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Abstract

Climatic variations influence the alteration of land use patterns in wetlands, impacting the ecosystem of the haor
region significantly. Hakaluki Haor, one of the largest and biologically significant wetland ecosystems in
Bangladesh, was chosen for the study due to its distinctive seasonal wetland dynamics and swift land use and land
cover transformation during different seasons. This study evaluates the temporal variations in land use and land
cover and their effects on ecosystem service values over the dry and wet seasons for three years, respectively:
2005, 2014, and 2023. This study used remote sensing datasets, primarily Landsat imagery, and employed an
unsupervised classification algorithm using GIS tools to analyze seasonal land use and land cover transitions. The
results of this study suggest a substantial reduction in total ESV for the Hakaluki Haor region, decreasing from
7.41 10 6.45 (US$ ha—1yr—1) during the dry season, and from 7.58 to 6.58 (US$ ha—1yr—1) in the wet season,
signifying ongoing ecosystem degradation. The principal factors contributing to this drop are the expansion of
settlement and the lowering of cropland. Seasonal fluctuations intensify these losses, indicating increased ESV due
to increased hydrological connectivity. The primary deterioration is attributable to the loss of climate regulation,
water regulation, and biodiversity conservation. To avert additional loss, a sustainable supply and equilibrium of
ecosystem services is essential. This work establishes a basis for policymakers to formulate seasonally adaptive
management policies for the Hoar region and ensure long-term ecological resilience and livelihood stability.
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1 Introduction

In terms of ecosystem services, wetlands are among the most valuable in the world. They contribute activities such
activity as rearing fish, protecting crops from flooding, and even supporting agriculture along their edges. This is
aside from all their other uses as places of scientific research (Rana et al., 2009; Haor and Development Board,
2012; Ziaul Hoque et al., 2022). In Bangladesh, wetland systems that stretch far -- from the haor system to beels
in on the north stream and baors flowing out of paddies-sustain both livelihoods for thousands of people on a
manual basis, and a rich diversity of flora and fauna ((Hossain ST, 2013a; Rana et al., 2009)). Some habitats that
play vital regulatory and provisioning roles in the dynamic environment of a flood plain include the Hakaluki haor
(Haor & Development Board, 2012; Hossain ST, 2013a). LULC was spreading across the region because of the
DDT, increasing numbers of residents, a growing need for more farming land, and a wide range of developments
and projects that required land and the building of infrastructure, which in turn provided places for ecosystems to
take root. The environmental value represented by ecosystem services in this change is falling by 2-3 per cent
(Hossain ST, 2013b; Maruf & Ara, 2022; Ziaul Hoque et al., 2022). This loss threatens not only biodiversity and
habitat integrity but also the socio-economic resilience of local communities dependent on these resources for
food, fuel and income security. Understanding the dynamics, causes, and impacts of LULC change on wetland
ecosystem services is therefore essential for sustainable management and policy inventions aimed at conserving
Bangladesh’s vital wetland landscapes (Haor and Development Board, 2012).

2 Methods & Materials

2.1 Study Area

The Hakaluki Haor region, which includes Golapganj, Barlekha, Fenchuganj and Kulaura upazilas, lies between
24°30'N to 24°50'N and 91°50’E to 92°08’E in the north-eastern portion of Bangladesh, near the Assam border.
Covering an area of around 1390km?, it is reached by road and rail from Sylhet and nearby major towns. The area
includes the nation’s largest freshwater wetland, Hakaluki Haor, and is supplied by rivers like the Juri, Sonai and
Kushiara. With a population of more than 1.1 million, the area is predominantly rural with pockets of small urban
settlements and ethnic diversity. The economic activities involve agriculture, fisheries, cattle rearing, and
remittance and the livelihood is intricately linked to the wetland environment. Even though it has high ecological
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value and high population density, the area lags in the industrialization process, maintaining its value as a major
region for biodiversity, natural resources and traditional livelihoods.

2.2 Methodology
Land Use Land cover (LULC) change in Hakaluki Haor Region, Sylhet was examined on the basis of historical
Landsat datasets for the years 2005, 2014 and 2023 for dry and rainy seasons. The image classification was
performed by an unsupervised classification technique. And then the ecosystem service value was calculated using
the area classification results and literature-derived coefficients. This study used the equations by (Costanza et al.,
1997) to estimate the ecosystem service values (ESV) of various LULC types.

ESV) = A, X VCys (1)

ESVy = ¥K_q A X VCy (2)
The ESV for each land use category (ESV«) was determined by multiplying its area (Ak) by the corresponding
value coefficient (VCy). Similarly, the values for all pertinent land cover types were added up to determine the
ESV for each service function (ESVs). The methodology used in this study is shown by the flowchart below:
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Figure 1. Methodology flowchart of the study.

2.3 Data Collection & LULC Classification

Multi-temporal Landsat images were obtained for this study from the USGS Earth Explorer for the following years:
2005 (Landsat 5 TM), 2014 (Landsat 8 OLI), and 2023 (Landsat 9 OLI). Two seasonal datasets were chosen, the
wet season (June—September) and the dry season (November—February), ensuring less than 10% cloud coverage.
Image preprocessing included clipping by the study area shape file and band stacking. Unsupervised classification
was carried out in ArcGIS, followed by accuracy assessment and area calculation to quantify land cover changes,
in line with established remote sensing methodologies.

Table 1: Classification Scheme for Hakaluki Haor land cover types

Class LULC Type Description

Open Water / Includes perennial and seasonal beels, rivers, and large open water
Water Body . . .

Beel expanses that dominate the haor, especially during the monsoon.
Crop Land Cropland IC_rcz)vF\)/;Iymg fields are cultivated mainly for boro rice and other seasonal
Dense Natural Wetland forests, reed beds, patches of aquatic vegetation, and densely
Vegetation Vegetation vegetated areas provide habitat for wildlife and support biodiversity.

Rural Villages, homesteads, and clustered rural dwellings, typically built on
Settlement .

Settlement raised land (kandas).

Fallow/Barren  Exposed mudflats, sandy or clayey areas without vegetation, cattle grazing
Barren Land . S

Land grounds, and land temporarily left out of cultivation, often seasonally bare.

2.4 Accuracy Assessment

To improve the reliability of classification, we used Google Earth imagery and secondary source observations to
validate our findings in order to increase the accuracy of land use and land cover classification. Confusion matrices
were used to evaluate classification accuracy; overall classification accuracy is shown in Table 2.
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Table 2. Accuracy metrics of classified Landsat images
0,
LULC Classes Accuracy (%) overall
Dense Water

Year Settlement : Cropland Barren land accuracy

Vegetation body (%)
PA. UA PA UA PA  UA PA UA PA UA

2005 (Dry) 85 85  80% 80 789 789 9050 95 85 81 84
2005 (Rainy) 75 789 727 7270 75 682 7220 765 80 80 75
2014 (Dry) 88.9 842 90% 90 773 773 833 789 895 98 85.6
2014 (Rainy) 789 68.2 705 93.3 80 727 778 73.7 80 824' 77.3
2023 (Dry) 80 842 80 7270 80 727 70 824 85 85 79
2023 (Rainy) 727 80 75 75 80 762 889 842 85 85 80

"PA" indicates the producer’s Accuracy and "UA" indicates the user's accuracy.

2.5 Assignment of ESV

The value coefficient approach, which was first created by (Costanza et al., 1997), was used in this study to estimate
ecosystem service values (ESV). Each LULC class per hectare area value coefficients were modified using the
most recent data from pertinent Bangladeshi studies. In order to better reflect local conditions across five land
cover categories, we were able to calibrate ecosystem service values (USD ha™' yr') as shown in Table 3.

Table 3. Monetary Valuation (US$ ha—1yr—1) of ecosystem services of different LULC

Agricultural Dense Bare Build Water

Functions Services Land Vegetation Land  Up body Total
Provisioning Food produc_tion 922 357 135 0 603 2017
Raw material 317 211 27 0 423 978
Extreme event management 78 78 272 77 233 738
Regulating Climate regulation 426 533 853 0 533 2345
Water regulation 958 1277 2555 0 2555 7345
Biodiversity protection 333 499 499 0 499 1830
Supporting  Soil formation and retention 141 141 212 0 141 635
Waste treatment 1103 1103 1930 0 2206 6342
Culture Recreation, cultural and 261 261 302 302 457 1763
tourism
Total 4539 4461 6874 469 7649 23992

3 Results & Discussion

3.1 Changes of Land Use

The greatest land use change during the dry season was noted in the reduction of crop land, from 66,644.91 ha in
2005 to 59,396.85 ha by 2023, reflecting reduced agricultural activities. Dense vegetation increased within the
same period from 49,536.54 ha to 55,635.12 ha, which could indicate growing vegetated areas or recovering
vegetated areas, possibly due to some form of land regeneration or reforestation, as we see in Figure 2. Urban
growth can be seen in settlement increases, with almost four times as much area covered by settlements, increasing
from 7,393.86 ha to 22,631.67 ha. Water body areas after a decrease in 2014 slightly recovered again in 2023. The
unproductive land area of the Barren Land decreases consistently between two extremes of 18,883.89 ha and
5,352.84 ha, as shown in Table 2. Crop Land fell significantly during the rainy season from 57,101.58 ha to
39,476.25 ha, thus emphasizing a loss in agricultural use. Dense Vegetation had some slight decline in 2014 but
ended up increasing to 63,263.43 ha by 2023, as shown in Figure 3.
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Figure 2. LULC map of Hakaluki Haor Region for Dry Season, a) 2005, b) 2014, c) 2023

The settlement almost nine times increased dramatically from 2,971.44 ha to 26,221.23 ha, showing explicit urban
and infrastructure development. The area of the Water body attained its height in 2014, then later decreased and
settled at 21,337.56ha by 2023. Barren land also decreased drastically from 16,452.72 ha to 3,198.69 ha, reflecting
trends during the dry season as shown in Table 3.
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Figure 3. LULC map of Hakaluki Haor Region for Rainy Season, a) 2005, b) 2014, ¢) 2023

3.2 Ecosystem Service Value Changes
Table 4. Shows in the dry season, ESV fell from $7.41 billion in 2005 to $6.45 billion in 2023, representing a net
decrease of $0.96 billion or 13%. Declines resulted mainly from decreasing Crop Land and barren land areas, as
crop land ESV declined from $3.025 billion to $2.65 billion and barren land from $1.30 billion to $0.37 billion.

Table 4. Changes in Ecosystem Service Value for the Dry Season

Land Use Wise Ecosystem Service Value in the Dry Season

2005 2014 2023
ESV (US$ ESV (US$ ESV (US$ ha—
Classes Area_(ha) ha—1yr—1) Area_(ha) ha—1yr—1) Area_(ha) 1yr—1)
Water body  11032.56 0.8438 7760.79 0.5936 10480.68 0.8016
Crop Land  66644.91 3.0250 62991.54 2.8591 59396.85 2.6496
Dense

Vegetation 49536.54 2.2098 50671.8 2.2604 55635.12 2.5252
Settlement 7393.86 0.0346 16820.46 0.0788 22631.67 0.1061
Barren land ~ 18883.89 1.2980 15252.57 1.0484 5352.84 0.3679
7.4114 6.8406 6.4507
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There were modest increases in dense vegetation from $2.21 billion to $2.53 billion, but more than a threefold
increase in settlements from $0.03 billion to $0.11 billion, which indicated very fast urban growth. Water body
ESV ended somewhat lower after going down in between intensive dip interpreted losses dominated by food
production plus raw materials, partially buffered by some increases in climate regulation and biodiversity-related
values. In the rainy season, ESV was led by a $7.86 billion peak in 2014 to fall to $6.59 billion by 2023,
representing a net drop of $0.99 billion, which is nearly 13%. Crop land ESV fell from $2.59 to $1.79 billion and
barren land from $1.13 to $0.22, reflecting drops in service from agriculture and degraded land, respectively.

Table 5. Changes in Ecosystem Service Value for the Rainy Season

Land Use Wise Ecosystem Service Value in the Rainy Season

2005 2014 2023
Area ESV (US$ ha— ESV (US$ ha— Area ESV (US$ ha—

Classes (ha) lyr—1) Area (ha) yr1) (ha) yr)

Water body  13008.87 0.9950 38502.45 2.9450 21337.56 1.6321

Cropland 57101.58 2.5918 42959.43 1.9499 39476.25 1.7918

v Dense  g3959.04 2.8532 52327.53 2.3343 63263.43 2.8221
egetation

Barren Land 16452.72 1.1309 8376.12 0.5757 3198.69 0.2198

Settlement 2971.44 0.0139 11328.12 0.0531 26221.23 0.1229

7.5849 7.8582 6.5889

Despite swings in the indicator, dense vegetation ESV shows that climate and biodiversity services are maintained
because it is near steady; Settlement ESV rises sharply, showing accelerating urbanization, while water body ESV
falls off its peak recorded in 2014, as shown in Table 5.

3.3 Discussion

The study indicates that the land use and land cover patterns in the Hakaluki Haor region have significantly changed
over the past two decades that have resulting in a reduction in the value of ecosystem services. The global study
indicates that the conversion of agricultural land and the invasion of wetlands cause the loss of important ecological
functions since the decrease in cropland and the decrease in barren land directly affect food and raw material
production (Mersha et al., 2025). The wetlands of Bangladesh have an increasing issue due to human activities by
expanding their living at the expense of their need to preserve the environment (M. T. U. Rahman et al., 2017,
Ziaul Hoque et al., 2022).

The rapid expansion of settlements has almost three times in acreage has offering little contribution to ESV and
significant levels of anthropogenic pressure on natural habitats. This urbanization process has led to the same
amount of ecological loss of ecosystem service in Dhaka as well as other developing cities due to the rapid
development of the urban infrastructure, which most of them are unprepared to organize ecological systems (M.
M. Rahman & Szabo, 2021; M. T. U. Rahman et al., 2017). The expansion of settlements into wetland areas causes
the loss of valuable land types, including cropland and open water, which leads to reduced water management
capabilities and carbon storage and decreased habitat quality for various species (Martinez-Lopez et al., 2019).
The research results demonstrate that ecological assessment methods must become part of land management
systems to protect natural ecosystems from economic development-related degradation.

Seasonal changes dictate how ecosystems perform because they create different environmental conditions
throughout the year. The wet season of 2014 showed higher ESV values which demonstrates that water flow
between areas supports wetland productivity and ecological balance according to (Giri et al., 2011) Water body
reduction and its linked ESV decline during 2023 results from siltation and agricultural runoff and encroachment
which match the causes found in other South Asian wetlands according to (Mersha et al., 2025; Xu & Li, 2019).
The water system and biological balance of Hakaluki Haor must stay protected because this area provides essential
flood protection and nutrient cycling services.

Overall, the study demonstrates how wetland ecosystems suffer severe damage from uncontrolled land change
activities. The evaluation of Ecosystem Service Value (ESV) through geospatial methods offers an efficient way
to display the tradeoffs between different land uses and their environmental benefits (Maruf & Ara, 2022). The
integration of ESV-based indicators into planning processes at local and regional levels enables decision-makers
to achieve sustainable development through balanced conservation management, which uses seasonal data for
wetland areas in Bangladesh, including Hakaluki Haor.
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4 Conclusion

The Hakaluki Haor region has shown an alarming reduction in the value of ecosystem services, primarily due to
the loss of agricultural lands, urban sprawl, and degradation of the ecosystem. There was a decrease in total ESV
by more than 13 percent in the dry and wet seasons between 2005 and 2023. Some of the most impacted services
are food production, water regulation, and protection of biodiversity; these are important forms of maintaining the
socio-economic and ecological resilience of the region. Although there are slight improvements in vegetative
cover, they have not been able to offset the loss in agricultural and waterbody ecosystems. There has been an
exponential growth in settlements, yet their contribution to ecology is still insignificant. Periodic changes indicate
that hydrology is the key to the functioning of the ecosystem, thus stressing the adaptable and dynamic planning.
This paper can be used as a guide on how to combine geospatial analysis and the ESV valuation with policymaking
in the environment. It emphasizes the need to preserve such wetland ecological systems as Hakaluki Haor by land
use planning, including the influence of seasonality and trends in long-term ecological changes. Failing to address
this, further degradation may threaten food security, biodiversity, and rural livelihoods in an already highly
sensitive wetland system in Bangladesh.
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