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Land uses/land covers (LULC) are closely related to the integrity of ecosystems and associated provisioning,
regulating and cultural ecosystem services (ES). Anthropogenic activities continuously inﬂuence ecological
integrity and ES through changes in LULC. An integrative approach is essential to understand and measure
the relations between ecosystem functioning, associated ES and the relative contributions of the different
system components. Here, using a locally justiﬁed ES scoring matrix, we linked different LULC types to
ecological integrity and ES supply in the Lawachara National Park of Bangladesh. The results were used to
compile spatially explicit ES maps. Our analysis revealed relatively high capacities of mixed tropical
evergreen forests to supply a broad range of ES and to support ecological integrity, followed by tea
(Camellia chinesis) gardens and rubber (Hevea brasiliensis) plantations. Other LULC types located on the
edge or on the periphery of the park showed comparably lower ES supply capacities. Our study is the ﬁrst
of its type carried out in Bangladesh and can be seen as a ﬁrst screening study of available ES and their
supply capacities. The results can be used to form the base for ES based landscape management and future
conservation priorities in the area.
& 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Interest in ecosystem services (ES) has grown tremendously in
the last decade among a wide range of sectors (see recent reviews
in Vigerstol and Aukema, 2011; Seppelt et al., 2012; Alamgir et al.,
2014; Sohel et al. 2014). However, several studies have reported a
widespread decline in and unsustainable use of ES across the world
(WRI, 2001; MEA (Millennium Ecosystem Assessment), 2005;
Abson et al., 2014; Sohel et al. 2014). Areas that are important for
maintaining ecosystem structures, processes and functions that are
the base for ES supply have to be carefully managed to secure ES
supply at present and in the future (van Jaarsveld et al., 2005; Chan
et al., 2006; Egoh et al., 2007). As the importance of ES is gaining
wider recognition, there has been a growing need for tools that
could potentially provide information to decision makers on ES
supply and the effects of land use management on those services
(Portman, 2013).
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The process of identifying and quantifying ES has increasingly
been recognized as a valuable tool for the efﬁcient allocation of
environmental resources (Alkemade et al., 2014; Heal et al., 2005;
MEA (Millennium Ecosystem Assessment), 2005). ES supply depends on geo-biophysical conditions, ecosystem structures, processes
and functions as well as their changes over space and time due
to natural or human-induced land cover, land use and climatic
changes (Haines-Young and Potschin, 2010). Because of the spatial
peculiarities of ES supply, mapping their distribution and change
over time has the potential to aggregate complex information
(Burkhard et al., 2014a, 2014b). Such ES mapping can be used by
decision makers, e.g. land managers, as a powerful tool for the
support of landscape sustainability assessments (Swetnam et al.,
2011). Unfortunately, there is still a clear lack of information relevant for local-scale decision making (Turner and Daily, 2008; Daily
et al., 2009). Therefore, explicit ES quantiﬁcation and mapping are
considered as main requirements for the implementation of the ES
concept into environmental institutions and decision making (Daily
and Matson, 2008). For a more realistic and holistic appraisal of ES,
both their supply by speciﬁc ecosystems as well as the characteristic
patterns of various ecosystems/land cover types on the landscape
scale (i.e. landscape structures) must be taken into account
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(Burkhard et al., 2010). In order to transfer the ES concept to
landscape planning, integrated and easily applicable assessment
approaches are needed (Burkhard et al., 2010; de Groot, 2006).
With these requirements considered, Burkhard et al. (2009a,
2009b, 2012a, 2012b and 2014a, 2014b) proposed a new approach
of mapping ES. In their ‘ES matrix’ method, expert judgments are
combined with quantitative data to assess landscapes’ capacities to
provide ES. Based on the ES matrix approach, this study addresses
the biophysical assessment of ES supply capacities of various land
use/land cover (LULC) types in the Lawachara National Park and its
surrounding areas in north-east Bangladesh. The present study can
be seen as a screening exercise, useful for an initial identiﬁcation
and a ﬁrst qualiﬁcation of ES supply areas in a major conservation
area of the country. Until now, no comparable ES mapping study
has been conducted in Bangladesh (Mukul, 2014). Therefore, this
study is also the ﬁrst of its kind in the Lawachara National Park, a
biodiversity hotspot zone of Bangladesh. The results can be useful
for decision makers to develop more holistic and locally accepted
conservation strategies as well as to manage the natural resources
and the surrounding landscapes in a more sustainable manner.

2. Materials and methods
2.1. Study area
The study was conducted in the Lawachara National Park (LNP)
and its surrounding areas in the north-eastern part of Bangladesh
(Fig. 1). Currently the park covers an area of 1250 ha, and there has
been a plan to extend the park area by an additional 281 ha in the
adjoining West Bhanugach Reserve Forest. The LNP, being situated
in a high rainfall area with mixed tropical evergreen forests, is a
biodiversity hotspot in the country with many endangered, threatened and endemic species of fauna and ﬂora (Mukul, 2008; 2014).
An estimated 167 species of higher plants, 26 mammalian species
(including ﬁve non-human primates), 246 bird species, 4 amphibian
and 6 reptile species have so far been recorded from the area (NSP,
2006a). A total of 26 villages and tribal settlements inhabited by the
Khasia, Tripura and Garo tribes have different stakes (i.e. various
types of forest resource collection) within the national park as well
as with the adjoining reserved forest (Mollah and Kundu, 2004;
Mukul et al., 2014). Most of the villagers and settlers are ﬁnancially
poor, and rely largely on the forests to sustain their livelihoods
(Rashid et al., 2013). There are nine types of LULC present in the
national park and its surrounding areas (Table 1; Fig. 2).
2.2. Framework for the ecosystem service assessment
The ES assessment analysed existing landscape data to evaluate ES
supply capacities in a spatially explicit manner (after Burkhard et al.,
2009a, 2009b). First, available LULC data were linked to expert judgments about the different LULC types capacities to supply various ES.
The LULC data were collected from the Nishorgo support project
(NSP, 2006b) at a spatial resolution of 24 m  24 m. A non-monetary
evaluation scheme based on indicators (see Supplementary material 1)
that were categorized and mapped on a relative supply scale was
applied. The ES supply mapping method has been presented before in
Burkhard et al. (2009a, 2009b, 2012a, 2012b, 2014a, 2014b). This is the
ﬁrst time ES supply was mapped in Bangladesh.
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Müller (2005) and Burkhard et al. (2012a; 2012b) developed a set of
indicators based on ES lists provided for example by de Groot (2006),
MEA (Millennium Ecosystem Assessment), 2005 and Costanza et al.,
(1997). The list of ecological integrity components was described in
Müller and Burkhard (2007). For the present study, indicators for
ecological integrity and ES were adopted from Burkhard et al. (2009a,
2009b; 2012a, 2012b) (Supplementary material 1).
2.4. Mapping landscape's capacities to supply ecosystem services
ES supply is strongly dependent on landscape structures and ecosystem functions (Burkhard et al., 2012a, 2012b). Ecosystem functions
change with varying degrees of landscape naturalness or intactness.
Therefore, potential ES hotspot areas (i.e. areas that provide large
amounts of particular ES, often from a comparably small area; see
García-Nieto et al., 2013; Egoh et al., 2008; Gimona and van der Horst
2007 for details), were given priority during the assessment. To begin
the ES mapping exercise, LULC classes (9 different types; see Table 1)
were identiﬁed from an existing geo-referenced LULC map of the
study area. An ES matrix was then developed linking a set of
7 ecological integrity and 22 ES indicators (on the x-axis) to 9 LULC
types (on the y-axis) (Table 2). The landscape's capacities to supply the
individual ES were assessed and ranked on a scale ranging from 0 to 5,
where 0¼no relevant capacity; 1¼ low relevant capacity; 2¼ relevant
capacity; 3¼medium relevant capacity; 4¼high relevant capacity;
and 5¼very high relevant capacity (Burkhard et al., 2009a, 2009b).
The scoring of the individual ecological integrity components and the
respective ES was based on local experts' opinions collected through a
series of participatory scoring exercises supplemented by the authors’
experience from different research projects (e.g., Mukul 2014, 2008;
Mukul et al., 2014; Akhter et al., 2013; Halim et al., 2008) in the area.
2.5. Participatory ecosystem service assessment
For the participatory scoring exercise, 10 local experts were
consulted and selected based on: (a) their familiarity with the
area, and (b) an adequate background on ecological aspects in the
different LULC types of Lawachara. Selected experts included: local
forest department ofﬁcials, tea estate and rubber garden managers
and indigenous group leaders living within the national park.
Altogether four focus group discussions (FGD) were arranged.
During these discussions both the local experts and two of the
authors participated to perform the scoring exercise. Before starting the participatory scoring exercise, a brieﬁng was given to the
local experts about each ecological integrity and ES component.
Several ﬁeld trips with the local experts were arranged to different
LULC types of the Lawachara area to get an idea about the
conditions of the different ES components before the interviews.
Photographs of each LULC class were taken during the ﬁeld trips
and used during the participatory scoring exercise. Three FGDs
were ﬁrst conducted as a “warm-up” exercise of scoring before the
ﬁnal scoring. The last (i.e. fourth) FGD was then used for the ﬁnal
ES scoring and mapping. In order for a consensus to be reached
among the experts, they were asked to explain each score. Based
on that explanation, the group members voted anonymously on
the prioritization of the scores. Later, maps were prepared based
on the individual ES score rather than averaging them.

2.3. Indicators for ecological integrity and ecosystem services

3. Results

The derivation of suitable indicators for the assessment of the
individual LULC's ecosystem functions and ES supply capacities is an
important step in order to know what will be evaluated. Ideally, ES
indicators need to be quantiﬁable and sensitive to LULC changes.

3.1. Quantiﬁcation of ecosystem service supply
Table 2 shows relatively high capacities of the forests to provide a
broad range of provisioning, regulating and cultural ES and to
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Fig. 1. Location of the study area .
(Source: NSP, 2007)

support ecological integrity, followed by rubber plantations and tea
gardens. Crops, livestock, fodder, capture ﬁsheries, aquaculture,
wild foods, timber, wood fuel, energy (biomass), medicine and
freshwater supply have been considered as provisioning ES in this
study. Among 11 indicators of provisioning services, forests received
high scores (5) for timber, wood fuel, fodder, medicine, biomass for
energy, wild food and livestock (wild animal). Experts opined
that among these provisioning ES, timber and wood fuel supplies
have great importance for the livelihood of local people. Tea gardens
are perceived greater capacities for provisioning ES supply in terms
of crops (5). Agricultural land were given higher score for crop
provision (5) but provides less of the other provisioning ES compared

to other land use types. Regulating ES are often more difﬁcult to
quantify than provisioning ES and some components can overlap
with ecological integrity processes (Burkhard et al., 2014a, 2014b).
Scoring them in a logical way is a critical part of the assessment
process. Similar to the other ES, forests were given priority in
scoring for providing higher amounts of all nine regulating services,
followed by tea gardens and rubber plantations. Human modiﬁed
landscapes were given signiﬁcantly lower scores by the experts for
regulating services supply. Recreational and aesthetic values were
considered as cultural ES in this study. Again, forests showed to have
higher capacities, followed by tea gardens and rubber plantations
(Fig. 3).
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3.2. Spatial distribution of ecosystem service supply
Combining the data presented in Table 2 with the GIS LULC data,
maps of provisioning, regulating and cultural ES supply capacities
were compiled (Fig. 4). In the maps, dark green patches show high
capacities of ecological integrity support or ES supply. In contrast,
pink and lighter green patches show areas of lower capacities.
The radar plots (Fig. 5) show the results of the FGDs for all assessed ecological integrity and ecosystem service components in all
LULC types.

4. Discussion
The capacity to supply particular ES vary strongly between (and
also within) different LULC types, since ecosystem structures and
functions are different between and within them. All LULC types
supplied multiple ES, with forests contributing highest to the overall
ES supply, which was an expected result. Forests are characterized
by many different species of trees, herbs and shrubs and are
generally rich in biodiversity (Mukul, 2008; NSP, 2006a), leading
to functional diversity and the supply of multiple ES. The importance
of forests for provisioning ES such as timber, fuel wood, medicinal
plants and wild foods has been reported in many studies (Nautiyal
and Kaul, 1999; Lette and de Boo, 2002; Vihervaara et al., 2010).
Greater human-modiﬁed LULC types (settlements, encroached
Table 1
Extents of respective LULCtypes in Lawachara (Data source: NSP, 2006b).
Land-use/cover

Area (ha)

% of total

Agricultural land
Encroached agri-land
Encroached settlement area
Fallow land
Forest
Rubber plantation
Settlements
Tea garden
Water-bodies
Total

4415.91
28.01
15.95
600.04
3051.47
410.46
4390.13
5389.77
70.09
18,371.8

24.04
0.15
0.09
3.27
16.61
2.23
23.90
29.34
0.38
100

0

areas) and fallow lands showed very low or no relevant capacities
to support ecological integrity or to supply regulating, provisioning
or cultural ES. For cultural ES, Hartig and Staats (2006) found a
similar pattern with a clear preference of natural landscapes (forests
in their study) compared to urban areas.
Agriculture is a dominant form of land use globally (FAO, 2009)
providing key ES such as crops for human nutrition (Power, 2010).
On the other hand, fallow land and settlement sites have comparably low ecological functions, and do not supply substantial ES
compared to many other LULC types. Burkhard et al. (2009a,
2009b, 2012a, 2012b) and Kroll et al. (2012) reported similar
ﬁndings for a human-modiﬁed landscape in central eastern
Germany. Forests (both natural and artiﬁcial) play a vital role in
maintaining regulating ES, for example by water budget regulation, retaining soil and preventing its erosion. Deforestation has
resulted in increased surface water runoff, changes in water ﬂow
and groundwater regimes, decreased water quality and rise in the
severity and frequency of ﬂoods (Le-Maitre et al., 2007). Forests
also regulate climate and air quality due to their ability to store
carbon and to ﬁlter particles.
Overall, less-disturbed, more natural LULC types have higher
capacities to supply regulating ES. In our study these were forests,
tea gardens and rubber plantations. Anthropogenic land use impacts
often result in the optimization of a limited number of selected ES,
which is also reported in various studies (Burkhard et al., 2009a,
2009b; 2012a, 2012b; Kreuter et al., 2001). Therefore, lower ES
supply scores have been assigned by the experts to these LULC types.
To give an example of possible quantiﬁcations of selected LULC
changes and the supply of related ES, literature and data for the
forest land cover type was reviewed. However, there is only limited
literature available, particularly regarding Lawachara National Park.
A study conducted by Halim et al. (2008) showed that the forest
cover of the Lawachara National Park and its surrounding area was
drastically reduced between the years 1988 and 1996 (Fig. 6). After
that, forests have increased gradually from 1996 to 2006 (Fig. 6).
This is a promising result of co-management practices initiated by
the Nishorgo Support Project (NSP) of the Bangladesh Forest
Department and has been practiced in the Lawachara National Park
since 1996 (NSP, 2007). A number of initiatives have been taken to
motivate local people and encourage them in AIG (Alternative

1,500 3,000 4,500 6,000
Kilometers

Fig. 2. LULC maps of the study area
(Source: NSP, 2006b).
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Table 2
ES assessment matrix illustrating the capacities of different LULC typesto support ecological integrity and to supply ES in the
Lawachara National Park. The values/colours indicate the following capacities: 0/rosy¼no relevant capacity; 1/grey green¼ low
relevant capacity; 2/light green¼ relevant capacity; 3/yellow green¼ medium relevant capacity; 4/blue green¼ high relevant
capacity; and 5/dark green¼ very high relevant capacity.

Fig. 3. Snapshots of the key LULC types in Lawachara and surrounding areas (clockwise from the top left): (i) forest path within the Lawachara National Park; (ii) tea garden
in the vicinity of the park; (iii) settlement in the Lawachara area; (iv) adjoining fallow area; (v) rubber garden in the area, and (vi) agricultural ﬁeld surrounding the park
(Photo credits: Sharif A. Mukul, 2012).

Income Generation) activities. As a result, the extent of forest cover
has been increased, although at a relatively slow rate. According to
NSP site reports (Mollah et al., 2003), about 65% of the local people
are poor or very poor and earn their livelihood working as day
labourers by collecting fuel wood or other forest products. This is
the reason why the experts gave signiﬁcantly higher scores for
provisioning ES to the forests compared to other LULC types.
ES assessments through expert elucidation or community opinion
collection is gaining popularity due to its quick, simple and efﬁcient
application (Quijas et al., 2012; Jacobs etal., 2014; Hou et al., 2013;
Burkhard et al., 2009a, 2009b, 2012a, 2012b, 2014a, 2014b; Plieninger
et al., 2013). However, this approach has been criticized because of its
unclear reliability, the lack of transparency in survey methods,
insufﬁcient agreement among survey participants and limited validity
(Jacobs et al., 2014). However, careful selection of participants with at
least some knowledge of ES, a clear description of all assessed ES, the
use of very speciﬁc questions, the supply of additional material such
as maps, satellite images, photographs, information from literature

(quantitative and qualitative) and careful data evaluation (involving
statistics) can improve the results' reliability and reduce uncertainties
(Jacobs et al., 2014; Hou et al., 2013). Criticism referring to consensus
achievement among participants can be overcome (as done in in our
case) by asking the participants to explain their scores. Based on
the explanations, the group members anonymously voted on the
prioritization of the score given by the participant. Seppelt et al.
(2012) found that out of 153 articles on ES studies, between 45–80%
did not provide information about uncertainty and validation of
their results. In the case of expert-based assessments, the ES matrix
scores can be validated with qualitative as well as quantitative data
(Jacobs et al., 2014; Hou et al., 2013). One advantage of this method is
that it can be applied on different spatial scales. However, risks of
applying imperfect data are normally higher when it comes to
decisions on large-scale land-use changes (Jacobs et al., 2014). Therefore, applications a local scale may produce more reliable results as
the complexity of landscapes normally increases with increasing
spatial scale.
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Fig. 4. Maps of selected individual ES supply for the Lawachara National Park and its surrounding area (values of selected individual ES as displayed in Fig. 5).

5. Conclusions
The expert-based ES assessment method turned out to be an
effective way to depict the importance of different LULC types
for the supply of multiple ES. However, when possible the results

should be checked with quantitative data from measurements.
This would make the assessment more reliable, but also more
costly and time-consuming. Though expert-based ES assessments
have had some criticism, this approach is very useful for gaining
quick overviews about LULC types' capacities to supply different
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Vegetation cover (ha)

Fig. 5. From top left (clockwise): ecological integrity, provisioning services, cultural services and regulating services (assessment based on FGD, ten participants
during 2013).
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Year
Fig. 6. Trends in vegetation cover change in the Lawachara National Park and its
surrounding area of Bangladesh from the year 1988 to 2006 (Figure source: Halim
et al., 2008).

ES, especially in data-poor environments. Developing and applying
a better data base, including information on carbon sequestration,
crop production, water ﬂows, nutrient cycling, air quality or aesthetic values of the different LULC will improve the ES quantiﬁcation and thereby increase the interpretability of the ES maps in
future. The resulting ES assessment maps and radar plots can
provide important information for natural resource management
planning and decision making. Forests showed the highest

capacities to support ecosystem integrity and to supply regulating,
provisioning and cultural ES. Nevertheless, tea gardens, rubber
plantations, agricultural lands and water bodies were also shown
to be important LULC types.
The results from this study have demonstrated that natural LULC
types are important suppliers of various ES in the region. An increase
in the forested areas can increase the overall ecological integrity of
the region and also induce new forms of ecotourism and recreational activities, leading to supplies of new ES. Social and cultural
components of ES supply were not sufﬁciently considered in the
present LULC-based study. Therefore, the stakeholders in this region
should actively participate in the managing process of possible land
use changes and reach a balanced solution between socio-economic
beneﬁts and enhancement of the ecosystems' integrity, in order to
sustainably use the natural resources.
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