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'Economic Valuation of Ecosystem
Services

Professor A. K. Enamul Haque and Dipankar Aich

6.1 Introduction

The Sundarban Reserved Forest (SRF) is a world heritage site (UNESCO, 1987) and the
largest mangrove forest that remains on the planet shared between Bangladesh and India.
The value, arguably, of such a forest is “priceless”. However, plenty of projects have been
Implemented in both the nations to safeguard it from degeneration and depletion. International
Union of Conservation of Nature in Bangladesh (IUCN, B) has designed long-term policy driven
programmes with the vision of conserving the SRF based on many years of field and policy
related experience in Bangladesh and around the world. A total of twenty-two programmes
tnder four major policy options (Appendix 6), that has a direct impact on the conservation of
~ the forest, were designed by IUCN.

" [he main obijective of this study is to understand the impact of these programmes not only
In terms of its immediate benefits and costs, but also the long term derived benefits from
tonserving the ecosystem (both directly usable and non-usable yet indirectly beneficial),

6.2 Concept of Economic Value of Resources and Methods of Valuation

- Feonomic value of a resource refers to both use and non-use value. The concept is enshrined
- In the foundation of Welfare Economics. It refers to the increase in the well-being of people

tue to use of a resource (today or in future periods) and/or due to existence of a resource.
.~ [hus, Total Economic Value (TEV) of any resources is divided in two parts: use value and non-
~ uge value of resources.

nding theses values are really tricky due to the fact that most of the environmental or
#ficological services are non-marketed and hence does not have a market price. Moreover,
When a market price for a resource exists, the complexity of market structure (or due to
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government regulations pricos) oftor i
roflect the true ‘opportunity cost” ol fussa
Many of the natural resources suflors s
fact that its management are woalke il s 4
are over-exploited, its prices aro rogulalit &
50 its prices are smaller than its true ket
and so natural resources often suffers fror e
exploitation, which is referred as ‘the trmgjid,
the commons' in the literature.
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-

services of the ecosystems, thero ara (s
indirect services of an ecosystem that cariiol i
fully valued. As a result, resource Imarl Jei i

marketed services of the ecosystem. Thig laid &
deterioration of its quality and in many @ iuss
even led to depletion. Against this backrottis
environmental and resource €conomics previclist
the conceptual framework for valuing the rasotiet s
This is discussed in many studies and ok
Freeman (1999), Haque, Murty, & Shyamstiithy
(2011), Rietbergen-McCracken & Abaza (IHE
and in many other books and journal articlos

Crab harvesting
The objective of finding values of ecological services is to determine objectively, willinit
prejudice, the ultimate price that human beings will have to sacrifice without these serviceas
There are many methods to find these values. Of them, the methods that can assess the viliies
more appropriately include production method, contingency valuation method, hedonic priciii)
method and ravel cost method. However, due to non-availability of data (mostly time setlon)
or lack of authentic information, economists also used replacement cost method, opporturiity
cost method, avoided cost method, damage cost method and many others methods. For e
purpose of project design or for understanding economic values in a very short period of lirma,
benefit transfer methods have been used by many economists. :

6.3 Ecological Services of a Resource

There are several types of ecological services that a mangrove ecosystem provides to U
which increases our net well-being. These services are broadly categorised in four parts: a)
provisional services, b) regulating services; c) cultural and religious services and d) supporting
services. Provisional services include direct and indirect services that the ecosystem provides,
Millennium Ecosystem Assessment (MEA, 2003) has defined a number of these services eithat
marketed or non-marketed, or partially marketed goods or services as “Ecosystem Services"
(ES) and defined them conceptually under four pillars: support, regulatory, provisional and
cultural services. Studies on valuation ecosystem services often categorized the values under
these major headings. In this report an attempt has been made to estimate the value of the

ecosystem services of the Sundarban forests.

56 Bangladesh Sundarban Delta Vision 2050
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(3.4 Valuation of Ecological Services of the Sundarban i

lutal values of ecosystern services of any resources are difficult to find because each aspect
of the valuation requires a different approaches and different data set. It requires meta-analysis
whore many studies on various aspects of ecosystem services are analysed and values are
setimated from which economists often estimate a possible range of values. On the top of |
thote, there is a large degree of uncertainties on the services and many of the services are
coltelated both positively and negatively. As such, a straight summation of the various values
i also subjected to double counting in some cases. Given this, and given the very short period
ol this assignment, we used a) Delphi technique to elicit important services of the Sundarban
neosystemn: b) collated results of meta-analysis from around the world to build a more reliable
e of the values given the degree of uncertainties related to Delphi techniques with limited
e resources and the degree of uncertainties. Therefore, the results of meta-analysis are
alho used to validate or to triangulate the findings from Delphi techniques.

(1,5 Delphi Approach: Eliciting Proxy Values Using a Project Profile

i Delphi method is used by economists to derive values which cannot be readily estimated.
Il ullon uses face-to-face in-depth interviews with experts (whe have sufficient knowledge of
i ceosystem services) and derive consensus on the values. Since the Sundarban is quite
o and services are difficult to quantify, we used a typical conservation project developed to
pioloct and improve the ecological services in certain specific parts of the Sundarban. As such,
i 1oported values are likely to be within a reliable range of estimates and the convergence of
Jinion among different foresters was very quick. For each program of intervention, the duration
Al hi program, the amount of costs involved and the zone of influence were pre-determined.

Llep 1: Listing of ecosystem services using the Sundarban Conservation Project of IUCN
bl 6.1 provides the list of services initially identified by the participants in the Delphi Technique.
I uhows that about 29 different services that were identified by the foresters who are familiar
il the Sundarban, its activities and are also aware of the ecology of the Sundarban.

-y

whitinon returning with the catch of the day
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Table 6.1: List of Ecosystem Services from the Sundarban

Sl. No. | Ecosystem Services of the Sundarban
o - Aquatic Habitat maintenance
2 Biodiversity enhancement TR S R
3 Biological régulation 2 ¢
4 Climate regulation and disturbance regulation o
O Climate resilience ?
6 ; | C!imate resilient program development %
[y _m(_3||mattc regulation and Biological regulation
8 ECO tourlsm gnﬁanced Sl S Tt T B e
9  Fish migration routes and seed dlspersal nmproved L : 7
10 ' Food and Genetic Resources : ;
11 | Food- restoration of fish migration routes z 3
12 Genetic resources and Raw materials
13 : Genetic Reeou—reee i . =
e o ‘ Hebitat-imbrdv-eme_nt ;
15 | Resource stock enhanced : 2
16 Habutat maintenance and enhancement .-‘-L.
1777 Habutat quahty ’mprovement malntaln t|dal nature of mangrove g
18 Habitat restoration 2
19 7 Hab|tat restorahon and increase of net pnmary productlon
'20  Loss of human and tiger
2717 Nav;gatlon & f sh populatlon enhanced 3
‘ 22‘ Nutnent regulatlon
i 23 Lok Protect|on of fish habitat ot
2& e Protectlon of fish habitat and increase of net primary productuon
‘ 2_5 e Raw materials e 4
| 2t3 : d Recreation and-Scuence and educatlon : : R ég
27  Safer cattle poplllation: =~ 00 iR = e
| 28 e SC|eneer—e_md educatlon : :
’ 29 - Tide water fiow |mproved Fish passes |mproved

Source: List of ecosystem services from the Sundarban Conservation Project.

It is evident from the table that experts had project activities in their mind and so while they are :
concentrating on the values of ecosystem services, they were mostly engrossed with project =&
activities. Nevertheless, familiarity with the project activities provided insights and they were
able to generate some values. At the same time, since the projects did not consider all parts of
Sundarban, their estimates will be taken as the lower bound of estimated values of ecosysten
services. The upper ranges will be determined using the results of the meta-analysis.
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Step F?a lassification of Ecosystem Services and Economic Values per ha per yeal

g€ O the Lelphi method provided Table 6.1, which lists the different types of services
naervation Project

Sd TOM SDEeCIHC Droaqr: TS ( :( ONserve }MOH undaer ‘:““':\‘H'hf,k’l\ﬂlk.|‘

5 PG oyl al his

sxperts were then asked to discuss the thl(\' 1S and services s together in aorder 1O derive value:
options of :‘it‘»r-\:;,‘;[;g\gw_ It was revealed and greed later that option 1 s unlikely to

> Specific services of the ecosystem but it is important to ensure the overall intearity of

from each of the

AS SUCH, experts n,r,w\/i{iad a A]h’\s: value' for the services derived fri
]

ervention options except for option 1. It was also concluded by the experis thal
XES NOL separately generate new benefits but it is also a critical compot

.

heina of human beind

S £ hrougn 4 remains capable to increase the overall well-|

e 0.2 SNOWS t"\‘:’ ‘GLJD[T 1es OT f@bpo” SEeS Um(i(‘l (“”(‘J{‘f‘lf \\.!\Eh\“..-‘ {fO!l ‘i,ff‘\:(‘;\! }‘(\‘\]?.H”.‘v

wonserve Diodiversity of the Sundarban (in total 22 different programmatic mterventions were
USS20 88 shown N Annendiv A - s s g ol R
ussed as shown i —\_; endix 6). A number 7 in column 1 for Provisioning services (Fo0d) mears

1 number 189 1N

e different interventions 7 were expected to generate this service. Similarly,

t levelopment’ means, 19 of the 22 interventions are expex
his is the result of the consensus reached by the experts involved in the Delphi approach

tod to denve this

ich services

ast (bottom) row in Table 6.2 provides the value of benefits derived from Su
rdingly, the experts concluded that policy Option 2 is likely to generate a total value of
for Qphion

19 milfon ‘é ¢ 55 "“-D'e mented. The value under Optmn 3is $ 140.71 million and f

$ 24.26 million. In total each ha of the Sundarban, if conserved appropri ’:vl\ will generat

y $ 302. ‘,'5 nillion for a period of nearly 22 years. Thow benefits are valued for the project
only. At the same, it only includes the values for which a consensus was reac hm’ among
xperts. At the same time, there are few values for which a consensus was difficult to reach.

illilr:|| frios
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Table 6.2: Economic Values of the Sundarban per ha per year

SINo. | Ecosystem Services Total . Option2 | ' Option 3
; ; | (@)
| ' Frequency of Responses
Ffrqvisipp_ing services
Lokt ,_fif‘?’.‘??_ i | 7] 4 s |
s L e R PR ) i
3 | Raw material_s“ L . o | 5 1 |
- | Genetic resources L 8 | 5 3 I
E | Medicinal resources | _
8. v____if@jﬂg@gptai ré;o.ources l \ !
Regulating services |
L i@rﬁgggliity requlation | | _ f
B Cllmate}eg;ulat:on Wl SRR B | 3 |
9 ' Moderation of | | | 4 | 3 |
el Lo Lo TR | | |
10 |Waterfowrgueton | & | 4 | 2 |
11 |Westetreatment | | | |
12 7_____3”_l§r’osion _prevgnjtﬁici)inw . 2 : 2 : z
13 | Soil fertility | 2 | | 1 |
. maintenance __L el e |
SR L s R RN e | |
15 | Biologicalcontrol | 12 7 | 5
Habitat servicess : {
A ?‘N&Fs’eQéén}iée' oy R AETN 5 |
17 - Gene-pool Protection | 12 ol el :
Bl
16 Aostwediffonnaton |- a0 D e e e aiiaen s f
A e e : |
T‘ZE |' Ins&ation for culture | 5 3 ‘ 2 ;
| jadar < 1 ;
:_E;#W_?mgb_i_r‘it“ual experience et AR R | SR el 1
22 |Coguvedewopment| 10 | 6 | 3 | 0
' Total value for project area in | 30216 137.19 -t 40715 2426 |
milion$ g | | )

Note: Analysis of the Delphi Responses; There are 22 different programs in the Sundarban Conservation
Project and the value in a cell indicates the number of times a services is generated.

Accordingly, in terms of per ha benefits the value of the ecosystem services is $1 05.0_7 per ha
per year while the upper limit is around $ 840.59 per ha per year. This upper value includes
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. Accordingly, in terms of per ha benefits the value of the ecosystem services is $105.07 per ha
~ per year while the upper limit is around $ 840.59 per ha per year. This upper value includes

Table 6.2: Economic Values of the Sundarban per ha per year

Sl No. | Ecosystem Servicesf Total | Option 2 ‘ Option 3 Optioh 4
| (1) | ) | ©) | (4)

e e e T LT R P TR RR T (7 -ty AT T Tl o
SUEC R [T (6 OV U R R I 3 ) b i e
SRR e R L S KL

| Frequency of Responses
Proyisioning services
e R | 4 e :
e e !
| 3 Raw maten:c-xls e e 2 1 ' }
| 4  Genetic resources 8 | 5 3 : 24
b Medlolnal resourceé : : _. ; ' %l
B 79rn§gj§ntal i e e :}E‘
Rggyle}tlpg SEVIEES S e ; SRy k;gf
7 | Airquality regulatnon : f : 3 f
'8 Climate re-gulvatlor;”v— TRITER l k 5 2 X 3 | 1 ?;i
9 Moderatonof | 7 } T 3 u
: disturbance R U R PG ] A Zi
10 Water flow regu!atlon B } 4 S 2. 4
| 11 Waste treatment 7, e 0 pe | o i :
12 |Eosonprevenion | 2 | 2 P §
i ol fertiity } e e | 1 R
. ;manntenance SRR S N S Bk
14 | Pollination e s e e Mg ‘ e
| 15 1  Biological Co-ntToli J Sy ) T | B | T
ﬂaatz;t services N
g -T_NUrsery é;f\;;ew__ : ‘ 9 ﬁ“‘“‘ A R N S
_1 7 IGene pool _Protéotnon f At RS | 7546 " 1 ﬁri
' Cultural services DB e ST LR o : ;
18 [ Aesthetlcg_lrltormatlonJ Shedndin s ! N ’ el » j 7 g
B e 5 |8l =
120 Inspiration for culture | 5 | 3 ; 2 g
J‘ Fapdane G sl L e e i 2
;;l—r : Té}lﬁtﬁglﬁg(penencer”_;”7 S 7; ey ,' 4‘ ; L
:_2& [Cognltlve development1 palnn e L 13 bl 1 _4
i’ Total value for project area in i 302.16 | 137.19 5 140.71 ; 24.26 |
' million $ | | | : o

Note: Analysus of the Delphl Responses There are 22 different programs in the Sundarban Conservation
Project and the value in a cell indicates the number of times a services is generated.
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a few other important services of a mangrove like waste treatment, water regulation, and a
h;w others, which is nearly 7 times of the values of other services of a mangrove ecosystem
(Costanza et al., 1997) and were not listed as the relevant services from the Sundarban
Conservation Project activities.

'he study used in this case were derived value for ecosystem services of the Sundarban
forests did not consider all aspects of ecosystem services of a typical mangrove system. For
example, values of the storm protection services of the Sundarban were not discussed (since
the project was only for a part of the Sundarban). Therefore, this total value (per ha) in this case
can only be a part of the values of ecosystem services of the Sundarban. Therefore, other
published values of mangrove ecosystems are used to supplement this estimate.

6.6 Meta-analysis Results

Meta-analysis uses published results and then econometrically estimates parameters to
derive values of ecosystem services. The primary reason for such an approach is to reduce
uncertainty of values. Our search on published values resulted in three major meta-studies

which can be used to validate /or supplement our Delphi resullts.

Costanza et al., (1997)
Costanza et al., 1997 in their paper published in Nature asserted that “the services of ecological

systems and the natural capital stocks that produce them are critical to the functioning of the
Earth's life-support system. They contribute to human welfare, both directly and indirectly,
and therefore represent part of the total economic value of the planet."Costanza et al., 1997,
therefore, completed a meta-analysis of 17 ecosystem services of 16 biomes in the world.
For a mangrove ecosystem, the estimate value is between 9,990 and US$ 19,580 per ha per
year. They also found that total annual flow of ecosystem services is nearly 2 times the value

of global GNP for the entire world.

Groot et al., (2012)
Groot et. al (2012) provided an overview of the values of ecosystem services of 10 main

biomes. They used 320 publications covering 300 case studies frorn different locations of
the world. In total, they had 1350 different value estimates and a selection of 665 values was
used in their meta-analysis. Their study shows ecosystem service value is $ 491 per ha per
year. They scanned through many studies using different valuation techniques. According to
Groot et al., (2012) “there is a considerable level of uncertainties and contextual nature of any
valuation” and while the global average is $ 491 per ha per year it is nearly $ 350,000 per ha
per year for ecosystem services of coral reefs. This study shows that for a coastal wetlands
ecosystem the value of ecosystem services is around 193,845 $ per ha per annum. This study
used 139 different estimates that has a median value of $12,263 per ha per annum, and a
minimum value of $ 300 per ha per year to a maximum value of $ 887,828 per ha per annum

(Costanza et al., 1997, Table 6.3).

Brander et al., (2012)
Brander et al., (2012) did a meta-analysis on the value of ecosystem services in Southeast

Asia. Their study examines the value of ecosystem services provided by mangroves in South
East Asia. In 2007 prices, they used 130 different estimates to derive the value of ecosystem

Bangladesh Sundarban Delta Vision 2050 61




sorvices. The mean value for ecological values, the study shows a mean value of $ 4,185 per
ha per year and a median value of $239 per ha per year (Costanza Table. 6.3).

In addition, this study also shows (using 130 different studies) that each ha of additional
mangrove would provide a value of 229.45% per ha per year as value for coastal protection.

Uddin et al. (July 2013)

Ihe most recent valuation study by Shah Uddin et al. (July 2013) estimated the value of
the provisioning and cultural services of the Sundarban forest. The study identified timber,
fuel wood, fish, thatching materials, honey and waxes as the major provisioning services
and tourism as the main cultural service. The study asserts that the provisioning and cultural
services provided by the Sundarban contributed to the revenue of the Forest Department on
an average of $744,000 and $42,000 per year respectively in ten years (during 2001-2002 to
2009-2010). This amounts to USD 1.39 per hectare per year for the entire forest. We think,
that the revenue of the produce (i.e. the tangible outputs) is probably a gross under-valuation
of the services; keeping in mind that timber and tourism prices are regulated.

Table 6.3: Surnmary of the Values from Other Studies

for mangroves in
Southeast Asia

all mangroves of | the curve to be

Southeast Asia

| skewed to the

Sl ’ Author (year) | Study descrip- ' Ecological | Other info Value range
No. | | tion | Services | (US$/hasyr)
| a. Costanza, et al.,, | Value of Capital ‘ 17 ecosystems | 1.83 times of $9,990 -
' 1997 | stock + ES of | of 16 biomes in | planetary GNP | $19,580
5 ‘ - Mangrove. total, a
b. ' Groot, et al., Global value ' Total 10 biomes | The coastal $300 -
| 2012 estimated of | including 300 - wetland values $887,828
Oceanic ES cases selecting | are the most
665 values. Out | relevant since it | (median =
of which 139 | includes mainly | $12,163
coastal wetlands | mangroves
- estimates.
e - Brander, et al., Ecosystem ' 130 value ' Mean>median | Mean value =
‘ 2012 service values | estimates over | value indicating | $4185

- (Median value

| left. This also =$239)
| ' means that 50% |
i - of the 130 val- =$229.45
| ues has avalue | (marginal
5 - greater than ' value for
! - US$239/yr/ha coastal
i |

|
8

~ protection) :
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Autho ) o - - ' i
(year)  Study descrip- | Ecological | Other info Value range
tion Services ‘ (US$/hasyr)

1 UGN, Ste - . I
m?w,:j.;::x:\t\:u o l\S\ \;iahmtmn of | Provisional + | The revenue ] $1.31
Shah “n“ "W & SRF in Bangla- cultural services: | provided by
okl desh the provision-
Provisioning “ing and cultural
services: Timber,  services of the |
fuel-wood, fish, | Sundarban usD
thatching, honey ' 744,000 and
and wax USD 42,000 per |
Cultural ser- year; respec-
o vices: Tourism tively. ‘
}\1\:3 Study using 9 Support + 7 ' $105.07 -
Lelphi Method requiatory + 5 | $840.59

provisional + 3
cultural + waste
treatment, water
regulation and a
few others

a Mty ww o~ '

b hitp: \“\:: :‘f“"‘-\ com/nature/journal/v387/n6630/full/387253a0.html

& hito: ,\“\“j;ﬁ"*“ﬁ edirect.com/science/article/pii/S2212041 £1200010172np=y
sclencedirect.com/science/article/pii/S2212041612000101 np=y

d httpy//www . sciencedi

WR/Avww.sciencedirect. com/science/article/pi/S22120416130004917np=y

6.7 Co i i
nclusion and Value of the Sundarban Ecosystem Services

:gs:iérisnsma:es- Qf values using the Delphi approach was used for 9 support functions, 7
ooy p‘er anvnsmnal _and 3 cultural services. Result shows that the value of ecosystem
N 0 the Of_ |anq in Sunc!arban. per year found to vary between $105 and $840. In
S eoortany ervices included in the list, a mangrove ecosystem also provides two additional
e Brandservuces. Thesg are‘a) storm protgction services and b) coastal protection
average $229 42% ef al (2012) in their meta-ana!ysss from 130 different studies found that on
s i K t is the value of coastal protection services per ha per year from a mangrove
i E-l vaii udy on the protectlveAvalue of mangrove during super cyclone in Odissa
B or o tta of.$1 ,218 per ha. This value can be also added to the estimated value as
ot damg otection of mangrgves from cyclones. (Das, 2009). However, it only includes
e St b ggs. At the same time, assuming 1:10 as the probability of cyclone in coastal
i gladesh, the value for the Bangladesh Sundarban is around $121.8 per ha per

l‘;ﬁ;’e;g;e;sfsué e(}-3‘25'(smate is that mangroves of the Sundarban generate a services worth
e Sundarbé to .$1 ,191.84 per hectare per year or $273 to $714 million per year for the
.k ean n..Thcs value is compatible when we look a.t the values provided in the different
el rg with values gf .mangrove ecosystem services (Table 6.3 above). Because of
large. Groot ee of uncertainties related to ecosystem services the range of values is very

. . et al., (2012), for example, observed that the value varies from as low as $300
|Per year to nearly $887,000 per ha per year.
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