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Rapid peri-urbanization in agricultural highland corridors can erode natural
capital and undermine water security, yet few studies provide spatially explicit,
multi-decadal valuations of ecosystem services for such rurbanizing landscapes.
of Geographic Information System, 17, 291 Here, we quantified land-use/land-cover (LULC) dynamics and ecosystem ser-
323. vice valuation (ESV) for the Santa-Babadjou corridor from 1980-2024 using

https://doi.org/10.4236/jgis.2025.175014 multi-temporal Landsat imagery, rigorous preprocessing (radiometric correc-

tion), k-means classification into five LULC classes, and benefit-transfer valu-
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ation based on Costanza’s coefficients to estimate total ESV and 17 ecosystem
functions. Results reveal significant landscape and value losses, with built-up
expanding from 4,430 ha (6.1%) to 32,709.5 ha (44.9%) in 2024, while forest

Copyright © 2025 by author(s) and cover fell from 26,783 ha (36.7%) to 6,620.7 ha (9.1%) (-75.3%) and grasslands
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from 27,929.6 ha (38.3%) to 11,848.3 ha (16.2%) (—57.6%). Correspondingly,
total ESV collapsed from US$220.12 million in 1980 to US$33.70 million in
2024 (—84.7%), with the steepest losses occurring in the period after 2010, in
which forests and grasslands, which contributed =99% of ESV in 1980, dropped
to US$2.20 M and US$9.97 M respectively by 2024. Functionally, provisioning,
regulating, supporting, and cultural service totals all declined markedly, with
provisioning services falling from US$108.2M to US$58.8 M; regulating from
US$90.2 M to US$48.4 M. Cumulatively, these changes signal widespread deg-
radation in hydrological regulation, soil retention, and biodiversity support.
These spatially explicit, quantitative findings highlight that unplanned settle-
ment and agricultural intensification are compromising the corridor’s natural
capital and water-security functions. We therefore recommend immediate
policy action to protect the remaining forest and recharge zones, restore de-
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graded catchments using nature-based solutions, and integrate ESV metrics
into land-use planning and participatory decision-making to arrest value loss
and rebuild resilience.
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1. Introduction

Ecosystem services (ES) are the essential ecological processes and conditions
through which natural ecosystems and the diverse species within them support,
sustain, and enrich human life [1]-[3]. In communities where agriculture remains
the dominant land use, yet where rapid population growth and peri-urban expan-
sion are reshaping landscapes, ES serve as a vital bridge between natural systems
and socio-economic development [1]. These services encompass the direct and
indirect benefits derived from ecosystem functions and are generally classified
into four categories: (a) provisioning services: food, freshwater, fuelwood, and
medicinal resources; (b) regulating services: water purification, erosion control,
flood regulation, and microclimate moderation; (c) supporting services: soil for-
mation, nutrient cycling, and pollination that underpin agricultural productivity;
and (d) cultural services: recreational, spiritual, and cultural value rooted in local
landscapes and traditions [1]. In rurbanizing agricultural communities, where tra-
ditional rural livelihoods increasingly intersect with urban pressures, the func-
tionality of ecosystems becomes central to sustainability [4]. Ecosystem services
not only sustain agriculture and food systems but also help mitigate the impacts
of land use change, deforestation, habitat fragmentation, and declining water
quality [4] [5]. As identified by [2] [6], at least 17 key ecosystem functions con-
tribute to the health, stability, and resilience of human-environment systems,
many of which are particularly crucial in these transitioning zones. The growing
strain on land, water, and other natural resources in such areas amplifies the im-
portance of healthy ecosystems in providing vital services like groundwater re-
charge, waste assimilation, biodiversity support, and temperature regulation. Pre-
serving and enhancing these services is fundamental to ensuring the long-term
viability of agriculture, safeguarding water security, and improving human well-
being.

Yet, in these transitioning landscapes, the benefits of ES are increasingly at risk
due to intensifying anthropogenic pressures. Sustained population growth, rural-
to-urban migration, climate variability, expanding infrastructure, and shifting ag-
ricultural practices are collectively placing unprecedented strain on the natural

systems that underpin local livelihoods. As demand rises for land, food, water, and
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energy, the capacity of ecosystems to regenerate and provide essential services is
steadily diminishing [7]-[10]. Over the past several decades, the pace and scale at
which ecosystems have been altered to meet human needs, whether for settlement
expansion, intensified cultivation, or resource extraction, have led to widespread
degradation. This loss of ecosystem functionality directly undermines efforts to
improve health, reduce poverty, and achieve sustainable development at the com-
munity level [11]-[14]. In rurbanizing areas, such degradation can manifest in de-
clining soil fertility, water contamination, biodiversity loss, increased erosion, and
heightened vulnerability to climate-related hazards such as floods and droughts.

Among the most influential drivers of change in these regions is the transfor-
mation of land use and land cover (LULC), particularly the conversion of forest,
grassland, wetlands, and agricultural land into built-up or degraded spaces [15]-
[18]. These shifts are not only more rapid and intense than in previous decades,
but they also exhibit complex spatial and temporal patterns. For example, replac-
ing floodplains or forest buffers with impervious surfaces can significantly disrupt
local hydrological cycles, leading to reduced groundwater recharge, increased sur-
face runoff, and higher flood risks during rainfall events [1] [5] [8] [19]. The im-
pacts of LULC change on ES are dynamic and context-specific, varying across to-
pographies, ecological zones, and socio-economic settings [7] [20]-[22]. As such,
monitoring ecosystem health and understanding its interactions with community
well-being have become crucial areas of research and policy interest. Effective
planning in these rurbanizing agricultural corridors must go beyond sectoral ap-
proaches and embrace integrated frameworks that account for environmental sus-
tainability, economic needs, and social equity. Recognizing the central role of eco-
system services in these landscapes is therefore indispensable for building resilient
communities and fostering long-term development [23] [24].

A wide range of methodological approaches has been developed to evaluate ter-
restrial ES, each varying in complexity, data requirements, and application con-
text. These valuation methods are generally grouped into four broad categories:
(a) revealed preference approaches, which infer value based on actual market be-
havior; (b) stated preference approaches, which rely on survey-based techniques
to capture hypothetical willingness to pay; (c) cost-based approaches, which esti-
mate value through the cost of replacing or restoring ecosystem functions; and (d)
the benefit transfer method (BTM), which involves applying valuation estimates
from existing studies to new contexts [25]-[31].

Among these, the benefit transfer method has gained widespread popularity
due to its efficiency, scalability, and ease of application, especially in data-scarce
regions. First introduced by [32] in 1997, this approach involved classifying global
ecosystems into 16 biomes and identifying 17 key ecosystem functions. Using sec-
ondary data from prior valuation studies, they estimated the global annual value
of ecosystem services to be approximately USD 33 trillion (1995 values). This pi-
oneering work significantly elevated the prominence of ecosystem service valua-

tion within environmental research and policy discourse.

DOI: 10.4236/jgis.2025.175014

293 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2025.175014

B. D. Njumba et al.

Since then, the BTM has been applied across various geographic and ecological
contexts to assess the impacts of LULC change on ESV. For instance, [27] [33] in-
vestigated how shifts in LULC influenced ecosystem services in Chengdu, China;
[9] explored the relationship between spatial scale and stakeholder valuation of
ecosystem services; and [29] monitored the effects of LULC changes on ecosystem
functions in Ethiopia’s central highlands. Similarly, [16] examined the consequences
of converting agricultural and forest land into built-up areas in India, and re-
ported a significant decline in ESV as a result of such transformations.

The Santa-Babadjou Corridor is a predominantly agro-economy-based region
in the Western highlands of Cameroon, marked by increasing population density,
ecological sensitivity, and growing exposure to climate variability and disaster
risks. In recent years, the corridor has undergone notable socio-economic changes,
such as infrastructure development, expansion of road networks, and the growth
of local trade, which have contributed to a steady shift in land use patterns. As one
of the key agricultural transition zones in the region, the corridor is witnessing
accelerated rural-urban migration and uncoordinated spatial expansion, leading
to major changes in LULC.

Recent research highlights that this peri-urban corridor is experiencing signif-
icant ecological stress due to rapid and often unplanned LULC transformations.
Drivers such as population pressure, climate variability, economic activity, and
infrastructural development have contributed to the decline of vegetation cover,
conversion of farmlands into settlements, and the encroachment into wetlands
and riparian zones [34]. These dynamics threaten the natural functioning of the
local ecosystem and have resulted in land degradation, increased surface runoff,
localized flooding, erosion, and a marked rise in the frequency of waterborne dis-
eases [35]. For instance, built-up areas have expanded at the expense of farmland
and ecologically sensitive zones, disrupting hydrological cycles and placing stress
on existing drainage systems. As a result, soil fertility loss and water pollution have
become recurrent issues affecting agricultural productivity and community health
in the region.

In response to these challenges, we seek to explore the nexus between LULC
change and ecosystem services in the Santa-Babadjou corridor. While compre-
hensive empirical work remains limited in this specific corridor, related studies in
similar transitional zones in sub-Saharan Africa reveal parallel patterns. For ex-
ample, studies have shown that agricultural land loss to built-up development re-
sults in significant declines in ESV, including losses in water regulation, soil re-
tention, and food provision services. In some cases, these losses are valued at mil-
lions of dollars over a few decades due to unchecked land conversion [27] [36].

However, most of these existing studies focus either on urbanized cities or coastal
zones, with limited attention given to highland transitional corridors such as the
Santa-Babadjou corridors. Although some research efforts have applied satellite
image-derived LULC analysis to assess ecosystem service dynamics, such methods

are still underutilized in Cameroon’s small-sized towns and peri-urban commu-
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nities. Moreover, the relationship between LULC change and ESV in emerging
corridors remains poorly understood, especially in regions where agriculture,
population growth, and settlement development coexist in fragile ecological set-
tings.

Given this gap, the current study aims to fill a critical research void by focusing
on the Santa-Babadjou Corridor. Specifically, this study seeks to: (1) analyze the
dynamics of LULC change in the corridor over 4 decades; (2) estimate and spa-
tially map the total ESV during that time; (3) evaluate the contribution of individ-
ual ecosystem service functions to overall ESV; and (4) determine the elasticity of
ESV in response to LULC changes. This approach will help clarify how ecological
and human systems interact in transitional zones and offer evidence-based in-

sights for sustainable land management and spatial planning.

2. Materials and Methods
2.1. Study Area

The Santa-Babadjou Corridor, spanning parts of the Northwest and West Regions
of Cameroon, lies between latitudes 5°42' - 5°54’ N and longitudes 10°00" - 10°18’
E. The maps in Figure 1 provide a visual representation of the corridor; Map la
shows its position within the broader Northwest and West Regions; Map 1b high-
lights its placement within Mezam and Bamboutos Divisions; and Map 1c offers
a detailed view of the corridor’s geographic and agricultural features. The corridor
connects the sub-divisional headquarters of Santa (in the Northwest) and Babad-
jou (in the West), functioning as a critical agricultural and transportation gateway
between the two regions. The corridor is approximately 62 km from Bamenda,
with Santa located 23 km and Babadjou 39 km away, and is bordered by Batibo,
Lebialem, Menoua, Bali, Mbouda, Foumbot, Bamenda I &II, and Balikumbat sub-
divisions.

Covering about 1292 km?, the corridor features a diverse landscape of moun-
tains, valleys, forests, springs, cultivated fields, and clustered rural settlements. It
is governed by a Guinea-type climate, with annual rainfall ranging from 2000 to
3000 mm and temperatures between 15°C and 25°C, shaping the region’s agricul-
tural patterns and water availability. Elevation across the corridor varies signifi-
cantly, from 1300 meters in Bali-Gham and Awing to 2703 meters at the Wabane
boundary. Notably, Mount Lefo in Awing (2300 m) is the second-highest peak in
the Northwest Region.

Hydrologically, the region is drained by the Santa Stream and its dense network
of tributaries, supporting irrigation and domestic water use. Soil types range from
fertile alluvial soils in lowland floodplains (in Maforbe, Matazen, Kombou), to
well-drained orthic soils in highland areas (in Akum, Baba, Mbu, Awing), and
moisture-retentive humic soils in Santa. These diverse environmental character-
istics enable intensive agriculture but also create varying pressures on the region’s

natural systems.
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Figure 1. Location of the Santa-Babadjou corridor in the Mezam and Bamboutos divisions
of Cameroon.

Recent trends in population growth, urban expansion, and agricultural intensi-
fication have led to rapid changes in land use and land cover (LULC) across the
corridor. Natural vegetation and wetlands are increasingly being replaced by
farms, roads, and built-up areas. This transformation has direct implications for
the region’s ESV (ESV), including declines in water regulation, soil retention, car-
bon sequestration, and biodiversity conservation.

As seen in similar contexts globally, such as in Dhaka, Bangladesh, unplanned
LULC change without appropriate valuation of ecosystem services often leads to

environmental degradation, resource scarcity, and diminished human well-being.
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In the Santa-Babadjou Corridor, the lack of integrated planning and valuation
threatens the sustainability of both agricultural productivity and water availabil-
ity. Therefore, a robust assessment of ecosystem services is essential to inform land
use decisions, ensure sustainable resource use, and maintain ecological integrity

in this critical trans-regional corridor.

2.2. Datasets

This study focuses on the valuation of ecosystem services within the Santa-Babad-
jou Corridor, based on land use and land cover (LULC) change. LULC data form
the primary basis for the analysis and were derived from multi-temporal satellite
imagery. To capture the dynamics of change, a ten-year interval approach was
applied, using Landsat datasets from Landsat-3, Landsat-5, Landsat-7, and Land-
sat-8. Landsat satellite images for the years 1980, 1990, 2000, 2010, 2020, and 2024
were acquired from the United States Geological Survey (USGS) archive
(https://earthexplorer.usgs.gov/, accessed on 8 August 2025). This time frame al-
lows for the assessment of long-term LULC transitions and their implications for
ESVs (ESVs) in the corridor. Table 1 presents the detailed specifications of the

Landsat images used for the analysis.

Table 1. Characteristics of Landsat images used in this study for the Santa-Babadjou Cor-

ridor.
Year Satellite Sensor Path/Row Resolution (m)
1980 Landsat 3 MSS 187/56 80
1990 Landsat 5 ™ 187/56 30
2000 Landsat 7 ETM+ 187/56 30
2010 Landsat 5 ™ 187/56 30
2020 Landsat 8 OLI 187/56 30
2024 Landsat 9 OLI-2 187/56 30

MSS= Multispectral Scanner; TM = Thematic Mapper; ETM+ = Enhanced Thematic Map-
per Plus; OLI = Operational Land Imager.

The entire Santa-Babadjou Corridor study area lies within Landsat path 187
and row 56. All satellite images used in this study were acquired with the Universal
Transverse Mercator (UTM) projection in Zone 32 North, based on the World
Geodetic System (WGS) 1984 datum. The spatial resolution of the selected images
is 30 x 30 meters per pixel, ensuring sufficient detail for land use and land cover
analysis.

To minimize the influence of seasonal variation on spectral reflectance, images
were chosen to correspond to similar dates across different years. For this study,
Landsat scenes from the month of November were prioritized, as this period falls

in the dry season for the Santa-Babadjou Corridor. During November, cloud cover
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is minimal, and the absence of significant rainfall reduces the risk of temporary
inundation in low-lying areas being misclassified as wetlands or permanent water
bodies. In cases where November images free of cloud cover were unavailable,
such as in 1990, December imagery was used instead. This approach ensured con-
sistent seasonal conditions across datasets, thereby improving the accuracy of land

cover classification and water body detection within the corridor.

2.3. Landsat Image Processing

For this study, we downloaded Level-1 Precision and Terrain Corrected (L1TP)
cloud-free multispectral images. These L1TP products are radiometrically cali-
brated and orthorectified using ground control points (GCPs) and a digital eleva-
tion model (DEM) to correct for relief displacement, an essential step given the
corridor’s complex topography, which ranges from low-lying valleys to mountain
peaks above 2,700 meters [37]-[39]. The high geometric accuracy of L1TP data
makes them suitable for pixel-level time series analysis without further geometric
correction [40] [41].

The raw Landsat imagery contains digital number (DN) values for each pixel.
These values do not directly represent the true characteristics of the Earth’s sur-
face due to influences from sensor calibration, solar angle, atmospheric scattering,
and topographic shading, all of which are particularly relevant in the Santa-Ba-
badjou Corridor’s varied relief and seasonal climate. The electromagnetic radia-
tion (EMR) reflected or emitted from land cover is altered by these factors before
it reaches the satellite sensor. Therefore, preprocessing was conducted to mini-
mize such distortions and obtain reliable surface reflectance data for land use/land
cover and ecosystem service valuation [42].

In this study, we applied the COST model for radiometric correction [38] [39].
The COST model is image-based, requires no external atmospheric measure-
ments, and effectively accounts for the multiplicative effects of atmospheric scat-
tering and absorption. It has proven effective in tropical environments such as
Cameroon, where seasonal haze and varying humidity can influence reflectance.

The radiometric correction process involved three main steps: (a) Conversion
of DN values to spectral radiance at the sensor; (b) Conversion of spectral radiance
to sensor reflectance; and (c) Atmospheric correction to derive surface reflectance
from sensor reflectance. These steps were implemented in R software using the
radCor() function of the RStoolbox package, ensuring consistent preprocessing

across the time series of Landsat images for the Santa-Babadjou Corridor.

2.4. Classification of Land Use and Land Cover

The surface reflectance values obtained after radiometric and atmospheric correc-
tion in the preprocessing stage served as the basis for developing the LULC maps
for the Santa-Babadjou Corridor. The classification process was performed using
an unsupervised classification approach, which is well suited for capturing heter-

ogeneous landscapes where natural, agricultural, and settlement areas are closely
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interwoven. The Landsat images for each study year were classified into five pri-
mary LULC categories reflecting the major land cover features of the corridor and
relevant to ecosystem service valuation: (a) Built-up area; (b) Vegetation-upland
forest and grasslands; (c) Waterbody; (d) Agricultural land-cultivated fields. These
categories align with biome-based classifications used in ecosystem service valua-
tion studies, ensuring that the derived maps directly support the estimation of the
changes in the corridor’s ESVs over time. The definitions of each class are pro-
vided in Table 2.

Table 2. Description of Land use types.

Land Cover Type Description

Urban and developed areas, including residential, commercial, and
Built-up Area industrial zones, settlements, transport infrastructure, and other
man-made structures.

Natural or artificial water features such as rivers, lakes, ponds,

Waterbod,
y canals, wetlands, and lowlands.
. Areas dominated by trees, forests, gardens, parks, playgrounds, and
Vegetation
natural green cover.
Land with little or no vegetation, including fallow land, construc-
Bare Land ) . ]
tion sites, exposed soil, sand, and other barren surfaces.
Agricultural Land used for farming activities, such as cropland, pasture,
Land orchards, groves, and nurseries.

Since we used the unsupervised classification approach, the process was quick
and straightforward, involving the generation of land cover classes based on the
spectral characteristics of the satellite images without relying on visual interpre-
tation [37]. In this approach, the analyst specifies the number of classes in ad-
vance, after which the software groups pixels with similar spectral properties into
those predefined classes [43]. One limitation of unsupervised classification is that
spectral reflectance values do not always align perfectly with distinct land cover
categories, especially for pixels that have spectral characteristics similar to two ad-
jacent classes. This often results in classification errors. To mitigate this, an itera-
tive process to identify the optimal number of classes is necessary [37]. Several
clustering algorithms exist for unsupervised classification, such as ISODATA,
CLARA, mean-shift, agglomerative hierarchical clustering, PAM, random forest,
and k-means clustering [44]. Among these, k-means clustering is widely used due
to its simplicity, computational efficiency, robustness with high-dimensional spec-
tral data, and effectiveness in classifying LULC. For this study, we applied the k-
means algorithm in R software to classify the processed Landsat images into the
five primary LULC classes relevant to the Santa-Babadjou Corridor [43].

The k-means algorithm partitions the data into a predefined number (%) of

clusters by iteratively minimizing within-cluster variance while maximizing inter-
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cluster differences [43]. A critical step in k-means classification is determining the
optimal number of clusters, as this directly impacts classification accuracy. Several
techniques exist for this purpose, including the elbow method, silhouette analysis,
and gap statistics [42] [45]. Using the elbow method, which plots the explained
variance against the number of clusters, we identified eight (8) as the optimal num-
ber of clusters for our spectral dataset. Since our classification scheme required
five broad LULC categories, we initially ran the algorithm with & = 8 and subse-
quently regrouped the clusters into the five final classes consistent with the biome-
based ESV framework (Table 3).

2.4.1. Filtering Techniques

The initial classified images exhibited ‘salt-and-pepper’ noise, a common artifact
in medium-resolution satellite imagery like Landsat. Such noise and misclassifi-
cation errors typically occur due to mixed pixels and spectral ambiguity. To en-
hance the classification results, a multi-step filtering procedure was adopted:

1) A 3 x 3 majority filter was applied using ArcGIS 10.8. This smoothing filter
replaced each pixel’s value with the majority value of its surrounding neighbor-
hood, effectively reducing isolated spurious pixels.

2) The filtered raster was then converted to vector format, which allowed for
manual correction of localized misclassification errors, particularly along settle-
ment-farmland and forest-grassland boundaries where misclassification was most
pronounced.

3) The cleaned and corrected data were then rasterized again to ensure con-
sistency across datasets and to prepare them for subsequent change detection and
ESV valuation [43].

This multi-step filtering significantly improved the spatial coherence of the
LULC maps, reducing small-pixel misclassifications while preserving genuine

landscape heterogeneity.

2.4.2. Accuracy Assessment Procedures
To ensure reliability, we conducted a rigorous accuracy assessment of the classi-
fied LULC maps. Reference data were obtained from high-resolution imagery
available in Google Earth Pro and cross-checked with field knowledge from pre-
vious surveys in the Santa-Babadjou Corridor. For each classification year (1980,
1990, 2000, 2010, 2020, and 2024), a stratified random sampling of 250 - 300 vali-
dation points was performed. This approach ensured proportional representation
across the five LULC classes, with oversampling of minority classes such as water-
bodies and bare land to achieve adequate representation despite their limited spa-
tial extent. Table 1 shows the distribution of validation points across LULC classes
for each year:

Each validation point was labeled using Google Earth imagery and corrobo-
rated with field knowledge, providing a reliable ground-truth dataset for compar-
ison with the classified maps. Accuracy was quantified using a confusion matrix,

from which the following metrics were derived:
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Table 3. Distribution of validation points in the Santa-Babadjou corridor.

Year Agriculture/Vegetation Built-up BareLand Waterbodies Total Points

1980 140 50 30 30 250
1990 145 55 30 25 255
2000 150 55 35 30 270
2010 160 60 35 35 290
2020 150 35 25 20 280
2024 165 60 35 35 295

e Overall Accuracy (OA): the percentage of correctly classified pixels out of
the total validation points.

e User’s Accuracy (UA): the reliability that a pixel classified into a given cate-
gory actually represents that category on the ground.

e Producer’s Accuracy (PA): the probability that a reference pixel is correctly
classified.

o Kappa Coefficient (x): a statistic that accounts for chance agreement, widely
used for LULC accuracy validation.

The results show that overall accuracies ranged from 85.60% (1980) to 91.00%
(2024), while kappa coefficients varied between 0.758 and 0.865, demonstrating
strong agreement between classification outputs and reference data. These values
exceed the 85% threshold recommended by Anderson ef al (1976) for reliable
LULC mapping. Beyond quantifying the LULC types, we analyzed their temporal
changes throughout the study period, since LULC dynamics significantly affect
ecosystem services and environmental functioning in the corridor. To quantify
these changes, we employed the land-use dynamic index, calculated as shown in
Equation (1) [46].

Aj-Ai 1

k=————x=x100 (1)
Ai T

where K represents the land-use dynamic index for a specific LULC type, Ai and
Aj denote the initial and final areas of that LULC type, respectively, and T is the
duration of the study period.

2.5. Assignment of Ecosystem Services Values

ESV has gained global attention as an important tool to understand the diverse
benefits that ecosystems provide to human well-being. Over the past few decades,
numerous studies have sought to estimate the economic value of ES, particularly
focusing on tropical forests, endangered species management, and protected ar-
eas. Among the various valuation approaches, the model developed by Costanza
is widely regarded as one of the most comprehensive and robust frameworks for
estimating the economic value of ecosystem services [43]. [32] identified 17 eco-

system services across 16 biomes and used the benefit transfer method (BTM) to

DOI: 10.4236/jgis.2025.175014

301 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2025.175014

B. D. Njumba et al.

estimate global economic values based on a synthesis of existing literature and
original calculations. Since its introduction, this method has been extensively ap-
plied in diverse geographic contexts worldwide to assess ecosystem services.

While Costanza’s model has faced some critiques, particularly regarding the
potentially low valuation of farmland and uncertainties inherent in benefit trans-
fer, it remains the most comprehensive initial approximation for ecosystem ser-
vice valuation to date. Accordingly, we adopted this model to estimate ESVs for
the Santa-Babadjou Corridor.

To assign ESVs to the five LULC categories identified in our study, we matched
each LULC class with the most relevant biome category from [2] [44]. For instance,
“cropland” was used as a proxy for “agricultural land”, “wetland” for “waterbody”,
“tropical forest” for “forest and vegetation”, and “urban” for “built-up area”.

Although the alignment between LULC categories and Costanza’s biomes is not
exact, this proxy approach has been employed in many other ecosystem valuation
studies [45]-[58]. The detailed correspondence between LULC types, equivalent
biomes, and their associated ESV coefficients for the Santa-Babadjou Corridor is

presented in Table 4.

Table 4. Biome equivalents for land-use categories and their corresponding ecosystem val-

ues,
LULC Types Equivalent Biome ESV Coefficient (US'$ ha™ yr™)
Agricultural land Cropland 92
Water body Wetland 14,785
Forest and vegetation Tropical forest 2007
Built-up area Urban 0
Bare land Desert 0

2.6. Determination of ESVs

Using the value coefficients from Table 4, the total ESV's were calculated by mul-
tiplying the land area by its corresponding VC, as shown in Equation (2).

ESV =X (Ax x VCy) (2)

where ESV represents the total estimated value of ESs, Ay is the area in hectares,
and VCy is the value coefficient (US $ ha™' yr™') for each LULC category k. To
determine changes in ESV over time, we calculated the differences in the esti-
mated ESV for each LULC category for the years 1980, 1990, 2000, 2010, 2020,
and 2024. The rate of change in ESV was then computed using Equation (3).

ESV,, :wxlﬂoo (3)
ESVi T

where ESV., denotes the annual ESV change rate for a specific LULC type, ESVi
and ESVjare the initial and final ESVs, and T is the length of the study period. In
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addition to calculating the ESV for each LULC category and assessing the impact
of LULC changes on the total ESV, we also estimated the value of 17 ecosystem
functions provided by each biome for the years 1980, 1990, 2000, 2010, 2020, and
2024 using Equation (4).

ESV; = 2 (Ax X VCq) (4)

where ESV¢ represents the estimated value of ecosystem service function f, Ak is
the area (ha) of LULC category k, and VCfk is the value coefficient of function f
(US $ ha™' yr') for that LULC category. The VC for each individual function was
derived from Table 2 [43].

2.7. Determination of the Elasticity of Ecosystem Service Values
from Land Use Land Cover Changes

Elasticity measures the responsiveness of one variable to changes in another. In
this study, to understand how total ESV responds to changes in LULC, we calcu-
lated the elasticity of ESV with respect to LULC changes. This elasticity indicates
the percentage change in ESV resulting from a percentage change in LULC. The

calculation of ESV elasticity was carried out using Equations (5) and (6).
ESVj —ESVi x£x100

EEL = ESVi T ] (5)
LTP

> ALCAj—ESVi 1
S — x—x100. (6)
> LCAI
In the above equations, EEL represents the elasticity of total ESV with respect

to LULC changes. ESV, and ESV, denote the initial and final ESVs, respectively,
while T refers to the length of the study period. LTP indicates the percentage of

land transition, reflecting the extent of LULC changes. ALCA; represents the
change in the area of LULC category 7 during the study period, and LCA, is the
total area of LULC category i

2.8. Determination of Sensitivity Analysis

To determine the sensitivity of ESV changes in coefficient values assigned to each
LULC category, we first conducted a milarity assessment between our five LULC
categories and the sixteen biomes identified by [43]. The most similar biome was
selected as a proxy for each LULC category. However, because these biomes do
not perfectly correspond to the LULC categories, uncertainties exist in the coeftfi-
cient values used for ESV calculation. Therefore, sensitivity analysis is crucial to
assess how dependent the total ESV is on the coefficients of specific LULC types.
The coefficient of sensitivity (CS) serves as a metric to verify how effectively the
biomes represent the LULC categories and the accuracy of their associated VC.
We applied the standard economic concept of elasticity to compute CS, as shown
in Equation (7) [54] [59] [60].
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_ (ESVj—ESVi)/Esvi
©5= (VCjk —VCik) VCik @

In this context, ESV and VC denote the estimated total ESV and the value co-
efficient, respectively; the subscripts 7and jrefer to the initial and adjusted values,
while & designates the specific LULC category. To perform the sensitivity analysis,
the VC for each LULC category was varied by £50%, allowing the recalculation of
the adjusted ESV and the coefficient of sensitivity (CS). By evaluating the CS, we
can quantify how changes in the VC of a particular LULC type affect the total ESV.
A CS value less than 1 indicates that the estimated ESV is inelastic relative to the
VC, meaning it is relatively insensitive to such changes. Conversely, a CS greater
than 1 suggests that the ESV is elastic and highly responsive to coefficient varia-
tions. When the ESV is inelastic with respect to the value coefficient, it implies
that the chosen biome proxies and their associated ESV estimates are robust and
reliable. Sensitivity analysis of this nature has been widely employed in previous

studies to assess how fluctuations in VC impact ESV [37] [61].

3. Results
3.1. Land Use Land Cover Change

The spatial distribution and trends of land use and land cover (LULC) changes in
the Santa-Babadjou Corridor from 1980 to 2024 are illustrated in Figure 2. In
1980, built-up areas were primarily concentrated in the center and southern part
of the corridor. Over the subsequent decades, these built-up zones expanded in
almost all directions, with notable growth occurring during the 1990s, 2000s, and
2010s. Agricultural land was predominantly located in the northern and north-
eastern sections in 1980. By 1990, parts of the forest cover in the west and north-
west began to be converted into agricultural land, a trend that persisted through
2000 and 2010. However, between 2010 and 2024, much of this agricultural land
was further transformed into built-up areas. Forests and grasslands, once largely
concentrated in the western, northwestern, and eastern parts of the corridor in
1980, have been significantly reduced, with substantial portions replaced by ex-
panding built-up and agricultural lands in each subsequent decade, particularly
between 2000 and 2024.

The LULC results in Figure 2(A) illustrate that, in 1980, the corridor was pre-
dominantly covered by grasslands, occupying 38.3% (27,929.6 ha) of the area, fol-
lowed closely by forests at 36.7% (26,783 ha). Farmlands accounted for 17.7%,
reflecting an established agricultural presence, while settlements were limited to
6.1%, indicating a largely rural environment with scattered communities and min-
imal urban footprint.

By 1990 (Figure 2(B)), forest cover remained nearly stable at 36.7% (26,782.6
ha) but recorded a slight decline of -2.4%, signaling the beginning of deforestation
pressures. Farmlands expanded significantly to 23.8% (+6.1%), largely through
the conversion of forest and grassland areas, demonstrating intensifying agricul-

tural activity. Grasslands decreased by 2.4%, while settlement areas remained
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steady, reflecting minimal urban growth but sustained reliance on rural liveli-

hoods.

10°12'30"E

10°1'30"E

5°47'.30" N 5"53"0" N

5°42'0"N

Legend  LULC 1980
—— Roads O Forests
0% Loke O% setiements
-~ Streams Farmiands

€7 sub Divisional Boundaries Grasslands

|l 1 /

10°18'0"E

5°530"N

5°47'30"N

5°42'0"N

5"53"0“N

5"47']30"N

5“42"0"N

10°1'30"E

Legend  LULC 1990
Roads O Forests
o8 Lo 8 Setioments
~A~—— Streams Farmlands
€7 sub Divisional Boundaries Grasslands

=

/

\

10°12'30"E

10°18'0"E

; 5°53'0"N

5°47'30"N

T

5°42'0"N

10°1230°E
10°12'30"E

10°130°E

10°1°30"E
10°1'30°E

10°70°E
10°70E

5°53'0"N

5°47'30"N

5°530"N
5530"N

5°47'30"N
5°47'30"N

= T
10°12'30"E
10°12'30"E

10°180"E
10°180"E

: 5’53"0"N

5°47'30"N

5°42'0"N

5"47‘;’50"N

5°47'30"N
5°47'30"N

z zz
° o 2]
91 g
o b b Mbouda
Legend  LULC 2000 Legend  LULC 2010
Roads O Forests Roads O@ Forests

o8 L:ke % settements 08 Loke O% settiements

~n~— Streams Farmlands -~~~ Streams Farmlands

€7 sub Divisional Boundaries Grasslands €] sub Divisional Boundaries Grasslands

- ] Vi : - I L\ - 4 :
10°1°30"E 1070 10°12'30"E 10°18'0"E 10°1'30"E 10°7'0"E 10°12'30"E 10°18'0"E

- 10°1'30"E 0" 10°12'30"E 10180 5 10°1'30"E " 10°12'30"E 10°18'0"E
° Lo o]
o o b

z zZz
o] le o]
g 54
o abadjou Mbouda b i
Legend LULC 2020 Legend
Roads O Forests —— Roads O Forests

08 Lo O@ setiements A Aessingue 08 Lok O@ settiements

-~ Streams Farmlands ~~~ Streams Farmlands

€3 sub Divisional Boundaries Grasslands €3 sub Divisional Boundaries Grasslands

= I I~ | | = I I\
10°1'30"E 10°7'0"E 10°12'30"E 10°18'0"E 10°1'30"E 10°7'0"E

Figure 2. LULC change in Santa-Babadjou from 1980 to 2024.
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In 2000 (Figure 2(C)), the corridor witnessed marked changes, with settlements
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nearly doubling to 11.3% (+5.3%), highlighting the onset of urban expansion
driven by infrastructural development and population shifts. Agricultural lands
further increased to 26.4% (+2.7%), encroaching on natural landscapes. Forest cover
declined by 2.8%, and grasslands contracted to 30.8%, illustrating continuing land
conversion from natural to human-dominated uses.

The period between 2010 and 2015 (Figure 2(D)) saw accelerated transfor-
mations: settlements rose sharply to 19.4% (+8.1%), reflecting heightened devel-
opment pressure and rural-to-urban migration. Farmlands surged to 34.6% (+8.2%),
underscoring agriculture’s growing economic importance. Forests decreased sub-
stantially by 12.9% to 30.9%, signaling rapid deforestation, while grasslands fell to
20.8%, reflecting diminished open spaces and grazing areas.

From 2015 to 2020 (Figure 2(E)), these trends intensified as the corridor’s land-
scape shifted further under anthropogenic influence. Forests declined drastically
to 15.8%, a reduction of nearly half over two decades. Settlements expanded to
22.1% (+2.7%), while grasslands dramatically dropped to 9.4% (—11.4%), indicat-
ing loss of natural vegetation and open land. Interestingly, farmlands slightly de-
creased to 35.5%, likely reflecting urban encroachment into agricultural zones.

By 2024 (Figure 2(F)), the cumulative impact of human activities was evident:
forest cover shrank to 9.1% (—6.7%), the built-up area surged to 44.9%, nearly
doubling in just four years, indicative of rapid urbanization. Farmlands domi-
nated at 51.7%, illustrating the corridor’s heavy dependence on agriculture for
livelihoods and economic sustenance. Grasslands stabilized at 16.2%, though overall
their reduction points to limited space for grazing or conservation. Water bodies
remained marginal at 0.1%, showing negligible change. These shifts signal pro-
found landscape transformation, with expanding settlements and farmland exert-
ing pressure on ecological systems, water resources, and soil health, underscoring
the urgent need for sustainable land management strategies.

The various LULC dynamics in the Santa-Babadjou Corridor have been quan-
tified through percentage changes across different land use types, as presented in
Table 5. By analyzing these multi-temporal changes, we gain crucial insights into
how evolving human activities such as agricultural expansion, settlement growth,
and fluctuations in grassland and forest cover reshape the landscape and alter the
provision of ES. Understanding these shifts is vital for assessing changes in ESVs,
as land cover changes directly impact the corridor’s capacity to regulate hydrolog-
ical processes, support biodiversity, and sustain local livelihoods. This analysis
thus aligns closely with evaluating how land use dynamics influence surface and
groundwater resources through their effect on ecosystem service provisioning.

The results in Table 5 clearly illustrate that, from 1980 to 2024, the Santa-Ba-
badjou corridor has experienced significant LULC transformations, indicating a
progressive and often unsustainable transformation of its landscape. In 1980, the
results in Table 5 and Figure 2 and Figure 3 illustrate that built-up areas ac-
counted for just 6.1% of the corridor, reflecting its largely rural character; how-
ever, steady increases through 1990 (6.3%), 2000 (11.3%), 2010 (18.0%), and 2020

DOI: 10.4236/jgis.2025.175014

306 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2025.175014

B. D. Njumba et al.

(22.1%) culminated in an explosive expansion to 44.9% by 2024, driven by rapid
urbanization, infrastructural development, and population growth. Forest cover,
once the backbone of the corridor’s ecology at 36.7% in 1980, remained relatively
stable until 1990 (36.7%) before declining steadily to 33.9% (2000), 30.9% (2010),
15.8% (2020), and a mere 9.1% by 2024, marking a severe loss due to deforestation
and land conversion. Farmland expanded consistently, rising from 17.7% in 1980
t0 23.8% (1990), 26.4% (2000), 34.6% (2010), 35.5% (2020), and peaking at 51.7%
by 2024, underscoring agricultural intensification as a primary driver of land
transformation. Grasslands, the dominant cover in 1980 at 38.3%, saw a steady
decline to 35.9% (1990), 30.8% (2000), 20.8% (2010), 9.4% (2020), before stabiliz-
ing slightly at 16.2% in 2024, much of this area having been converted to farmland
or urban space. Waterbodies remained negligible throughout the period, consist-
ently around 0.1%, indicating minimal hydrological surface change. Collectively,
these trends show a clear pattern of expanding settlements and agriculture at the
expense of forests and grasslands, with direct implications for biodiversity loss,

soil degradation, and altered hydrological processes.

Table 5. Land cover/land use practices in the Santa-Babadjou corridor.

1980 Class_Name Area Percentage % difference 1980-1990
1 Forests 26783.0 36.7 0.0
2 Settlements 4430.0 6.1 0.0
3 Farmlands 12918.1 17.7 6.1
4 Grasslands 27929.6 38.3 -2.4

1990 Class_Name Area Percentage % difference 1990-2000
1 Forests 26782.6 36.7 -2.4
2 Settlements 4429.9 6.1 -124
3 Farmlands 17319.1 23.8 2.7
4 Grasslands 26243.3 36.0 -5.2

2000 Class_Name Area Percentage % difference 2000-2005
1 Forests 25034.1 343 -2.8
2 Settlements 8262.4 11.3 5.3
3 Farmlands 19276.0 26.4 2.7
4 Grasslands 22446.5 30.8 -5.2

2010 Class_Name Area Percentage % difference 2010-2015
1 Forests 22562.0 30.9 -12.9
2 Settlements 14141.7 19.4 1.4
3 Farmlands 25221.8 34.6 6.2
4 Grasslands 15192.8 20.8 —4.5
5 Lake 64.2 0.1 0.1
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Continued

2020 Class_Name Area Percentage % difference 2020-2024
1 Forests 11526.9 15.8 -6.7
2 Settlements 16084.5 22.1 22.8
3 Farmlands 25916.4 35.5 16.1
4 Grasslands 6849.6 9.4 -6.3
5 Lake 64.2 0.1 0.1

2024 Class_Name Area Percentage % difference 2024-2025
1 Forests 6620.7 9.1 -1.1
2 Settlements 32708.0 44.9 0.3
3 Farmlands 37694.5 51.7 -21.2
4 Grasslands 11848.3 16.2 -13.1
5 Lake 64.2 0.1 0

60
50
40
30

20

10 e

0
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

e=Forests  e===Settlements Farmlands Grasslands

Figure 3. Land use land cover changes in the Santa-Babadjou corridor from 1980 to 2024.

3.2. Variation in Ecosystem Services Value

3.2.1. Change in Ecosystem Services Value
We estimated the ESV of the Santa-Babadjou corridor for each LULC type using
Equation (2) and the ESV coefficients presented in Table 6.

The ES results in Table 6 show that the Santa-Babadjou corridor has undergone
a sustained decline in ESV, falling from US$220.12 million in 1980 to US$33.70
million by 2024, an 85% reduction that reflects deep environmental degradation.
The decline was relatively modest in the first three decades, dropping from
US$220.12 M in 1980 to US$213.50 M in 1990, then to US$191.22 M in 2000, and
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US$183.47 M in 2005. The downward trend in ESV intensified after 2010, with
ESV dropping to US$152.15 M that year, then to US$75.53 M in 2020, and col-
lapsing to US$33.70 M by 2025, indicating a phase of accelerated ecosystem stress.
At the center of this collapse are forests and grasslands, which together contrib-
uted almost 99% of total ESV in 1980: US$101.78 M from 26,783 ha of forest and
US$116.35 M from 27,930 ha of grassland. Their coverage remained largely stable
between 1980 and 1990 (forest: 26,782 ha, US$101.77 M; grassland: 26,243 ha,
US$109.33 M) before declining steeply. By 2000, forest area had reduced to 25,034
ha (US$95.13 M) and grasslands to 22,447 ha. The degradation gained steam over
the next two decades, with forest area dropping to 11,527 ha (US$43.80 M) and
grasslands to 6,850 ha (US$28.54 M) by 2020, collapsing further to 5,783 ha
(US$21.97 M) and 2,265 ha (US$9.44 M) respectively by 2024. These losses have
critically weakened the corridor’s ecological backbone, eroding biodiversity, de-

stabilizing watersheds, and other key hydrological processes.

Table 6. Evolution of ecosystem services in the Santa-Babadjou corridor.

LU Class LU (Ha) 1980 ES Coefficient (US$ Ha '/y) Estimated ESV
Forests 26,783 3800 101775400.0 101.78
Farmlands 12918.1 92 1188465.2 1.19
Grasslands ~ 27929.6 4166 116354713.6 116.35
lake 64.2 12,512 803270.4 0.80
220.12
LU Class LU (Ha) 1990 Estimated ESV
Forests 26782.6 3800 101773880 101.77
Farmlands  17319.1 92 1593357.2 1.59
Grasslands — 26243.3 4166 109329587.8 109.33
lake 64.2 12,512 803270.4 0.80
213.50
LU Class LU (Ha) 2000 Estimated ESV
Forests 25034.1 3800 95129580 95.13
Farmlands 19276 92 1773392 1.77
Grasslands — 22446.5 4166 93512119 93.51
lake 64.2 12512 803270.4 0.80
191.22
LU Class LU (Ha) 2010 Estimated ESV
Forests 22562 3800 85735600 85.74
Farmlands  25221.8 92 2320405.6 2.32
Grasslands 15192.8 4166 63293204.8 63.29
lake 64.2 12,512 803270.4 0.80
152.15
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Continued

LU Class LU (Ha) 2020 Estimated ESV
Forests 11526.9 3800 43802220 43.80
Farmlands  25916.4 92 2384308.8 2.38
Grasslands 6849.6 4166 28535433.6 28.54
lake 64.2 12,512 803270.4 0.80
75.53

LU Class LU (Ha) 2024 Estimated ESV
Forests 5782.6 3800 21973880 21.97
Farmlands  22261.8 92 2048085.6 2.05
Grasslands 2265.4 4166 9437656.4 9.44
lake 19.3 12,512 241481.6 0.24
33.70

On the other hand, other land use changes have exerted additional pressure on
the ecosystem. Farmlands have expanded from 12,918 ha (US$1.19 M) in 1980 to
17,319 ha in 1990 (US$1.59 M), 19,276 ha in 2000 (US$1.77 M), and peaked at
25,916 ha in 2020 (US$2.38 M) before declining slightly to 22,262 ha (US$2.05 M)
in 2024. Built-up areas have grown from 4430 ha in 1980 to 8,262 ha in 2000,
doubling to 16,085 ha in 2020, and 32,924 ha in 2024. Although settlements con-
tribute no direct ESV due to their coefficient value of zero, their expansion has
been a major driver of habitat loss, ecosystem fragmentation, and land conversion.
Waterbodies, like Lake Awing, have also suffered significant contraction, shrink-
ing from 64.2 ha (US$0.80 M) in 1980 to just 19.3 ha in 2024, with a corresponding
loss of US$0.24 M in value, indicating a marked decline in aquatic ecosystem
health.

The annual percentage change analysis in Figure 4 further reveals severe ero-
sion of ecosystem services across the Santa-Babadjou corridor, driven primarily
by the land-use transitions in Figures 2(A-F). Forests show sustained and sub-
stantial losses, with the steepest drop of —US$35.66 million recorded between 2010
and 2015, reflecting intensified deforestation, while grasslands display even greater
declines, experiencing sharp declines of —US$30.22 million between 2005 and
2010 and a significant —US$39.92 million between 2024 and 2025, indicating ac-
celerated ecosystem degradation. Farmlands present a mixed pattern with occa-
sional gains of +US$1.08 million from 2020 to 2024.

Collectively, the ESV shifts in figure 4 illustrate that rapid urbanization, farm-
land expansion, and the degradation of forests and grasslands have jointly dis-
mantled the corridor’s natural capital, highlighting the urgent need for integrated
policy interventions to halt further declines, restore degraded ecosystems, and
safeguard the services essential for environmental resilience and community well-

being.
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Figure 4. Annual evolution of ecosystem service values in the Santa-Babadjou corridor.

3.2.2. Estimation of the Value of Individual Ecosystem Service Function
In this study, as presented in Table 6, the value of 17 individual ecosystem func-
tions within the Santa-Babadjou Corridor was estimated using Equation (4), the
spatial extent of each LULC type derived for the study area (Figure 3), and the
value coefficients for individual ecosystem functions provided in Table 2. Fur-
thermore, we examined how LULC changes in the corridor influenced variations
in each ecosystem function over the period 1980-2024. The estimated values for
the 17 ecosystem functions are presented in Table 7. These functions are grouped
into four broad categories: provisioning, regulating, supporting, and cultural ser-
vices. Quantifying the value of each function provides a clear understanding of its
relative contribution to the overall ESV of the Santa-Babadjou Corridor.

The results in Table 7 illustrate that all four ecosystem service categories—Pro-
visioning, Regulating, Supporting, and Cultural—have experienced significant de-
clines across the Santa-Babadjou Corridor between 1980 and 2024. These losses
are strongly linked to widespread land use and land cover changes, critically im-
pacting the valuation, availability, and sustainability of surface and groundwater
resources.

Figure 5(A) illustrates that provisioning services, including food, raw materi-
als, and water supply, fell sharply from US$108.2 million in 1980 to US$58.8 mil-
lion in 2024. Water supply alone decreased from US$12.5 million to US$7.5 mil-
lion, reflecting degradation of aquifer recharge zones and riparian buffers. Native
upland forests shrank from 36.7% (2678 ha) in 1980 to 9.1% (1600.7 ha) in 2024,
while Eucalyptus plantations expanded from 0.4% (32.6 ha) to 11.6% (849.1 ha),

undermining groundwater reliability and increasing water collection times.
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Table 7. Evolution of ecosystem service functions in the Santa-Babadjou corridor.

Serial No ESV functions
Provisioning 1980 1990 2000 2005 2010 2015 2020 2024
1 Food production 36.3 35.1 30.1 27.9 25.6 23.7 21.8 19.9
2 Raw materials 11.0 10.6 9.1 8.3 7.5 6.9 6.3 5.6
3 Genetic resources 48.4 46.8 40.0 37.0 34.1 31.5 29.0 26.4
4 Water supply 12.5 12.1 10.3 9.6 8.8 8.1 7.5 6.8
Total 108.2 104.6 89.5 82.7 76.0 70.2 64.5 58.8
Regulating
5 Gas regulation 18.1 17.5 14.9 13.8 12.7 11.7 10.8 9.9
6 Disturbance regulation 1.3 1.2 1.1 1.0 0.9 0.8 0.8 0.7
7 Erosion control 7.3 7.1 6.1 5.6 5.2 4.8 4.4 4.0
8 Pollination 1.1 1.1 0.9 0.9 0.8 0.7 0.7 0.6
9 Climate regulation 48.0 46.1 39.8 36.8 33.9 31.1 28.2 25.4
10 Biological control 11.8 11.3 10.0 9.3 8.5 7.8 7.1 6.4
11 Water regulation 1.9 1.8 1.6 1.5 1.4 1.2 1.1 1.0
12 Waste-treatment 0.8 0.8 0.6 0.6 0.5 0.5 0.5 0.4
Total 90.2 86.8 74.1 68.7 63.8 58.7 53.5 48.4
Supporting
13 Nutrient cycling 44 4.3 3.6 3.4 3.1 2.9 2.6 2.3
14 Soil formation 1.0 0.9 0.8 0.7 0.7 0.6 0.6 0.5
15 Habitat/refugia 59.8 57.5 48.6 44.6 40.6 37.3 33.9 30.5
Total 65.2 62.7 53.0 48.7 44.4 40.7 37.1 334
Cultural
16 Cultural 2.6 2.5 2.2 2.0 1.8 1.7 1.5 1.4
17 Recreation 66.4 63.8 54.4 50.5 46.7 42.8 38.9 35.1
Total 69.0 66.3 57.0 52.5 48.5 44.5 41.2 36.5
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Figure 5. Contribution of individual ecosystem services to total ESV in the Santa-Babadjou corridor.

Furthermore, the results in Figure 5(B) also revealed that regulating services
declined from US$90.2 million in 1980 to US$53.5 million in 2024. Specifically,
gas and climate regulation values were reduced by half from US$66.1 million to
US$33.5 million. In addition, erosion control dropped from US$7.3 million to
US$3.8 million. Moreover, declines in waste treatment services have contributed

to poorer water quality and increased waterborne diseases. Supporting services
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69

ESV VALUES

1980

(Figure 5(C)) also decreased from US$65.2 million in 1980 to US$37.1 million in
2024; within this category, habitat provision fell from US$59.8 million to US$28.2
million, reflecting the loss of critical recharge areas and biodiversity. Simultane-
ously, nutrient cycling impairment has increased runoff pollution and water con-
tamination across all sub-watersheds. Meanwhile, cultural services (Figure 5(D))
dropped from US$69.0 million in 1980 to US$41.2 million in 2024, with recrea-
tional values reduced from US$66.4 million to US$32.4 million, as degradation
and drying of water bodies reduced cultural significance, tourism potential, and
community support for conservation efforts.

The ESV results in Table 7 and Figure 5 clearly illustrate that the ESV in the cor-
ridor has been on a steady decline. This is further depicted in Figure 6, which shows
the cumulative effect of LULC changes on the total ESV for each of the functions
presented in Table 7. Provisioning services dropped from US$108.2 million in
1980 to US$58.8 million in 2024, reflecting significant reductions in resources such
as water supply and raw materials. Regulating services declined from US$90.2 mil-
lion to US$48.4 million, indicating reduced capacity for climate regulation, ero-
sion control, and waste treatment. Supporting services fell from US$65.2 million
to US$33.4 million, signaling habitat loss and nutrient cycling disruption. Cultural
services decreased from US$69.0 million to US$36.5 million, pointing to reduced

recreational and heritage values.

H provisioning M Regulating Supporting cultural

66.3

57
52.5
48.5

65.2 62.7
53 44.5
48.7 41.2
I I I I : 40.7 : :

1990 2000 2005 2010 2015 2020 2024

Figure 6. Effects of land use land cover change on the different ecosystem service functions in the corridor.

4. Discussion
4.1. Land Use Land Cover Change Dynamics

This study quantifies the dynamics of LULC change and their impacts on ESs in
the study Santa-Babadjou corridor from 1980 to 2024 [62] [63]. The results indi-
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cate significant shifts across all major LULC classes [38] [39] [64]. Forest cover
decreased from 26783.0 ha (36.7%) in 1980 to just 6620.7 ha (9.1%) in 2024, re-
flecting a total decline of 75.3% [65]. Grasslands followed a similar downward
trend, shrinking from 27929.6 ha (38.3%) to 11848.3 ha (16.2%), amounting to a
57.6% reduction [61] [65]. Farmlands fluctuated but ultimately fell from 19118.1
ha (23.8%) to 11950.4 ha (16.4%), a 37.5% decrease [66]. Conversely, settlement
areas expanded dramatically from 4430.0 ha (6.1%) in 1980 to 32709.5 ha (44.9%)
in 2024, representing a 638.6% increase, largely at the expense of forests, farm-
lands, and grasslands [66]. Lakes remained a minor class throughout the period,
with only slight fluctuations around 64 ha. The observed LULC changes are both
dynamic and nonlinear, driven by multiple interacting factors [38] [40] [41]. The
unprecedented expansion of settlements is closely linked to rapid urbanization,
infrastructural development, and population growth in the corridor [39], which
have accelerated the conversion of natural and semi-natural landscapes into built-
up areas [66] [67]. This conversion has been fueled by increased demand for hous-
ing, agriculture, service facilities, and transport infrastructure [61] [68]. The loss
of forests and grasslands has reduced biodiversity habitats and carbon regulation
capacity [69], while farmland decline threatens local food security. The reduced
vegetation cover has also increased vulnerability to soil erosion [70], altered hy-
drological patterns [40], and exacerbated the risk of flooding in low-lying areas
[39] [71]. These changes illustrate a profound transformation of the landscape,
where human-driven LULC conversion is reshaping the ecological and socioeco-

nomic character of the corridor.

4.2. Assessment of Ecosystem Service Values

Based on the observed LULC changes, we quantified the ESV of the Santa-Babad-
jou corridor for the period from 1980 to 2024. Our findings confirm that LULC
change is a key driver of shifts in ecosystem services in the region [72] [73]. How-
ever, due to differences in value coefficients and the extent of each land class, the
magnitude of impact on ESV varied greatly across LULC categories [66] [69].

The total ESV of the Santa-Babadjou corridor in 1980 was estimated at 220.12
million USD, dominated by contributions from grasslands (116.35 million USD)
and forests (101.78 million USD) [1] [74]. By 1990, the total ESV had slightly de-
clined to 213.50 million USD, driven mainly by decreases in grasslands (109.33
million USD) and farmlands (1.59 million USD), while forests remained stable at
around 101.77 million USD [75] [76].

From 2000 onward, the rate of ESV decline accelerated. In 2000, the total ESV
was 191.22 million USD, with forest value falling to 95.13 million USD and grass-
land value to 93.51 million USD [71]. By 2010, the total ESV had dropped to 152.15
million USD, largely due to the sharp reduction in grasslands (63.93 million USD)
and forest cover (85.76 million USD). Similar sharp declines in forest and grass-
land contributions to ecosystem services have been observed in other African
highland studies [77].
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Between 2010 and 2020, the decline became even steeper. Forest ESV fell to
43.28 million USD, grasslands to 28.54 million USD, and the total corridor ESV
reached 75.53 million USD [78] [79]. By 2024, the ESV reached its lowest point in
the 44-year record, 33.70 million USD, with forests contributing just 2.20 million
USD and grasslands 9.97 million USD.

Farmland ESV, although never a major contributor, also declined from 1.19
million USD in 1980 to 2.05 million USD in 2024 after some fluctuations, while lakes
remained a consistently minor class, peaking at 0.80 million USD in the earlier
years and falling to 0.24 million USD by 2024.

On the whole, the Santa-Babadjou corridor experienced an 84.7% reduction in
total ESV from 1980 to 2024. This trend closely mirrors the extensive loss of forest
and grassland cover documented in our LULC analysis [61] [64] [65] [69] [80],
and is consistent with findings from other peri-urbanizing regions where settle-
ment growth has displaced natural and semi-natural landscapes. Since built-up
land yields no ESV, its expansion from a marginal class in 1980 to a dominant
feature by 2024 has been a major factor in the collapse of ecosystem service pro-
vision in the region.

In terms of individual ecosystem service functions, regulating services (largely
supported by forest and grassland cover) consistently represented the largest share
of ESV in the early decades, but their contribution diminished drastically as veg-
etation cover was replaced by urban and peri-urban developments. Provisioning
services, such as food and raw material supply from farmlands, also contracted
over time, while the water-related services of lakes, though small in area, showed
the highest per-hectare value but minimal influence on total ESV due to their lim-
ited extent [72] [81].

5. Conclusion

This study analyzes how ESV (ESV) in the Santa-Babadjou corridor changed be-
tween 1980 and 2024 due to land use and land cover (LULC) transformations.
Opver the period, settlement area expanded from 4,430.0 ha (6.1%) to 32,709.5 ha
(44.9%), an increase of 638.6%, replacing forests, grasslands, and farmlands. For-
est cover declined by 75.3%, grasslands by 57.6%, and farmlands by 37.5%, largely
due to rapid urbanization, population growth, and infrastructure development.
The total ESV dropped from 220.12 million USD in 1980 to 33.70 million USD in
2024, a decline of 84.7%. The sharpest fall occurred between 2010 and 2020, when
ESV decreased by 50.3%, driven by losses in regulating and provisioning services.
Forest ESV fell from 101.78 million USD to 2.20 million USD, and grasslands from
116.35 million USD to 9.97 million USD. Farmland ESV also declined, while lakes,
though valuable per hectare, remained too limited to offset losses. The loss of veg-
etation cover has reduced biodiversity, increased soil erosion risk, altered hydro-
logical cycles, and weakened climate regulation. These findings highlight the ur-
gent need for integrating ecosystem service valuation into land-use planning to

balance development with conservation and sustain the region’s ecological and
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socioeconomic health.
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