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EXECUTIVE SUMMARY

This study performs an economic efficiency and equity analysis of an Ecosystem-based Disaster Risk 
Reduction (Eco-DRR) and resilience enhancement intervention in India. Disasters resulting from natural 
hazards pose an increasing threat to human health and safety, livelihoods, and economies. Their impacts 
are expected to worsen with climate change. Nature-based solutions are emerging as possible strategies 
to mitigate disaster risk; however, more research is needed to assess the economic efficiency and equity 
of Eco-DRR activities in strengthening community resilience. The aim of this study is to contribute to this 
growing literature.
 
We examine the project “Up-scaling Community Resilience through Ecosystem-based Disaster Risk 
Reduction” implemented by the United Nations Environment Programme (UNEP) in collaboration with 
Partners for Resilience (PfR), a global coalition between the Netherlands Red Cross, the Red Cross/Red 
Crescent Climate Center, Cordaid, Wetlands International, and CARE Netherlands. The project, started 
in 2018 and completed in June 2022, supported Eco-DRR efforts in Uganda, Indonesia, India, Haiti, and 
Ethiopia. In this study we examine the India intervention. The portfolio of community-driven Eco-DRR and 
resilience building activities in India focuses on: landscape restoration of wetlands, including afforestation 
and restoration of natural vegetation; promotion of sustainable water management and sanitation; and 
creation of new economic opportunities through community training on sustainably managed agriculture. 
As a result of Eco-DRR activities, including restoration and conservation of 4,000 hectares (ha) of 
ecosystems, the project target is to make 60,000 people resilient to natural hazards and climate change, 
this is achieved also by leveraging the engagement of 25 community-based organizations (CBOs).
 
We performed an economic efficiency assessment of the project through a quantitative Cost-Benefit 
Analysis and a qualitative analysis that considers non-monetary benefits too. Our quantitative estimates 
show that the benefits of the Eco-DRR and resilience enhancement interventions outweigh the value of 
their initial costs, with the present value of net benefits up to 14,246,584.62 USD after 10 years since 
the project implementation. Our qualitative analysis complements these findings, presenting a rich 
bouquet of long-lasting benefits associated with the Eco-DRR strategies, ecosystem management, and 
sustainable livelihood practices implemented during the project. Lastly, our equity assessment indicates 
that the project promotes equity by enhancing inclusivity, economic equality, participation, and capacity 
building. In particular, the resilience interventions implemented result in significant education, health, 
safety and economic improvements for women, children, and economically vulnerable members of the 
local communities. As part of this study our research team also organized a learning workshop with 
local project partners to share detailed information about the methodological approach used and the 
results of our analysis. The final goal of the workshop is ensuring that the project partners will be able 
to (i) reproduce equity and efficiency assessments for future interventions; and (ii) communicate those 
findings to local and regional stakeholders to promote policies that further disaster risk reduction and 
community resilience. 
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INTRODUCTION
This study performs an economic efficiency and equity analysis of an Ecosystem-based Disaster Risk 
Reduction (Eco-DRR) and resilience enhancement intervention in India. Eco-DRR is defined here as “the 
sustainable management, conservation and restoration of ecosystems to reduce disaster risk, with the 
aim to achieve sustainable and resilient development” (Estrella & Saalismaa, 2012).

Disasters resulting from hazards pose an increasing threat to human health and safety, livelihoods, and 
economies. The consequences of disasters are only expected to rise as the impacts of climate change 
worsen (IPCC, 2022). Although there is some evidence that strengthening ecosystem services is a cost-
efficient approach to address certain natural hazards (Sudmeier-Rieux et al., 2021), more research is 
needed to assess the economic efficiency and equity of Eco-DRR activities in strengthening community 
resilience. The aim of this study is to contribute to this growing literature.

We examine the project “Up-scaling Community Resilience through Ecosystem-based Disaster Risk 
Reduction” implemented by the United Nations Environment Programme (UNEP) in collaboration with 
Partners for Resilience (PfR), a global coalition between the Netherlands Red Cross, the Red Cross/Red 
Crescent Climate Centre, Cordaid, Wetlands International, and CARE Netherlands. The project started in 
2018 and was completed in June 2022. Since its inception, the participating organizations have scaled 
up prior Eco-DRR efforts and promoted large-scale adoption of Eco-DRR through a series of professional 
training and pilot projects in Uganda, Indonesia, India, Haiti, and Ethiopia. The interventions are tailored 
to each location’s unique ecosystems and respond to the specific disaster risks faced by participating 
communities.

The portfolio of Eco-DRR and resilience building activities in India focuses on community-driven ecosystem 
restoration and protection in the Kanwar Jheel wetlands in the eastern state of Bihar, Lake Tampara 
wetlands in the eastern state of Odisha, and Suigam Taluka drylands in the western state of Gujarat. 
Activities focus on landscape restoration of wetlands including afforestation and restoration of natural 
vegetation; promotion of sustainable water management and sanitation; and creation of new economic 
opportunities through community training on sustainably managed agriculture. The project target is to 
make 60,000 people resilient to natural hazards and climate change as a result of Eco-DRR activities, 
involve 25 local level institutions in implementing Eco-DRR projects, and restore and protect 4,000 hectares 
(ha1) of ecosystems2.  

This study evaluates the economic efficiency of the interventions in India using a Cost-Benefit Analysis to 
compare implementation costs with observed and future benefits. We also perform an equity assessment, 
examining the distribution of benefits among the people affected by the intervention with a particular 
focus on women, children and vulnerable socio-economic groups.

1- “Hectares” is indicated as “ha” throughout the report 
2 - These figures reflect the intervention progress of April 1, 2022. The project might have progressed further since this 
date. 
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Healthy ecosystems and availability of ecosystem services are crucial to communities’ ability to reduce 
disaster risks and adapt to the impacts of climate change, as is recognized by several international 
frameworks and agreements (CBD, 2014; UNISDR, 2015). Ecosystem services are the range of goods and 
benefits that communities derive from ecosystems (Millennium Ecosystem Assessment, 2005). In terms 
of disaster risk reduction, research supports the ability of healthy ecosystems to both reduce vulnerability 
to hazards by supporting livelihoods, while acting as physical buffers to reduce the impact of hazard 
events (Renaud et al., 2013; Wheeler et al., 2016). 

1.1 Country Profile

India is a large country of 3.28 million square kilometers located in Southern Asia (UN Development 
Programme). With unique and diverse geography, India has a variety of climates and experiences monsoons 
from May to September (UN Development Programme). With an increasingly diversifying economy, much 
of the population is dependent upon agriculture for its livelihood (UN Development Programme). India 
has a population of approximately 1.366 billion people, and its Human Development Index value currently 
stands at 0.645, ranking it in the 131st position out of 189 nations/regions. This makes the equity analysis 
in this study particularly relevant, as the interventions assessed may represent a path to sustainable 
development and a narrowing of gender and other equity gaps in the regions of study. 

India is home to a vast array of wetlands of varying types and sizes, with an estimated 757,000 wetlands 
covering 15 Mha or approximately 4.7% of the country’s total land area (Space Applications Center, 2011). 
Wetlands provide a wide range of ecosystem services including flood control, groundwater recharge, 
carbon sequestration, biodiversity protection, and pollution abatement, as well as provisioning services 
including water supply, fisheries, non-timber forest products, and recreation (Turner et al, 2000). Wetlands’ 
role in flood control and mitigation makes them a particularly significant ecosystem in India as flooding 
poses one of the main environmental risks to the country. The majority of flood exposed people, about 
1.36 billion, are located in South and East Asia; China (329 million) and India (225 million) account for over 
a third of global exposure (World Bank, 2020). India  experienced an average of 17 flood events per year 
and had a total of approximately 345 million people affected. The deadliest flooding events from 2000 
to 2019 were the June 2013 floods in India (6,054 deaths).  Between 1980-2020, India has experienced 
263 floods that affected approximately 779 million people and caused approximately $109 billion USD 
(adjusted) in damage (EM-DAT, 2022).   

1. BACKGROUND

The remainder of the report is organized as follows: Section 1 describes the key features of the Eco-
DRR intervention in Indonesia; Section 2 outlines the methodology used in the Cost-Benefit and Equity 
Analyses; Section 3 presents and analyzes the results; and Section 4 concludes.
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Despite their important role in lessening the impacts of hydrological hazards, Indian wetlands are under 
threat of degradation and shrinkage due to increasing urbanization and changing land use, agricultural 
and industrial pollution, and impacts of climate change (Bassi et al, 2014).

1.2 Eco-DRR intervention

The UNEP and a PfR team (including Wetlands International and local project partners) developed and 
implemented Eco-DRR and community resilience interventions in the Kanwar Jheel wetlands in the eastern 
state of Bihar, Lake Tampara wetlands in the eastern state of Odisha, and Suigam Taluka drylands in the 
western state of Gujarat (Figure 1). The target areas for the Eco-DRR intervention in India face many 
hydrological and hydrometeorological threats including flooding, droughts, and variable rainfall and water 
availability, the effects of which are exacerbated by climate change driven shifts in precipitation and the 
loss and degradation of coastal and wetland ecosystems. In this study we examine the wetlands in the 
states of Bihar and Odisha.

Figure 1. Location of the project area in India. The Eco-DRR Resilience interventions were implemented in three states - Bihar, 
Odisha, Gujarat, engaging 32 Community Based Organizations (CBOs ), and aimed at increasing resilience for 60,000 people 
from the neighboring communities.
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UNEP and  PfR use the Eco-DRR Resilience Triangle Framework to set goals and measure progress of their 
interventions toward vulnerability reduction and community resilience building (Figure 2). The Resilience 
Triangle features three components: Disaster Risk Reduction (DRR), Ecosystems Management through 
protective and restorative measures, and climate change adaptation and sustainable socio-economic 
growth through the promotion of Sustainable Livelihood Practices. 

Figure 2. This figure shows the three dimensions of the Eco-DRR Resilience Triangle Framework implemented to achieve 
community resilience: Disaster Risk Reduction (DRR); Ecosystems Management, Protection and Restoration; and Climate 
Change Adaptation through Sustainable Livelihood Practices. This study uses this framework to analyze and catalog the 
benefits of the Eco-DRR interventions.

DRR

Ecosystems Management:
Protection and Restoration

Climate Change Adaptation:
Sustainable Livelihood Practices 

The interventions in India focus on strengthening disaster resilience, to climate-risk related hazards and 
water-induced disaster risk, through participative Eco-DRR implementation. Activities include restoring local 
wetland ecosystems by cleaning and planting native species; training and engaging locals in sustainable 
wetland management; developing a sustainable wetland management plan led by local community 
members. Community resilience is further enhanced by supporting local economic development through 
the adoption of sustainable livelihood practices such as sustainable fishing and farming. 

In addition to the activities listed above, the interventions also built communities’ capacity to engage with 
local and state authorities through bottom-up planning, awareness raising, and community mobilization 
activities. These stakeholder engagement and capacity building strategies are not examined in the 
quantitative efficiency assessment portion of our analysis but they are the equity assessment.
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Increased congregations of native birds reported along wetland 
shorelines where wetland restoration has been implemented.

Community workshop on sustainable wetland management. Photo credit: Partners for Resilience

Photo credit: Partners for Resilience
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Figure 3. This figure shows the Interventions adopted in India and their benefits cataloged based on the three dimensions of 
the Eco-DRR Resilience Triangle: Disaster Risk Reduction (DRR); Ecosystems Management, Protection and Restoration; and 
Climate Change Adaptation through Sustainable Livelihood Practices.
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The methodological approach adopted in this study includes five components: desk research, data 
collection, Cost-Benefit and Equity Analysis, creation of learning materials, and knowledge sharing 
(Figure 4). 

2. METHODOLOGY

Figure 4. Project timeline and methodological approach adopted in performing the Efficiency and Equity analysis.

2.1 Desk Research
 
Following the kick-off orientation meeting with India’s project coordinators (January 2022), the research 
team conducted an in-depth review of the project materials (including progress summaries, and case 
studies, success stories, and budgets) provided by the project partners. This background review led to 
a detailed itemization of the project implementation costs, and the creation of a preliminary catalog of 
intervention benefits. The data collected includes both monetary values and qualitative information. The 
design of the Cost-Benefit Analysis framework used in this study builds on this preliminary data.   
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2.2 Data Collection

A set of meetings with India’s project coordinators allowed the research team to review and refine 
the analytical framework and collect additional data on the project’s costs and benefits. In agreement 
with project partners, the scope of our analysis focuses on the costs directly associated with Eco-
DRR implementation, ecosystem restoration and protection, and sustainable livelihood development. 
Administrative and planning costs are not included in the cost-benefit estimations. The rationale for this 
approach is that in order to identify and quantify environmental and social benefits resulting from the Eco-
DRR interventions, considered costs should be limited to the direct costs of the interventions. Other costs 
such as administrative and planning costs, while significant, are transaction costs and not direct costs of 
Eco-DRR implementation.

In addition to reviewing and approving the monetary values of costs and benefits to be included in the 
framework, the India project partners provided background information about local property values, 
average annual income, and number of households (and total number of people) benefiting directly or 
indirectly from the project. Project partners visited project sites and collected additional data through 
interviews with local stakeholders.

Working closely with the India country team we were able to collect abundant qualitative information 
on environmental and socio-economic benefits that could not (at least at this stage)  be expressed in 
monetary terms (e.g., empowerment of women and girls, increase in biodiversity). The analysis of these 
rich qualitative data is an important part of this study, as it complements the quantitative cost-benefit 
assessment and contributes to the equity assessment. Examining the duration of benefits after the 
project implementation is an important dimension of our analysis. The project partners confirmed the 
exact locations associated with each cost and benefit in our database, and indicated their respective time 
horizons (i.e., time when costs/benefits began and their expected duration into the future).

2.3 Data Analysis

The data analysis and the deliverable generated are outlined in Figure 5. The deliverables include: 

1. Quantitative Economic Efficiency Assessment - We study the economic efficiency of the Eco-DRR and 
community resilience interventions by completing a Cost-Benefit Analysis (CBA). The CBA compares 
the available monetary values of costs and benefits and is described in more detail below.

2. Qualitative Economic Efficiency Assessment - This qualitative analysis complements the quantitative 
assessment. It analyzes the abundant qualitative data on environmental and socio-economic benefits 
gathered from interviews with field-staff and feedback from local stakeholders.

3. Equity Assessment - We examine the resilience interventions along the following equity dimensions: 
inclusivity, economic equality, participation, and capacity building. This equity assessment 
complements the economic efficiency assessment by providing insights into redistributional aspects 
of the interventions: the distribution of benefits among local stakeholders and the broader impacts of 
the interventions on beneficiaries’ lives. 
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Figure 5. This figure shows the three steps of our data analysis protocol and the three deliverables: (1) the Quantitative 
component of the Efficiency Assessment, (2) the Qualitative component of the Efficiency Assessment, and (3) the Equity 
Assessment.

Part I. Quantitative Efficiency Assessment: Cost-Benefit Analysis

Cost-benefit Analysis (CBA) allows the comparison of the net benefits (expressed in monetary values) 
of different policy scenarios over time. Net benefits are the difference between benefits and costs and 
represent a measure of efficiency. Discounting techniques allow us to aggregate costs and benefits 
occurring at different times into the future. The present value of net benefits is referred to as Net Present 
Value (NPV). When comparing two policies, the most efficient policy is the one with the highest present 
value of net benefits (NPV) over a given time period.  

The CBA framework adopted in this study examines the net benefits of the Eco-DRR intervention over 
10 years, compared to a baseline scenario where there is no Eco-DRR intervention. Our estimations are 
performed using three discount rates (i.e., 3%, 7%, and 10%) to allow for robustness checks. The discount 
rates adopted are recommended by the US Office of Management and Budget (OMB)  (Congressional 
Research Service, 2016; Li, Q. and Pizer, W.A., 2021). In our analysis we compare two alternative Eco-
DRR scenarios (with a different range of benefits) to the baseline scenario (corresponding to no Eco-DRR 
intervention):

3

3 - The 7 percent rate captures the return paid by private capital, it reflects effects on investment and business. The 3 percent 
rate represents the return received by consumers, with the difference due largely to taxes (Li, Q. and Pizer, W.A. 2021).
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Baseline Scenario: no Eco-DRR intervention

Scenario 1: Eco-DRR intervention
• Benefits include reduction in property damages and income losses
• Benefits do not include carbon capture and pollution reduction

Scenario 2: Eco-DRR intervention
• Benefits include reduction in property damages and income losses  
• Benefits include carbon capture and pollution reduction

Part II. Qualitative Efficiency Assessment
     
The qualitative efficiency analysis complements the quantitative assessment by considering all socio-
economic and environmental benefits and co-benefits, including those which cannot be expressed as 
monetary values. Some benefits described through internal background documents or communicated by 
our project partners, although still pertinent to the project efficiency and equity analysis, are not quantifiable 
in monetary terms (e.g., more reliable access to education, empowerment of women and girls, increase in 
biodiversity). However, they provide valuable insights into the vast array of positive externalities generated 
by the intervention. We analyzed them using the Eco-DRR Resilience Triangle Framework (presented in 
Figure 2). We organized all benefits identified by local partners (i.e., both qualitative and quantitative data) 
based on the three framework dimensions: DRR, Ecosystems Management, and Sustainable Livelihood 
Practices. These categories provide a high-level overview of the expected benefits of the interventions. 
Our analysis was finalized by identifying for each category of benefits their contribution to specific social, 
economic, and environmental outcomes including risk reduction, avoided damages, increased wages and 
revenues, water security, gender equality, health, and education. 

Part III. Equity Assessment

The equity assessment consists of a qualitative analysis of how the project meets the following criteria: 
inclusivity, economic equality, participation, and capacity building (Figure 6). Special attention is paid 
to the impact of the interventions on vulnerable groups, in particular women and children. The equity 
assessment was completed by reviewing project documentation and discussing with project partners the 
environmental and economic consequences of the interventions.

4

4 - These benefits cannot be measured given the time and data available for this project but could potentially be estimated in 
the future if more time and resources were available for data collection.
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Figure 6. The four Dimensions of the Equity Assessment of the Eco-DRR Resilience Intervention implemented in India. 

2.4 Creation of Learning Materials 

Following the data analysis, the research team created learning materials for the project partners to 
familiarize with the analytical framework adopted and ultimately be able to reproduce the analyses in 
future projects.

Learning materials created for the project partners include:
1. Final Cost-Benefit Analysis framework, including cost-benefit calculations, with benefits 

categorized and aggregated based on the Resilience Triangle categories.  
2. Annotated template of the Cost-Benefit Analysis framework that project partners can use to 

update the analysis as the project develops, or to conduct independent analyses of future 
projects.

3. Slides describing the analytical approach and study results in detail (to be used for internal 
training purposes or local knowledge dissemination).

4. Final report including project overview, methodological approach, analysis, and results.
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2.5 Knowledge Sharing and Capacity Building  

The final step in our methodological approach is sharing with project partners the knowledge produced 
through the research team’s analyses. The final goal is for project partners to build upon and replicate this 
work in support of future projects. 

To achieve this objective, the research team has designed and organized a Learning Workshop with the 
project partners to present the results of the analysis, provide a detailed description of the methodological 
approach (including tips and best practices for future reproduction of the analytical framework), engage 
with project partners in Cost-Benefit Analysis simulations, and answer the team’s questions. The purpose 
of this learning exercise is to ensure that the project partners will be able to estimate the efficiency 
and equity implications of future interventions and communicate those findings to local and regional 
stakeholders to promote policies that further disaster risk reduction and community resilience. 
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3. ANALYSES AND RESULTS

The results of the efficiency assessment are provided below, followed by the results of the equity 
assessment. 

3.1 Efficiency Assessment: Cost-Benefit Analysis

Implementation Cost - Budget documents provided by the country teams show that the cost of 
the intervention associated with Community-based Eco-DRR Planning and Ecosystem Restoration and 
Protection activities amount to 95,351 USD. We assume no maintenance after the end of the project 
implementation (June 2022).

Benefits - Future benefits of the Eco-DRR and community resilience interventions will include reduction 
in risk of floods and impacts of storms. This could in turn reduce damages to properties and income. The 
benefits estimated in the Cost-Benefit Analysis (CBA) calculations include reduction in property damage 
and avoided loss of GDP per capita (e.g., income loss, business interruption) from disaster risk reduction, 
as well as carbon sequestration and pollution reduction (Table 1).

• Reduction of property damage from avoided risks - The following estimates were communicated by 
the country teams:

 ⸰ Number of people protected by Eco-DRR intervention in project area: 
• Tampara - 18,000 
• Kanwar - 23,500 

 ⸰ Properties protected (based on rough estimates provided by country team):
• Tampara - 4,500 
• Kanwar - 6,000

 ⸰

• Total property value = 18,662,805 USD

Property prices - Different houses have different cost viz. concrete or asbestos or straw made 
house. Apart from that, the size of the house also decides the cost involved in it. Here, we 
consider the minimum Govt. costing for one family under Indira Awas Yojana (Gramin Awas 
Yojana or Rural Housing Scheme). It is equal to Rs. 135,000.00." (1,777.41 USD) 
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• Reduction of GDP losses from avoided risks - In 2020, Indonesia GDP per capita was 1,927 USD (World 
Bank, 2020). However, Odisha and Bihar are poorer than average:

 ⸰ Per Capita Net State Domestic Product (Reserve Bank of India): 
• Odisha: 1037.92 USD 
• Bihar: 406.46 USD 

 ⸰ Number of people protected: 
• Tampara (Odisha) - 18,000  
• Kanwar (Bihar) 23,500. 

 ⸰ Estimated total annual GDP in project area = (18,000*1037.92) + 23500*406.46) = 
28,234,370 USD
 ⸰ Estimated avoided yearly GDP losses = 2% of annual GDP in project area

The Indian economy is one of the most impacted by floods. Between 1970 and 2014, floods corresponded 
to 63% of annual economic losses in India (World Ba nk, 2015). Annual losses and damage associated 
with floods in Odisha and Bihar are estimated to be between 2.5% and 3.5% of their state Gross Domestic 
Product (GDP) (Bahinipati et al . 2015; communication from country team). Based on these estimates, in 
our analyses we assume a conservative 2% yearly loss in property values and GDP per capita in the project 
area. Floods are expected to worsen with climate change, therefore we also perform robustness checks by 
applying a 5% yearly loss in property values and GDP per capita in the project area (results available upon 
request). We assume that the Eco-DRR intervention will be able to reduce this risk and mitigate losses.

The software iTree Canopy is a global forestry analysis and benefits assessment tool from the United 
States Department of Agriculture’s (USDA) Forest Service. iTree allows to calculate carbon sequestration 
and storage as well as pollution reduction of a given vegetation area, selected via Google Map. The 3,826 
ha of land restored in India is estimated to sequester roughly 17,517,751.84 tons of carbon annually, and 
the overall carbon storage capacity for the same area is estimated at 229,335,526.78 tons (Appendix 
3). iTree also provides estimates of the corresponding monetary values, which were used in the CBA 
calculations (Table 1).

• Carbon stored in trees - The carbon stored in reforested area (3826 ha) corresponds to 229,335,526.78 
tons. This is not an annual benefit, it is a one-time benefit reached at maturity of the forest, after 5 
years.  

• Carbon sequestered thanks to Eco-DRR reforestation efforts - The carbon sequestered annually by 
the surface currently reforested (3,826 ha) is 17,517,751.84 tons per year.     

• Pollution reduction thanks to Eco-DRR reforestation efforts - Pollutants reduced by the surface 
currently reforested (3,826 ha) correspond to 5121.84 kg per year: Carbon Monoxide, Nitrogen 
Dioxide, Ozone, Sulfur Dioxide, Particulate Matter less than 2.5 microns, Particulate Matter greater 
than 2.5 microns and less than 10 microns.
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Scenarios - The CBA framework adopted compares the Net Present Value (i.e., Present value of Net 
Benefits) after the intervention with a baseline scenario (i.e., no intervention). We consider two scenarios 
that include a different range of benefits:

Scenario 1 - Eco-DRR intervention
• Benefits include reduction in property damage and income losses
• Benefits do not include carbon capture and pollution reduction 

Scenario 2 - Eco-DRR intervention
• Benefits include reduction in property damage and income losses 
• Benefits include carbon capture and pollution reduction

Table 1. Benefits used in the Cost-Benefit Analysis calculations under Scenario 1 and Scenario 2.
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Assumptions - The Cost-Benefit Analysis framework adopts the following assumptions and 
specifications:

• The present value of net benefits (i.e., Net Present Value, NPV) is estimated over a time horizon of 10 
years from the end of the project implementation

• The full costs of the project implementation are paid only once in year 0, which corresponds to the 
end of the implementation

• The ecosystem associated with the eco-DRR intervention (i.e., forest) reaches maturity after 5 years 
• There is a 2% yearly loss in properties and GDP per capita in the project area (we also perform 

robustness check with a 5% yearly loss)
• Until year 5, while the ecosystem is maturing, there is a progressive increase in benefits (i.e., 10% of 

benefits the first year, 20% the second year, 30% the 3rd year, 40% the 4th year and 50% the 5th year)
• The ecosystem restored/protected by the eco-DRR intervention reaches maturity after 5 years, and 

starting in year 6 it provides full benefits.

Discount rates - The CBA estimations are performed using three discount rates (i.e., 3%, 7%, and 10%) to 
allow comparisons across outcomes and robustness checks. Higher discount rate values lead to a lower 
weight of future benefits and costs in the CBA estimation. Ecosystem-based interventions may generate 
long-term benefits that might be underestimated with high discount rates. For this reason, it is important 
to adopt a range of discount rates and perform sensitivity tests. Three percent and seven percent are the 
discount rates generally recommended by the US Office of Management and Budget (OMB) (Congressional 
Research Service, 2016; Li, Q. and Pizer, W.A., 2021).

Results - A positive present value of net benefits (i.e., NPV) indicates that the project benefits exceed its 
costs and that the project is more efficient compared to a scenario where there is no Eco-DRR intervention. 
Results for Scenario 1 (Figure 7 and Table 2) show that, in the first two years since the end of the project 
implementation, using a 7% discount rate, the present value of net benefits (i.e., NPV) is negative and then 
it turns positive. After 5 years the NPV is 1,426,735.19 USD. After 10 years the NPV is positive and equal 
to 4,168,704.31 USD. 

Estimates of the present value of net benefits (i.e., NPV) are slightly higher for Scenario 2, which also 
includes benefits from reforestation-induced carbon capture and sequestration and pollution reduction 
(Figure 8 and Table 3). After 5 years (at a 7% discount rate) - when benefits include carbon capture and 
pollution reduction, reduction in property damage, and income losses - the NPV is 2,738,127.19 USD. After 
10 years the NPV is 14,246,584.62 USD.

5

5 - The 7 percent rate captures the return paid by private capital, it reflects effects on investment and business. The 3 percent 
rate represents the return received by consumers, with the difference due largely to taxes (Li, Q. and Pizer, W.A. 2021).
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It is worth emphasizing that our estimates are very conservative and benefits might be much higher than 
our calculations indicate. There are multiple reasons:

• The CBA assumes a 2% yearly loss in properties and GDP per capita in the project area, however 
historical data shows higher losses, and risk is expected to increase in relation to climate change. 

• We assume that benefits associated with wetland protection reach their maximum value 5 years 
after the end of the project implementation (the underlying assumption is that the ecosystem will 
reach maturity at that point). However, a large portion of the almost 4,000 ha covered by this project 
is already a mature ecosystem, hence benefits are underestimated.

• The CBA assessment considers only socio-economic benefits associated with reduced property 
damage and reduced GDP per capita losses. Because of lack of data we could not include other 
important benefits related to health improvements and agricultural productivity (discussed in 
Section 3.2).

This means that the interventions could be even more beneficial to local communities than estimated in 
the quantitative analysis. The qualitative cost-benefit assessment presented in the next section outlines 
the additional numerous benefits that could not be measured in monetary terms.
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SCENARIO 1

PRESENT VALUE OF NET BENEFITS
Benefits do not include carbon capture and pollution reduction

Figure 7. The graph shows the evolution of the present value of net benefits (i.e., Net Present Value, NPV) calculated over 10 
years, after the project implementation, using three discount rates (i.e., 3%, 7%, and   10%). The net benefits are calculated 
subtracting costs from benefits. The benefits in this analysis do not include carbon capture and pollution reduction. 

Table 2. The table reports the present value of net benefits (i.e., Net Present Value, NPV) calculated over 10 years, after the 
project implementation, using three discount rates (i.e., 3%, 7% and 10%). These NPVs were used to generate Figure 7. The 
benefits in this analysis do not include carbon capture and pollution reduction.
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SCENARIO 2

PRESENT VALUE OF NET BENEFITS
Benefits do not include carbon capture and pollution reduction

Figure 8. The graph shows the evolution of the present value of net benefits (i.e., Net Present Value, NPV) calculated over 
10 years, after the project implementation, using three discount rates (i.e., 3%, 7%, and  10%). The net benefits are calculated 
subtracting costs from benefits. The benefits in this analysis include carbon capture and pollution reduction. 

Table 3. The table reports the present value of net benefits (i.e., Net Present Value, NPV) calculated over 10 years, after the 
project implementation, using three discount rates (i.e., 3%, 7%, and  10%). These NPVs were used to generate Figure 8. The 
benefits in this analysis include carbon capture and pollution reduction.
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3.2 Efficiency Assessment: Qualitative Analysis

The qualitative analysis complements the quantitative assessment. It examines all benefits identified 
by local partners including benefits that, while non-quantifiable in monetary terms, are still essential to 
understanding the effectiveness of the interventions. Benefits are organized in three broad categories, 
consistent with the Resilience Triangle Framework: DRR, Ecosystems Management, and Sustainable 
Livelihood Practices benefits. Figure 9 represents the implementation costs, the intervention benefits and 
their contribution to the well-being of the local communities over time. For each benefit we indicate their 
expected duration into the future, after the project implementation as reported by our local partners. For 
all benefits associated with afforestation and wetland protection we assume that the local ecosystem 
will reach sufficient maturity to provide benefits starting after five years from the end of the project 
implementation. Our local partners expect that benefits will successfully extend into the future, thanks 
also to the capacity building and community participation components of the project.

                        Disaster Risk Reduction (DRR) Benefits

Benefits resulting from wetland restoration activities lead to reduced vulnerability to risks. In our analysis 
we associated them with the DRR dimension of the Resilience Triangle: 

Economic Benefits of Wetland Restoration and Protection - The project includes both wetland restoration 
(800 ha) and protection (more than 3000 ha). Wetland restoration of over 800  ha is achieved through 
planting of native species and cleaning of canals and waterways. These interventions lead to reduced 
crop and livestock loss. Prior to project implementation, the villages surrounding the Tampara wetlands 
would experience stagnant water in crop fields after each cyclone or severe rainstorm, causing drastic 
crop loss (up to 100% in some cases). From the project team’s assessments, improved drainage of the 
wetlands has reduced agricultural losses. In terms of livestock loss, the project team has noted 96.1% 
reduction in livestock deaths from natural disasters by comparing livestock deaths from the Titli Cyclone 
in 2018 and the Gulab Cyclone in 2021. Additionally, as a result of increasing fish populations in restored 
village ponds, average fish catch has increased from 20 kg per day to 1,000 kg per day during the peak 
season,  providing increased income for local fishermen. 

Environmental Benefits of Wetland Restoration and Protection - Stable soil conditions support increased 
agricultural viability and reduced embankment erosion by providing plants with increased root support. 
Cleaning of canals and waterways, jointly with vetiver plantation across 7 acres, has improved water 
drainage by minimizing inflow of silt from nearby mountains to the wetlands. An increase in native 
biodiversity has also been observed, with increased congregations of native birds reported along wetland 
shorelines where plantations have been implemented. Carbon capture and sequestration is another direct 
benefit of the protection and restoration of nearly 4,000 ha of wetland ecosystems; more than 17 million 
tons of carbon are sequestered every year. 
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Other Social Benefits of Wetland Restoration and Protection - Improved stormwater management leads 
to reduced morbidity and mortality from disasters (primarily landslides and floods) and water-borne 
illnesses, including diarrhea, malaria, and skin infections. Prior to the intervention, the case numbers 
of water-borne illness swelled in both the Tampara and Kanwar regions. Since wetland cleaning began, 
malaria case numbers in the area have decreased by 70-77% and diarrhea case numbers have decreased 
by 83-86% (data from India project staff). Furthermore, rejuvenated ponds in Tampara have improved 
accessibility to potable water, leading to fewer deaths related to dehydration. 

   Ecosystems Management Benefits

Benefits resulting from a wetland restoration and afforestation are associated with the Ecosystems 
Management dimension of the Resilience Triangle, due to their support for the proper functioning of 
natural ecological cycles:

Enhanced Regulating Services from Wetland Restoration and Afforestation - Wetland restoration and 
afforestation are leading to a progressive improvement in soil characteristics and increase in soil regulating 
services. Benefits observed include overall enhancement of ecosystems regulatory services: the trees 
planted as part of afforestation activities are helping to regulate local temperatures and precipitation, 
purify water bodies through pollutant reduction, and reduce sedimentation. 

                                     Sustainable Livelihood Practices Benefits

Several activities introduced in the regions as part of the community resilience intervention led to a 
reduction in vulnerability by improving other socio-economic indicators. These include higher income 
and economic stability, more reliable agricultural yields from climate-smart agriculture, improved food 
security and water security, better health conditions and human capital accumulation. These benefits are 
associated with the Sustainable Livelihood Practices dimension of the Resilience Triangle:
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Benefits from New Sustainable Economic Activities - Community training and support of sustainable 
livelihood activities have created new sources of local income and revenues, with 600 women in Tampara 
receiving income from activities such as duck rearing, pandanus, mushroom, and broom cultivation, 
and backyard kitchen garden activities. Training in these new livelihoods is leading to human capital 
accumulation and is also empowering local women to take on leadership roles and gain increased respect 
and stature in their community, which has led to a reduction in gender-based violence. Additionally, as 
a result of wetland restoration and protection, including the designation of Kabartal Wetland in Kanwar 
as a Wetland of International Importance under the Ramsar Convention, local communities have seen an 
increase in tourism that has led to an increase in revenues for local restaurants in the areas surrounding 
the wetlands.   

Benefits from Enhanced Ecosystem Services - Wetland restoration and the resulting increase in 
provisioning services (in this case, closer and more sustainable access to timber, fruit, and water) is 
facilitating human capital accumulation, as less time spent collecting resources leaves more time for 
other income generating activities. This has also improved access to education, especially for girls who 
prior to the intervention spent up to two hours per day retrieving water. Related health improvements 
derive from increased food security due to a more diverse diet from the planting of fruit trees along 
wetland embankments and from increased water security resulting from a more sustainable water supply 
and sanitation due to training and sensitization of local communities.

Benefits from Sustainable Agricultural Practices - Local communities have benefited from increased 
revenues from sales of crops and animal products resulting from increased yields and fish catch due 
to sustainable and climate-smart cultivation practices. These practices have also strengthened cultural 
heritage by incorporating indigenous and traditional knowledge and practices, including through the 
production of organic fishing gear and nets and plantation of local plant species.  
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Figure 9.  This graph shows the expected duration of the benefits of the intervention, as reported by the country teams. Benefits 
are cataloged based on the three dimensions of the Eco-DRR Resilience Triangle (described in Section 1.2 and presented in 
Figure 2): Disaster Risk Reduction (DRR); Ecosystem Management, Protection and Restoration, and Climate Change Adaptation 
through Sustainable Livelihoods Practices.
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3.3 Equity Assessment

In addition to the benefits described above, these interventions promote socio-economic equity and gender 
sensitivity in the target communities. This equity assessment considers the equity implications of the 
interventions from four perspectives: inclusivity, economic equality, participation, and capacity building.

Inclusivity

The interventions have been developed and implemented in an inclusive manner that aligned with the 
project’s goal of capacity building. Community based organizations (CBOs) and Women’s Self-Help Groups 
(SHG’s) were central to the planning and implementation process, engaging women as participants and 
beneficiaries to ensure that interventions were gender-sensitive. Additionally, indigenous knowledge 
relating to sustainable agricultural and fishing practices were incorporated into the interventions where 
possible. 

Economic Equality

The interventions in India help to fulfill basic human rights and improve socio-economic outcomes for 
women, children, and for the communities as a whole. As a result of the disaster-risk reduction achieved 
through wetland conservation and management, afforestation and capacity building, communities will be 
more resilient to hazards and less likely to suffer economic losses via damage to crops and interruptions to 
agricultural activities, protecting beneficiaries’ rights to a home and livelihood. Reduction in vulnerability to 
hazards, combined with the numerous sustainable livelihood initiatives introduced in these communities 
(e.g., sale of forest products, women engaged in nature-based entrepreneurships like pandanus, duck 
rearing, mushroom, vegetable cultivation and backyard kitchen garden activities, sale of organic fishing 
nets) will also decrease the risk of poverty traps. The poorest and most marginalized individuals will 
benefit the most from vulnerability reduction.

Interventions such as afforestation using fruit bearing trees, wetland restoration, and other activities 
increasing water security promote basic human rights to potable water and food. The availability of 
fresh fruits (including mango, cashew, jackfruit, coconut, banana, and neem) from these trees provided 
nutritional support to many families during the COVID-19 shutdown when they could not earn income from 
their regular work. As a result of the wetland restoration activities, communities have increased access to 
clean water following heavy rains and flooding, which has led to a reduction in water-borne illnesses from 
consumption of non-potable water. Additionally, the expansion of the reach of the Basudha scheme (as 
part of this project) has increased water availability in the target villages by providing safe water via pipe 
system. In addition to providing safe water, this reduces the time women and children spend obtaining 
water, greatly decreasing the opportunity cost associated with doing so. With less time spent on unpaid 
labor, women now have more time to participate in economic activities and children are able to invest 
more time in education. 
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The interventions also promote economic equality between women and men by training and empowering 
women to earn wages through Sustainable Livelihood Practices (as described above), which has been 
accompanied by a reduction in gender-based violence in the project villages in Odisha. This is thought to 
be associated with an increase in women’s incomes, reduced workloads, and increased representation in 
local government (Panchayati Raj Institutions). Additionally, in Bihar women have been trained/involved 
in water related issues, wetland restoration, and sustainable livelihoods and are active participants in the 
wetland restoration activities. 

Participation

There has been a high level of participation and engagement through the engagement of task force 
groups, cooperatives, and other community-based organizations for participatory wetland management 
planning. Eleven task force groups and over 100 wetland champions have been sensitized to disaster risk 
reduction and conducted awareness raising on wetland and biodiversity conservation. Additionally, the 
Tampara Wetland Management Plan that initiated the wetland conservation and protection activities in 
the area was developed through a participatory approach and is centered around community members 
themselves participating in the wetland restoration. Key participants in the planning and implementation 
have included local Women’s Self Help Groups and Fish Cooperatives.  

Capacity building

The interventions have enhanced the capacity of local communities and local governments through 
economic and environmental benefits. The transfer of knowledge is perpetuated through capacity building 
interventions, such as CBOs’ role in Landscape Scale Risk Assessment (HVCA). These efforts ensure the 
wise use of wetlands, flood resilient farming, kitchen gardening, zero net fishing, and sustainable fishing 
strategies. Women’s Self Help groups have provided knowledge for duck rearing, plantation and marketing 
of Pandonus plant (kewda). The centrality of training and community participation to the interventions 
ensures that stakeholders have the necessary knowledge, skills, processes, and resources in place to 
continue these sustainable practices in the future, as well as adapt to future challenges that may arise. 
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3.4 Strengths and Limitations

We performed an economic efficiency assessment of the project through a quantitative Cost- Benefit 
Analysis and a qualitative analysis including a vast array of benefits. Our quantitative estimates show 
that the benefits of the Eco-DRR and resilience enhancement interventions outweigh their implementation 
costs. Our qualitative analysis complements these findings presenting a rich bouquet of additional 
long-lasting benefits (including benefits that cannot be expressed in monetary terms and therefore not 
incorporated in the CBA) associated with the three dimensions of the resilience triangle: DRR strategies, 
Ecosystem Management, and Sustainable Livelihood Practices. 

We corroborated our economic efficiency assessment with an equity assessment providing a comprehensive 
overview of the distributional impacts of the intervention on different socio-economic groups. The large 
amount of qualitative data and preliminary quantitative data provided by the country teams contributes 
to the strength and relevance of our analyses. Despite the tight time constraints, country teams assisted 
the research team to the best of their abilities, often collecting new data from the field, thus laying the 
groundwork for possible future data collection efforts and analysis.
 
The analysis presented in this report is based on an approximation of the frequency and magnitude 
of hydrological hazards in the region. More precisely, the key figure relevant for our CBA is the yearly 
average of the economic impact of the damages due to hydrological hazards. Our analyses assume that 
the local population experiences 2% yearly loss in properties and GDP per capita in the project area. This 
assumption is based on a conservative approximation of historical trends (Bahinipati et al . 2015) and 
based on the data provided by the country team. Storms and floods are expected to worsen with climate 
change, therefore our CBA may be underestimating the benefits of wetland restoration and protection. 
This would make an even stronger case in support of the Eco-DRR intervention. We performed robustness 
checks applying a 5% yearly loss in properties and GDP per capita in the project area and found similar 
results, available as supplementary materials. We assume that the Eco-DRR intervention will be able to 
reduce this risk and mitigate losses.

Ideally the CBA estimation performed in this study should consider:
1.     Historical frequency (i.e., probability of occurrence) and magnitude of climatic extremes (i.e., El 
Nino and Climate Change) that may induce hydrological hazards in the project region, at least over 
30 years;
2.   Observed correlation between intensity of extremes (e.g., storms, floods)  and damages to 
properties;
3.     Observed correlation between intensity of extremes (e.g., storms, floods) and income losses. 

Such data would allow us to better ground the value of the yearly economic damages due to climatic 
extremes into a robust statistical framework. Due to limited data availability the above components were 
not included in the analysis. Moreover, the short time available to complete the analysis did not allow us 
to collect primary data about these components. 



Ecosystem-based Disaster Risk Reduction; Community Resilience in India - A Cost-Benefit and Equity Analysis  -                                       32

4. CONCLUSION

This study contributes to the literature assessing the economic efficiency and equity of Eco-DRR activities 
in strengthening community resilience. We examine the project “Up-scaling Community Resilience through 
Ecosystem-based Disaster Risk Reduction”, implemented in India by the United Nations Environment 
Programme (UNEP) in collaboration with Partners for Resilience (PfR), a global coalition between the 
Netherlands Red Cross, the Red Cross/Red Crescent Climate Centre, Cordaid, Wetlands International, and 
CARE Netherlands. 

We performed an economic efficiency assessment of the project through a quantitative Cost-Benefit 
Analysis and a qualitative analysis that takes into account non-monetary benefits. Our quantitative 
estimates show that the benefits of the Eco-DRR and resilience enhancement interventions outweigh the 
value of their initial costs. Our qualitative analysis complements these findings presenting a rich bouquet 
of long-lasting benefits associated with Eco-DRR strategies, ecosystem management, and sustainable 
livelihood practices.

Lastly, our equity assessment indicates that the project promotes equity by enhancing inclusivity, economic 
equality, participation, and capacity building. In particular, the resilience interventions implemented result 
in significant health, safety and economic improvements for women, children, and economically vulnerable 
members of the local  communities. 

Another variable that would need to be better estimated in order to increase the robustness of our CBA is 
the percentage of damage avoided due to the Eco-DRR intervention. Since the project is in its early stages, 
there is not ample empirical evidence of the protective power of the nature-based solutions implemented 
in the project area. In our estimation we assume that, starting in year 6 after the end of the project 
implementation, the Eco-DRR intervention is able to completely prevent the annual damages to properties 
and income losses. We adopted a conservative approach in assuming that until the 5th year after the end 
of the project implementation (included), while the ecosystem is maturing, there is progressive increase 
in benefits (i.e., 10% of benefits the first year, 20% the second year, 30% the 3rd year, 40% the 4th year and 
50% the 5th year).This may lead to an underestimation of the benefits.

Our quantitative analysis lays the foundation for a possible future broader CBA of the Eco-DRR intervention 
in this region. Recommendations for future research, if a longer time frame for data collection and analysis 
is possible, include the following: collect data related to the three components highlighted above and 
reproduce the CBA estimation; plan a rigorous data collection schedule in the project area to measure 
the observed efficacy of the local Eco-DRR interventions in limiting disaster risk. In five to ten years, the 
collected data could be used to perform an empirically rigorous project evaluation.
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APPENDIX 1 - INDIA COSTS TABLE - to be updated
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APPENDIX 2 - INDIA BENEFITS TABLE 
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APPENDIX 2 - INDIA BENEFITS TABLE - continued
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APPENDIX 2 - INDIA BENEFITS TABLE - continued
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APPENDIX 2 - INDIA BENEFITS TABLE - continued
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