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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 Uganda. 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 Uganda intervention. The portfolio of Eco-DRR and resilience
enhancement activities in Uganda focuses on community-based restoration of local forests; wetland
ecosystem restoration and sustainable riverine ecosystems management; improved water infrastructure
and sustainable water resource management practices to promote water security; education of local
residents to support ecosystem-restoration practices (e.g., farmer-managed natural tree regeneration
practices) and sustainable livelihood activities (e.g., apiculture, climate smart agriculture); and direct
support and expansion of sustainable livelihood development (e.g., tree nursery management, apiculture,
sustainable grazing practices, climate smart agriculture). The project target is to make more than 150,000
people resilient to natural hazards and climate change, directly train 125 community-based organizations,
and restore and protect 40,000 hectares (ha) of ecosystems.
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 16,467,839 million USD after 5 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 Uganda. 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 natural 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 “Upscaling 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.
Eco-DRR and resilience enhancement activities in Uganda focus on flood risk mitigation and include a
portfolio of interventions: community-based restoration of local forests; wetland ecosystem restoration
and sustainable riverine ecosystems management in the Aswa River Catchment area of Northern Uganda;
improved water infrastructure and sustainable water resource management practices to promote water
security; education of local residents to support ecosystem-restoration practices (e.g. farmer-managed
natural tree regeneration practices) and sustainable livelihood activities (e.g., apiculture, climate smart
agriculture); and direct support to and expansion of sustainable livelihood development (e.g., tree nursery
management, apiculture, sustainable grazing practices, climate smart agriculture). The project target is
to make more than 150,000 people resilient to natural hazards and climate change, directly train 125
community-based organizations, and restore and protect 40,000 hectares (ha1) of ecosystems2.
This study evaluates the economic efficiency of the Uganda project 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.
The remainder of the report is organized as follows: Section 1 describes the key features of the Eco-DRR
intervention in Uganda; Section 2 outlines the methodology used in the Cost-Benefit and Equity Analyses;
Section 3 presents and analyzes the results; and Section 4 concludes.
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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1. BACKGROUND

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 reduce vulnerability to
hazards by supporting livelihoods and act as physical buffers to reduce the impact of hazard events
(Renaud et al., 2013; Wheeler et al., 2016).

1.1 Country Profile
Uganda is a landlocked country located along the equator in the eastern part of Africa. Land cover in
Uganda is classified as follows: 71.2% agricultural land, 14.5% forest, and 14.3% “other”, which includes
11% wetlands (United Nations Environment Programme, 2009). Uganda has a population of approximately
42 million and has one of the highest population growth rates in the world at 3% (World Bank, 2021).
Agricultural activity is a key national economic pillar, with 70% of the workforce working in agriculture (Food
and Agriculture Organization of the United Nations, 2015). Uganda’s Human Development Index value
currently stands at 0.544, ranking Uganda in 154th position out of 189 nations/regions (United Nations
Development Programme, 2020). 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.
Key environmental threats faced by Uganda include wetland draining for agricultural activities, deforestation,
soil erosion and decline in soil fertility, water security, and reduction in biodiversity (Cesar and Wolf,
2013). Climate change driven shifts in precipitation and temperature are expected to exacerbate many
of these threats with major repercussions on Uganda’s economy, given its reliance on natural resources
and agricultural activities (Cesar and Wolf, 2013). In terms of natural hazards, flooding and hydrological
drought pose major risks. Around 4.5 million people are affected by drought annually, with average annual
agricultural losses of $20 million. Around 45,000 people are affected by river flooding each year, with an
average of $31.5 million in combined building damage and agricultural losses annually (Global Facility for
Disaster Risk Recovery, 2019).
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1.2 Eco-DRR intervention
The Aswa river catchment located in Northern Uganda faces many of the same threats as the rest of the
country including unpredictable rainfall, erosion, drought, and flooding (Aswa Catchment Management
Plan, 2016). The 2016 Aswa Catchment Management Plan identified primary challenges with a focus
on environmental degradation and subsequent challenges such as exploitation of natural resources and
human encroachment.
UNEP and a PfR team (including CARE International in Uganda, CORDAID, and Wetlands International)
developed and implemented Eco-DRR and community resilience interventions in the Aswa River
catchment area, particularly in sections of Otuke, Alebtong, Agago, Abim and Kotido districts, shown in
Figure 1. UNEP and PfR use the Resilience Triangle Framework to set goals and measure progress of their
interventions toward vulnerability reduction and community resilience building (Figure 2). The Eco-DRR
Resilience Triangle features three components: Ecosystem-based Disaster Risk Reduction, Ecosystems
Management through protective and restorative measures, and climate change adaptation and sustainable
socio-economic growth through the promotion of Sustainable Livelihood Practices.

Figure 1. Location of the project area in the Aswa River Catchment area of Northern Uganda, Indonesia. The Eco-DRR Resilience interventions were implemented in the districts of Agago, Kotido, Abim, Otuke, Alebtong, aimed at making 150,000
people resilient to natural hazards and climate change.
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DRR

Ecosystems Management:
Protection and Restoration

Climate Change Adaptation:
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.

The interventions implemented focus on reducing risks to the ecosystem and surrounding communities
through an integrated approach of community-based reforestation and management of wetland and
riverine ecosystems. Community resilience is further enhanced by supporting local economic development
through the adoption of sustainable livelihood practices. This portfolio of activities includes: training
in tree nursery management; training and support for commercial beekeeping; creation of new water
management infrastructure; introduction of energy saving stoves; and training in sustainable and climate
smart agricultural practices such as controlled livestock grazing. Specific details of these activities are
provided in Figure 3.
In addition to the activities listed above which frame the scope of our efficiency assessment, the interventions
also built communities’ capacity to engage with local and district authorities through bottom-up planning,
awareness raising, and community mobilization activities. These stakeholder engagement and capacity
building strategies are examined in the equity assessment portion of our analysis.
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Photo credit: Partners for Resilience

Tree nursery bed created to support tree-regeneration and reforestation, Tepeth village.

Communities participating in the construction of the sub surface dam in Kacheri Kotido.

Photo credit: Partners for Resilience
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Figure 3. This figure shows the Interventions adopted in Uganda 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.
Ecosystem-based Disaster Risk Reduction; Community Resilience in Uganda - A Cost-Benefit and Equity Analysis -

11

2. METHODOLOGY
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).

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 Uganda’s project coordinators, the research team conducted
an in-depth review of the project materials (including budgets, progress summaries, and case studies, and
success stories) 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 Uganda’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 our Uganda partners, the scope of our analysis focuses on the costs directly associated with EcoDRR 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 EcoDRR 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 Uganda 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 Uganda 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). Testimonials and quotes from beneficiaries provide an additional layer
to our analytical framework. A selection of quotes is included in the qualitative results section of this
report.

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 andis 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.
Ecosystem-based Disaster Risk Reduction; Community Resilience in Uganda - A Cost-Benefit and Equity Analysis -
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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
3
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 EcoDRR scenarios (with a different range of benefits) to the baseline scenario (corresponding to no Eco-DRR
intervention):
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 socioeconomic 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
4
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 - 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 Uganda.

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 365,594 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. This could in turn reduce damages to properties and income. The benefits estimated in
the Cost-Benefit Analysis (CBA) calculations include reduction in GDP per capita losses (e.g., income loss)
from avoided hazards, as well as carbon sequestration and pollution reduction (Table 1).
According to World Bank data, flooding presents the largest risk particularly in low-lying areas of the
country: “Uganda has in past decades experienced more erratic rainfalls leading to frequent busting of
rivers, mudslides and landslides that lead to loss of lives and property of communities especially those
living in the mountainous areas. At the same time those in low lands experience floods. From 1900 to
2018, the country has encountered 20 floods, 40 epidemics, 9 drought, and 5 landslides events” (World
Bank, 2020). Uganda is affected by both flash floods and slow-onset floods, which are common in urban
areas and low-lying areas (e.g., along river banks and swamplands). Areas most prone to floods are the
capital city, Kampala, and the northern and eastern areas of the country. World Bank estimates indicate
that each year, floods impact nearly 50,000 people and over $62 million in GDP (World Bank, 2020).
Another major risk is represented by droughts which affected close to 2.4 million people between 2004
and 2013, and “drought conditions in 2010 and 2011 caused an estimated loss and damage value of $1.2
billion, equivalent to 7.5% of Uganda’s 2010 GDP.” In this study we adopt a more conservative assumption
in terms of yearly losses; we perform CBA calculations assuming that disasters associated with weather
extremes would lead to 2% of per capita yearly GDP estimated by the World Bank (without Eco-DRR).

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

18

•

Reduction in economic losses from avoided hazards - reduction in risk of floods and landslides is
expected to lead to mitigation of damages to farmland and dwelling places. Additionally, reduced risk
may reduce loss of income in case of hazards. We estimated the total values of avoided losses in the
project area using demographic information provided by the country team and GDP per capita value
(World Bank):
⸰

Total number of people in the project area = 5480

⸰

Total number of households in the project area = 1096

⸰

2020 GDP per capita (World Bank data) = 1240 USD

⸰

Estimated annual GDP in the project area = 1240 USD/per capita *5480 people in the project
region = 135,904 USD

Carbon sequestration and pollution mitigation are also included as benefits in our estimation. 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 29,726 ha of land
reforested in Uganda is estimated to sequester roughly 139,809 tons of carbon annually, and the overall
carbon storage capacity for the same area is estimated at 1,832,253 tons (Appendix 3). iTree provides
estimates of the corresponding monetary values too, and we used them in the CBA calculations (Table 1).
•
•
•

Carbon stored in trees - The carbon stored in the reforested area (29,726 ha) 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 reforestation target area is 40,000
ha. The surface currently reforested is 29,726 ha.
Pollution reduction thanks to Eco-DRR reforestation efforts - The reforestation target area is 40,000
ha. The surface currently reforested is 29,726 ha. Pollutants reduced correspond to 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 included in the Cost-Benefit Analysis calculations under Scenario 1 and Scenario 2.

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
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•

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
5
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, after 5 years (at a 0.07 discount rate) - when benefits
do not include carbon capture and pollution reduction, but do include reduction in property damage, and
income losses - the present value of net benefits is negative 145,050 USD. After 10 years the present value
of net benefits is 252,249 USD.
Estimates of the present value of net benefits (i.e., NPV) are higher for Scenario 2, which also includes
benefits from reforestation-induced carbon capture and sequestration and pollution reduction (Figure 8
and Table 3). The present value of net benefits reaches more than 500,000 USD after the first year (for any
of the discount rates we adopted). After 5 years (at a 7% discount rate) the present value of net benefits
is about 16,467,839 million USD (30,861.460 USD).
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% loss in GDP per capita every year in the project area due to weather extremes,
however historical data shows higher losses, and weather risk is expected to increase in relation to
climate change.

•

The CBA assessment considers only socio-economic benefits associated with reduced GDP per
capita losses. Because of lack of data we could not include other important benefits of the EcoDRR intervention such as, for instance, health improvements and increased agricultural productivity
(discussed in Section 3.2).

This means that the interventions could be even more beneficial to local communities than estimated in
our 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.
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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SCENARIO 1

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% ad 10%). The net benefits are calculated
subtracting costs from benefits. The benefits in this analysis do not include carbon capture and pollution reduction.

PRESENT VALUE OF NET BENEFITS
Benefits 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% ad 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

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% ad 10%). The net benefits are calculated
subtracting costs from benefits. The benefits in this analysis include carbon capture and pollution reduction.

PRESENT VALUE OF NET BENEFITS
Benefits do not 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% ad 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: Disaster Risk Reduction (DRR), Ecosystems
Management, and Sustainable Livelihood Practices benefits. Figure 9 presents 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 reforestation 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 reforestation activities lead to reduced vulnerability to risks. In our analysis we
associated these benefits with the DRR dimension of the Resilience Triangle. They include:
Economic Benefits from Reforestation - Reforestation activities over more than 29,000 ha (with a final target
of 50,000 ha) are leading to a progressive increase in soil stabilization, which will lead to protection from
flash floods, landslides, and high wind events. Risk reduction in turn is creating additional environmental
and economic benefits. Economic benefits from lower vulnerability include reduced property damages
and reduced income losses for an estimated 1,096 households. Increased agricultural productivity due
to increased soil stability and lower risk of landslides is an additional positive externality.
Environmental Benefits from Reforestation - Carbon sequestration and increased native biodiversity
are direct environmental outcomes of the extensive reforestation effort involving the planting of over
twenty types of trees. According to CARE project coordinator Marion Iceduna, the progressive increase in
biodiversity “[can] be seen in the quality and quantity of bee forage [and] increased number of pollinators.”
These biodiverse species will also be made more resilient to climate change due to increased ecological
connection achieved through corridors and patches of protected forest.

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

24

Other Social Benefits from Reforestation - Natural hazards may cause interruptions to essential services
(e.g., access to healthcare and education, access to markets and employment centers). Significant social
benefits are expected as a result of reforestation activities and consequent reduction in risk. For example,
it is expected that more reliable roads will increase access to health centers for approximately 5,000
people, leading to a reduction in morbidity and mortality. More reliable roads due to decreased flood risk
will also increase the accessibility of schools for an estimated 3,000 children, making education more
attainable for local children. This is particularly significant for girls, for whom reliable access to school can
lead to increased gender equity via economic empowerment.

			Ecosystems Management Benefits

Several benefits, resulting from a combination of reforestation and apicultural activity are associated with
the Ecosystems Management dimension of the Resilience Triangle, due to their support for the proper
functioning of natural ecological cycles:
Enhanced Ecosystem Services from Reforestation - Reforestation activities over more than 29,000 ha
(with a final target of 50,000 ha) are leading to a progressive enhancement of soil ecosystem services
including improvements in the buffering capacity of the agricultural land, improved soil moisture and
fertility, and improvements in the soil’s physical structure of water retention and drainage. The regulation of
soil moisture and fertility supports proper water drainage and retention, which in turn aids crop production.
Ecosystem Conservation from Apicultural Activities - Training in commercial beekeeping using existing
indigenous knowledge and practices has led to the protection of the surrounding ecosystems (8,000 ha),
since the quality of honey produced is directly affected by the quality of bee forage. In turn the protection
of the surrounding land is allowing stabilization and expansion of ecosystem services.

Sustainable Livelihood Practices Benefits

Several activities introduced in the region 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:

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

25

Benefits from New Economic Activities - The introduction or expansion of apicultural activities, tree
nurseries management, pest management, tree planting and maintenance, have created new sources of
local income and revenues. 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.

Apicultural training in local community
“The Modern hive is user friendly especially
for women like me. They are installed on the
ground and easy to harvest compared to the
traditional hives which are installed on trees.”
Selina Akullu, member of Gin Aloa Obanga Pe Women’s
group in Otuke

Photo credit: Partners for Resilience

Benefits from Enhanced Ecosystem Services - Reforestation and the resulting increase in provisioning
services (in this case, closer, more reliable and sustainable access to wood and food) is facilitating human
capital accumulation, as less time spent collecting firewood leaves more time for other income generating
activities and for education. Related health improvements derive from increased food security and a
more diverse diet from the planting of fruit trees. A reduction in violence against women and children
has emerged as a positive externality of improved provisioning services: women and children tend to be
vulnerable to sexual abuse while walking long distances to retrieve food, wood, or water; closer access to
these resources has reduced their vulnerability. Additionally, as the ecosystem matures and the capacity
of the reforested land to remove pollutants from the air increases, we anticipate an improvement in air
quality and related health benefits.
Benefits from the Introduction of Energy Saving Stoves - Among the initiatives with multiple vulnerability
reduction benefits, the introduction of energy saving stoves presents very diverse positive outcomes.
Improved cooking technology reduces the amount of timber required for cooking leading to reduced
demand for timber/fuel and increased ecosystem protection. Meanwhile the stove technology mitigates
indoor and outdoor pollution from cooking and improves health too by reducing morbidities and mortalities
from smoke inhalation.
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Sustainable water management
“The water sources that were rehabilitated by the
project have improved the sanitation hygiene and
have reduced incidences of diseases such as
diarrhea, typhoid and scabies compared to the
situation before the intervention. Communities also
reported general reduction in hospital visits due to
these water borne diseases.”
Mary Arieba, Project Assistant from Caritas Kotido
Photo credit: Partners for Resilience

Benefits from Sustainable Water Management - Several interventions contributed to enhanced water
security: the construction of a subsurface dam in the Kotido district, the restoration and demarcation of
4 depleted wetlands, and the rehabilitation of 6 water points and catchment areas. Combined with the
improvement of local water infrastructure, these interventions led to a sustainable water supply for 364
households, 2,569 people, through a shallow well, while providing water for animals too. An additional
benefit is the health improvement from reduction in water contamination risks and improved sanitation
hygiene, as evidenced by the community’s reports of fewer hospital visits due to these illnesses. Easier
access to water resources has also improved the safety of women and children, whose long trips to
retrieve water used to make them more vulnerable to sexual violence. In addition, easier access to water
also contributes to human capital accumulation and to the empowerment of women and girls. By reducing
the amount of time spent procuring water resources, women and children have more time for education
and other productive activities.

Benefits from Sustainable Agricultural Practices - The adoption and enforcement of controlled grazing
in four riverine areas has the potential to improve land and pasture conditions and enhance livestock
production. Meanwhile an array of interventions focused on climate-smart agricultural practices led
to increased yields and economic stability, including: training on Climate Smart Agriculture; Providing
small scale irrigation technologies equipment (i.e., 3 solar pumps, 10 treadle pumps, 10 buck drip kits);
establishment of 2 greenhouses and procurement of tree seeds to promote commercial vegetable growing;
and the procurement of shea nut oil press and grinder equipment.
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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 vulnerability-reduction and resilience-enhancing
interventions promote socio-economic equity, gender sensitivity, and cultural heritage protection in the
target communities. Vulnerable groups including women and children have benefited, and will continue
to benefit, from improvements to their economic, social, and health status. This equity assessment
examines the equity implications of the interventions along four dimensions: 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. Local communities were central to the planning and implementation
process, engaging women as key participants and beneficiaries to ensure that interventions were gender
sensitive. Additionally, indigenous knowledge and practices were incorporated into the interventions,
where possible.

Economic Equality
The interventions in Uganda 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 reforestation and soil stabilization, communities will be more resilient to natural hazards and
less likely to suffer economic losses via property damage and interruptions to business, protecting
beneficiaries’ rights to a home and livelihood. Reduction in vulnerability to natural hazards, combined
with the numerous sustainable livelihood initiatives introduced in these communities (e.g., apicultural
activities, tree nursery management, forest management, sustainable agricultural and grazing practices)
will also decrease the risk of poverty traps. The poorest and most marginalized individuals will benefit the
most from vulnerability reduction. Additionally, children’s education will less likely be interrupted due to
inaccessible roads preventing them from getting to school. This is particularly impactful for girls, whose
ability to complete their education will lead to future economic empowerment and will have positive
effects for generations to come.
Other interventions such as reforestation and the dam construction promote basic human rights to clean
air, potable water, and food. These interventions also reduce the time women and children spend obtaining
essential resources (e.g., firewood and water), greatly decreasing the opportunity cost and risks associated
with doing so. With less time spent on unpaid labor, women now have more time to participate in incomegenerating activities and children are able to invest more time in education. Women’s safety has increased
as well, as traveling long distances from home to secure resources in unsafe conditions puts women and
children at increased risk of violence. Ensuring resources are accessible nearby therefore reduces this risk
while promoting human capital accumulation and women empowerment. The interventions also promote
economic equality by training and empowering women to earn wages through Sustainable Livelihood
Practices. For example, the installation and use of modern beehives for apicultural activities empowered
women community members to participate, as these hives are more user-friendly and accessible to
women than traditional hives.
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Participation
The participation of affected local communities is central to the interventions in Uganda. Community
organizations participated throughout the micro-catchment planning process, including through training
and awareness raising efforts, identifying key issues and contributing to the development of action plans,
and meeting with local authorities to advocate for sustainable, risk-informed, and ecosystem-sensitive
development. Additionally, individual community members have been capacitated via formal training
and awareness raising to participate in the interventions. This includes participation in the installation of
beekeeping kits, establishment of water management structures, demarcation of wetland buffer areas,
and tree planting and maintenance.

Capacity building
The interventions have increased the capacity of local communities and local governments through
economic and environmental benefits. The transfer of knowledge perpetuated through the interventions is
currently uplifting communities through sustainable economic growth, women empowerment, enhanced
health and safety, and disaster risk reduction. The centrality of training and community participation to the
interventions ensures that stakeholders have the necessary knowledge, skills, processes, and resources
to continue these sustainable practices in the future, as well as adapt to future challenges that may arise.

Apicultural training: District entomologist training a group in setting and baiting bee hives.

Photo credit: Partners for Resilience
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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 analysis 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
climatic hazard 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 climatic extremes and other hazards. Our analysis assumes
that the local population experiences 2% of yearly losses in GDP per capita. Our estimate for this figure
represents a conservative approximation based on World Bank data as well as data provided by the country
team.
Ideally the CBA estimation performed in this study should consider:
1. Historical frequency (i.e., probability of occurrence) and magnitude of climatic extremes and
other hazards in the project region, at least over 30 years;
2. Observed correlation between intensity of extremes (e.g., precipitation) and damages to
properties;
3. Observed correlation between intensity of extremes (e.g., precipitation) 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.
Another variable that would need to be better estimated in order to increase the robustness of our CBA
is the percentage of damage avoided thanks to the Eco-DRR intervention. Since the project is in its early
stages there is no empirical evidence of the protective power of the nature-based solutions implemented
in the project area. In our estimation we assume that the Eco-DRR intervention is able to completely
prevent the annual damages to properties and income losses (starting in year 6 after the end of the project
implementation).
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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, would be to: 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.

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 Uganda 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 the 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 education, health, safety and economic improvements for women, children, and economically
vulnerable members of the local communities.
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APPENDIX 1 - UGANDA COSTS TABLE
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APPENDIX 2 - UGANDA BENEFITS TABLE
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APPENDIX 2 - UGANDA BENEFITS TABLE - continued -
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APPENDIX 3 Carbon capture and pollution reduction calculations using the
software Itree
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APPENDIX 3 ITree Calculations - continued -
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