only the Rabi harvest is lost as the area is subjected
to 8 feet of inundation in the monsoon.

300 households of Piparadi Sultan are built on an
average of 6 feet high earthen mounds. Some
houses are built on 8 to 10 foot mounds.

Most of the villages in the southern region of the
embankment and in Laxmipur village of Rautahat
had no sanitation units.

Bairgania and 4 villages have access to cell phones
and land line telephone connections. With additional
input, the system can be made a multi-functional.

Though only 5 raised water points have been observed
in the villages, such water points would substantially
reduce the occurrences of water borne diseases

- - -

- -

-

-

-

+ + +

-

+ + +

- -

+ + +

- -

+ + +

+ +

+ +

+ + +

Note: The costs discussed here relate to the ring embankment around Bairgania block, not the other embankments along the Bagmati and Lal Bakaiya. These have
not been included because these embankments have not been systematically studied.

Cattle lost

Agricultural productivity losses

Cattle productivity losses

Boat serving 300 households of Pipradi
Sultan

Initial cost of boat

Cost of operation, repair &
maintenance

Increased mobility

Flexible bamboo bridge

Initial cost of bridge

Increased mobility

Raised community plinth

Initial cost

Houses protected

Land and crop loss

Raised houses

Houses protected

Sanitation facilities

Improved health

Early warning systems (using cell
phone, radio & telephones)

Life and assets saved

Inundation adapted water points

Savings from medical expenses,
minimizing wages lost

ALTERNATIVE INTERVENTIONS
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