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A B S T R A C T

The continuous urban expansion changes the urban ecological landscape pattern and urban
ecosystem functions that possess serious challenge before urban environmental and ecological
management. In this context, assessing the relationship between rapid urban expansion and
ecosystem services play an important role for the urban sustainability and development related to
planning and policies. This study mainly focuses on the assessment of the dynamic nature of
urbanization and its impact on urban ecosystem services through land use and land cover (LULC)
changes of Old Malda Municipal town, Eastern India. The ecosystem service values (ESVs) are
analyzed using Remote Sensing data and GIS techniques corresponding with the global Value
Coefficient (VC) for four-time periods (1990, 2000, 2010 and 2017) to estimate total ecosystem
service values (ESVt) and individual ecosystem service function change. Coefficient of Sensitivity
(CS) is also applied to test the reliability of the estimated VC used as proxies for each LULC
categories. The result of the study landscape reveals that the ecosystem service values (ESVs)
decreased by 25% from US$ 1.33 million to US$ 1.07 million because of losing cropland and
vegetation cover by 34% and 35% respectively during 1990–2017. In case of individual eco-
system service functions, regulating services increased by 12% since 1990–2017 with highest
contributing services of water regulation (57%), water supply (22%) and waste treatment (8%)
respectively while maximum decline is recorded in soil formation (33.33%) followed by climatic
regulation (31.82%) and nutrient cycling (31.25%). The decline in total and some individual ESV
in the study landscape requires for urgent measures to be taken to enhance the urban ecosystem
sustainability through effective planning and policies.

1. Introduction

Demand of urban land and concentration of urban population in urban areas are increasing over the period which brings massive
changes of the loss of various natural capitals. Urban expansion is nothing but LULC change process which converts the natural land
cover to built up urban (He, Zhang, Huang, & Zhao, 2016). Different type of natural land cover on the earth surface such as forest
cover, crop land, water bodies which provide ecosystem services are largely affected by the process urban expansion. In fact as the
natural or semi-natural land covers convert into impervious land surface (ILS), it affects the ecosystem function by altering the
biogeochemical process and circulation pattern (Grimm et al., 2008; Zhang et al., 2009; Kaye, Groffman, Grimm, Baker & Pouyat,
2006) and cause loss of ecosystem services (ESs) (Foley et al., 2005; Lawler et al., 2014; Delphin, Escobedo, Abd-Elrahman & Cropper,
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2016; Eigenbrod et al., 2011). Apart from this, ecological processes and its functions are also influenced in variety of ways (Turner,
Gardner, O'neill & O'Neill, 2001; Weng, 2007) such as water quality, land quality (Su et al., 2011a,b; Su and Zhi et al., 2011; Tu,
2011), biological diversity (Turner, Gardner, O'neill & O'Neill, 2001), habitat (Ng, Xie, & Yu, 2011), emission of GHGs (Matteucci &
Morello, 2009) and so on. The rapid rate urbanization during the last few decades accelerated the demand of urban land and
continuous replacement of different natural land cover types brought ceaseless substitution in urban land use pattern particularly in
developing countries such as China, India and African countries (Seto, Güneralp & Hutyra, 2012) which leads to a decline of the
ecosystem services gained from urban ecological land (UEL) in an urban areas (Bohnet & Pert, 2010; Güneralp & Seto, 2008; Huang,
Wang& Budd, 2009; Jomaa, Auda, Saleh, Hamzé, & Safi, 2008; Li, Zhu, Sun & Wang, 2010; Pauleit, Ennos, & Golding, 2005; Su, Gu,
Yang, Chen & Zhen, 2010; Sundell-Turner & Rodewald, 2008). About 50% of the world's total population is now residing in urban
areas and which will reach to 60% by 2023 (Avelar, Zah, & Tavares-Corrêa, 2009). The impact of land use land cover changes either
man made or natural is well documented and it brings concern about the ecosystem process and functions (Chase, Pielke Sr, Kittel,
Nemani, & Running, 2000). Therefore, assessing as well as estimating losses of ecosystem services due to continuous urban built up
expansion plays a significant role for sustainable urban development at regional scales and future planning for urban development.
The services gained from the ecosystem directly or indirectly to human well-being are defined as ecosystem services. Urban

ecosystem services (UESs) are those services provided by urban ecological landscape (such as green space, park, water bodies etc.)
and their corresponding components (Gómez-Baggethun & Barton, 2013). An urban environment provides a number of ecosystem
services such as air purification, noise pollution reduction, regulation of climate (Bolund & Hunhammar, 1999; Jansson, 2013), food
production or supply, waste treatment, local urban climate regulation, run off mitigation (Gómez-Baggethun & Barton, 2013). The
rapid conversions of LULC in cities cause changes in biogeochemical cycle pattern, climate change and alteration in hydrological
system and biodiversity (Alberti, 2005; Grimm et al., 2008). For this reason emphasis is being given on the changes of the urban
ecological landscape UEL (urban ecological land) which provides ecosystem services to the urban environment from different open
spaces such as forest cover, park, water bodies, and farmland. The ecosystem services like regulating, provisioning, supporting and
cultural services are provided from such types of land uses which are inevitable for the existence of urban human life and urban
quality of life. Urban ecological landscapes provide ecosystem services from a number of sources which can be broadly divided into
two categories-green spaces (such as parks, urban forest, garden and yards, landfills etc.; and blue spaces (such as rivers, ponds, lakes,
artificial swales etc.). There is a great demand or high intensity use of UES (Urban Ecosystem services) due to large number of urban
receivers as compared to rural ecosystem services areas.
The present world experiences rapid rate of urbanization and it is becoming the hub of comprehensive development in socio-

economic, cultural and other aspects characterized by shifting of rural population to urban areas. The unprecedented urbanization
particularly in developing countries like India and China results gradual increase of population density in urban areas, the continuous
expansion of urban land, rapid transformation of rural landscape into urban landscape, changes in economic activities from agri-
cultural to non-agricultural economic activities (primary to secondary or tertiary economic activities) and the overall alteration in
consumption behavior and living of standard in urban environment. Although many benefits (socio-economic, cultural) are attained
by the process of urbanization among urban residents but a number of barriers are built in natural environment by transforming the
urban landscape and affecting UAHB (Urban Atmosphere Hydrosphere and Biosphere). Recently, all around the world, rapid ur-
banization is one of the major cause of the global environmental and ecological changes and therefore, the projection of such changes
is important for upcoming decades (Qu & Lu, 2015). The basic questions arising to the environmentalists and with which global world
is concerned are (1) how to slim down the impact of rapid urbanization on the global ecological and environmental change? (2) how
to achieve sustainable urban development through ecological planning (Breuste, Haase & Elmqvist, 2013; Breuste & Qureshi, 2011;
Taylor & Hochuli, 2015) identifying the urbanization induced ecological problems? Therefore, in this context, effective environ-
mental management is required for the proper understanding the relationship between urbanization and ecosystem services value in
urban life. The measures of urban ecosystem services (UESs) are the important tools or indicator to quantify the quality of ecological
environment and it has become a field of interest to the ecologists (Ahern, Cilliers& Niemelä, 2014; Costanza et al., 2014, 1997;
Estoque & Murayama, 2013). A number of studies are performed to assess the impact of urbanization on ecosystem services (Alam,
Dupras & Messier, 2016; Peng, Liu, Wu, Lv., & Hu, 2015; Wan et al., 2015) which aids to identify ecosystem services declined because
of continuous urban expansion. Therefore, it is essential to examine the relationship between comprehensive urbanization and its
impact on the urban ecosystem services.
In general context, Ecosystem Services (ESs) refers to benefits that human beings derive from ecosystems functions (De Groot,

Wilson, & Boumans, 2002) or direct and indirect contributions from ecosystems. The concept of Ecosystem Services (ESs), here
defined as “The conditions and processes through which natural ecosystems, and the species that make them up, sustain and fulfill
human life” (Daily,1997). In Urban context, ESs refers to the dependency of urban population on goods and services provided by
ecosystems (Elmqvist, , Fragkias, , Goodness, , & G, 2013; Gómez-Baggethun & Barton, 2013) and their components. The basic
question that arises what does actually UESs (Urban ecosystem Services) mean? This question appears specially due to discrepancy
(for both temporal and spatial) between boundary of an urban area and resource used within the urban area (Borgström, Elmqvist,
Angelstam & Alfsen-Norodom, 2006; Ramalho & Hobbs, 2012). In this study Urban Ecosystem Services (UESs) are defined as those
ecosystem services that directly provided by ecological landscape of an urban area (Gutman, 2007; Jansson, 2013). Pickett et al.,
2001) documented that urban ecosystems are the built infrastructure covering a large area of land surface or area people living with
high densities. Identification of clear boundary of urban ecosystem is very difficult because functions of urban ecosystems extend far
beyond the physical boundary of urban area. Urban ecosystem not only includes ecological infrastructure (blue and green spaces)
within the urban but also comprises urban hinterland that directly get affected from the core of city (in the form of materials and
energy), suburban lands (Pickett et al., 2001) as well as city catchment and forests and cultivated lands of peri-urban areas (La Rosa &
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Privitera, 2013). Simply, Urban Ecosystem (UEs) means the services provided by urban ecological landscape within the physical
boundary of an urban area. So practically urban ecosystem service mean those ecosystem services that are obtained from urban green
or ecosystem products by urban population.
The urbanization process brings an impact on the changes of ecosystem services as the natural land covers are converted into

artificial impervious surface because of high demand of urban land, space and resources. However, how do the ecosystem services
change due to rapid expansion of urbanization? Are there any impact land use land cover (LULC) changes on ecosystem services? To
investigate the answer of such questions, the present paper tries to establish the relationship between urbanization and ecosystem
services provided by urban environment. The basic objectives of the study are to examine the dynamics of urbanization and its impact
on the ecosystem services; and to assess the impact of the land use land cover changes on the ecosystem services since 1990 to 2017.

2. Materials and methods

2.1. Study area

The municipal town (Fig. 1), Old malda is a medium size town (population ranging from 20000 to less than 100000 according to
the Census of India) located on the left bank of the river Mahanada and its confluence of Kalindri river which is a part of English Bazar
Urban Agglomeration (EBUA) between 25⁰0′ N to 25⁰4′ N and 88⁰8′ E to 88⁰10′ E. It covers an area of approximately 9.54 sq. km. Old
Malda has a subtropical monsoon climate with an average annual temperature of 30 °C. Physiographically Old malda is situated in
Barind region which is characterized by ancient alluvial humps and old riverine flood plains.
Over the last 10 years, Old malda experienced rapid rate of urbanization which is leading factor for the changes of ecosystem

services. In 1991, total urban population living in this town was 13021 which increased to 62959 and 84012 in 2001 and 2011
respectively. The most obvious results of this population increase are demand of land in urban areas for habitation and commercial
purposes and rapid changes of land use/land cover (Gong and Xia, 2007). The environmental and ecological problems (such as air
pollution, deterioration of the water quality, loss of habitation etc.) are associated with such changes of the land use/land cover (from
natural to built up). These urban problems somehow create barriers in the quality of life for urban inhabitants. From this point of

Fig. 1. Location map of the study landscape.
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view, assessment of the urban ecosystem services is very important.

2.2. Data used

In this study, cloud free multi-temporal landsat 5TM (Thematic Mapper-path/row 139/43; with spatial resolution 30m) data of
1990, 2000 and 2010 and Landsat 8 OLI data of 2017 obtained from USGS (United Nation Geological Survey) have been used for
Land use/land cover (LULC) classification (Shown in Table 1). The acquired landsat data are pre-georeferenced with UTM (Universal
Transverse Mercator) coordinate system applying WGS 84 (World Geodetic System) datum. In this study supervised maximum
likelihood algorithm is applied using ArcGIS 10.3 for the land use/land cover classification (LULC) as well as for the identification
corresponding biomes (Shown in Tables 2 and 3).

2.3. Land use/land cover (LU/LC) classification and accuracy assessment

In this study landscape, land use/land cover classification has been prepared in Arc GIS software (version 10.3) using Supervised
(Maximum likelihood) Image Classification Technique (SICS). More than 20–30 spectral signatures have been taken as representative
signature for each land use/land cover type. For the accuracy assessment, Kappa Coefficient (KC) is computed for the classified
images 1990, and 2017 respectively based on some representative reference points extracted from Google earth image. Total 112 and
103 reference points from Google earth image have been collected for the year 1990 and 2017 respectively. Kappa Coefficient is one
the advanced measures for the better understanding of interclass discrimination rather than overall accuracy level of classification
(Foody, Campbell, Trodd, & Wood, 1992; Ma & Redmond, 1995). The Kappa Coefficient value ranges from 0 to 1 where 0 represents
least accuracy between field reality and classified images and the value > 0.85 indicates strong agreement between two sets of data
(Monserud & Leemans, 1992). The Kappa Coefficient is calculated with help of following equation:

= = = + +

= + +
Kappa Coefficient KC
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Where, KC = Kappa Coefficient, N=total number of pixels; r=number of rows in matrix; xii=number of observation in row i and
column i; xi+ and x+i are the marginal for row i and column i respectively.

Table 1
Landsat image used in this study.

Satellite images Image ID Acquisition date Resolution (m) Path/Row Cloud cover (%) Source

Lnadsat 5 TM LT513904319900105BKT00 05/01/1990 30×30 143/39 <1010 USGS
LT513904320000117BKT00 17/01/2000
LT513904320100128KHC00 28/01/2010

Landsat 8 OLI LC813904320170109LGN00 09/01/2017 30× 30 (15m for band 8)

Table 2
Land use and land cover types used in this study area.

Land cover types Description

built up Land predominantly covered with houses,
Agricultural land The area specially used for the production of agricultural crops
Vegetation Area covered with
Water body Area with open water including river, lakes and ponds

Table 3
Biome equivalent and corresponding Ecosystem Services value (as per as Costanza et al., 1997).

Land use types Equivalent biomes ESV coefficient (Million US$ ha−1 yr−1)

built up Urban 0
Agricultural land Cropland 92
Vegetation forest 969
Water body River/lakes/ponds 8498
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2.4. Estimation of ecosystem services (ESV)

Global VC (value coefficient) for 17 biomes was proposed by Costanza et al. (1997) to estimate the status of ecosystem services
around the world. In this study to quantify the ESV (Ecosystem Service Value) for four land use categories, VC proposed by Costanza
et al. (1997) is used. The most representative biomes are used as proxy for individual land use categories such as urban for settlement,
river/lakes/ponds for water body, crop land for agricultural or cultivated land and forest for vegetation respectively.
The following equations are applied to quantify total ecosystem service value (ESVt) and individual ecosystem service function

(ESVf) respectively:

= ×ESV A VCk k k

= ×ESV A VCt k k

= ×ESV A VCf k kf

Where, ESVk, ESVt and ESVf is the ecosystem service value for individual land use categories, total ecosystem service value and
individual ecosystem service function; Ak the area and VCk is value coefficient (US$ ha/year) for land use category k respectively.
VCkf is the value coefficient of function (US$ ha/year) for land use category k.
After estimation of total ecosystem service values (ESVs) in the study landscape, the average Ecosystem service values (ESVavr) is

computed with the help of following equation:

=ESV ESVt
Uaavr

Where, ESVavr is the average ecosystem service values (US$/ha/year), ESVt is the total ecosystem service value for a certain study
year and Ua is the total geographical area of the urban area (ha).

2.5. Analysis of Sensitivity Index (SI)

In this study, the biomes are used as proxies for individual land use and land cover (LULC) types and they are not perfectly
matched with the biomes proposed by Costanza et al. (1997, 2014), so an uncertainties exist in computing VC (value coefficient).
Therefore, it is necessary to conduct the sensitivity analysis to determine the changes (%) of ecosystem service value on the changes
(%) of value coefficient (VC). Using the concept of elasticity applied in economics, Coefficient of sensitivity (CS) has been performed
with the help of following equation (Kreuter, Harris, Matlockm& Lacey, 2001):

=CS ESVj ESVi ESVi
VCjk VCik VCik

( )/
( )/

Where, CS is the coefficient of sensitivity, ESV is the estimated ecosystem service value, VC is the value coefficient, i and j denotes the
initial and adjusted values respectively and lastly k represents land use category. If the value of CS is greater than 1 (> 1) then the
estimated ecosystem value is considered to be elastic (relatively high sensitive) in response to the VC and more attention needs to be
paid in computing VC accurately but on the other hand if the value of CS is less than 1 (< 1) then the estimated ecosystem service
value is inelastic (relatively low sensitive) with respect to VC and the resultant ecosystem service value is reliable.

3. Results

3.1. Urbanization pattern in the study landscape

Old malda municipality is a medium size town in malda district which experienced rapid rate of urbanization in recent year
(Shown in Table 4). The urban built up of old malda municipality was 212 ha in 1990 and which increased to 313 ha in 2017
respectively. The urban land expanded by 47.64% from 1990 to 2017 with annual growth rate of 1.76%.The urban population also
increased since 1991. According to the census of 1991, total urban population was 13021 which increased to 62944 (2001) ad 84012
(2011) respectively (Shown in Table 5).

Table 4
Ecosystem service Classification (Costanza et al., 1997).

Ecosystem services Corresponding types (as per Costanza et al., 1997)

Provisioning Food production, Raw materials etc.
Regulating Gas regulation, Climate regulation, disturbance regulation, water regulation, water supply, water treatment etc.
Supporting Soil formation, nutrient cycling, erosion control, pollination, biological control, habitat/Refugio, genetic resource
Cultural Recreation, culture etc.
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Table 5
Pattern of built up and Population Growth (Census of India) in the study landscape.

Years Growth of built up (%) Years Population Growth (%)

1990–2000 18.39 1991–2001 383.47
2000–2010 10.36 2001–2011 33.47
2010–2017 12.99 1991–2011 545.20
1990–2017 47.64 2011–2021 NA

Fig. 2. LULC maps of the study landscape (a) 1990 (b) 2000 (c) 2010 and (d) 2017.
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3.2. Dynamics of LULC changes

In order to assess the dynamics of land use/land cover changes in the study landscape, change analysis of four LULC types are
carried out based on LU/LC change maps from 1990 to 2017 (Shown in Fig. 2). The LU/LC change in the study landscape since
1990–2017 reveals that the areal coverage of each land use/land cover has changed substantially (Shown in Table 6 and Fig. 2). In
1990, agricultural land was the dominant land cover types (33% of the total area), followed by vegetation (32%), built up (22%) and
water (12%) which replaced by built up (33%), agricultural land (25%), vegetation (22%) and water (20%) respectively. During the
study period, highest increase in area is recorded in water (63.03%) followed by built up (47.64%) and highest decrease is examined
in vegetation (−30.74%) followed by agricultural land (−25.40%) respectively. During the entire study period, water body and built
up areas increased quickly from 119 ha to 194 ha and 212 ha–313 ha respectively. The rapid expansion of built up area is caused by

Fig. 3. Contribution of ecosystem services in the study landscape.

Fig. 4. Contribution of individual ecosystem service functions since 1990–2017.

Table 6
LU/LC changes in the study landscape (1990–2017).

LULC classes Area coverage (ha) Changes in area (%)

1990 2000 2010 2017 1990–2000 2000–2010 2010–2017 1990–2017

Built up 212 251 277 313 18.39 10.36 12.99 47.64
Agricultural land 315 408 388 235 29.53 −4.90 −39.43 −25.40
Vegetation 309 173 180 214 −44.01 4.05 18.89 −30.74
Water body 119 123 109 194 3.36 −11.38 77.98 63.03
Total 955 955 955 955
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Fig. 5. Changes of corresponding biomes since 1990–2017 (a) urban (b) forest (c) crop land (d) water.
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the mainly decrease of agricultural land and vegetation, with a decline from 315 ha to 235 ha (agricultural land) and 309 ha–214 ha
(vegetation) respectively (Shown in Tables 6 and 7, and Fig. 3).

3.3. Accuracy assessment

Accuracy assessment for the classified images of 1990 and 2017 based on 112 and 103 reference sites are carried out. The result
shows that the overall accuracy level for year of 1990 and 2017 is 82% and 85% with Kappa coefficient value of 0.79 and 0.82
respectively.

3.4. Changes in total ESV in the study landscape

In this study, ecosystem service value for the each land use/land cover types as well as estimated loss of ESVs for the year 1990,
2000, 2010 and 2017 are computed applying value coefficient (VC) proposed by Costanza et al. (1997) (Shown in Table 2). Total
ecosystem service value (ESVt) increased in the first decade (1990–2000) by 9.09%. Since 2000–2010 and 2010–2017, total eco-
system service decreased by −21.52% and −1.77% respectively. Overall, the net decline in ecosystem service value is approximately
−20.15% since 1990–2017 over the last 27 years of the study period due to decrease in vegetation and agricultural land. Water
recorded highest ecosystem service value (ESVs) among four land use/land cover types because of highest value coefficient of water
covering about 75% (1990) and 87% (2017) of total ESVs respectively. But although the agricultural land covers largest total area,
the contribution (2% in1990 and 1.12% in 2017 respectively) in total ESVs is relatively low because of lowest value coefficient
(Shown in Table 2). In the study landscape water body and forest is the important ecosystem service provider accounting about 95%
of the total ESVs (see Fig. 4).

The contribution of individual ecosystem service functions (ESVf) are shown in Table 9. In the study landscape regulating services
contributed highest ecosystem services (more than 80% in 1990 and 2017) followed by supporting (12.27% in 1990 and 5.99% in
2017), provisioning (5.91% in 1990 and 3.20% in 2017) and cultural services (2.50% in 1990 and 2.57% in 2017) respectively. The
contribution of each ecosystem service value (ESVs) varied during the study period. The highest contribution of each ecosystem
service function (ESVf) to the total ESVs was recorded by water regulation and followed by water supply, nutrient cycling, and waste
treatment (Shown in Tables 10 and 11).

Table 7
Annual value of ESVf (US$ million per year) for equivalent biomes.

Ecosystem services Sub types Crop land Forest Water Urban

Provision Food production 54 43 41 0
Raw materials – 138 – 0

Regulating Gas regulation – – – 0
Climate regulation – 141 – 0
Disturbance regulation – 2 – 0
Water regulation – 2 5445 0
Water supply – 3 2117 0
Waste treatment – 87 665 0

Supporting Soil formation – 10 – 0
Erosion control – 96 – 0
Nutrient cycling – 361 – 0
Pollination 14 – – 0
Biological control 24 – – 0
Habitat/refugia – – – 0
Genetic resource – 16 – 0

Cultural Recreation – 66 230 0
Culture – 2 – 0

Total 92 969 8498 0

Table 8
Total estimated ecosystem service values (ESVs) for LULC types and their changes during 1990–2017 (Costanza et al., 1997).

LULC types ESV (US million/ha/yr) ESV changes (based on 2007 US$ million ha−1 yr−1)

1990 2000 2010 2017 1990–2000 2000–2010 2010–2017 1990–2017

Built up 0 0 0 0 0 0 0 0
Agricultural land 0.029 0.038 0.036 0.021 0.009 −0.002 −0.027 −0.008
Vegetation 0.299 0.167 0.174 0.207 −0.132 −0.007 0.033 −0.092
Water body 1.01 1.05 0.93 1.64 0.035 −0.119 0.008 0.630
Total 1.33 1.44 1.13 1.07 0.11 −0.32 0.74 −0.26
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3.5. Impacts of land use/lad cover changes on the ESV

Over the 27 years of the study period, a notable change in the contribution of area and ecosystem service value (ESVs) of
individual land use/land cover types are recorded (Shown in Tables 6 and 8). Since 1990–2017, vegetation and agricultural land
decreased by 30.74% and 25.40% respectively. On the other hand, the area of Built up consistently increased during the study period
(1990–2017). In particular, built up covers 22.20% in 1990 which reached to 32.77% in 2017. Consequently, the total ESVs sig-
nificantly declined since 1990–2017. For example, ecosystem service value crop land and forest decreased by 27.59% and 30.77%
during the study period. The negative change of terrestrial ecosystem (crop land and vegetation cover) greatly influenced the total
ESVs in the study landscape. The ecosystem service value (ESVk) of crop land and forest deceased by US$ 0.10 million while total
ecosystem value (ESVt) in the study area declined by US$ 0.26 million (Shown in Table 8 and Figs. 5 and 6).

3.6. Analysis of ecosystem sensitivity

In this study, the coefficient of sensitivity (CS) for all the land use/land cover (LULC) types are less than 1 (< 1) which indicates
that the estimated total ecosystem service values (ESVt) were relatively low sensitive (inelastic) in response to the VC (value coef-
ficient). The lower and higher value of Coefficient Sensitivity (CS) is recorded for crop land and water ranging from 0.01 to 0.02 to
0.78–0.88 respectively when the value coefficient for all the land use/land cover types are adjusted by 50% (Shown in Table 9).
Relatively lower value of Coefficient Sensitivity (CS) indicates that the area of the concerned LULC types or the corresponding VC for
that particular land use type is relatively low and vice versa. In the study landscape water and forest records the highest CS because of
relatively large area (forest) and highest value coefficient (water). Coefficient of Sensitivity (CS) in case of water is relatively high
(> 0.78) which indicates that more careful attention needs to be paid in considering the Value Coefficient (VC) in comparison to
other components. Overall results shows that the coefficient sensitivity (CS) estimated in this study landscape is robust in spite of
uncertainties exist in the value coefficient.

Table 9
Estimated ESVf (US$ million per year) in the study landscape (Costanza et al., 1997) for four representative equivalent biomes.

Ecosystem services ESVf (US$ million per year) ESVf changes (%)

1990 2000 2010 2017 1990–2000 2000–2010 2010–2017 1990–2017

Provision Food production 0.035 0.032 0.033 0.030 −0.003 0.001 −0.009 −0.005
Raw materials 0.043 0.056 0.025 0.030 0.013 −0.031 −0.001 −0.013

Regulating Gas regulation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Climate regulation 0.044 0.058 0.025 0.030 0.014 −0.033 −0.001 −0.014
Disturbance regulation 0.001 0.001 0.00 0.00 0.00 0.00 0.00 0.00
Water regulation 0.649 0.671 0.594 1.057 0.022 −0.077 0.005 0.408
Water supply 0.253 0.262 0.231 0.411 0.009 −0.031 0.002 0.16
Waste treatment 0.106 0.117 0.088 0.148 0.011 −0.029 0.00 0.005

Supporting Soil formation 0.003 0.004 0.002 0.002 0.001 −0.002 0.002 −0.001
Erosion control 0.030 0.039 0.017 0.021 0.009 −0.022 −0.001 −0.009
Nutrient cycling 0.112 0.147 0.065 0.077 0.035 −0.082 −0.003 −0.035
Pollination 0.004 0.002 0.005 0.003 −0.002 0.003 −0.002 −0.001
Biological control 0.008 0.004 0.009 0.006 −0.004 0.003 −0.004 −0.002
Habitat/refugia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Genetic resource 0.005 0.007 0.003 0.003 0.003 −0.004 0.00 −0.002

Cultural Recreation 0.032 0.035 0.028 0.048 0.003 −0.007 0.00 −0.016
Culture 0.001 0.001 0.00 0.00 0.00 0.00 0.00 0.00

Sum 1.32 1.44 1.13 1.07

Table 10
ESVs after adjusting VC and coefficient of sensitivity (CS).

Change in VC ESV Change (1990–2017) Effect of changing VC from original value

1990 2017 % CS % CS

Forest + 50% 1.47 1.97 0.50 ± 11.36 ±0.23 ± 5.35 ± 0.11
Forest – 50% 1.17 1.77 0.60
Cropland +50% 1.33 1.88 0.55 ± 0.76 ±0.02 ± 0.53 ± 0.01
Cropland – 50% 1.31 1.86 0.550
Water + 50% 1.83 2.69 0.86 ± 38.6 ±0.78 ± 43.85 ± 0.88
Water – 50% 0.82 1.05 0.23
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4. Discussion

The study reveals that significant changes in the contribution of ESVs function are recorded during entire study period. The most
significant positive changes have examined in ecosystem service value functions such as water regulation, water supply, nutrient
cycling, and waste treatment which are the dominant contributors of total ecosystem service functions (specially regulating and
supporting services). On the study of four time periods, (1990, 2000, 2010 and 2017) and the entire study from 1990 to 2017
revealed the fact that ecosystem service values (ESVs) has changed due to dynamics character of land use/land cover changes.
Particularly, ecosystem service value declined over the last 27 years while the value coefficient of Costanza et al. (1997) was applied.
In fact during last 27 years ecosystem service values (ESVs) of forest and crop land have declined with varied fraction due to
conversion of these two land covers which are considered as the main sources of ecosystem services. The previous studies docu-
mented that change of LULC affects the corresponding ESs negatively. Kreuter, Harris, Matlock, and Lacey (2001) conducted a study
and estimated the total loss of US$ 6 million in San Antonio from 1976 to 1991. The ecosystem service values (ESVs) Pingbian
country in China also showed a declining trend (25.4%) between the studies of 1974–2004 due to change of forest ecosystem (Li
et al., 2007). Leh, Matlock, Cummings, and Nalley (2013) made attempts to quantify the ESVs in West Africa and concluded that
ecosystem service values declined during the time periods of 2000–2009. The presents study also revealed a decline of ecosystem
service values (ESVs) from US$ 1.33 million to US$ 1.07 million from 1990 to 2017 respectively as a result of decreasing forest and
crop land ecosystems (see Fig. 7).
The contribution of individual ecosystem service functions (ESVf) in the study landscape changed very slightly. The regulating

services (79.78% in 1990; 83.01% in 2017) followed by supporting services (12.27% in 1990; 8.93% in 2017) are highest contributor
of ecosystem service values (ESVs). But individually, the most five important contributor of ecosystem services functions are water
regulation (56.52%) and followed by water supply (21.98%), waste treatment (7.91%), nutrient cycling (4.12%) and recreation
(2.57%) respectively.

Losing of ecosystem services due to urban expansion are not local phenomena rather a common global issue. A number of studies
have been performed throughout the world and this studies show that urban expansion led to the losses of ecosystem services namely
regulating, supporting and provisioning services. Seto, Güneralp, and Hutyra (2012) and Eigenbrod et al. (2011) conducted a study at
global scale and documented that habitat quality; food production will decline at global as well local scale within next 15 years due to
urban expansion. A study was conducted by Blumstein & Thompson (2015) in Massachusetts, USA since 2001 to 2011 and found that
WS (water supply) and FR (flood regulation) decreased because of rapid urban expansion. A similar kind of study was also performed
by Foley et al. (2005) indicating that the ecosystem services reduced due to urban expansion. In this study landscape, ecosystem
services such as soil formation, climatic regulation and nutrient cycling were decreased by more than 30%.
One of the main source of ecosystem services in this study area are crop land and forest area but due to continuous urban

expansion – these ecosystem service providers were transformed into built up which is the main cause of ecosystem service losses.
Blumstein & Thompson (2015) documented the same reason for the decline of ESs in Massachusetts since 2001–2011 where ESs
services decreased because of the transformation crop land and forest into urban area. The conversion of forest into urban land led to
the decline of timber production (11–21%) and carbon storage (16–26%) in Watershed in Florida, USA (Delphin, Escobedo, Abd-
Elrahman, & Cropper, 2016). In this study, it is recorded that total ecosystem service value and individual ecosystem service value
declined because loss of vegetation and crop land by 24% which shows consistency with the previous studies.
A number of research studies have been conducted on urbanization and its impact on the ecosystem services. Changes of the

global ecological condition due to urbanization are ubiquitous and this global ecological condition likely to change in future (Qu &
Lu, 2015). Simultaneous loss of ESs (supporting, provisioning and regulating) was recorded in a number of previous studies due to
urban expansion (Alam, Dupras, & Messier, 2016; Peng, Liu, Wu, Lv., & Hu, 2015; Wan et al., 2015). Wu, Ye, Qi, and Zhang (2013)
conducted a study on LULC changes and its relation with socio-economic development in Hangzhou metropolitan area (HMA) during
1978–2008 and study revealed that expansion of built up (169.85%) is one of the major cause of declining regional ES functions
(decreased by 24.04%). Zhang, Huang, He, and Wu (2017) simulated the impact of urbanization on ecosystem services (ESs) in
Beijing-Tianjin-Hebei urban agglomeration in China over the period of 2013–2040 and result showed that food production
(1.34–3.16%), water retention (0.80–1.89%), carbon storage (1.68–1.60%), air purification (0.37–0.87%) will decline due to con-
tinuous expansion of urban land. In this region, ESs during 2013–2040 will decline by 83.66–97.11% due to conversion of cropland to
urban built up.
In upcoming future, rapid urban expansion will lead to the loss of Ecosystem services because disordered and unplanned urban

expansion (especially in developing country like India) and unplanned urbanization will capture adjacent forest cover and crop land

Table 11
Previous studies on loss of ESs due to urbanization.

Study Scale Study landscapes Research Periods Loss of ESs References

Global world 2000–2015 Habitat for species (PSs), Biomass carbon storage
(RSs)

Nelson et al., (2010)

Local Massachusetts (USA) 2001–2011 Habitat Quality (SSs), Clean water (PSs), Blumstein and Thompson (2015)
Watershed in Florida (USA) 2003–2060 Timber volume (PSs), Carbon storage (RSs) Delphin et al. (2016)
Miyan reservoir watershed (China) 1990–2009 Fresh water (PSs), water purification (RSs) Li et al., (2013a,2013b)
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Fig. 7. Examples of land use/land cover with their corresponding biomes and locations (A) Urban settlement near mangalari (National Highway 34)
(Lat. 25°01′08″ Long. 88°08′ 50″) (B) Agricultural land (Crop land) in north-eastern part (near bachamari) (Lat. 25°01′48″ Long. 88°08′ 38″) (C)
Water body near pal para (old malda road) (Lat. 25°01′38″ Long. 88°08′ 36″) (D) Forests (specially mango trees) near old malda station road (Lat.
25°02′41″ Long. 88°08′ 38″).

Fig. 6. Framework regarding impact of Urbanization on ESs.
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which provides a lot ecosystem services. In this context, effective and ecosystem protection oriented planning and policies should
adopt for sustainable urban development. In developing country half of the urban land will take up from crop land by 2050 (Angel,
Parent, Civco, Blei, & Potere, 2011) and significant loss of forest and crop land will o ESs negatively due to rapid urban expansion
globally (Eigenbrod et al., 2011; Nowak & Walton, 2005; Seto, Güneralp & Hutyra, 2012). To diminish the loss of ecosystem services
provided by biomes located in and around urban area, it is important to identify crop land and forest which are highly susceptible to
urban expansion (Delphin et al., 2016).

4.1. Urban management policy and implications

The assessment of Ecosystem Service Valuation acts as tool which suggests how much direct and indirect benefits we can obtain
from different terrestrial and aquatic ecosystems. Quantitative analysis of Ecosystem Services (ESs) and its various values can provide
a strong foundation for urban ecosystem management (Tacconi, 2000). The Valuation of ESs will inspire the local administration and
city planners to concern about limited natural resource and ecosystem loss. Particularly in developing country like India, various
socio-economic planning is adopted for infrastructural development but it has observed that very little attention is paid in case
ecological planning for the environmental sustainability. In Indian cities, continuous intrusion and transformation of ecological
landscapes from grass lands, woodlands, water bodies into urban built up degrade ecosystems (Nagendra & Ostrom, 2012). En-
vironmental degradation moves parallel with economic development and economic growth in Indian cities as such scale that it is
impossible to remediate. In this context, urban development should be adjusted properly with natural ecological landscape to ensure
a sustainable urban management. Therefore, assessing and monitoring the environmental sustainability through the proper appli-
cation of urban management plays an important role for (1) betterment vulnerability of ESs (Cabral, Feger, Levrel, Chambolle &
Basque, 2016) (2) effective decision making framework and identifying status of ESs (Costanza et al., 1997; Anaya- Romero, Muñoz-
Rojas, Ibáñez & Marañón, 2016; Niquisse, Cabral, Rodrigues, & Augusto, 2017; Jacobs, Vaissiere, Bas & Calvet, 2016; Bartkowski,
2017).
Rapid urban expansion in Indian cities leads to a number of serious challenges on natural environment. Environmental de-

gradation of India cities due to rapid expansion of urban area is a common phenomenon that needs an urgent implication of policy for
sustainable urban development and effective urban management. Across the world, an innovative attempt has been made by local
authorities to maintain the ecological landscape as an integral part of urban planning and strategies. The results of the study shows
that ecosystem services (ESs) declined US$ 1.33 million to US$ 1.07 million due to conversion of agricultural land and vegetation into
built up. The main cause of degradation of ecological landscape is unplanned and haphazard urban growth. No effective policies have
been adopted to sustain the ecological landscape of this medium size town. In this context, scientific guidance will play a significant
role to address ecological problems related to rapid rate of urbanization and it will assist the planner to implement sustainable urban
management. The local administration should also pay attention to address the loss of natural capitals induced by urbanization. Local
government should implement effective planning and policies for Old Malda Municipality (OMM.) such as:

• Promoting integrated spatial Ecological planning: Designing and promoting of spatial ecological planning can integrate of various
LULC, urban green infrastructure development and improvement in local ecological governance. Such an effort is necessary to
facilitate rational use of natural capital (land, urban greenery and water bodies) on sustained basis in the long-run.
• Management of urban greenery: Development and proper management of urban greenery have profound impact of ESs through its
effects on natural cooling mechanism that increase evapotranspiration and it affects latent heating rather than sensible heating. It
acts as sink for CO2. This is also help in ground water recharge and conservation of soil.
• Conservation of wetlands and water bodies: urban waterscape plays a very crucial role in evaporation. The urban wetlands and
water bodies absorb heat and thus the ambient air temperatures are likely to decrease. This is important to prevent day time urban
heat island effect. Hence, water sensitive urban ecological planning is necessary to sustain urban climate and maintained sus-
tained flow of urban ESs.
• Promoting sustainable groundwater management plan: Sustainable groundwater planning should be made with careful con-
sideration of physical and socioeconomic characteristics of study landscape.

5. Conclusion

This paper deals with the land use/land cover dynamics and its impact on the ecosystem services during the time period from
1990 to 2017 using Remote Sensing data and GIS approach corresponding with global value coefficient (VC) proposed by Costanza
et al. (1997). The level of urbanization in the study landscape has increased by 545.20% since 1991 to 2011 within the 20 years and
changes of ecosystem service values (ESVs) indicates that urban expansion has an impact on the total ESVs as well as on the
individual ecosystem service in Old Malda Municipal town. The agricultural land and vegetation cover which are the major con-
tributors of ecosystem services declined caused by the rapid expansion of built up. The result shows that built up area has increased
by 48% and crop land and vegetation declined by 35% and 34% over the last 27 years. In study landscape total ecosystem service
values (ESVt) decreased from US$ 1.33 million to US$ 1.07 million by 24.30% and individual ecosystem service changed due to
losing of urban ecological land (UELs) especially conversion of cropland and vegetation into built up from 1990 to 2017. The
continuous expansion of built up causes the degradation of natural land cover and losing of ecosystem services in the study landscape.
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