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Executing Summary

Bangladesh faces an urgent and increasing need for evidence-based decisions in natural resource
management, largely due to the ongoing degradation of critical ecosystems that provide essential
services like food, water regulation, habitat, pollution mitigation, and human well-being. A significant
knowledge gap exists, particularly regarding the monetary value of these ecosystem services, which is
crucial for setting priorities and optimizing resource allocation.

To address these challenges, the Community Partnerships to Strengthen Sustainable Development
(Compass) Program, funded by USAID and implemented by the U.S. Forest Service (USFS) International
Programs and Trade (IPT), partnered with the Bangladesh Forest Department (BFD). This collaboration
led to the development of Bangladesh's first Forest Ecosystem Services Valuation (ESV) framework,
aiming to bridge data and methodological gaps, build national capacity, and support informed decision-
making for improved forest management and governance. The framework, prepared in September 2024,
is a guideline indicating necessary data, frequency, and scale for a national-level assessment instrument,
with the BFD as its primary user, alongside academic and research institutions.

Ecosystem services are the direct or indirect benefits derived from ecosystem functions that contribute
to human well-being, such as food, water, raw materials, fresh air, and cooler temperatures. Many of
these benefits, especially non-marketed ones like flood protection, erosion control, and biodiversity
protection, are often undervalued. ESV assigns a monetary value to these benefits, making their
importance clearer for decision-making on environmental management options. It serves as a monetary
standard, a policy instrument (e.g., for setting fees or compensations), and a tool for evaluating impacts
of proposed legislation, policies, and projects.

The Bangladesh Forest ESV framework provides a structured, six-step process for valuing forest
ecosystem services, tailored to the context of Bangladesh. The process begins by clearly defining the
specific forested area and its surrounding regions, often utilizing satellite imagery and GIS mapping for
precise delineation. Following this, existing governance systems related to these ecosystems are
identified, assessing the policies and key actors involved in their management. The next phase involves
assessing and prioritizing the various ecosystem services provided by the forest, creating a
comprehensive checklist of benefits such as food, water regulation, and cultural values, often determined
through field observations and consultation with stakeholders. Subsequently, essential baseline data are
collected for these identified services, which in many instances involve in-depth research to quantify
environmental parameters and gather price information, a process greatly aided by the open-access
Bangladesh Forest ESV Database. With the data in hand, the framework moves to monetarily value the
forest ecosystem services, applying methods that range from simple multiplication of price and quantity
for market-based services to more complex indirect valuation techniques for non-marketed benefits.

A major achievement of the ESV Framework effort is the creation of the Bangladesh Forest ESV
Database. Through gap analysis and expert consultation, Compass identified deficiencies in research on
cultural and regulating services, especially within Sal and hill forests. The database references over 250
peer-reviewed studies, government documents, and project reports, and is openly accessed through
BFD’s Bangladesh Forest Information System.

The guideline presents four case studies which apply the framework and highlight the importance of
valuing ecosystem service. In a study of Recreation Services in Sal Forests, the estimated total economic
value of Sal forest recreation services to be as much as BDT 597,141 per hectare (USD 5,428 per
hectare), and Visitors showed a significant willingness to pay for improved facilities and conservation. In
the study Air Pollution Reduction Services in Sal Forests, the Bhawal National Park removed BDT 5.03
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million (USD 45,728) worth of air pollution annually, and air quality in forested areas was remarkably
better than urban non-forested areas, indicating forests' strong influence on air pollution control. The
Valuing Multiple Ecosystem Services in Hill Forests study demonstrated a rigorous cost-benefit analysis
(CBA) for Forest Landscape Restoration alternatives in Rowangchari Upazila and strong returns for
interventions that boost productivity, livelihoods, and food security while restoring degraded landscapes.
Finally, the Water Recharge Services in Hill Forests study showed that improved forest cover reduced
peak water flow (up to 24% in degraded forests) and delays flood peaks (up to 61 minutes) compared to
more deforested and degraded landscapes, improving the ability of local communities to respond to
flood disasters.

The current guideline culminates in practical policy applications and management measures that translate
the economic understanding of forest benefits into actionable strategies for sustainable natural resource
governance. By quantifying the monetary value of services like recreation, air quality, and water
regulation, ESV enables policymakers to secure and justify more support for interventions such as
improved park management, incentivization of environmentally responsible practices within the private
sector, and environmental taxes and fees on sources of pollution to encourage cleaner technologies and
finance green infrastructure.
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Abbreviations and Acronyms

APTI Air Pollution Tolerance Index

AQI Air Quality Index

BAU Business-As-Usual

BDT Bangladeshi Taka

BFD Bangladesh Forest Department

BFRI Bangladesh Forest Research Institute

BNAAQS National Ambient Air Quality Standard for Bangladesh
BSMSP Bangabandhu Sheikh Mujib Safari Park

CBA Cost-Benefit Analysis

CHIRPS Climate Hazards Group InfraRed Precipitation with Station
CHT Chittagong Hill Tracts

Compass Community Partnerships to Strengthen Sustainable Development
CVM Contingent Valuation Method

DBDC Double Bounded Dichotomous Choice

DEM Digital Elevation Model

DUV Direct Use Value

ECA Ecologically Critical Area

ES Ecosystem Services

ESV Ecosystem Services Valuation

ESVD Ecosystem Services Valuation Database

FGD Focus Group Discussion

FLR Forest Landscape Restoration

GIS Geographic Information System

GoB Government of Bangladesh

GWL Groundwater Level

Ha Hectare

HEC-HMS Hydrologic Modeling System

HP Hedonic Pricing Method

HSG Hydrologic Soil Groups

InVEST Integrated Valuation of Ecosystem Services and Tradeoffs
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UV Indirect Use Value

IWFM Institute of Water & Flood Management

Kl Key Informant Interview

MA Millennium Ecosystem Assessment

MAI Metal Accumulation Index

ND No Date

NFl National Forest Inventory

NGO Non-governmental Organization

NPV Net Present Value

NTFP Non-timber Forest Products

NUV Non-use Value

ov Option Value

PES Payment for Ecosystem Services

PM Particulate Matter

PVC Polyvinyl Chloride

SCS Soil Conservation Service

SRTM Shuttle Radar Topography Mission

TCM Travel Cost Method

TEEB The Economics of Ecosystems and Biodiversity
TEV Total Economic Value

USAID United States Agency for International Development
usD US Dollar

USEPA United States Environmental Protection Agency
USFS U.S. Forest Service International Programs
UTM Universal Transverse Mercator

VCF Village Common Forest

WHO World Health Organization

W-| With-Improvement

WRI World Resources Institute

WTP Willingness To Pay
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Overview and Objectives of the Ecosystem Services Valuation (ESV) Framework
The USAID-funded and U.S. Forest Service-implemented Community Partnerships to Strengthen
Sustainable Development (Compass) Program addresses Bangladesh's natural resources management
challenges. The Program's five components are designed to build competence and leadership in
sustainable forest management and help youth gain the skills necessary to lead productive lives, secure
employment, and positively contribute to society, ensuring gender equality and increased opportunities
for women. Compass performs evidence-based research for assessing the values of Bangladesh’s forest
ecosystems and their services in an integrated way, envisaging that the generated knowledge will be used
to develop strategies for preventing further degradation and to maintain or improve the contributions of
ecosystem services to the residents’ wellbeing.

Since 2020, the Compass Program has assisted the Bangladesh Forest Department (BFD) in formulating
a forest ecosystem services valuation (ESV) framework for supporting policy decisions regarding natural
resources management. Through an inception workshop held on September 20, 2020, the BFD led
discussions on the need for an ESV framework for sustainable forest management, with more than 60
participants representing government institutions, academia, research institutions, development
partners, indigenous communities, and NGOs. Later, Compass organized several virtual and in-person
workshops, small group consultations, online surveys, and one-on-ones with relevant stakeholders
between 2020-2024 to conceptualize and contextualize the framework. The process for developing the
framework involved formulating a workplan, developing and validating an ESV database structure,
identifying ecosystem services provided by forests, and prioritizing several services to undergo the
valuation process. Finally, to advance ESV in the country, Compass applied the framework by engaging
academic and research institutions and local and US-based experts to conduct ESV research for priority
cases, which are presented in the case studies of this Guideline. On September 29, 2024, Compass
disseminated the ESV research findings along with the ESV framework in a workshop at the BFD.

The ESV framework is a guideline that indicates the data, frequency, and scale needed to construct a
national-level assessment instrument for decision-making. This guideline also suggests evidence-based
policy applications. The BFD is the primary user of this framework; nevertheless, other academic and
research institutions and individuals interested in forest ecosystem evaluation will benefit from the ESV
framework, which is particularly tailored to Bangladesh landscapes.
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Chapter |: Background Information

1.1 Ecosystem services valuation

The modern history of ‘ecosystem services’ originated between 1970s to 1980s when an increasing
number of researchers examined this concept in more depth (see detailed historical analyses in Braat &
de Groot, 2012; Gomez-Baggethun et al., 2010) and since then ecosystem service has entered the
mainstream literature (Daily, 1997; Fisher, Turner, & Morling, 2009; Perrings, Folke, & Maler, 1992).
Definitions of ecosystem services are available in various publications with varying focus on economic
and ecological aspects. In accordance with the commonly cited definitions, ecosystem services are the
direct or indirect goods and services, i.e., benefits derived from ecosystem functions, which contribute
to human well-being (Costanza et al., 1997; Daily, 1997; de Groot, Wilson, & Boumans, 2002; MA,
2005a; TEEB, 2010a). Crops, fisheries, and recreation services are some ecosystem services that are
directly consumed or enjoyed whereas soil fertility, pollination, and water purification are indirectly
used, the values of which are not reflected in markets. Thus, some ecosystem services are of marketed
kinds (e.g., flowers, fruits, fish, water, minerals, timber) and for some markets are non-existent (e.g.,
flood/storm protection, erosion control, carbon stock, biodiversity protection services). Nature’s
benefits are often undervalued as many of these are invisible to human eyes yet crucial for survival. The
importance of ecosystems to human wellbeing and to society is easier to understand if monetary value is
attached to the ecosystem services they supply. Assessment and valuation of ecosystem services provide
a strong basis for selecting, modifying, and formulating policy instruments and scenarios for ecosystem
management and overall ecosystem governance.

While there is no agreed single method of classifying ecosystem services; the classifications developed in
the Millennium Ecosystem Assessment (MA) framework are commonly accepted: provisioning,
regulating, supporting, and cultural services. Provisioning services are the goods humans obtain from the
ecosystems, e.g., food, water, raw materials, and medicines. Regulating services include flood prevention,
pollution control (air, water, soil), and microclimate regulation among other controls on ecological
functions. Supporting services are necessary for the production of other ecosystem services, such as
nursery services, gene pool control, and production of oxygen. The non-material benefits derived from
an ecosystem are regarded as cultural services, e.g., tourism, religious values, education and research.
Ecosystem services are location specific, therefore, they vary with the physical and demographic
characteristics of ecosystems. For example, the ecosystem services provided by marine ecosystems are
significantly different from that of the forest ecosystems.

Unplanned and rapid urbanization, climate change (increased extreme weather events), and land use
change (increased built-up areas) are often considered as key drivers that directly affect ecosystems and
ecosystem services: loss of green and blue spaces, diminished ecosystem services and resilience, and
aggravated pollution. These in turn affect human wellbeing. Performing economic valuation of non-
marketed ecosystem services is challenging, yet necessary to bring the unacknowledged benefits of
nature to light.

I.1.1 What is ESV?

Nature’s benefits are often undervalued as many of these are invisible to human eyes yet crucial for
survival. The importance of ecosystems to human wellbeing and to society is easier to understand if any
monetary value is attached to the ecosystem services they supply. For economic valuation, a common
unit (e.g., money) for valuing benefits derived from ecosystems is considered. Ecosystem services
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valuation (ESV) provides a strong basis for selecting, modifying, and formulating policy instruments and
scenarios for ecosystem management and overall ecosystem governance.

1.1.2 Why ESV?

Ecosystem services valuation expresses the importance of natural resources in such a way that makes
people rethink the roles that nature plays in forming personal and social identities and the consequences
of their actions on the environment. Valuation helps decision making on environmental management
options. Valuation provides a means for measuring and comparing the marketed and non-marketed
services for sustainable use and management of natural resources. More specifically, ESV provides an
understanding of ES benefits as a(n):

= Monetary standard: ESV is a strong tool that brings the unacknowledged benefits of nature to
light based on currency as a commonly understandable term (e.g. Bangladeshi Taka, US Dollar).

=  Policy instrument: ESV is the only solution to formulating policy instruments for ecosystem
governance (e.g., entry fees, payment for ecosystem services, compensations and penalties).

* Tool for evaluating impact: ESV plays a critical role in assessing the impacts of proposed
legislation, policies, and projects on the environment, society, and economy.

1.2 Typology of economic values

For economic valuation, a common unit (e.g., money) for valuing utility derived from actual or potential
use (values) of ecosystem services is considered. Figure 1.l presents a typology of economic values of
ecosystem services to human societies.

Use values are related to private or quasi-private goods which generally attract market prices. Use
values can be attached to the actual or future use of an ecosystem service. Actual value is divided into
two categories, direct use value (DUV) and indirect use value (IUV). DUV is obtained from direct use of
ecosystem services, which can be consumptive (e.g., crops, fisheries, livestock, water, raw material) or
non-consumptive (e.g., recreation, landscape amenity). These uses can be extracted, consumed, or
enjoyed directly. IUV is non-extractive in nature and associated with regulating services considered as
public services. The values of these uses are not usually reflected in markets (e.g., soil fertility,
pollination, water purification). Option value (OV) (sometimes referred to as quasi-option value) is
related to the possibility of future value from an ecosystem service (e.g., bioprospecting activities for
discovering medicinal uses of plants). Non-use value (NUV) is passively derived from the knowledge that
the natural environment is maintained. These values are neither directly nor indirectly involved in the
uses of a particular ecosystem service. Existence value originates from the knowledge that an ecosystem
service exists even though people may or may not have any actual or planned use of it (e.g., donating to
panda or blue whale preservation even if there is no chance to see these animals in an individual’s
lifetime). Bequest value relates to inter-generational equity, i.e., value of a resource that will be passed
on to generations to come. Lastly, altruist value is linked to intra-generational equity, i.e., value
associated with the availability of an ecosystem service to the current generation. Non-use values are
challenging to derive as these are related to religious, moral, or aesthetic reasons for which markets do
not usually exist. The same difficulty presents for measuring IUV. In the absence of direct and indirect
price information on ecosystem services hypothetical markets are created to obtain values.
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Total Economic Value (TEV)

Actual Value Option Value Philanthropic Value

Direct Use Value Bequest Value

Indirect Use Value Altruist Value

Source: Adapted from de Groot et al. (2006); DEFRA (2007); MA (2003); TEEB (2010).
Figure 1.1. A typology of economic values.

In principle, the total economic value (TEV) of an ecosystem is calculated according to Equation | where
the values are considered to be mutually exclusive (Hein, 2010; Pearce & Turner, 1990). This approach
enables measurements of the contributions of marketed and non-marketed benefits originating from
ecosystems to social and economic well-being and helps to guide policy/decision-making. Nonetheless,
estimating the TEV of an ecosystem is complex.

TEVE DUVHUVAOVHNUY ...ttt (Equation 1)

Valuing each and every ecosystem service was not always feasible, especially during short-term project
periods. Instead of net values, gross economic values of critical ecosystem services are often used on the
basis of needs when data are unavailable. Also, partial economic valuation is widely practiced. Valuation
approaches depend on the problems that are to be addressed. The case studies presented in this
guideline used DUV (e.g., cultural services, provisioning services) and IUV (air pollution removal, water
recharge) categories of economic values.

1.3 Valuation approaches and methods

According to Barbier, Acreman, & Knowler (1997), there are three assessment approaches that are
widely practiced: impact analysis; partial valuation; and total valuation. For instance, if the problem is an
external impact, such as (proposed) infrastructure development or destructive practices like effluent
polluting a forest, impact analysis will be an appropriate approach. If the problem is the necessity of
making one choice between forest use options: conversion of forested land to industrial zone versus
preserving the forest for coastal erosion control, then a partial valuation would be the correct
approach. To determine the total contribution of forest ecosystems to the local/national economy and
human well-being, or for developing a national conservation strategy the assessment of total net benefits
of the forest system may be required. In this case, a total valuation should be considered. Initial
planning should determine which assessment approach is desirable. This guideline presents examples of
impact analysis for proposed interventions and partial valuation approaches.
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Some commonly used methods of valuation of ecosystem services include direct market valuation
approaches, revealed preference approaches, stated preference approaches, and benefit transfer
methods. Table 1.1 presents the strengths and weaknesses of commonly used valuation approaches
and methods. Case studies presented in this guideline provide examples of applications of almost all the
valuation approaches and some of the case studies applied multiple approaches. For instance, avoided
cost method (Case study 2 and Case study 4), restoration cost method represented by a cost-benefit
analysis (Case study 3), contingent valuation method (Case study |), travel cost method (Case study 1),
hedonic pricing method (Case study 1), and benefit transfer methods (Case study 3).
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Table 1.1. Ecosystem services (ES) valuation approaches and methods.

Valuation Approaches/Methods

Revealed Preference

Direct Market Valuation Approaches

Market price-based approach

Cost based approaches

" Avoided cost method (costs that would have been incurred in
the absence of ES).

®  Replacement cost method (costs incurred by replacing ES with
artificial substitutes).

= Mitigation/ restoration cost method (costs incurred for mitigating
the effects caused by the loss of ES/ for restoring ES).

Production function/ Factor income based approach

Travel cost method

Approaches

Hedonic pricing

Description

Prevailing market prices for
goods and services are
considered for valuation.

Costs incurred for artificially
recreating ES are considered for
valuation.

Contribution of ES to deliver
economic output i.e. value of a
non-marketed ES in terms of
changes in economic activity is
considered.

Willingness to pay for ES is
derived at a specific location by
using monetary and time costs
that people incur to visit that
location.

Information about the implicit
demand for an environmental
attribute of marketed
commodities is utilized

8

Strengths

Applicable for direct
(provisioning ES- food) and
indirect (cultural ES- recreation)
use values.

Usage of data from real markets
reflecting actual preferences/
costs to individuals.

Relatively easier to collect
prices, quantities, costs etc. data.

Applicable for direct and indirect
(regulating ES- flood prevention)
use values.

Easier to measure costs of
producing benefits than the
benefits themselves when ES
markets do not exist.

Less data intensive.

Applicable for indirect use
values.

Utilization of scientific
knowledge to determine causal
relationship between ES and
economic output.

Widely used for estimating
impacts on economic activities
(farming, fishing) due to ES
destruction.

Applicable for direct use values.
Commonly used to estimate
values of recreational sites
(public parks).

Quality and quantity of the
recreational site can be deduced
from estimation of the demand
function for visiting the site.
Applicable for direct and indirect
use values.

The value of a change in the
non-marketed environmental

Weaknesses

= Data may not be available if
markets do not exist for some
ES.

®  Prices may not be a good
reflection of preferences/ costs if
markets are distorted due to, for
instance, subsidy. Thus the
estimated ES values will be
biased.

= Seasonal variations and other
effects on prices are necessary to
consider.

= Costs may not accurately
measure true benefits.

= Perfect substitute for
replacement may not be
available.

®  Uncertainties need to be dealt
with caution.

® Adequate data may not be
available.

® The likelihood of double
counting problem may increase
due to the interdependencies and
interconnectivity of ES.

= Data intensive method,
expensive and time consuming.

= Assumptions about consumer
behavior are restrictive.

= Market imperfection and policy
failures may distort the estimated
monetary value of ES.

= Same as Travel cost method.
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Valuation Approaches/Methods

Stated Preference Approaches

Contingent valuation method

Choice modelling

Group valuation

Benefit Transfer Methods

Description

(proximity of a property to
forest).

A hypothetical market is
constructed to elicit
respondents’ willingness to pay
for increasing or enhancing the
provision of an ES or willingness
to accept for its degradation or
loss.

Decision processes of people
are analyzed by giving them a
choice between several
alternatives with shared
attributes of the concerned ES.

Valuation of ES results from an
open public deliberation rather
than aggregating separately
measured individual preferences.
Its valuation process is similar to
Contingent valuation method.

Values of ES are taken from
existing studies took place in a
different time or focused on a
different region.

9

Strengths

benefit generated by ES (forest)
can be estimated by analyzing
demand function for an
economic good (property).
Applicable for use and non-use
values.

A market and demand for ES is
stimulated through surveys on
hypothetical changes in the
provision of ES.

Used when no surrogate market
exists from which ES value can
be inferred.

Provides an estimate of total
economic value of an ecosystem.
Sometimes reveals stakeholders
conflict.

Biases can be taken care of by
providing the respondents with a
clear description and objective
of the concerned issue in
understandable language while
asking for their preferences.

Applicable for use and non-use
values.

More capable of providing value
estimates for changes in specific
feature of an ecosystem.

Same as Contingent valuation
method.

An increasingly used method of
valuation.

Consensus can be reached
regarding the value of an ES.
Applicable for use and non-use
values.

More useful in cases of time,
human resources or budget
constraints.

Provides a reasonable estimation
of ES values based on which
policy decisions can be made.

Weaknesses

Questionnaire design, survey
implementation and interviewing
technique may generate biases.
Hypothetical nature of the
market restricts the validity of
estimation.

Hypothetical answers may not
reflect their behavior if
respondents were faced with
costs in real life.

Willingness to pay and accept
may differ for identical ES due to
faults in questionnaire,
interviewing technique or
strategic behavior of
respondents.

Double counting bias arises due
to embedding problem i.e. one
ES value might be embedded in
another ES but valued twice for
their different usage.

Same as Contingent valuation
method.

Same as Contingent valuation
method.

Validity and reliability of values
may be questioned.

Welfare estimates can be highly
biased because of careless benefit
transfer.

Source: Adapted from de Groot et al. (2006); DEFRA (2007); Farber, Costanza, and Wilson (2002); MA (2003); Richardson et al. (2015); TEEB (2010).
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Chapter 2: A Forest Ecosystem Services Valuation Framework for Bangladesh

Ecosystem services assessment and valuation is a new arena of research in Bangladesh. Some studies
have been conducted rather recently on ecosystem services and human wellbeing, but they
predominantly focus on the mangrove/Sundarbans ecosystem. Very few studies are available on the
other forest ecosystems- hill, coastal, Sal, urban. These studies are discrete- mostly led by independent
researchers, conducted on relatively smaller scales, and used diverse methods for ecosystem services
quantification and valuation. Until now, no integrated study has been undertaken focusing on
quantification and valuation of Bangladesh forest ecosystem services. Yet, implementing government
departments/agencies are often in need of baseline quantity and valuation data for critical decision-
making.

To address the urgent need of valuing forest ecosystem services, the Compass program facilitated
generating a framework that guides and organizes partners to fill ESV data gaps. The framework
guideline also guides partners on how to use the framework to develop strategies for preventing further
degradation and to maintain or improve the contributions of ecosystem services to the residents’
wellbeing.

The framework was developed for the BFD and it partners to conceptualize and contextualize the ESV
process, with methods, approaches and responsibilities specific to the context of Bangladesh.

The stepwise framework in Figure 2.1 conceptualizes the forest ecosystem services valuation process.
It depicts the steps required for developing a valuation framework, the plausible data collection and
analysis approaches, the frequency of data collection, and the responsible authorities. Stakeholder
consultation is needed in every step. The BFD initiates Step | by delineating the ecosystem boundary,
and then contributes to steps and 3. The Bangladesh Forest Research Institute (BFRI) and universities
also contribute to Steps 2 and 3, and thereafter execute Steps 4 through 6 to complete the framework.

Data collection & analysis approaches Responsibility

Ecosystem boundary Satellite image analysis & BFD
specification GIS mapping
Identification of Folicyanslysis BFD. BFRL. &
0 ecosystem governance —* : Universities
system Stakeholder analysis Examples
— Provisioning ES ~———— Monthly
ES identificati
Assessment of identification : BFD. BFRL. &
ecosystem services — — Carbon sequestration —_— 5-Yearly it
SN, Universities
(ES) ES prioritization E———
— Air pollution removal —_— Yearly
Data collection for Price & quantity data — Ground water recharge — Yearly BFRI &
baseline setting collection ™ Universities
— Cultural ES _ Monthly
Valuation of forest Valuation, Equity, — Biodiversity " Yearly BFRI &
ecosystem services Sensitivity analyses Universities
Formulation of policy e
applications

Note: BFD- Bangladesh Forest Department, BFRI- Bangladesh Forest Research Institute.
Figure 2.1. A conceptual framework for Ecosystem Services Valuation.
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The following sections provide details on the practical steps necessary for undertaking any forest
valuation activity.

Step I: Specification of ecosystem boundaries

Define the forested area and specify the system boundary between this area and the surrounding region.
Satellite image analysis and GIS mapping are effective tools and are widely used methods for boundary
specification and visualization.

Step ll: Identification of ecosystem governance system

Assess how the ecosystems and ecosystem services are governed and who are the main actors involved
in governing them through policy and stakeholder analyses.

Policy analysis

A policy analysis gives insight into existing legal provisions and institutional contexts regarding relevant
matters. According to Vignola, McDaniels, and Scholz (2013), for ecosystem services governance, the
policy analysis provides a practical basis for recognizing “information flows and influence in governance
networks” and thus it helps to analyze how much importance is given to this particular issue, identify key
stakeholders, governance objectives, priorities and strategies, and detect possible shortcomings. Policy
documents analysis, interviews, institutional analysis, and stakeholder analysis are some common
methods for policy analysis.

Ecosystem governance in Bangladesh mainly follows government environmental legal guidelines. The
government of Bangladesh (GoB) acknowledged the necessity for environmental protection and
development at national level for the first time in the National Environmental Policy, 1992. This policy
provides legal and institutional frameworks for improvement, protection and conservation of the
environment (Legislative and Parliamentary Affairs Division, ND). Some significant environmental legal
guidelines are the Bangladesh Environment Conservation Act, 1995; the Environment Conservation
Rules, 1997; the Land Use Policy, 2001; the Environment Court Act, 2010; and the Water Act, 201 3.
Together, these legal guidelines introduced Environmental Impact Assessment (EIA) for industrial
activities; presented conditions required for declaring Ecologically Critical Area (ECA) and imposed
penalties for non-compliance; set standards for air, water, soil, noise, odor, sewage discharge and
emission of waste; and put restrictions on filling out waterbody, hill cutting and or razing, ship breaking,
and hazardous waste disposal (Bahauddin, 2014; Department of Environment, ND; Ministry of
Environment and Forests, ND; Momtaz & Kabir, 2014). The GoB changes, emphasizes, and/or includes
new governance issues (e.g., setting the allowable usage of polythene bags, and specification of penalties)
through amendments where necessary.

The GoB has formulated legislations to give attention to the protection and conservation of ecosystems
and their services. For example, the Haor Master Plan includes rules to optimize resource utilization and
poverty reduction (Haor Master Plan, 2012); ensure sustainable integrated and socially-just water
resources management for current and future generations (National Water Policy, 1999 and Water Act,
2013); and prevent continuous decline in the rate of cultivated land to ensure crop production and to
control unplanned urbanization (Land Use Policy, 2001) (Directorate of Bangladesh Haor and Wetland
Development, ND; Legislative and Parliamentary Affairs Division, ND; Ministry of Water Resources,
ND). Bangladesh also realizes the severity of climate change and its impact on ecosystems and
ecosystem services and thus has adopted actions, plans, and programs for mainstreaming adaptations
into national policies (Ayers & Hug, 2009; Ayers et al., 2014). Such initiatives include National
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Adaptation Programmes of Action (NAPA), 2009; Bangladesh Climate Change Strategy and Action Plan
(BCCSAP), 2009; National Adaptation Plan of Bangladesh (2023-2050), and Bangladesh Delta Plan 2100.
These initiatives are expected to develop resilience of ecosystems and disaster preparedness in short,
medium, and long terms (Ayers et al., 2014; GED, 2014; MoEF, 20092, 2009b).

Stakeholder analysis

A stakeholder analysis explains social and natural impacts of actions or decisions, identifies who can affect
or who are affected by an action and prioritizes stakeholders (Figure 2.2) for involving them in making
decisions (Reed et al., 2009). In addition, this analysis allows to find out potential conflicts between
stakeholders of different scales. The stakeholder analysis is essential to find out linkages between social
and environmental systems as different social groups value ecosystem services using different lenses.
Literature review, interviews, and Focus Group Discussion (FGD) are some methods that are generally
applied for stakeholder analysis.

Degree of Influence/power

(High) (Low)
(High) <€
A. Stakeholders stand to lose or gain B. Stakeholders stand to lose or gain
A significantly from the project and whose significantly from the project BUT whose
actions can affect the project’s ability to actions cannot affect the project’s ability
meet its objectives (e.g. government to meet its objectives (e.g. local
Degree of implementing agencies). community).
Impact
from project B&C
C. Stakeholders whose actions can affect D. Stakeholders stand to lose or gain
the project’s ability to meet its objectives much from the project AND whose
BUT who do not stand to lose or gain much actions cannot affect the project’s ability
from the project (e.g. local government). to meet its objectives (e.g. international
] NGO:s).

Source: Adapted from de Groot et al. (2006).

Figure 2.2. Prioritization of Stakeholders.

Step IlI: Assessment of ecosystem services
Develop a checklist of the main services offered by the study area. Table 2.1 presents a list of critical
services provided by different types of forests in Bangladesh. Performing field-level observation activities
to detect the currently available ecosystem services and their conditions is highly recommended. The
prioritization/selection of services to be included in the valuation process should be done in close
consultation with the main stakeholders.

Table 2.1. Zone-wise list of forest ecosystem services (ES) and prioritized ES for valuation.

ES class Coastal forest ES
Provisioning | Food: Fish
Potable water
Fodder

Medicinal plants
Thatching materials
Timber

Sal forest ES
Food: cultivated
fruits, wild edible
fruits, vegetables,
wild vegetables
(mushrooms, root
crops), spices

Sundarbans ES
Food & NTFPs:
honey, fish, dry-fish,
shrimps, crabs, wild
fruits- Sonneratia
(keora), Golpata
molasses, Golpata -

Hill forest ES
Water: Potable, surface,
ground water

Food: vegetables, spices,
cultivated & wild fruits-
banana, fish, honey, meat,
Jhum

12
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ES class Coastal forest ES Sal forest ES Sundarbans ES Hill forest ES

Fuelwood & Water: Potable, beverage, Hantal,

biomass surface, ground Soila Fuelwood & biomass
water Timber, bamboo & cane

Aquatic ES: Fish, dry- | Betel leaf

Medicinal plants fish, shrimps, crabs, Medicinal plants
Fodder larvae capture Gum
Timber Rubber
Fuelwood & biomass | Fuelwood Grass (broom/sun)
(leaves) Timber Fodder
Rubber/ Gum Genetic Resources
Oil extracted from Mineral & stones
seed
Genetic resources

Prioritized provisioning ES for valuation

I. Timber I. Timber I. Timber |. Water

2. Fuelwood & 2. Food 2. Aquatic ES 2. Fuelwood & biomass

biomass 3. Water 3. Food & NTFPs 3. Timber, Bamboo & cane

3. Medicinal plants | 4. Medicinal plants 4. Fuelwood 4. Food
5. Fuelwood & 5. Medicinal plants
biomass (leaves)

Regulating Protection from Pollination Protection from Soil erosion control
natural events (e.g., | Drought recovery natural events (e.g, | Watershed regulation
sea storms & tidal Water regulation sea storms & tidal Nutrient cycling
surges) Nutrient cycling surges) Carbon sequestration
Stabilization of Soil erosion control | Carbon Pollination
newly accreted Carbon sequestration Pollution control
land sequestration Sediment accretion/ | Climate regulation
Control of salinity Pest & disease Stabilization of newly | Invasion Resistance
intrusion regulation accreted land Pest control
Carbon Control of salinity
sequestration intrusion
Flood control Pollution control
Pollution control Climate regulation
Climate regulation Nutrient cycling
Erosion control Detoxification
Nutrient cycling Navigation

Biochemicals

Seed dispersal

Erosion control

Pollination
Prioritized regulating ES for valuation
|. Protection from | |. Water regulation |. Protection from |. Watershed regulation
natural events 2. Pollination natural events 2. Carbon sequestration
2. Control of 3. Carbon 2. Carbon 3. Climate regulation
salinity intrusion 3. | sequestration sequestration 5. Nutrient cycling
Stabilization of 3. Climate regulation | 4. Pollination
newly accreted 4. Nutrient cycling
land 5. Erosion control

Supporting | Primary production | Primary production Primary production Habitat for flora and fauna

Nursery service
Refugia for
migratory &
resident species

Nursery service
Refugia for
migratory & resident
species

Nursery service
Refugia for
migratory & resident
species

(wildlife i.e., Asian
Elephants, migratory &
resident species)

13
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ES class Coastal forest ES Sal forest ES Sundarbans ES Hill forest ES
Biodiversity Biodiversity Biodiversity Nursery service/breeding
protection protection protection (for ground

Habitat for wildlife Royal Bengal Tiger)
Biodiversity
conservation/gene
bank/germplasm
conservation
Prioritized supporting ES for valuation
I. Nursery service |. Habitat for wildlife | I. Biodiversity |. Habitat for flora and
2. Refugia for 2. Nursery service protection fauna
migratory & 2. Primary 2. Biodiversity
resident species production conservation/gene
3. Biodiversity 3. Nursery service bank/germplasm
protection 4. Refugia for conservation
migratory & resident
species
Cultural Education Research Education Education
Research Education Research Research
Tourism Tourism Tourism Tourism/ecotourism/nature

Cultural heritage
value

Attractive
landscapes

Artistic inspiration
Recreational fishing

Cultural heritage
value (Tribal &
ethnic people's
rituals & traditions)
Recreation
(videography &
photography)
Aesthetic value
Cultural heritage

Symbolic value of
tiger

Cultural heritage
value/
spiritual/religious use
of forest (e.g. Rash
mela)

tourism

Cultural heritage value
(Tribal & ethnic rituals &
traditions, spiritual/religious
use)

Artistic inspiration
Recreation (photography,

value Recreation (e.g., videography)
videography,
photography)
Prioritized cultural ES for valuation
I. Tourism I. Tourism |. Tourism l.
2. Research 2. Recreation 2. Symbolic value of | Tourism/ecotourism/nature
3. Research tiger tourism
4. Cultural heritage 3. Cultural heritage 2. Cultural

value

value/
spiritual/religious use
of forest

heritage/spiritual/ religious
use

3. Education & research
4. Artistic inspiration &
recreation

Source: Adapted from Compass valuation survey report- May (202 1), Barua et al. (2020), TEEB Valuation Database
Manual (2013), and Ecosystem Services Valuation Database (ESVD) (2021).
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BOX | - Identifying and Prioritizing Ecosystem Service Valuation Gaps

The process of valuing ecosystem services is often challenged by data and raises the question of
where to focus efforts on collecting data. To address this question in Bangladesh, a comprehensive
list of ecosystem services (Table 2.1) and a Forest ESV Database (Box 2) were developed in
consultation with BFD officials, local forestry experts, and USFS international experts. The Compass
program collected inputs from these experts through virtual and in-person interviews, consultation
workshops, and online surveys from 2020-2023.

A comparison of the list of services and the database highlights gaps in the available data for
Bangladesh. Based on this analysis, experts prioritized ecosystem services that should be
incorporated in the valuation framework for Bangladesh forests: coastal forest, hill forest, Sal forest,
and the Sundarbans. Based on these recommendations, and to address a few of the most critical
knowledge gaps in ecosystem services, the Compass program supported research on the following
ecosystem services and geographies: |) Recreation services in Sal forests (Cultural Service), 2) Air
pollution removal services in Sal forests (Regulating Service). 3) Water recharge services in hill
forests (Regulating Service) (Chapter 3). These research studies provide baseline information for
these less-studied, yet critical, ecosystem services in Bangladesh.

Step IV: Data collection for baseline setting

Collecting baseline data often necessitates in-depth research and significant time and resources. For
example, measuring the water yield of a watershed or carbon sequestration potential of a forest. See the
case studies under Chapter 3 for examples on the types of baseline environmental data used in
Bangladesh.

In many cases, collecting specific or updated price information is required, but price information
collection for provisioning services is comparatively easier than environmental data. For example,
averaging product prices collected from representative numbers of kitchen markets and shops is a
common practice.

The Compass program in collaboration with BFD and its partners have compiled available quantity and

price information from existing literature in a the Forest ESV Database (Box 2). Other data from similar
ecosystems and global databases can also be explored.
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BOX 2 - The Bangladesh Forest
Ecosystem Services Valuation (ESV)
Database ! Conn#ctmgl Peq:ple
The Forest ESV Database is an open-access and living [ '+ fora/Better Forest
platform to support decisions regarding forest | Manepem e
ecosystem services. The database includes ecosystem
monetary values gathered from about 250 peer-
reviewed journal articles, government publications,
and various published project reports. It was a b

collaborative effort that engaged academics and w Wﬂ
students from forestry universities. The database
parameters and overall structure were finalized in

discussion with the BFD officials. The database is m
publicly accessible on the Bangladesh Forest [ Reguiaing ]
Information System website under the “Forest [ supporing )
Assessment” section: - -

Data Dashboard

http://bfis.bforest.gov.bd/esvd/public/. T
The database structure follows the internationally :
recognized The Economics of Ecosystems and : I .
Biodiversity (TEEB) valuation database, ak.a. : :
Ecosystem Services Valuation Database (ESVD).
Forest ecosystems are placed under different forest Valuation Database s
zones in Bangladesh, and the services are categorized
into four classes: provisioning, regulating, supporting, ESVID : ESV 11788691
and cultural ecosystem services. Ecosystem -
Class cultura

The Forest ESV Database is designed as a living Forest Zone Sylhet hill, semi-evergreen
document where new valuation information can be LNP is famous for ccotaurism, where tourists
added through a rigorous review process. Voluntary Sub come all over the year, with the majority comes

. . . . Ecosystem  during the winter. LNP is extensively used by the
contributions are welcome to enrich it. The summary Al Text visitors for seeing trees and landscapes, wildlife-
statistics on the dashboard would change depending watching and enjoying fresh weather of nature.
on new updates. The data are downloadable in excel e Taka 476.44 million per annum
and programming language (Json) format. The ’
database is recommended to be used for non- Valuation Travel Cast

Method
commercial, research, and educational purposes to

support  sustainable forest governance and
policymaking.

Value Year 2019

Saha, N., & Mukul, S. A, (2021). Visitor's
willingness to pay for cultural ecosystem
services in Bangladesh: An assessment for
Lawachara National Park, a biodiversity hotspot.

Reference

Step V: Valuation of forest ecosystem services

Perform valuation based on the price and quantity information. The basic equation for valuation using
the market price-based approach is multiplying prices over quantities. This is straightforward for
provisioning services.
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Example: Value of mangoes from an orchard in 2023 [BDT | 10] = Price [BDT 22/kg] X Quantity [5 kg]

Dividing the total value by the area would give per hectare values. Aggregating values of all provisioning
services from a study area would generate a value in terms of BDT per hectare per year.

Valuation is tricky and complex for non-marketed services when indirect market valuation approaches
mentioned in Table 1.1 are applied (see Case studies under Chapter 3). An alternative way is to
gather information from comparable sites elsewhere (Benefit transfer method) and make assumptions.

Step VI: Formulation of policy applications/management measures

Use the valuation information for designing policy applications or ecosystem management measures.
Valuation is a tool for decision-making. Research-backed policy instruments or ecosystem management
measures are desirable. Some widely adopted policy applications of ESV include:

* Entrance fees and taxes/tariffs

»  Payment for ecosystem services (PES)

*  Project evaluation and budget justification
= Policy assessment and design

= Compensation and penalty fees

Examples of policy applications, i.e. usage of ESV for selected forests in Bangladesh are available in
Chapter 4.
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Chapter 3: Quantification and Valuation Exercises

The following case studies are presented to highlight steps and approaches used in the ESV Framework.
Since ESV can be an intensive undertaking, not every case presents all the steps, but nonetheless provide
useful examples of individual steps. Case Study 2, for example, does not include robust policy and
stakeholder analyses, and Case Study 4 only focuses on data collection. On the other hand, Case Studies
| and 3 follow all the steps to estimate ecosystem services, albeit using different approaches.

3.1 Case study |: Valuing recreation services in Sal forest using revealed preference
and stated preference methods

The objective of this study was to estimate the economic value generated by recreation ecosystem

services of Sal forests in the Gazipur area. More specifically, the study estimates the total economic

value of the Sal Forests for recreation services, identifies which amenities attract more tourists to the

Sal forests, and investigates what are the required initiatives to enhance the recreational value of Sal

forests.

For details on the Case Study, refer to “Compass-USFS. (2023). Recreational ecosystem services valuation:
A Case Study on Gazipur Sal Forest Area, Bangladesh. Community Partnerships to Strengthen Sustainable
Development (Compass) Program of U.S. Forest Service (USFS) International Programs and Trade (IPT)
funded by USAID. Dhaka. Bangladesh.”

3.1.1 Study area

The study area includes Sal forested areas in all of Bangladesh, with data collection from the Gazipur
District within the Dhaka Division. Within the Gazipur District, data were collected from the Bhawal
National Park, Bangabandhu Sheikh Mujib Safari Park (BSMSP), Karkhana Bazar on the bank of the
Bongshi River (tourist site), and around 25 privately owned resorts. These forests are home to a variety
of animal and plant life. The lush green landscape and serene ambiance attract many city dwellers who
want to escape crowded and polluted cityscapes and experience clean air, open space, and natural
beauty.

The Bhawal National Park area is 5,022 hectares and approximately 375,000 people visit it every year!.
Tourism has grown in and around the Bhawal National Park in recent years. The Park provides
recreation opportunities like bird watching, nature walks, lake boating, picnics with friends and family,
camping, and staying overnight in cottages. The BSMSP has an area of 1,542 (3,810 acres)2. Both parks
are under the jurisdiction of the BFD. The hundreds of privately owned resorts surrounding the Sal
forests offer attractive amenities with comfortable accommodations, outdoor activities, and meeting
facilities.

3.1.2 Data collection methods

Secondary data on the study area and tourism activities were gathered for review from the Forest ESV
Database, peer-reviewed journal articles, books, national strategy papers, project reports, information
from the internet and the Bangladesh Forest Department.

' https://bforest.gov.bd/site/page/70eb3c34-62de-4e37-264c-079 | f42fa87 |
2 https://www.safariparkgazipur.info.bd/area.php

18


https://bforest.gov.bd/site/page/70eb3c34-62de-4e37-a64c-0791f42fa871
https://www.safariparkgazipur.info.bd/area.php

& N
5 e
d o=
% /i

%Y FROM THE AMERICAN PEOPLE

Primary data were collected from December 2022 to April 2023, considering tourism peak and off-peak
seasons. A structured questionnaire was used for surveying 418 visitors. The Kobo toolbox? was used
for data collection. The study employed the Double Bounded Dichotomous Choice (DBDC) for
assessing the respondents’ willingness to pay. Key informants were interviewed from 25 resorts using a
checklist.

3.1.3 Valuation methods
This study used multiple methods for recreation services valuation. The choice of methods was made
depending on the objectives.

Revealed Preference Approach
i. Zonal Travel Cost Method (TCM) for estimating the total economic value.
ii. Hedonic Pricing Method (HP) for identifying what amenities attract more tourists.

Stated Preference Approach
iii. Contingent Valuation Method (CVM) for investigating the required initiatives to enhance the
recreational value.

3.1.4 Key results

Total economic value of the Sal forests for recreation services

The study estimated the economic value of Sal forest recreation services at the division level (Table
3.1), assuming it is approximately equivalent to the consumer surplus, i.e., the difference between the
visitors' willingness to pay for the recreation service and the actual cost of the visit. The total cost per
tourist of a visit, meaning the total travel cost of a round trip to and from the destination, comprising
costs for a personal or rented vehicle, food, entrance fees, accommodation, etc., were considered for
this. The economic values were highest for the Dhaka Division, followed by the Chattogram Division,
and the lowest for the Sylhet Division, mainly because of the different volumes of tourism coming from
each. Through the zonal travel cost method and dividing by the Gazipur Sal forest area (7,877.64 ha plain
land forest, i.e., Sal forest; Source: Resources Information Management System unit, BFD, 2024), the
monetary value generated by tourists was estimated to be BDT 380,953 per hectare. For the Bhawal
National Park, this value is BDT 597,141 per hectare (USD 5,428; Exchange rate: USD | = BDT 110).
These findings confirm that Sal forests are popular recreation destinations with significant economic
importance at the regional and national levels.

Table 3.1. Total economic value of Sal forests in Bangladesh.

Travel zone Visit rate per Total zonal travel cost
1,000 (million BDT)
Barisal Division 0.944 0.120
Chattogram Division 3.595 5.937
Dhaka Division 63.886 2,980.44
Khulna Division 3.508 3.565
Rajshahi Division 3.832 4.382
Rangpur Division 4.485 4.396
Sylhet Division 3.978 2.166
Total economic value (million BDT) 3,001.01

3 https://www.kobotoolbox.org/
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Note: No respondent from Mymensingh Division was found during the survey.

Recreational ecosystem services in Bhawal National Park

The study results indicate that tourism amenities positively attract visitors, to different degrees, and that
these features are complementary and key to the overall evaluation of the experience. For example,
“high-end” tourists seek to stay in private resorts that can provide additional comfort, luxury, privacy,
and security services, and so the reported experience for these sites was mostly positive. In contrast,
most visitors to the public areas of the parks expressed some level of disappointment, specifically with
safety and security levels. The conditions and cleanliness of walkways, seating areas/benches, watch
tower, food, restrooms, lakes, zoo, and the children's playground at the Bhawal National Park were
considered deficient, and internet service coverage was poor. Reportedly, noises from road
transportation on the Dhaka-Mymensingh highways hampered the quietness of the Park.

Despite the negative view of some park services, more than 95% of the surveyed visitors still believe
that Sal forests in Gazipur are an excellent place to visit, especially the Bhawal National Park. Visitors
stated that air quality was considerably fresher inside the forested areas than anywhere in the city.
Approximately 76% of respondents showed interest in paying more for improved facilities and the
conservation of forest habitat that would attract more birds and wild animal species. Most said the site
is one which they like to visit with their family and friends. This idea unites the perception of the beauty
of the site with the felt need to have public interventions to improve the visit.

Willingness to pay for enhanced recreation in Sal forests

The study developed a few hypothetical scenarios and evaluated the respondents’ willingness to pay
(WTP) for improved recreational services and better conservation for their future children and
grandchildren. These hypothetical scenarios include:

= Bhawal National Park with improved safety and security, facilities, and park management (e.g.,
playground, food corners, seating benches, washrooms, drinking water points, internet,
binocular in the watch tower)

= Bhawal National Park with improved cottages and rest houses

= Bongshi riverside area with scenic drive and guided tours

»  Bangabandhu Sheikh Mujib Safari Park with improved facilities and park management (e.g., animal
welfare, banning of loud music.

Table 3.2. Hypothetical scenarios and tourists’ willingness to pay (WTP).

Scenarios Willingness to  P-value Lower Limit = Upper Limit
Pay (BDT)

Bhawal National Park facilities and services 188.99 0.00 163.92 214.06

Bhawal National Park accommodations 4,315.79 0.00 3,648.66 4,982.93

Bongshi riverside area 72.12 0.04 0.006 64.29

Bangabandhu Sheikh Mujib Safari Park 680.68 0.00 631.79 729.57

Interesting results came out of this analysis (Table 3.2). In the scenario where the authority improves

safety and security within the Bhawal National Park area, more than one-third of surveyed tourists
agreed to pay around BDT 200 entrance fees as opposed to the existing BDT 20. For improved cottages
to take a rest during day trips, visitors, on average, were willing to pay BDT 4,315. Other scenarios
included an accessible watch tower with binoculars, a scenic drive through the forest, and a guided tour
combining the Sal forest and the Bongshi riverside visit, and for each of these scenarios, the
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respondents’ WTP was statistically significant. These results indicate how the Park authorities can make
more revenue by providing improved facilities and management while conserving nature and ensuring
animal welfare.

3.2 Case study 2: Valuing air pollution reduction services in Sal forests using
avoided cost method

The goal of this research was to estimate the amount of air pollution removed by Sal (Shorea robusta)
forests in Gazipur area and to evaluate its associated monetary value. More specifically, to:

= determine the quantity of particulate matter (PM) deposition on the foliage of selected plant
species

= compare the selected species in terms of PM retention quantity and composition of PM on leaf
surface

* determine the amount of PM-associated trace elements and metal accumulation index (MAI)

= develop an air pollution tolerance index (APTI)

= investigate the seasonal variations in PM,s concentrations in Sal forests.

For details on the Case Study, refer to “Compass-USFS. (2024). Air pollution tolerance index and particulate
matter removal potential of Sal (Shorea robusta) Forest. Community Partnerships to Strengthen Sustainable
Development (Compass) Program of U.S. Forest Service (USFS) International Programs and Trade (IPT)
funded by USAID. Dhaka. Bangladesh.”

3.2.1 Study area

Constant air quality monitoring equipment was installed in three locations of Gazipur: (1) Bhawal National
Park, (2) Rathura Beat Office, and (3) Kalikair Range Office. The map of Sal forested areas and the sampling
sites are shown in Figure 3.l. The locations were selected in discussion with the Bangladesh Forest
Department (BFD) considering the vegetation gradation (high to low density), high-low traffic movements,
and high-low industrial activities. For leaf sample collection, one additional place was selected in Gazipur:
Bangladesh Forest Research Institute (BFRI), Salna beej bagan kendro, Gazipur Sadar. For a comparative
assessment, similar air pollution data was collected from an urban area in Dhaka- Bauniabadh, Mirpur, with
a high level of congestion characterized by slums, factories, heavy vehicular traffic, and the least vegetation.
The sampling sites are described in Table 3.3.

Table 3.3. A comparative description of the sampling sites.

; : Traffic Proximity to air Vegetation Area description

Sampling sites o q
movement pollution sources gradation*

Bhawal National Park | Moderate-High | Moderate High Peri-urban/forested
Rathura Beat Office Low Distant Moderate-High Rural/forested
Kalikair Range Office High Close Low- Moderate Peri-urban/industrial
BFRI Salna Moderate-High | Moderate Moderate Peri-urban
Bauniabadh, Dhaka High Close Low Urban

* Vegetation gradation is classified based on Google Maps and field-level observations.
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Figure 3.1. Map of Gazipur Sal forest area and sampling sites.

3.2.2 Data collection methods
Data collection took place for 12 consecutive months from January to December 2023. The 24-
hour Particulate Matter (PM) and metal accumulation data for approximately 10 days per month
were collected concurrently from the study sites. Additionally, tree inventory data was collected in
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February 2024 from the Bhawal National Park using the i-Tree Eco model. A monetary appraisal of
Sal forest was conducted on the Bhawal National Park as a case study representing Sal forests in
Gazipur utilizing the i-Tree Eco model. This model was developed by the Northern Research Station
of the U.S. Forest Service, USA. The estimate of tree cover was derived from user estimations of
percent tree cover over plots and extrapolated to the whole study area. The studied area had an
estimated 20,900 trees with a tree cover of 83%. The three most common species are Shorea
robusta (87.6%), Erythrina spp (8.3%), and Bridelia spp (2.8%). Trees cover about 83% of the selected
area and provide 677.9 acres of leaf area. Common ground cover classes (including cover types
beneath trees and shrubs) in the studied area include bare soil, duff/mulch, buildings, rock,
unmaintained grass, water, and other impervious, impervious covers such as cement, and tar, and
herbaceous covers such as herbs, and grass. The most dominant ground cover types were Herbs
(72%) and Bare Soil (16%).

3.2.3 Valuation methods

This study used the i-Tree Eco model for valuation on the Bhawal National Park as a representation of
Sal forests in Gazipur. The model generated the values for pollution removal, carbon storage, and
carbon sequestration in BDT per year. Estimation of monetary value in the model required location
data, city data, pollution data, weather data, and tree species data. The objective of this valuation was to
assess the damage avoided by the Sal forest ecosystem.

3.2.4 Key results

Pollution removal by Sal forests

The PMa,s concentrations at all the sampling sites were within the standard concentration (with the
exception of a few anomalies) set by the National Ambient Air Quality Standard for Bangladesh
(BNAAQS). However, international standards like the World Health Organization (WHO) and the
United States Environmental Protection Agency (USEPA) indicate the ambient air in the studied
locations is highly unhealthy (Table 3.4).

Table 3.4. Evaluation of the 24-hourly PM2.5 concentrations in Sal forests against different standards.
Forested Location Concentration BNAAQS USEPA, 2023 WHO 2021

locations in characteristics of PMy;s (ng/m?®) standard standard

Gazipur (ng/m’) (ng/m?) (ng/m3)

Kaliakoir Lower forest cover 52.29 65 pg/m3 35 pg/m3 I5 pg/m3
near highways and (24 hours) | (24 hours) (24 hours)
industrial areas

Rathura Moderate forest 39.44

cover in a rural area
Bhawal National | Higher forest cover 27.71
Park next to highways

Air quality in forested and urban areas was assessed with seasonal variability. Air pollution is higher in
winter months and decreases in the wet season. It is visible that air quality in the forested areas,
especially the Bhawal National Park, has been remarkably better compared to the urban non-forested
area (Figure 3.2). This clearly indicates the influence of forests in air pollution control.
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Figure 3.2. Influence of forests on air pollution removal.

Air Pollution Tolerance Index (APTI)

Among the tree species examined, Sal, Mango, and Jackfruit trees were found to be the most effective
with respect to surface PM accumulation. A comparison of differences among sites showed that the
amount of PM deposited on the leaves of species was, in general, higher in Kaliakoir, which was the
most polluted site of the three. Heavy vehicular traffic caused increased PM deposition there. In the
absence of trees, the ambient air would have been more polluted and harmful to human health.

Metal Accumulation Index (MAI)
This study found Anisoptera scaphula (Boilam) to exhibit the highest (MAI 10.63) and Artocarpus

heterophyllus (Jackfruit) the lowest (MAI 1.77) metal-removing capacity among the studied species
(Figure 3.3).

24



="USAID

W 4 FROM THE AMERICAN PEOPLE

12

Metal Accumulation Index

Shorea robusta T. bemrl a M H'Idlcd A. auriculiformis A helemph,uus P. longifolia C.rotung H. odorata A. scaphula B. acutangula
(=TT : (STRETTaITe ) ‘ () =) (=) (T2 ) ()

Plant species

Figure 3.3. Metal Accumulation Index (MAI) for selected plant species in Sal forests, Gazipur.

Monetary value of Sal forest ecosystem services in terms of air pollution control
The Sal tree-dominant Bhawal National Park:
» removes BDT 5.03 million/year worth of air pollution, i.e., 5.909 tons of PMys, PM\o, ozone, carbon
monoxide, nitrogen dioxide, and sulfur dioxide per year.
> stores BDT 36.1 million worth of Carbon, which is 1.922 thousand tons.
» sequesters BDT 4.01 million/year worth of Carbon, i.e., 213.9 tons per year.
» produces 563.7 tons of Oxygen per year.

These are model-based estimations. Past experience using the i-Tree Eco application on Dhaka North
City Corporation and Dhaka South City Corporation shows that model-based calculations are realistic
estimations with high accuracy.

3.3 Case study 3: Valuing multiple ecosystem services in hill forests using cost-based
approach and benefit transfer method
The main objective of this case study/pilot was to develop a community-based FLR plan for Rowangchari
Upazila of Bandarban Hill District in the Chittagong Hill Tracts (CHT) and demonstrate its
implementation in one Union (Rowangchari Sadar) of the Upazila. For the FLR pilot, the program
brought 1,000 hectares of degraded forest landscape area under improved natural resource
management. The economic feasibility of the FLR alternatives has been evaluated through a rigorous
cost-benefit analysis (CBA). Implementation of the FLR plan was done based on the CBA results. The

CBA results presented here are summarized from Assessments and Planning for Forest Landscape
Restoration (USAID USFS IPT 2023) conducted by the Arannayk Foundation.

For details on the Case Study, refer to “USAID-U.S. Forest Service International Programs Compass.
(2023). Assessments and Planning for Forest Landscape Restoration: Chittagong Hill Tracts Communities Forest
Landscape Restoration Program (CHT-FLR). Community Partnerships to Strengthen Sustainable
Development (Compass) Program. Dhaka. Bangladesh.”

3.3.1 Study area

The CHT is characterized by unique geographical and cultural resources in Bangladesh. This area
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comprises the three hill-districts, namely Bandarban, Khagrachari and Rangamati. Rowangchari covering
an area of 442.89 km?, is an Upazila of Bandarban located about 20 km east of Bandarban Sadar. There
are four unions- Rowangchhari Sadar, Taracha, Alekheong, and Noapotong in this Upazila.

In Rowangchari, the ethnic communities living in and around the forests are the major stakeholders of
FLR. The local community leaders, including Karbari, headman, play a critical role in maintaining and
controlling the social affairs, resource use and common properties allocation. The union Parishad with
Chairman and members act as representative of the government for community mobilization and
supporting development interventions from the government.

Restoring the degraded landscapes of Rowangchari was urgent for preventing the loss of precious
biodiversity of the area. A sustained flow of ecosystem services largely depends on the healthy
landscape. Through boosting productivity in the landscape mosaics, the livelihoods of the local people
can be upgraded, and food security can be enhanced. The scarcity of drinking water has become severe
as the adjacent streams lose water levels as they get dry in the winter season. The wildlife habitats are
severely fragmented and degraded. It is critical to connect the forest patches by restoring greens for
reducing human-wildlife conflict. Restoring forest landscapes will provide increased ecosystem services
and increase livelihood security, better watershed health, and safer wildlife habitat.

3.3.2 Data collection methods

Ecosystem services from the forest landscapes in Rownagchari were identified through expert
consultation, FGDs, KIl, and household surveys. A market survey has been conducted in September
2021 to collect price information on some marketed forest products. Secondary data have been utilized
where needed. A rigorous cost-benefit analysis (CBA) was performed to evaluate the economic
feasibility of the alternatives and decide on the alternatives to pilot.

The CBA was conducted for 10 land use classes with 27 alternatives. For each class, a baseline was
established. The common cost items included production inputs (seeds/seedlings, fertilizers, equipment,
pesticides, laborers, etc.), patrolling, management, and transportation costs. The project implementation
cost was not considered. This is because the funding is a grant and public good in nature (i.e., benefits of
which are available for other regions and projects) and a sunk cost. Some of the costs, especially the
labor inputs, were opportunity costs. The major benefits considered were provisioning ecosystem
services: crops, non-cereal crops, vegetables, fruits, timber, bamboo, fuelwood, medicinal plants;
regulating ecosystem services: carbon sequestration, erosion prevention, ground water recharge; and
biodiversity conservation as supporting ecosystem service. No significant cultural ecosystem services
were identified in the intervention area, hence, excluded from the CBA.

3.3.3 Valuation methods
The following matrix (Table 3.6) shows the valuation methods and data sources used for evaluating the
benefits and costs.

Table 3.6. Valuation methods and data sources used for the CBA.
Cost/benefit items Valuation methods Data sources

Production inputs, patrolling, FGD, Kl
management costs, transportation
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Cost/benefit items Valuation methods Data sources

Crops, non-cereal crops, Market price FGD, Household survey, Market survey
vegetables, fruits, timber, bamboo,
fuelwood, medicinal plants

Carbon sequestration Avoided cost Literature: Baul, et al. (2021), Jalal, et al.
(2020), Miah & Hossain (2020); FAO
(2018)

Erosion prevention Replacement cost Literature: Rasul & Thapa (2006)

Ground water recharge Benefit transfer Literature: Piaggio & Siikamaki (2021),

Jalal, et al. (2020), Shamsuduha, et al.
(2011), listedet, et al. (2007)
Biodiversity conservation Benefit transfer Literature: Jalal, et al. (2020), Rasul

(2009)

Note: All estimations were done in 2020 prices, inflation was adjusted where necessary.

3.3.4 Key results

The FLR alternatives have been weighed against their discounted future costs and benefits. Assumptions
have been made as realistically as possible. Table Al (Appendix |) presents the detailed assumptions
and the corresponding net present value (NPV) and benefit-cost ratio (B/C ratio) of each alternative, the
approaches that are widely used for investment decision-making. Table 3.7 presents a summarized
valuation outputs for different ecosystem services under investment-worthy FLR alternatives for
selected landuse classes. Each landuse class has a ‘do nothing or no additional intervention’ scenario with
which the proposed FLR alternatives were compared (See Table A2 in Appendix | for an example).
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Table 3.7. List of potential FLR alternatives for different landuse classes based on the outputs of valuation.

FLR Total Total PV of PV of
Landuse o Cost items Ecosystem services costs benefits total total
alternatives Y
(BDT/ha) | (BDT/ha) costs benefit
Do nothing Muli bamboo, Vegetables, Fuelwood, 2,880,000 30,097,548 866,093 9,051,141
Village Common Buffer area creation Patrolling, Management cost, | Pole/Timber, Medicinal plants, Water used by
Forest (VCF) to increase the size Silvicultural operation locals, Biodiversity conservation, Carbon seq., 2,948,000 51,490,119 897,270 | 13,425,370
and recruitment Groundwater recharge, Erosion prevention
Do nothing Timber, Vegetables, Fruits, Fuelwood, Medicinal 44,982 235,351 13,527 66,896
Homesteads Permaculture Maintenance plants, Biodiversity conservation, Carbon seq.,
homestead Groundwater recharge, Erosion prevention 46,982 518,016 14,710 136,834
Do nothing 5,000 47,232 5,000 47,232
Kheyanglreligious Greening available Maintenance Fruit, Fuelwood, Timber, Biodiversity
places areas around conservation, Carbon seq,, Erosion prevention 360,000 5,055,865 | 108262 | 1,288,392
Kheyang and church
Do nothing Labor, transportation, Seeds, 4,195,123 10,489,121 | 1,261,586 | 3,154,361
Seedlings, fertilizer, Paddy, Sesame, Turmeric, Pigeon pea, Chilli,
Shifting Improved/Modified herbicide, Seeds and Gourd (Marfa), Maize, Other high value crops,
ultivation agroforestry based propagules of other high Fruits, Fuelwood, Medicinal plants, Biodiversity
c Jhum (Permaculture value crops, Seedling conservation, Carbon seq., Groundwater 2,251,110 19,931,034 689,139 5,978,249
model) purchase, carrying, and recharge, Erosion prevention
planting
Do nothing - 997,659 - 300,023
. Wildlife corridor by
Stream side creating forest cover Patrolling cost, Maintenance Biodiversity conservation, Carbon seq.,
corridor within 30 feet on cost Groundwater recharge, Erosion prevention 546,000 1,942,431 | 168,071 495,894
both sides of the
stream
Shrub with Do nothing Pole, Fuelwood, Medicinal plants, Bamboo, - 316,613 - 95,214
Enrichment Protection, Maintenance Biodiversity conservation, Carbon seq.,
scattered trees plantation Groundwater recharge, Erosion prevention 51,000 2,114,395 48,509 496,845
Hill forest tree Do nothing Pole, Fuelwood, Medicinal plants, Bamboo, - 839,797 - 252,550
o Enrichment Protection, Maintenance Biodiversity conservation, Carbon seq.,
cover 10-25% plantation Groundwater recharge, Erosion prevention 51,000 3,858,735 48,509 869,955

Note: Total values of 30 years were considered. PV- Present Value. The PV was calculated at a 12% nominal discount rate.
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3.4 Case study 4: Data collection for valuing water recharge services in hill forests

The goal of the study was to collect baseline data and compare the impacts of healthy versus
degraded/denuded forest coverage on the hydrological (e.g., surface water) and hydrogeological (i.e.,
groundwater infiltration, recharge, etc.) parameters of Bangladesh. Unlike the other case studies, the
step for valuation of ES for this case has yet to be completed. The specific objectives were to:

= delineate streams and outfalls for forested watersheds, estimate rainfall-runoff for each
watershed, and provide basin-wide discharges at each outfall.

* calculate historical trends of total water storage, groundwater storage, and forest coverage
change for selected sites.

= collate high-resolution (half-hourly time step) weather data (i.e., temperature, rainfall, humidity,
and evaporation), groundwater level fluctuation, and surface water level change at
representative sites for one hydrological cycle.

= prepare local aquifer/lithology mapping at each site

= estimate infiltration and percolation rate/range for dry and wet seasons at the selected healthy
and degraded/denuded forest areas.

= compute annual recharge for unconfined aquifer(s) for both healthy and degraded/denuded
forest areas.

= assess the total water balance situations for both healthy and degraded/denuded forest
coverage.

For details on the Case Study, refer to “Compass-USFS. (2024). A study on the estimation of forest
coverage contribution as a land use to water balance in Bangladesh. Community Partnerships to Strengthen
Sustainable Development (Compass) Program of U.S. Forest Service (USFS) International Programs and
Trade (IPT) funded by USAID. Dhaka. Bangladesh.”

3.4.1 Study area

The water data were collected from two locations: Bangalhalia forest beat, Raikhali range, pulpwood
garden division, Kaptai, Rangamati District [22°22’40.97” N and 92° 08’40.37” E] and Kamalachari forest
beat, Khurushia range, Chittagong South Forest Division, Chattogram District [22°18’31.4” N and 92 °
06'29.8” E] (Figure 3.4). The two study locations were selected based on an in-depth feasibility analysis
with the engagement of the BFD. The factors considered for the comparable site selection were: (i)
similar dominant land use (e.g., agriculture or industrial), (ii) presence of groundwater fluctuations, (iii)
existence of surface waterbodies (pond, khal, jhiri, chhora), and (iv) availability of electricity and secured
places (BFD beat/range or BFRI offices) for installing data collection instruments.
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Figure 3.4. Location of the study area (watershed boundary) in hill forests.

3.4.2 Data collection methods

Data collection took place for 12 consecutive months from June 2023 to June 2024. The study team set
up telemetry-based instruments to gather real-time data on a cloud-based database. The bias-corrected
observed data on temperature, humidity, rainfall, evaporation, surface water level, and groundwater
level of the studied locations are available here: https://www.usfsbd.org/water-data-941814. The study
finds that the annual rates of forest cover decline are 1.15% (0.08 km?2) for Bangalhalia (degraded forest)
and 0.63% (0.03 km?2) for Kamalachari (healthy forest). In Kamalachari, the heights of the canopies range
from 18 to 30 meters, whilst in Bangalhalia, they range from 12 to |8 meters.

3.4.3 Valuation methods

The socio-economic dimensions and demographic features are important factors to be considered while
valuing water recharge services. A complete assessment of the total demand for water and the supply
can give a complete picture for critical decision-making. This study focused on the supply side only.
Nevertheless, there are studies on water resource valuation conducted in other countries at local or
sub-national scales that might be insightful (Table 3.8). Typically, water conservation, water flow
regulation, and water supply by forests are valued. For instance, the water conservation service by
different forest types was valued using the replacement cost method in China, which ranged USD 822—
USD [,237/halyear. The regulation of water flow service by forests was valued in Australia, Cambodia,
Malaysia, and Brazil using replacement cost, value transfer, and avoided damage cost methods that
estimated values to be between USD 2.37 — USD 881/ha/year. Contingent valuation, group valuation,
market prices, and avoided damage cost methods were used to value water supply service in Malaysia,
Australia, China, Lao PDR, Indonesia, and the results indicated a range between USD 0.0007 — USD
199.52/halyear.

3.4.4 Key results

The results emphasize the water availability conditions in the present and future times. Economic
valuation has not been done for this ecosystem service due to the unavailability of long-term
hydrological data and water demand data. Valuation of complex water services based on one
hydrological year might generate less accurate results. However, the key results discussed below
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provide sufficient information for making forward-looking decisions for forest conservation and
improvement.

While considering surface water, the hydrological modeling (HEC-HMS) clearly demonstrates the impact
of forest cover on flood regulation. Under a business-as-usual (BAS) scenario—assuming continued
deforestation and urban expansion—maximum water flows are projected to rise significantly by 2030
and 2050. In deforested areas like Bangalhalia, this could mean up to a 36% increase in peak water flow
and earlier flood peaks by up to 25-28 minutes, increasing flood risks for downstream communities. In
contrast, improvement scenarios—with forest cover increasing by 1.15% annually with increased canopy
heights and decreased impermeable surface—show marked reductions in water flow and delayed peak
discharge:

» Peak flows could drop by up to 24% in degraded forests and 19% in healthier forests.

» Outfall flood peaks could be delayed by up to 30 (in 2030) to 61 (in 2050) minutes, giving
communities critical time to respond.

»  Cumulative discharge at the outfall may reduce by up to 18%, easing pressure on drainage
systems and infrastructure.

The Kamalachari (healthy forest) sub-basin exhibits better effects on groundwater recharge processes as
compared to the Bangalhalia (degraded forest) sub-basin. The water level drops (21 days) earlier in
degraded forests and takes longer (23 days) to recover. The probability of a flash flood increase is higher
in degraded forests. Trees and plants in forested areas can improve the interception and
evapotranspiration processes, resulting in a decrease in peak flash flood flows. Improved forests reduce
the maximum water flow and delay the peak discharge, highlighting the benefits of forest conservation.
Healthy forests serve to preserve the replenishment of groundwater and ensure the long-term
maintenance of water availability for local communities to use.
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e

Ecosystem service

Country

Scale

Area (ha)

Valuation Method

Table 3.8. Value of water resource services in tropical forests, woodland, and shrubland across the world.

Value
(USD/halyear in

2020)

Reference

Brander L., Tai B., Crossman N. and Hong Yeo B. (2018).
Natural Capital Valuation using primary data research

forest)

Water supply Malaysia Sub-national 6200000 Contingent Valuation 0.214933 methods in Baleh, Sarawak Heart of Borneo Project. WWF-
Malaysia Project Report
Curtis, I. A. (2004). Valuing ecosystem goods and services: a
new approach using a surrogate market and the combination
Water supply Australia Local 894420 - 9.239541 of a multiple criteria analysis and a Delphi panel to assign
weights to the attributes. Ecological Economics, 50(3-4), 163-
194.
Curtis, |. A. (2004). Valuing ecosystem goods and services: a
new approach using a surrogate market and the combination
Regulation of water flows Australia Local 894420 - 2.370724 of a multiple criteria analysis and a Delphi panel to assign
weights to the attributes. Ecological Economics, 50(3-4), 163-
194.

. Kibria, A. S., Behie, A., Costanza, R., Groves, C., & Farrell, T.
Regulation of water flows (2017). The value of ecosystem services obtained from the
(Water storage reservoir Cambodia Local 55639 Replacement Cost 880.9402 ) ) .
construction) protectec.l forest of Cambodia: The case of Veun Sai-Siem

Pang National Park. Ecosystem services, 26, 27-36.
Liu, P, Li, W,, Yu, Y, Tang, R, Guo, X, Wang, B,, ... &
Water supply China Local 99840 Group Valuation 47.81453 Zhang, L. (2019). How much will cash forest encroachment in
rainforests cost? A case from valuation to payment for
ecosystem services in China. Ecosystem Services, 38, 100949.
R. Rosales, M. Kallesoe, P. Gerrard, P. Muangchanh, S.
Phomtavong and S. Khamsomphou, 2005, Balancing the
Water supply Returns to Catchment Management: The Economic Value of
(Micro-Hydropower Lao Sub-national 2881500 Market Prices 0.000695 Conserving Natural Forests in Sekong, Lao PDR. IUCN
Value) Water, Nature and Economics Technical Paper No. 5, [IUCN
— The World Conservation Union, Ecosystems and
Livelihoods Group Asia.
Van Beukering, P. ]., Cesar, H. S., & Janssen, M. A. (2003).
Water supply Indonesia Local 2500000 Damage Cost Avoided 199.5161 Economic valuation of the Leuser national park on Sumatra,
Indonesia. Ecological economics, 44(1), 43-62.
Regulation of water flows Value Transfer (Benefits Matthew, (2017). Total economic value of forest ecosystem
(water treatment from Malaysia Local 48905 Transf 304.7288 services in Endau Rompin National Park, Johor, Malaysia. PhD
forest vegetation) ransfer) thesis, Universiti Putra Malaysia.
g Y
Pavani, B. F., Ribeiro, T. C. L., Gongalves, D. A, Sousa Junior,
Regulation of water flows W. C. D., Giarolla, A., & Arraut, E. M. (2020). Payments For
(restoring degraded Brazil Sub-national Damage Cost Avoided 252.5022 Ecosystem Services To Water Resources Protection In
pastures into forest) Paraiba Do Sul Environmental Protection Area. Ambiente &
Sociedade, 23.
Water conservation Li, J., Ren, Z,, & Zhou, Z. (2006). Ecosystem services and
(Subtropical coniferous China Sub-national 516386 Replacement Cost 1215.758 their values: a case study in the Qinba mountains of China.

Ecological Research, 21(4), 597-604.
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Value
Ecosystem service Country Area (ha) | Valuation Method (USD/halyear in Reference
2020)
Water conservation
(Subtropical deciduous China Sub-national 270067 Replacement Cost 1048.172
broadleaf forest)
Water conservation
(Subtropical bamboo China Sub-national 49081.1 Replacement Cost 1237.105
forest)
Water conservation
(Temperate deciduous China Sub-national 918535 Replacement Cost 822.2722
shrub)
Water conservation
(Subtropical deciduous China Sub-national 1051846 Replacement Cost 894.4844
shrub)
gf;:;)wnsemmn China Sub-national | 670281 Replacement Cost 907.8384
Source: Adopted from Rudolf de Groot, Luke Brander, Stefanos Solomonides. (2020). Ecosystem Services Valuation Database (ESVD) Version

December 2020.
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Chapter 4: Policy Applications: Examples of ESV Usage

To address the core problems of forest management and generate maximum utility from the forest
ecosystem services in terms of monetary value, several solutions based on data and findings are
available. These solutions are designed to help inform planning and funding decisions in a way that
maximizes benefits people and natural systems. This chapter highlights some applications of ESV for
policy decision making.

4.1 Higher entrance fees to fund better park management

Implementation of the attributes analyzed in Case Study | (Section 3.1) increases the Park
management costs. This could be partially secured through an increase in the entrance fee to fund the
actions the tourists themselves recommended; for example, a set of security posts could be established
along the walkway. Each year, approximately 3,75,000 people visit the Bhawal National Park*. Given the
large number of visitors, the entrance fee level could be set up so as to cover the cost of key
improvements in full and become a matching contribution for the rest. While increasing the entrance
fees would certainly generate more revenues per visitor and allow for investment in improving the Park
infrastructure and increasing staff, higher fees themselves would turn away some share of visitors.
Depending on how high the fee increase is, fewer people would consider visiting. The Case study |
found that for every additional BDT 10 charged (around the current range), there would be
approximately 10% less people visiting the Park. However, once the improvements are observable and
experienced, the visiting rate numbers could be expected to bounce back, at least partially.

This phenomenon of partially curbing the number of visitors when higher fees are charged is
experienced across the world by all natural parks that use this mechanism. In such cases, there are two
types of policy reactions that can be taken by park authorities.

i. First, they can strategically use this expected reduction in visitors to better manage the park. By
comparing the visitor carrying capacity of the site to the estimated demand response to the fee
increase, fees can be set to vary across seasons or areas, precisely to reduce visitors when and
where congestion is most problematic. This can help reduce the environmental impact of
tourism, while generating the target revenue. Discounts for lower-income families, schools, or
for low-visiting days or areas, can help administer these fee variations and provide more equitable
access and still generate the revenue to invest in conservation and amenities.

ii. The second type of action, which can be complementary, is that funding for park improvements
does not have to wait for the new streams of revenue to flow in, especially for the larger
investment tickets. The use of green-bonds and conservation-linked credit lines can bring to
present use the future flows of park fees, over several years. Safety, conservation, and
educational improvements can be experienced by the public shortly after the fee increase, almost
simultaneously if there is enough support from development banks or conservation investors.
The improvements create a new impulse to visit the park, and thus the net reduction in visits is
lower than expected, if any. It is the right combination of both policy reactions what best helps
achieve the park’s goals of conservation and recreation in the long run.

In the short term, for the Bhawal National Park, it is comparatively more feasible to go for option one.
The tradeoff is between earning more revenue with fewer visitors and improved services versus earning

* https://bforest.gov.bd/site/page/70eb3c34-62de-4e37-a64c-079 | f42fa87 |
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less with more visitors and existing services. The authority could decide on the optimal carrying capacity
for the low and high tourist seasons, ensuring nature conservation with improved and more amenity
services.

4.2 Multi-dimensional bidding for leasing out park services

The Case Study | (Section 3.1) identified that some of the facilities offered in the Bhawal National Park
are leased out to private entities. These facilities generally include management of parking, restrooms,
boating, fishing, playground, watch tower, animal conservation, canteen, and entry gates, usually for a
year. The highest bidder gets selected through competitive bidding. The bidding amount goes to the
government’s revenue accounts. In the FY 2023-24, the bidding amount was BDT 1,590,450 including
15% VAT, 10% income tax, and 10% amenity tax (Source: Wildlife and Nature Conservation Circle,
Forest Department). The bidder could pay this in 10 installments and earn money from the above-
mentioned leased out facilities with government-prescribed rates.

For such cases, a “multidimensional bidding” system can be adopted that includes more criteria for
winning a bid. It is widely used in public procurement and in the private sector for the acquisition of
goods and services that enable bidders to offer different prices for different product/service sub-
categories. The ESV results in Sub-section 3.1.4 imply that returns on investment will likely be
significant enough for any entrepreneur or non-profit willing to pose a solid (multidimensional) bid to
have a reasonable high expectation that their investments will be covered in due time. For example, day-
trip cottage visitors in the survey responded that if the quality of the cottages was improved, they would
be willing to pay, on average, up to BDT 4,315.79 per day (Table 3.2), enough for sustainability and
quality investments to be recovered in the medium-term.

The multidimensional bidding system for leasing park amenities can be designed as a “wish list” to
include economic, social, and environmental dimensions. Hypothetically, the authority could decide to
lease out some discrete areas instead of the entire Park, i.e., children’s playground, mini zoo, and
cottages ensuring amenities like modern washrooms, drinking water availability, improved trail for
walking/cycling, guided tours with vehicle facilities, parking, and respectful security monitoring
mechanism. During the bidder selection process, weights can be put against certain assessment criteria,
such as environment-friendly options. The decision could be whether to select the bidder who offers
the highest revenue with high-pollution tour vehicles or the second-highest bidder offering green
vehicles with wheelchair accessibility. Another selection criterion here, for example, could be how low
the (differentiated) entrance fee is, so as to provide access to lower-income families, at least to the
playground or minizoo.

An initiative like this would be productive with a medium-term contract (3-5 years) instead of one year
to be able to recover the expected investments. It should be legally binding, having clear clauses on
deposit for damages or services not delivered and other exit/termination strategies. The bids should be
presented with the corresponding investment plans to check if their promise to deliver on the relevant
dimensions is credible. The bid should also include what new or improved assets they would leave to
the park at the end of their lease. The selection process would then compare bidders and choose the
one that has the highest combination of values.

4.3 Environmental occupancy tax on resorts

The Case Study | (Section 3.1) found hundreds of privately owned resorts around the Gazipur Sal
forests. They have capitalized on natural resources for economic value generation. If there are “too
few” resorts, the economic value of the Sal ecosystem’s beauty would be only partially realized. If there
are “too many”, the environmental economic value begins to fall, as they displace the natural areas and
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crowd the space. Therefore, there is a need for balance regarding the optimal number of resorts and
the space given to them, in order to achieve sustainable development. In most countries, the density of
resorts is a regulatory decision, decided through zoning laws, at almost no cost to those regulated.
However, conservation efforts need to be funded to enforce zoning and keep contiguous Sal forest
areas in good condition. With environmental occupancy taxes, a virtuous circle can be created: funding
conservation generates more taxable economic value from resorts, and these tax revenues allow
governments to keep investing in maintaining Sal forests.

Occupancy taxes work well in all those places where they have been implemented and adapted to local
circumstances. In the case of Sal forests, for example, the local circumstances could call for a gradual
percentage points increase (e.g., | percentage point per year over 4 years), as the concept is still new
and resort owners would be more convinced when the benefits of conservation, waste removal, and
environmental education, are visible to them and their clients. That is why earmarking these tax
revenues for conservation would be fundamental to gain their support.

The design of environmental occupancy taxes can have temporal and locational differences, similar to
the suggested scheme of entrance fees to the Park. This means the local government could agree to a
higher tax being applied in the high season, or in the more crowded areas, where conservation staffing
needs are higher. This implies that where the growth of resort sites and greater occupancy capacity
over forest areas could have a significant environmental impact, the optimal tax should be larger than in
other tourist sites. This strategy benefits from having annual updates and reappraisals of the commercial
property values that will be taxed.

Once the tax rates are up, depending on the environmental setup of the individual resort, there could
be discounts to send a signal in favor of better environmental performance. For instance, if a hotel uses
only local plant species for landscaping, it protects natural water flows, has in-situ conservation and
education material, water treatment plants, solar panels, etc., then it could qualify for one or two tiers
of a partial tax discount. Such a varying tax policy instrument would still be keeping the revenue
generation objective of the occupancy taxes, while at the same time providing a strong economic
incentive to enhance the sustainability of the tourism industry in the vicinity of natural areas.

This policy instrument should be supported both as a revenue generation and an incentive for
sustainable tourism. The key argument is that the enhanced conservation gained through investing in the
occupancy tax would allow the total value generated by tourism to grow and do so for a longer period
of time.

4.4 Environmental taxes and fees for emission reduction

The Case Study 2 (Section 3.2) did a comparative assessment of air pollution concentrations in forested
and urban areas. According to the World Health Organization (WHO), more than four million fatalities
occur each year due to outdoor air pollution, mainly caused by increased mortality from stroke, heart
disease, chronic obstructive pulmonary disease, lung cancer, and acute respiratory infections. For the past
few years, air pollution in Dhaka has been reported as very unhealthy to extremely unhealthy for human
health. The sources of PM emission in Dhaka include the brick kiln sector, vehicular emissions, dust from
roads, soil dust, biomass burning, construction, and industrial activities. Air pollutants adversely affect the
living realm: plants, animals, and human health, deteriorate environmental quality, impact the climatic
pattern, disrupt ecosystems, reduce visibility, and cause the air to become aesthetically displeasing and
unhealthy to breathe in. Pollution should be addressed by abatement measures (such as introducing gas-
driven vehicles) as well as increasing natural vegetation. Trees and forests contribute to air quality
improvement. Vegetation design (location, alignment, coverage) and choice (tall or short, dense or sparse,
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leaf shapes, leaf with or without hair) are important in reducing PM concentrations. Protecting air quality
also protects vegetation health, keeping forests productive and enjoyable.

There are several options for environmental taxes and fees to incentivize the reduction of air
pollutants through multiple avenues of response, both in the short and medium term. These all
should be explored simultaneously, generating a basic design and then navigating through the
political feasibility arena. The newly generated revenues could be reinvested in the natural
infrastructure of forests and urban green areas. The basic options to build upon are:

- Alocal property tax, or commercial operation license, could be modified in such a way
that it would be higher for brick kilns and other high-pollution operations that lack the
proper polluting particle reduction equipment, and be lower for those firms those having
the most environment-friendly technologies. The expected effect would be that firms
would compare the taxes/fees and license costs they face against the cost of installing
advanced pollution prevention or control equipment. Those activities where such costs
would be lower than potential taxes would purchase and install such equipment. Such a
tax/fee can be calibrated to be revenue-neutral or to increase in some proportion to
current revenues. The thresholds would be revised over time, as new processes and
pollution control technologies become available.

- Alocal tax on diesel and gasoline sales, proportional to the PM pollution potential of a
liter of each fuel when used by the average vehicle, would create gradual and significant
incentives while generating a sustained revenue flow. The first suggestion would be to
start with a small tax, around USD 0.01 per liter, and once the mechanism is consolidated,
in -2 years increase the amount again by 50%-70%, until it reaches the estimated value
of the environmental damage caused by PM pollution. The higher the sulfur content of
the fuel, the more PM is generated with combustion, so a proportional gradient of taxes
should be introduced if there are gasoline or diesel varieties that have different content
levels of sulfur, using the least polluting fuel option as a base reference.

The revenues from the new environmental taxes and fees can be used to protect Sal forests in
existing parks, conserve, and restore remnant pockets of unprotected forests within the region,
and invest in new pollution-reduction green public areas, ideally vegetated with the native tree
species most resilient to pollution identified in this analysis. The revenues from environmental
taxes and fees could be utilized as follows:

i.  Funding for the Bangladesh Forest Department (BFD) or the Sal forest parks administrations for
the restoration and preservation of the forests that improve air quality near urban areas.

ii.  ldentify remnant sections of the Sal forest within the city limits and its periphery, especially
those that have little or no effective protection, and

- Restore any degradation present (waste, water pollution, reforest), transforming these areas
into small Sal forest park units, ideally connected between them and the main Sal park areas,
forming a park archipelago or biological corridor.

- Alternatively, if any of these areas have potential commercial value, use revenues to establish
(renewable) concessions, where in exchange for a (bonded) long-term conservation and
restoration project for the forested area, a small section (5%-10%) of the area can be converted
to commercial or residential land uses.
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iii.  Identify empty lots in the highest polluted areas of the city identified by this study, and in future
replications in other areas, and.

- Purchase the more strategically located plots (near schools or health centers, for example), or
expropriate them with compensation, using the revenues from environmental taxes. Once
acquired:

- Create new recreational small parks, using the local pollution-resilient species of trees identified
in this study and others, to vegetate around walking and cycling paths. If the lot is relatively
large, include some concessioned small shop areas to capture part of the income flows of
visitors.

4.5 Project appraisal for investment

The CBA and ecosystem valuation are essential methodologies for rigorous project appraisal. The CBA
systematically quantifies and compares the monetary costs and benefits of proposed investments,
facilitating informed decision-making and optimal resource allocation. Ecosystem valuation complements
CBA by capturing the economic value of ecosystem services—such as water regulation, carbon

sequestration, and biodiversity—that are often excluded from conventional financial assessments. The
integration of these approaches ensures a comprehensive evaluation of both market and non-market
impacts, promoting environmentally sustainable and socially responsible investment strategies. This
combined approach supports alignment with environmental policy objectives and enhances the
credibility of investment decisions in scientific and policy contexts.

In Case Study 3 (Section 3.3), implementation decisions for improving ecosystem services were made
through a comparative assessment of FLR alternatives based on the CBA. Table 4.1 shows that the

CBA was conducted for 27 FLR alternatives, but only a few were intervention-worthy.

Table 4.1. List of potential FLR alternatives based on the outputs of the CBA @ 12% nominal discount

rate.
q NPV of |
SL Forest Landscape Restoration Vo tota.t B/C
# Landuse (FLR) alternatives andassail ratio
BDT)
| Village common Buffer area creation to increase the size and 3,658 |15
forest (VCF) recruitment
VCF adjoining Increasing the size of VCF by using such 132 18
2
sacred land land as buffer area
3 Homesteads Permaculture homestead 44 9
4 Kheyang/religious Greening available areas around Kheyang 66 3
places and church
5 Shifting cultivation Improved/Modified agroforestry based Jhum 12,694 9
(Permaculture model)
6 Stream side Wildlife corridor by creating forest cover 28| 3
corridor within 30 feet on both sides of the stream
Shrub with . . 4,421 10
7 Enrichment plantation
scattered trees
8 Hill forest tree Enrichment plantation 3,742 18
cover 10-25% P

However, if further investigation is performed considering the distribution of benefits, the intervention
decision may change. For example, creating a buffer area to increase the size and recruitment of the

VCEF has a high positive NPV, but it is negative when performed only for the local community,
considering the provisioning services they give up from the forgone land. Short time horizons might have
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unintentionally excluded large benefits that occur far into the future. Considering that the FLR focuses
more on increasing ecological functioning and thereby improving the livelihoods of the local
communities, any of these options can be adopted for implementation.

4.6 Land use policy decision

Though price data were not collected for Case Study 4 (Section 3.4), the quantification of water
discharge, model simulations with different forest coverage scenarios, and water quality analysis highlight
water’s importance as an economic commodity and evidence that the tradeoff between allowing land
use change that negatively impacts tree cover and forest resources may not be an economically wise
decision.

The Case Study considered the impacts of forest coverage on both surface water and groundwater.

- Improved forest cover with increased canopy heights and decreased impermeable surface
significantly reduces water flow and delays peak discharge, giving the downstream communities
critical time to respond. This also reduces the cumulative discharge at the outfall, easing
pressure on drainage systems and infrastructure.

- The healthy forest sub-basin exhibits better effects on groundwater recharge processes as
compared to the degraded forest sub-basin. The water level drops (21 days) earlier in degraded
forests and takes longer (23 days) to recover. The probability of a flash flood increase is higher
in degraded forests.

Forest restoration significantly mitigates flood risk, making it a cost-effective nature-based solution.
Interventions today will yield measurable hydrological benefits within a decade. Given the changing
climate and increased pressure from urbanization and population, water will be scarcer if the current
rate of deforestation continues. Maintaining natural infiltration and recharge processes through forests
that impact wells, springs, and aquifers guarantees a consistent groundwater supply. assuring long-term
ecological sustainability and water security.

39



="USAID

W 4 FROM THE AMERICAN PEOPLE

Acknowledgments

The Compass Program acknowledges the support provided by the Bangladesh Forest Department
(BFD), University of Dhaka, Bangladesh University of Engineering and Technology, Dhaka University of
Engineering and Technology, Arannayk Foundation, and Bangladesh Forest Research Institute. Compass
expresses sincere gratitude to the research team comprising scientists, researchers, students, and
practitioners. Special thanks go to the field-level staff of BFD’s Banglahalia, Kamalachari, Bhawal National
Park, Rathura, and Kaliakoir local offices, and BFRI’s Salna field station, local communities, and tourists
for their participation and contributions. Our heartfelt gratitude to the Compass team, especially Mr
Nasim Aziz, Dr Abu Mostafa Kamal Uddin, and Professor A K Enamul Haque without whom this activity
could not have materialized.

Case Studies: Further Reading

I. Compass-USFS. (2023). Recreational ecosystem services valuation: A Case Study on Gazipur Sal Forest
Area, Bangladesh. Community Partnerships to Strengthen Sustainable Development (Compass)
Program of U.S. Forest Service (USFS) International Programs and Trade (IPT) funded by
USAID. Dhaka. Bangladesh.

2. Compass-USFS. (2024). Air pollution tolerance index and particulate matter removal potential of Sal
(Shorea robusta) Forest. Community Partnerships to Strengthen Sustainable Development
(Compass) Program of U.S. Forest Service (USFS) International Programs and Trade (IPT)
funded by USAID. Dhaka. Bangladesh.

3. USAID-US. Forest Service International Programs Compass. (2023). Assessments and Planning for
Forest Landscape Restoration: Chittagong Hill Tracts Communities Forest Landscape Restoration
Program (CHT-FLR). Community Partnerships to Strengthen Sustainable Development (Compass)
Program. Dhaka. Bangladesh. Available at https://www.usfsbd.org/assessment-and-planning-for-
forest-landscape-restoration-42281182395

4. Compass-USFS. (2024). A study on the estimation of forest coverage contribution as a land use to
water balance in Bangladesh. Community Partnerships to Strengthen Sustainable Development
(Compass) Program of U.S. Forest Service (USFS) International Programs and Trade (IPT)
funded by USAID. Dhaka. Bangladesh.

Related Knowledge Products

https://bangladeshpost.net/posts/importance-of-valuing-benefits-of-natural-ecosystems-70086

https://www.dhakatribune.com/bangladesh/335608/study-highlights-recreational-value-ecosystem

https://www.tbsnews.net/thoughts/recreational-value-sal-forests-bangladesh-777130

https://www.usfsbd.org/water-data-941814

https://www.usfsbd.org/sal-forests-offer-solutions-to-air-pollution-16 15896938 |

40


https://www.usfsbd.org/assessment-and-planning-for-forest-landscape-restoration-42281182395
https://www.usfsbd.org/assessment-and-planning-for-forest-landscape-restoration-42281182395
https://bangladeshpost.net/posts/importance-of-valuing-benefits-of-natural-ecosystems-70086
https://www.dhakatribune.com/bangladesh/335608/study-highlights-recreational-value-ecosystem
https://www.tbsnews.net/thoughts/recreational-value-sal-forests-bangladesh-777130
https://www.usfsbd.org/water-data-941814
https://www.usfsbd.org/sal-forests-offer-solutions-to-air-pollution-16158969381

& N
5 e
d o=
% /i

4”  FROM THE AMERICAN PEOPLE
Bibliography

Barbier, E. B., Acreman, M., & Knowler, D. (1997). Economic valuation of wetlands: a guide for policy
makers and planners. Gland, Switzerland: Ramsar Convention Bureau.

Baul, T. K., Chakraborty, A., Nandi, R., Mohiuddin, M., Kilpelainen, A., & Sultana, T. (2021).
Effects of tree species diversity and stand structure on carbon stocks of homestead forests in
Maheshkhali Island, Southern Bangladesh. Carbon Balance and Management, 16(1), I-I5.

de Groot, R., Stuip, M., Finlayson, M., & Davidson, N. (2006). Valuing wetlands: guidance for valuing the
benefits derived from wetland ecosystem services (ISBN 2-940073-31-7).

DEFRA. (2007). An introductory guide to valuing ecosystem services. London: Department for
Environment, Food and Rural Affairs, Government of the UK.

Farber, S. C.,, Costanza, R., & Wilson, M. A. (2002). Economic and ecological concepts for valuing
ecosystem services. Ecological Economics, 41(3), 375-392. doi:http://dx.doi.org/10.1016/S0921 -
8009(02)00088-5

Hein, L. (2010). Economics and ecosystems: Efficiency, sustainability and equity in ecosystem
management: Edward Elgar Publishing.

lIstedt, U., Malmer, A., Verbeeten, E., & Murdiyarso, D. (2007). The effect of afforestation on

water infiltration in the tropics: systematic review and meta-analysis. Forest Ecology and
Management, 251(1-2), 45-51. https://doi.org/10.1016/].FORECO.2007.06.014

IUCN and WRI (2014). A guide to the Restoration Opportunities Assessment Methodology
(ROAM): Assessing forest landscape restoration opportunities at the national or sub-national
level. Working Paper (Road-test edition). Gland, Switzerland: [UCN. 125pp.

Jalal, M.A.H.S., Haider, M.R., Melon, M., Rahman, M.M,, Alam, S., Alam, SMR, Hossain, M.K., &
Hossain, M.A. (2020). Valuation of Ecosystem Services in Baraiyadhala National Park, Bangladesh
(Bulletin 05; p. 90). Forest Economics Division, Bangladesh Forest Research Institute.

MA. (2003). Ecosystems and Human Well-Being: A Framework for Assessment. Washington, Covelo,
London: Island Press.

Pearce, D. W., & Turner, R. K. (1990). Economics of natural resources and the environment: JHU Press.

Piaggio, M., & Siikamaki, J. (2021). The value of forest water purification ecosystem services in
Costa Rica. Science of The Total Environment, 789, 147952.
https://doi.org/10.1016/j.scitotenv.2021.147952

Rasul, G. (2009). Ecosystem services and agricultural land-use practices: A case study of the
Chittagong Hill Tracts of Bangladesh. Sustainability: Science, Practice and Policy, 5(2), 15-27.
https://doi.org/10.1080/15487733.2009.1 1908032

41


https://doi.org/10.1016/j.scitotenv.2021.147952
https://doi.org/10.1080/15487733.2009.11908032

& N
5 e
d o=
% /i

%Y FROM THE AMERICAN PEOPLE

Rasul, G., & Thapa, G. B. (2006). Financial and economic suitability of agroforestry as an
alternative to shifting cultivation: The case of the Chittagong Hill Tracts, Bangladesh. Agricultural
Systems, 91(1-2), 29-50. https://doi.org/10.1016/j.agsy.2006.01.006

Reed, M. S, (2008), Stakeholder Participation for Environmental Management: A Literature Review,
Sustainability Research Institute (SRI), School of Earth and Environment, The University of Leeds, Leeds,
LS2 9T, United Kingdom, SRI Papers (Online), ISSN 1753-1330.

Richardson, L., Loomis, J., Kroeger, T., & Casey, F. (2015). The role of benefit transfer in ecosystem
service valuation. Ecological Economics, |15(0), 51-58.
doi:http://dx.doi.org/10.1016/j.ecolecon.2014.02.018

TEEB. (2010). The economics of valuing ecosystem services and biodiversity. In P. Kumar (Ed.), The
Economics of Ecosystems and Biodiversity Ecological and Economic Foundations London and
Washington: Earthscan.

Verdone, M. (2015). A Cost-Benefit Framework for Analyzing Forest Landscape Restoration
Decisions. Gland, Switzerland: [IUCN.

Vignola, R., McDaniels, T. L., & Scholz, R. W. (2013). Governance structures for ecosystem-
based adaptation: Using policy-network analysis to identify key organizations for bridging
information across scales and policy areas. Environmental Science & Policy, 31(0), 71-84.
doi:http://dx.doi.org/10.1016/j.envsci.2013.03.004

Zinia, N. ., & McShane, P. (2018a). Ecosystem services management: An evaluation of green
adaptations for urban development in Dhaka, Bangladesh. Landscape and Urban Planning, 173,
23-32. doi:https://doi.org/10.1016/j.landurbplan.2018.01.008

Zinia, N. ., & McShane, P. (2018b). Significance of urban green and blue spaces: Identifying and
valuing provisioning ecosystem services in Dhaka city. European Journal of Sustainable
Development, 7(1), 349-362. doi:10.14207/ejsd. 2018.v7n1p349

Zinia, N. ., & McShane, P. (2021). Urban ecosystems and ecosystem services in megacity Dhaka:
Mapping and inventory analysis. Urban Ecosystems. https://doi.org/10.1007/s11252-020-01076-1

42


https://doi.org/10.1016/j.agsy.2006.01.006
https://doi.org/10.1007/s11252-020-01076-1

="USAID

W { FROM THE AMERICAN PEOPLE

Appendix

Table Al. Assumptions, Net Present Value (NPV), and B/C ratio of FLR alternatives.

tweaking

considered for the first 3 years only;

ii. Medicinal plants increase by 25% starting from year | |; Biodiversity (floral
richness) increases by 10% from 3rd to 10th year, by 20% from | Ith to 30th
year; Carbon sequestration increases each year by 5%;

vi. No external funding will be available in the next 30 years.

NPV (mill
Forest Landscape BDT)(@ 12%
Landuse Restoration (FLR) | Assumptions o ° | BIC ratio
" discount
alternatives
rate
i. Current practice will continue as it is and the yearly values will remain
Do nothing/No constant; 10
additional intervention | ii. The land under VCF would have been used as Jhum if not conserved as VCF; 2,292
iii. No external funding will be available in the next 30 years.
i. 100% increase of patrolling in the first 5 years, afterwards back to the baseline
. practice. This will be voluntary contributions by the community;
Village common ii. Recruitment is assumed through ANR i.e., control weed, regulate bamboo
forest (VCF) harvesting to support recruitment, thinning if naturally regenerated seedling is
g PP g y reg g
Added Protection and very high, redistribution of seedlings from high density to low density area.
minimal silvicultural Labor cost is considered as the cost of silvicultural tweaking. This practice is 2296 10
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Landuse

Forest Landscape
Restoration (FLR)
alternatives

Assumptions

NPV (mill
BDT) @ 12%
discount
rate

B/C ratio

Buffer area creation to
increase the size and
recruitment

i. Community is willing to give up land for creating an undisturbed area
surrounding the VCFs, which might be a part of the VCF in future. 50% of the
total area considering 30 ft buffer around the average perimeter of the land
from existing VCF, assumed to be around one ha/VCF. So, the total area
available for FLR is 292 ha including VCF and buffer zone;

ii. 100% increase of patrolling in the first 5 years, afterwards back to the baseline
practice. This will be voluntary contributions by the community;

ii. Recruitment is assumed through ANR. Labor cost is considered as the cost of
silvicultural tweaking. This practice is considered for the first 3 years only;

iii. Bamboo harvest possible from buffer area starting from year. 4. Fuelwood
extraction from buffer area possible from year 7. Pole/Timber harvest from
buffer area possible from year 10; Medicinal plants increase by 25% starting from
the | Ith year; Biodiversity (floral richness) increase by 20% starting from the
3rd year; Carbon sequestration will increase yearly by 5% for the original VCF
area. For the new buffer the increase will be yearly 2% for first 5 years, 4% for
year 6-10, 5% for year |1-30;

iv. Groundwater recharge of the VCF area will remain as the do nothing case
but will increase for the buffer area by 25% in year 1-5; by 50% in year 6-10; by
100% in year 11-30;

v. Erosion prevention of the VCF area will remain as the do nothing case but
soil loss will reduce by the buffer area by 25% in year 1-5; by 50% in year 6-10;
by 100% in year |1-30;

vi. No external funding will be available in the next 30 years.

3,658

VCF adjoining
sacred land

Do nothing/No
additional intervention

Increasing the size of
VCF by using such land
as buffer area

i. There is no management or patrolling cost;

ii. No provisioning services are obtained from this land;

iii. Soil erosion is 20.6 t/ha/year, which is 50% of a jhum land; Carbon
sequestration is 25% of the VCF baseline;

iv. Current practice will continue as it is and the yearly values will remain
constant.

i. Assume that only one family’s land in each community has some taboo
attached to a land and considered sacred in each para which means on an
average 3 acres of land will be found of this category for each para;

ii. There is no management or patrolling cost;

iii. No provisioning services are obtained from this land;

iv. Soil erosion prevention increase 1.5 times of the baseline during year 6-10
and 2 times during year | -30;

88

132
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v. The value of biodiversity conservation, Carbon sequestration, and Ground
water recharge increase 1.5 times of the baseline during year 1-9, 2 times during
year 10-30;
vi. Current practice will continue as it is and the yearly values will remain
constant.
i. Expenditure on housing is a fixed cost of which 15% is used for homestead
areas;
ii. 10 trees are sold by each household every 10 years;
iii. 15 decimal of the homestead area occupies trees;
Do nothing/No iv. Ground water infiltration by homestead is |/3 of forest;
additional intervention v. Soil loss is 25% of a jhum land; 19
vi. 60% of total fruit consumed by a household originates from the homestead
trees;
vii. Current practice will continue as it is and the yearly values will remain
constant.
Homesteads i. Assume that on average |5 decimal land is available for FLR per homestead.
ii. Maintenance cost (seedlings, seeds, compost, carrying costs, operational cost)
same as the baseline, only expenses for tools will be required in every I5 years;
iii. 15 trees are sold by each household every 10 years;
iv. Fuelwood extraction increases by 2 times of the baseline during year 7-15
Enrichment of and 3 times during year 16-30;
Homestead v. Households consume 50% vegetable of their monthly consumption (10 39
agroforestry kg/month) starting from year 2;

vi. 100% fruit consumption from homesteads starting from year 3;

vii. Carbon sequestration is 1.5 times higher and 1.75 times higher than the
baseline during year 3-10 and | 1-30, respectively;

viii. Groundwater recharge and erosion prevention services are |.5 times higher
than the baseline starting from year 3.
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Landuse

Forest Landscape
Restoration (FLR)
alternatives

Assumptions

NPV (mill
BDT) @ 12%
discount
rate

B/C ratio

Permaculture
homestead

i. Community is willing to share their homesteads for permaculture and outputs
as per land ratio. Year-round production is available;

ii. Maintenance cost (seedlings, seeds, compost, carrying costs, operational cost)
are double in the first 3 years, afterwards same rate as the baseline;

ii. 15 trees are sold by each household every 10 years;

iii. Fuelwood extraction increases by 2 times of the baseline during year 7-15
and 3 times during year 16-30;

iv. Households consume 100% vegetable of their monthly consumption (20
kg/month) starting from year 2;

v. 100% fruit consumption from homesteads starting from year 3;

vi. Carbon sequestration is 1.5 times higher, 1.75 times higher, and 2 times
higher than the baseline during year 3-10, 11-20, and 21-30, respectively;

vii. Groundwater recharge increases 1.5 times of the baseline during year 3-10
and 2 times during year |1-30;

viii. Soil erosion reduces by 50% during year 3-10 and 10% during year 11-30.

44

Kheyang/religious
places

Do nothing/No
additional intervention

i. Assume that 50% of the paras (n=201) has a Khyang/religious place having an
area of 2 ha each;

ii. No provisioning services are obtained from here;

iii. Fruit yield rate is '/4 of the mango gardens from Rowangchari;

iv. 5 laborer work for weed control twice a year for taking care of the seedlings
or trees;

v. Current practice will continue as it is and the yearly values will remain
constant.

60

Conserving and
improving the
surrounding vegetative
areas

i. Assuming that the land under the kheyang would have been used as jhum if
not conserved for Kheyang;

ii. Four maintenance required per year with 6 laborers per operation;

iii. The surrounding vegetations of Kheyang are mostly fruit species, therefore,
biodiversity is assumed to be similar to horticulture landuse;

iv. Fruit yield rate is 1/3 of the mango gardens from Rowangchari;

v. Soil erosion is reduced by 75% compared to jhum land;

vi. The same rate of carbon sequestration is applied for kheyang and homestead.

52
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i. Assuming that the land under the kheyang would have been used as jhum if
not conserved for Kheyang;
Greening available ii. Four maintenance required per year with 6 laborers per operation;
iii. Fuelwood extraction happens from year 7 onwards;
areas around Kheyang - .
and church iv. Timber harvest happens during year | 1-20; 66
v. Fruit yield rate is /2 of the mango gardens from Rowangchari;
vi. Soil erosion is reduced by 75% compared to jhum land;
vii. Carbon sequestration is 75% of that of the forest.
i. Soil erosion is not prevented at all;
Do nothing/No ii. Assuming ground water infiltration rate is 25% of the rate of forest; iii.
additional intervention | Current practice will continue as it is and the yearly values will remain constant. 4,543
i. The locals agree to give up some jhum production land to have strips of native
trees along jhum field boundaries;
ii. Jhum cultivation happens once in every 4 years, i.e., 3 years fallow period is
practiced;
iii. Seedling and cultural operation cost for trees is incurred once in 30 years;
Shifting cultivation iv. Production of paddy, sesame, turmeric, pigeon pea, chili, gourd, marfa, maize
Strips of native trees reduce by 10% from the baseline. The reduced yield is considered as a forgone
along Jhum field cost; 2 560

boundaries

v. Since the jhum is repeated in every 4 years, an average reduction of soil
erosion due to the tree strips is assumed. Soil loss reduced by 50% during year
3-4 and by 25% during year 5-10.

vi. Ground water recharge doubles during year 2-4 but increases by 75% of the
baseline during year 5-30;

vii. Carbon sequestration happens due to the newly planted trees.
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Improved/Modified
agroforestry based
Jhum (Permaculture
model)

i. The locals agree to convert jhum field into permaculture. Farmers are be
trained to efficiently utilize the resources as per the principles of permaculture;
ii. Seeds, Seedlings, fertilizer, cultural operation cost increase by 15% of the
baseline;

iii. Seedling and cultural operation cost for trees incurs once in 30 years;

iv. Production of paddy, sesame, turmeric, pegion pea, chilli, gourd, marfa, maize
reduce by 10% from the baseline;

v. Fruit trees are planted in 10% areas;

vi. High value crops are cultivated along with the regular jhum crops;

vii. Ground water recharge increases |.5 times of the baseline during year 2-5
and 3 times during year 6-30;

viii. Soil erosion is 0.75 times of the baseline during year 3-4 and is 0.25 times
during year 5-30;

ix. Carbon sequestration happens due to the newly planted trees.

12,694

Stream side
corridor

Do nothing/No
additional intervention

i. Only small streams with no agricultural practices in the stream sides are
considered;

ii. Bamboo extraction takes place routinely, which is half of the VCF’s extraction
rate;

iii. The values of biodiversity conservation, ground water recharge, and carbon
sequestration are 50% of those of the VCF;

iv. Soil erosion is 50% less thank jhum cultivation land;

v. Current practice will continue as it is and the yearly values will remain
constant.

257

Stream side
conservation

i. Only small streams with no agricultural practices in the stream sides are
considered for conservation. Assuming |0-meter-wide vegetation cover on both
the banks of the streams;

ii. Patrolling and monitoring costs are incurred;

iii. Bamboo extraction takes place routinely, which is half of the VCF’s
extraction rate;

iv. The values of biodiversity conservation and carbon sequestration are |.5
times of the baseline during year 3-10 and 2 times during year | [-30;

v. Soil erosion is 1/2 of the baseline during year 3-10 but /4 during year 11-30;
vi. Ground water recharge is 1.5 times of the baseline during year 3-10, whereas
itis 1.75 times during year |1-30.

223
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i. Wildlife corridor is established by creating forest cover within 30 feet on both
sides of the stream, the community is willing to leave this land for this purpose;
Wildlife corridor by ii. Some maintenance and patrolling costs are incurred;
creating forest cover iii. The values of biodiversity conservation and carbon sequestration are |.5 3
within 30 feet on both | times of the baseline during year 3-10 and 2 times during year | 1-30; 281
sides of the stream iv. Soil erosion is 1/2 of the baseline during year 3-7 but /4 during year 8-30;
v. Ground water recharge is |.5 times of the baseline during year 3-7, whereas it
is 1.75 times during year 8-30.
i. No maintenance or patrolling done;
ii. Only medicinal plants and bamboo are available;
Do nothing/No iii. Soil erosion is 75% less than jhum cultivated land, carbon sequestration is
additional intervention | 50% of the VCF’s rate, and ground water recharge is 25% of the VCF’s rate; 939 i
iv. Current practice will continue as it is and the yearly values will remain
constant.
i. Maintenance and protection costs incurred;
Shrub with || Pole is har\{ested twice in 30 years, in year 7 and year 16;
iii. Fuelwood is extracted after year 7;
scattered trees iv. Medicinal plants increase 4 times than the baseline during year 6-30;
v. Soil erosion is 0.5 times of the baseline during year 2-5 and 0.1 times during
ANR with enrichment | year 6-30; 10
vi. Ground water recharge is 1.5 times of the baseline during year 2-5 and 2 4,164

plantation

times during year 6-30;

vii. Carbon sequestration is 1.5 times of the baseline during year 2-10 and 2
times during year |1-30;

viii. The value of biodiversity conservation is 2 times of the baseline during year
I-4, 5 times during year 5-10, and 10 times during year |1-30.
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i. Maintenance and protection costs incurred;
ii. Pole is harvested twice in 30 years, in year 7 and year 16;
iii. Fuelwood is extracted after year 7;
iv. Medicinal plants increase 4 times than the baseline during year 6-30;
v. Soil erosion is 0.5 times of the baseline during year 2-5 and 0.1 times during
Enrichment plantation | Yo 6-30; 10
vi. Ground water recharge is 1.5 times of the baseline during year 2-5 and 2 4,421
times during year 6-30;
vii. Carbon sequestration is 1.5 times of the baseline during year 2-10 and 2
times during year | 1-30;
viii. The value of biodiversity conservation is 2 times of the baseline during year
I-4, 5 times during year 5-10, and 10 times during year |1-30.
i. Maintenance and protection not required;
ii. Bamboo, fuelwood, and medicinal plants are available that are extracted
episodically;
Do nothing/No iii. Soil erosion is 50% less compared to a jhum cultivation land;
additional intervention iv. Ground water recharge is 50% of a VCF; 1,765 )
v. Carbon sequestration is 20% of a VCF;
vi. Current practice will continue as it is and the yearly values will remain
constant;
Hill forest tree i. Maintenance and protection costs incurred;
cover 10-25% ii. Pole is harvested from thinning twice in 30 years: in year 7 and year |6;
iii. Fuelwood extraction increase from the baseline after year 7;
iv. Medicinal plants increase 4 times of the baseline during year 6-30;
v. Soil erosion is 0.5 times of the baseline during year 2-5 and 0.1 times during
ANR with enrichment | year 6-30; 18
vi. Ground water recharge is 1.5 times of the baseline during year 2-5 and 2 5,601

plantation

times during year 6-30;

vii. Carbon sequestration is 1.5 times of the baseline during year 2-10 and 2
times during year |1-30;

viii. The value of biodiversity conservation is 2 times of the baseline during year
I-4, 5 times during year 5-10, and 10 times during year |1-30.
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i. Maintenance and protection costs incurred;

ii. Pole is harvested from thinning twice in 30 years: in year 7 and year |6;

iii. Fuelwood extraction increase from the baseline after year 7;

iv. Medicinal plants increase 4 times of the baseline during year 6-30;

v. Soil erosion is 0.5 times of the baseline during year 2-5 and 0.1 time during
year 6-30;

vi. Ground water recharge is 1.5 times of the baseline during year 2-5 and 2 5,742
times during year 6-30;

vii. Carbon sequestration is 1.5 times of the baseline during year 2-10 and 2
times during year | 1-30;

viii. The value of biodiversity conservation is 2 times of the baseline during year
I-4, 5 times during year 5-10, and 10 times during year |1-30.

Enrichment plantation

Note: Time horizon: 30 years.

Table A2. A valuation exercise for the Village common forest (VCF) landuse under Do nothing/No additional
intervention situation.

Cost (BDT/ha) Benefit (BDT/ha)
Biodiversi PV of | PV of
Muli . Medicin | Water lodiversit Erosion Discou total total
Year Patrollin | Manageme bambo Vegetabl Fuelwo | Pole/Timb al used b y Carbo | Groundwat reventi
g cost nt cost es od er Y | conservati | n seq. | er recharge P ntrate | costs | benefit
o plants locals on on
1,003,25
I 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.00 96,000 2

2 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.12 85,714 | 895,760
3 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.25 76,531 799,786
4 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.40 68,331 714,095
5 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.57 61,010 | 637,585
6 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.76 54,473 | 569,272
7 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 1.97 48,637 | 508,278
8 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 221 43,426 | 453,820
9 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 248 38,773 | 405,196
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Cost (BDT/ha) Benefit (BDT/ha)
Muli Medicin Water NI Erosion i Py of Py of
Year Patrollin | Manageme bambo Vegetabl Fuelwo | Pole/Timb al used b y Carbo | Groundwat reventi Discou total total
g cost nt cost es od er Y | conservati | n seq. | er recharge P nt rate | costs | benefit
o plants locals on on
10 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 2.77 34,619 361,783
I 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 3.11 30,909 323,020
12 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 3.48 27,598 288,41 |
13 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 3.90 24,641 257,510
14 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 436 22,001 229,919
15 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 4.89 19,644 205,285
16 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 5.47 17,539 183,290
17 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 6.13 15,660 163,652
18 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 6.87 13,982 146,118
19 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 7.69 12,484 130,462
20 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 8.6l 11,146 116,484
21 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 9.65 9,952 104,004
22 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 10.80 8,886 92,861
23 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 12.10 7,934 82,911
24 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 13.55 7,084 74,028
25 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 15.18 6,325 66,096
26 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 17.00 5,647 59,015
27 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 19.04 5,042 52,692
28 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 21.32 4,502 47,046
29 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 23.88 4,019 42,005
30 96,000 - 1,980 - 7,376 840 1,248 61,320 40,980 1,207 808 887,493 26.75 3,589 37,505
2,880,0 1,839,6 36,21 26,624,7 866,09 | 9,051,
Total 00 - 59,400 - 221,290 25,194 37,440 00 1,229,400 7 24,225 82 3 41
NPV 8,185,048
BK.: 10
ratio
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