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Land use and land cover (LULC) change represents a critical environmental challenge
that significantly impacts the Earth’s systems and ecosystem services and leads to
environmental degradation and economic loss. The main objective of this study was
to investigate the trend of LULC change, drivers, and its impacts on ecosystem
services in the Burayu sub-city, Shager City, Ethiopia. The study used satellite images
from four time periods, Landsat Series sensors’ 4, 5, and 8, at 10-year intervals to
understand the spatial and temporal dynamics of LULCby using the integrationofGIS
and RS techniques under a supervised classification system. Respondent interviews,
focus group discussions (FGDs), and field observationswere employed. In addition, to
address the drivers of LULC changes in the study area, a multifaceted method was
followed using field observations. A modified benefit transfer method was used to
evaluate ecosystem service value (ESV) changes in response to LULC change. The
study revealed that population growth, urbanization, agricultural expansion, and
infrastructure development were driving the change in the LULC composition of
the study area over the past 30 years. Croplands have decreased from51.2% to 30.3%,
forest cover has dropped from 32.9% to 15%, and grassland has fallen from 12.7% to
6.1%. On the other hand, settlement areas have expanded from 2.5% to 46.9%, and
the total natural capital value has decreased from $368.7million to $227.0 million per
year. Therefore, it is possible to conclude that a significant change in LULC and
declining ecosystem service values has occurred in the study area. The local
government should develop a comprehensive land use plan, balance urban
development with ecosystem service preservation, strengthen law enforcement,
and increase public awareness to minimize the significant impacts of urbanization
on ecosystem services.
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1 Introduction

Land use and land cover (LULC) change is a critical issue globally, impacting both
developed and developing nations. In Ethiopia, challenges related to land use and land cover
(LULC) change are especially pronounced (Siraj et al., 2018a). These changes significantly
impact agricultural practices and food security. Studies indicate that environmental issues
critically shape agricultural outcomes, underscoring the need for effective management
strategies (Solomon, 2016; Ayele et al., 2018; Minta et al., 2017; Berihun et al., 2019; Kuma
et al., 2022).
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Significant LULC changes in Ethiopia have been driven by rapid
population growth, extreme weather events, and inadequate land use
planning and policy (Meshesha et al., 2016; Wubie et al., 2016; Siraj
et al., 2018a; Genet, 2020; Hailu et al., 2020). These changes arise
from a combination of human and natural factors, encompassing
social, economic, environmental, and political aspects (Ayele et al.,
2016; Siraj et al., 2018a; Hailu et al., 2020; Dibaba et al., 2020).

The implications of LULC change are particularly significant in the
highlands of Ethiopia, where rain-fed subsistence agriculture serves as
the primary livelihood and is foundational to economic development
(Belay et al., 2022).

Rapid land use and land cover (LULC) changes in these areas have
led to adverse effects, including environmental degradation, soil erosion,
reduced soil quality, biodiversity loss, habitat destruction, and decreased
water availability (Wubie et al., 2016; Miheretu and Yimer, 2018;
Hassen and Assen, 2017; Abebe et al., 2022). Numerous studies
conducted throughout Ethiopia have examined the dynamics of
LULC change and its socio-economic and environmental impacts
(Shete et al., 2016; Wubie et al., 2016; Minta et al., 2017; Berihun
et al., 2019; Belay and Mengistu, 2019; Degife et al., 2019; Siraj et al.,
2018a; Hailu et al., 2020; Hishe et al., 2021; Kuma et al., 2022). However,
the findings of these studies have varied, reflecting the influence of
different socio-economic and biophysical factors (Belay and Mengistu,
2019). LULC changes affect ecosystems in two major ways. The first is
the direct impact on aquatic and terrestrial ecosystems, while the second
involves contributing to climate change through carbon emissions.
Consequently, LULC influences fundamental ecosystem characteristics
and processes, such as land productivity, biological diversity, and
hydrological cycles (Turner et al., 2020). The LULC pattern of a
region results from the interplay of natural and socio-economic
factors and their utilization over time and space. Understanding
LULC is essential for selecting, planning, and implementing effective
land use strategies that address the increasing demands for basic human
needs and contribute to overall welfare (Zubair, 2006; Liu et al., 2021).

Ecosystem service valuation has emerged as a widely adopted
approach for assessing the impacts of Land Use and Land Cover
(LULC) dynamics on the flow of ecosystem services, which are
essential for human wellbeing (Tolessa et al., 2017; Gashaw et al.,
2018; Tolessa et al., 2021). The growing emphasis on ecosystem
service studies stems from increasing concerns about environmental
degradation caused by human activities and the recognition of the
critical benefits provided by nature. These benefits, often overlooked in
traditional economic production and consumption models, are now
gaining attention due to their vital role in supporting human livelihoods.
With rapid population growth and shifting consumption patterns, the
demand for ecosystem-dependent production and consumption sectors
has surged. As a result, ecosystem service valuation studies have become
instrumental in tracking changes in ecosystem service values across
spatial and temporal scales, while also informing policy decisions to
ensure sustainable management of natural resources.

Investigating and leveraging changes in LULC to assess their
impact on ecosystem service values is critically important. Estimating

these values through LULC change analysis provides essential insights
into how ecosystem services have been affected by human activities
across various spatial and temporal scales. Such evaluations are crucial in
shaping decision-making processes, enabling national accounting
systems to reflect the true value of ecosystem services and thereby
promote sustainable development (Terefe et al., 2017;Wang et al., 2022).
Furthermore, this knowledge supports the design of alternative
development projects that balance economic benefits with the
preservation and enhancement of ecosystem services.

The study hypothesizes that changes in land use and land cover
are driven by a combination of natural and anthropogenic factors,
and these changes significantly alter ecosystem services by affecting
biodiversity, water regulation, carbon storage, and soil quality.
Therefore, this study intended to integrate geospatial
technologies, such as remote sensing and GIS, which offers a
cost-effective and time-efficient approach, for analyzing LULC
changes (1) to analyze the spatial and temporal extent of LULC
changes in Burayu Sub-City from 1993 to 2023; (2) To identify the
drivers of LULC changes in the study area and (3) to quantify the
impacts of LULC change on ecosystem services in the study area.

2 Materials and methods

2.1 Description of the study area

The study was conducted in Burayu Sub-City, located in the
Shagger City Oromia, Ethiopia (Figure 1). Burayu sub-city is located
in central Ethiopia within the Oromia National Regional State, under
Sheger City. It lies approximately 15 km from Finfine/Addis Ababa, the
capital of both Oromia and Ethiopia. Geographically, the study area is
situated between 9°0′0″N to 9°5′0″N latitude and 38°36′0″E to
38°42′0″E longitude (Figure 1). The sub-city spans an area of
8,494 ha, characterized by sub-high terrain and a plateau-like
landscape (Ethio-GIS, 2021). According to the Urban Development
and Housing Office, Burayu sub-city is one of the fastest-growing urban
areas in Ethiopia within Sheger City. Significant changes began across
the city, particularly during the implementation of the first Growth and
Transformation Plan (GTP I) from 2010 to 2015. During this period,
Burayu experienced substantial infrastructure development, including
the construction of 373 apartments, 200.3 km of gravel roads,
22.68 culverts, and 61.9 km of electric lines. The study area occupies
8,494 ha, of territory andmade up of six kebeles such as Gefersa Burayu,
Burayu Keta, Leku Keta, Gefersa Guje, Gefersa Nono, and Melka
Gefersa (Burayu Sub-City Urban Development and Housing Office,
2024). Based on data from the 2007 Central Statistical Agency census,
the city’s population was projected to reach 71,900 by 2015.
Nevertheless, when we compare this number to the city’s present
population, it seems unrealistic.

2.2 Methods

2.2.1 Data sources and acquisition method
To assess trends in Land Use and Land Cover (LULC) change,

satellite images from four periods (1993, 2003, 2013, and 2023) were
downloaded from the United States Geological Survey (USGS) Earth
Explorer platform during the dry season. Dry season images were

Abbreviations: FGD, focus group discussion LULC land use land cover; ESV,
Ecosystem service valuation; ERDAS, Earth Resources Data Analysis System;
GCPs, ground control points System; KII, key informatics interview; LULC, land
use land cover; LULCC, Land use lands cover change.
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selected because they are typically cloud-free and less affected by
moisture, ensuring higher quality for analysis (retrieved
24 December 2023, from https://earthexplorer.usgs.gov/). The
satellite images used were from Landsat TM (1993, 2003, 2013) and
Landsat OLI (2023), all with a spatial resolution of 30 m (Table 1). In
addition to satellite imagery, 82 Ground Control Points (GCPs) were
collected using a Global Positioning System (GPS) to train and validate
the classification of LULC types. These GCPs were collected from
various LULC categories to ensure representative sampling.

Major LULC types were also identified by discussion with local
community and development agents, field observation, and satellite
image analysis. To understand the changes within a period, an
approach of temporal analysis for change detection was carried out.
The LULC change maps of the Burayu sub-city for four reference
years (1993, 2003, 2013, and 2023) and statistical summaries of the
different LULC dynamics were presented. LULC dynamics results
were acquired through a combined method of GIS and remote

sensing techniques from land sat images. Potential land use and land
cover types observed and identified in the study area were defined. In
the study area, there are five types of land use types (Table 2).

2.2.2 Image processing and data analysis
Preprocessing of satellite images is essential to establish a direct

link between acquired data and biophysical phenomena (El-Kawya
et al., 2010). Digital images affected by systematic and random errors
cannot be directly used for feature identification; thus, this process
involves their management and analysis (Zhang et al., 2009).
Standard techniques such as extraction, radiometric correction,
layer stacking, geometric correction, and change detection were
applied to the images across four reference periods.

Ground reference data was collected to aid in image
interpretation, class determination, and accuracy assessment
(Thapa and Murayama, 2009). Field data validated LULC
dynamics interretation, supported image classification, and
provided qualitative descriptions of LULC types. For satellite
image processing and LULC change analysis, ERDAS IMAGINE,
2025; Free GIS maps, 20251 were utilized.

A reconnaissance survey conducted in March 2023 identified
land use and land cover (LULC) changes and helped understand

FIGURE 1
Map of the study area.

TABLE 1 Satellite images, periods, Paths and Rows, and Resolution.

No land sat satellite period Path and row Resolution

1 Land Sat TM 1993 168/54 30*30

2 Land Sat TM+ 2003 168/54 30*30

3 Land Sat TM+ 2013 168/54 30*30

4 Land Sat OLI 2023 168/54 30*30

1 Installing ArcGIS Desktop on your computer–ArcMap | Documentation.

(n.d.). Available online at: https://desktop.arcgis.com/en/arcmap/latest/

get-started/installation-guide/installing-on-your-computer.htm.
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land patterns through multispectral and temporal satellite images.
Focus Group Discussions (FGDs) gathered diverse groups of
6–12 participants from the community and relevant stakeholders
to discuss specific topics. A facilitator guided these discussions to
collect qualitative insights that informed the classification process
and enhanced contextual understanding of the data.

Key Informant Interviews (KIIs) involved in-depth discussions
with selected individuals who have specialized knowledge of the
study area. These informants, including local leaders, experts, and
residents, provided valuable information on socio-economic and
environmental factors affecting land use. Their insights enriched the
qualitative data and complemented the quantitative analysis.

Additionally, field observations informed by FGDs revealed the
history of land use during classification periods. Ground truth data was
collected from fixed locations representing different LULC types to
guide classification and assess accuracy for the 2023 classification year. A
total of 82 ground control points (GCPs) were randomly collected,
considering area proportions for various LULC change types. LULC
change statistics were computed using specified methods.

2.2.3 Supervised images classification
Supervised image classification was employed using the

maximum likelihood algorithm, which is a widely used technique
in image classification (Chen and Stow, 2002). Ground truth points
from each LULC category were collected to aid in the classification
process. The supervised classification method is commonly used to
identify land use classifications using spectral signatures (Congalton
and Green, 2019) and it assumes that the statistics are normally
distributed for each class and in each band Yonaba et al. (2021). The
image was then sorted into groups based on how closely it resembled
the training signatures after collecting samples from the various land
cover classes (training data) [52]. The variance and covariance of the
spectral response patterns were quantitatively evaluated using the
maximum likelihood algorithm, and each pixel was then assigned to
the class for which it has the greatest likelihood of association (Alam
et al., 2019). The LULC classes that were identified are forestland,
cropland, grassland, Settlement areas, water bodies (Table 2).

2.2.4 Detection of land use land cover changes
A post-classification comparison approach was employed to

identify Land Use and Land Cover (LULC) changes over time,
based on numerical values extracted from classified images (Alam
et al., 2019; Yonaba et al., 2021). This method involves overlay
comparisons to determine the types of LULC conversions that have
occurred (Alam et al., 2019). Specifically, independently generated

classification images of the same region from different time periods
were compared. The final classified thematic maps for subsequent
periods (i.e., 1993–2003, 2003–2013, 2013–2023, and 1993–2023) were
cross-tabulated (Kindu et al., 2018; Mengist et al., 2021) to quantify the
percentage and rate of LULC changes over the time series.

To further analyze the observed LULC transitions, the total and
net changes in area were calculated using the following equations
(Equation 1; Equation 2; Equation 3):

LULC Change in hectare is calculated by:

Total LULC change � Area Final Year - Area Initial Year (1)
Where, Area is extent of each LULC type. Positive values suggest an
increase whereas the negative values imply a decrease in extent.

Percentage LULC changes calculated using the
following equation:

Percentage ofLULC change � AreaFinalYear − AreaInitialYear

AreaInitialYear
p 100

(2)
Where, Area is extent of each LULC type. Positive values suggest

an increase whereas negative values imply a decrease in extent.
Rate of LULC: computed using the following simple formula

(Equation 3)

r � Q1 − Q2( )
t

(3)

Where, r, Q2, Q1 and t indicates rate of change, recent year
LULC in ha, initial year LULC in ha and interval year between

initial and recent year correspondingly.

2.2.5 Accuracy assessment
Remote sensing data, being subject to various factors such as

classification techniques and satellite data capture methods, often
contain errors. Therefore, when deriving land use and land cover
maps from remote sensing, it is essential to quantitatively explain
these errors in terms of classification accuracy.

In this study, field observations and data collection related to
land use and land covers were conducted using a digital camera and
GPS. The current features of the study area were checked, and each
sampling location was recorded using GPS and Google Earth
(Rwanga et al., 2017). The number of sampling points for land
use and land cover classes was sufficient and statistically accurate for
conducting the accuracy assessment.

The following equation indicates how the accuracy assessments
are carried.

TABLE 2 LULC class description.

Class name LULC description

Grassland Grass Land is the land around the wetland where cattle feed on it whether in summer or winter seasons/throughout the year

Settlement Areas occupied by rural and urban residential houses and other buildings

Waterbody All areas of open water, including rivers, ponds, lakes, and reservoirs

Cropland Cropland refers to land used for cultivating crops like fruits, vegetables, cereals, grains, and other plants for human or animal consumption,
including arable and tillage land

Forest Land covered with dense trees which include evergreen Forest land, mixed forest, and plantation
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Overall Accuracy �
total number of correctly classified

pixels diagonal( ) *100
Total number of reference pixels

(4)

User Accuracy �
Number of correctly classified pixels

in each category * 100
Total number of classified pixels in that

category the row total( )
(5)

Producer accuracy �
Number of correctly classified pixels

in each category X*100 . . .
Total number of reference pixels in that

category the column total( )
(6)

Kappa coefficient T( ) � TS x TCS( )–Σ Col. Tot x Row. tot( )X 100
TS2 − Σ Col. Tot x Row. tot( )

(7)

2.3 Proximate and underlying driving forces
of LULC change

Through the questionnaire survey, local community views about
LULC trends and priorities were evaluated. KII, FGD, and
household interviews were used which address issues related to
the proximate and underlying causes of LULC changes with both
open-ended and closed-ended questions. 8 focus group discussions
(FGD) and 10 Key informant interviews (KII) were conducted. A
total of 18 respondents were randomly selected from the area.

Table 3 in the FGD, there were 8 participants, consisting of
5 males and 3 females, whereas for the KII, there were 10 participants,
with 6males and 4 females. Overall, a total of 18 individuals participated
in both the FGD and KII, with 11 males and 7 females. The ages of the
participants were also collected individually and can be summarized in a
table or narrative format as needed.

2.4 Ecosystem service valuation

The outputs from the land use and land cover (LULC) analysis,
along with global datasets developed for various biomes, were used to
evaluate trends in ecosystem service values (ESVs) within the study area
over the specified period. A total of 82 data points from 42 case studies
were compiled to create a global ecosystem service valuation database
(ESVD), which is based on monetary values for all biomes. This
approach aimed to reduce uncertainties identified in previous studies
(Simeon and Wana, 2024; Mekuria et al., 2021; de Groot et al., 2020;
Kindu et al., 2016; Li et al., 2007). Themost recent updated global ESVD
(Table 4) was utilized to estimate changes in ESVs resulting from LULC
changes in the study area, employing a benefit transfer method (Simeon
and Wana, 2024; Temesgen et al., 2018).

Representative biomes served as proxies for each LULC class
(Table 4). Equations 5–8 were applied to estimate ESVs for each
LULC category, the overall ESVs, the values of individual ecosystem

services (including provisioning, regulating, supporting, and
cultural services), and the percentage change in ESVs across
various periods (1993–2003, 2003–2013, 2013–2023) for the
entire kebeles (Tolessa et al., 2017; Tolessa et al., 2021).

ESV � Σ(AKxVCk (8)

Where ESV is the estimated ecosystem service value, AK is the
area (ha), and V Ck is the value coefficient (US $ ha−1year−1).

For LULC category k, the changes in ecosystem service value
were estimated by calculating the differences between the estimated
values for each LULC category in 1993, 2003, 2013, and 2023. In
addition to estimating LULC change effects on the total value of
ecosystem services, the impacts of such changes on 16 individual
ecosystem services were also calculated (de Groot et al., 2020) for the
study area. The values individual ecosystem service values were
calculated using Equation 6 (Wayesa et al., 2025; Tolessa et al., 2017;
Tolessa et al., 2021):

ESVf � Σ (AKxVCfk (9)

Where ESVf is the estimated ecosystem service value of function
f, AK is the area (ha), and VCfk is the value coefficient of function f
(US $ ha−1year−1) for LULC category k.

Percent of Change � ( VC recent year − VCprevious year( ) × 100
VC total

(10)

2.5 Elasticity of ESV change in relation
to LULC

Changes in ESVs as a result of changes in LULC change were also
estimated using Equation 8 to explore the magnitude of the impacts of
the most important land use identified (Tolessa et al., 2021).

CSt, i � VCt, i*At, i( )
NCV t

(11)

Where, NCV is the total natural capital value (US$ year-1) of all
ESs from all LULC classes at t year (US$ year-1)

VCt, i is the total value of ESs provided by the i LULC class at t
year (US$ year-1) and

At, i is the area coverage (ha) of the i LULC class at t year.

3 Results and discussions

3.1 Accuracy assessment

A total of 82 Ground Control Points (GCPs) were collected
using GPS during field visits, with 40 used for supervised
classification and 42 for accuracy assessment. Reference points
for 1993 and 2023 were obtained through Google Earth, Landsat
images, and historical reports. This similarity in results has been
observed in other studies that utilized low-quality historical maps,
including those by Tilahun (2015), Gashaw et al. (2018), and Fasika
et al. (2019). Based on the results of the post-classification accuracy
assessment for 2023, it was revealed that user accuracy was highest

TABLE 3 Marital status and sex of the respondents.

Male Female Total

FGD 5 3 8

KII 6 4 10

Frontiers in Environmental Science frontiersin.org05

Gabisa et al. 10.3389/fenvs.2025.1557000

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1557000


for the water body at 100% and lowest for the forest at 73.44%
(Table 5). Producer accuracy, which reflects the proportion of
correctly classified data, was also highest for water bodies (100%)
and lowest for grassland (66.67%). For the second study period, user
accuracy for grassland and forest land ranged from 75.51% to 100%.
In 2003, individual LULC class producer accuracy was highest for
water body (100%) and lowest for grassland (75.51%).

3.2 Land use and land cover dynamics

The study identified five LULC classes in the study area such as
settlements, cropland, water bodies, forests, and grasslands (Figure 2;
Table 6). Significant landscape changes were observed between 1993 and
2023. In 1993, cropland was the dominant land use, covering 51.2% of
the total area. By 2003, cropland had decreased to 43.4%, while
settlements expanded to 7.7%. Forests and grasslands experienced
slight declines, covering 16% and 31.2%, respectively.

The most significant change occurred in 2013 when settlement
areas increased to 20.6%. Although cropland remained the largest
land cover at 41.9%, forests declined to 20%, grasslands to 15.6%,
and water bodies remained stable at 1.8%. By 2023, settlements
became the dominant land use, covering 46.9% of the total area.
Meanwhile, cropland, forestland, and grassland declined to 30.3%,
15%, and 6.1%, respectively. Water bodies remained relatively stable
covering about 1.7%. These findings indicate a substantial loss of

cropland, grassland, and forestland between 1993 and 2023. The
results align with previous studies, including Gessesse and Bewket
(2014), Bekele et al. (2019), Berihun et al. (2019), and Guyu and
Aduwa (2020), which reported significant increases in settlement
areas at the expense of cropland and natural landscapes such as
forests and grasslands.

3.2.1 Cropland (CL)
The majority of rural communities in the study area rely on

agricultural production for their livelihoods, similar to other regions
in Ethiopia. Crop cultivation remains the primary economic activity
and a dominant land use in the study area. This study revealed a
substantial conversion of CL into Settlement (SA) (Table 6). In 1993,
CL was the dominant land cover, occupying 4,351.8 ha (51.2%) of
the total area. Over the next decade, this area declined to 3,685.8 ha
(43.4%) by 2003 and further decreased to 3,562.2 ha (41.9%) in 2013.
The most significant reduction occurred by 2023, with cropland
shrinking to 2,570.3 ha (30.3%) (Table 6; Figure 2). The rapid decline
of cropland, accompanied by an increase in settlement areas, has
also been observed in other parts of Ethiopia, as documented by
Guyu and Aduwa (2020). Previous research has shown that much of
the expansion of agricultural land occurs in marginal and
ecologically fragile environments, such as forests, wetlands,
grasslands, and steep slopes, particularly when more suitable land
for cultivation becomes scarce (Tolessa et al., 2017; Siraj
et al., 2018b).

TABLE 4 LULC classes, their equivalent biome types, and corresponding ecosystems.

LULC category Equivalent biome Total ecosystem service value coefficient (2020 $ ha-1 yr-1

Cultivated land Cultivated areas 8,026

Grassland Grassland 1,597

Forest land Tropical forests 119,076

Settlement area Urban green-blue 11,759

Wetland Inland wetlands 48,647

Source: De Groot et al., 2020).

TABLE 5 The accuracy level and conditional kappa coefficient of each LULC category.

Class
name

1993 2003 2013 2023

Producers
accuracy

Users
accuracy

Producers
accuracy

Users
accuracy

Producers
accuracy

Users
accuracy

Producers
accuracy

Users
accuracy

Waterbody 83 100 100 100 100 100 100 100

Settlement 100 75 90 100 86 97 66 100

Grassland 95 86 75 94 81 93 98 81

Forest 73 94 97 85 100 88 68 100

Cropland 97 86 91 90 100 85 99 94

Overall
accuracy

86 89.5 90 91.5

Kappa
coefficient

0.8 0.84 0.86 0.86

Overall classification accuracy = 91.5%/Overall kappa statistics = 0.8641.
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3.2.2 Grassland (GL)
Grasslands were transformed into other land use types. The

trends in GL areas over the past 3 decades reveal significant changes
in land use and land cover. In 1993, GL covered 1,077.8 ha,
accounting for 12.7% of the total area. By 2003, this figure had
increased to 1,361.4 ha (16%), possibly reflecting initial conservation
or expansion efforts. However, by 2013, the GL area declined to
1,328.9 ha (15.6%), signaling the onset of land conversion for other
uses. By 2023, and grassland area had plummeted to just 518.6 ha
(6.1%) (Table 6). This dramatic loss is primarily attributed to
conversion for agricultural purposes and urban development. As
population growth drives increased demand for food and living
space, grasslands are often prioritized for cultivation and settlement.
This shift not only reduces GL area but also negatively impacts
biodiversity, soil health, and local ecosystems.

The findings of this study are consistent with other research
conducted across Ethiopia, which has documented similar patterns
of grassland conversion. Studies by Tolessa et al. (2017), Siraj et al.,
(2018a), Hailu et al. (2020), Habte et al. (2021), and Regasa et al.
(2021) have reported that local communities are increasingly
transforming grasslands into agricultural fields to meet the
demands of a growing population. These studies underscore the
critical need for sustainable land management practices that balance
agricultural expansion with ecological preservation. Effective
strategies are essential to protect natural resources and ensure
their availability for future generations.

3.2.3 Forest Land (FL)
In 1993, forest land (FL) was the second-largest land cover class,

occupying 2,709.3 ha (31.9%) of the total study area. Over the next

decade, it remained relatively stable, slightly decreasing to 2,650.8 ha
(31.2%) by 2003. However, a more substantial decline occurred
between 2003 and 2013, with forest cover reducing to 1,701.6 ha
(20%). This downward trend continued, and by 2023, forest cover
had further decreased to 1,272.9 ha (15%).

The steady decline in FL throughout the study period
(1993–2023) indicates that a significant portion of forest land has
been converted to other land uses, predominantly cropland. Similar
trends of forest loss and cropland expansion have been documented
in other parts of Ethiopia, as reported by Tolessa et al. (2017), Siraj
et al., (2018a), Hailu et al. (2020), Habtamu et al. (2023), andWayesa
et al. (2025).

3.2.4 Settlement Areas (SA)
SA The expansion of settlement areas in Burayu Sub City is

significantly correlated with the decline in agricultural land cover
over the past 30 years. In 1993, settlements covered a relatively small
area of 211.7 ha (2.5%). By 2003, this had increased to 650 ha (7.7%).
The growth continued, reaching 1,746.5 ha (20.6%) in 2013 and
expanding dramatically to 3,985.6 ha (46.9%) by 2023.

Between 1993 and 2023, a total of 703.02 ha of land were
converted into settlement areas Table 6. Similar trends in
settlement expansion have been documented in various studies
across Ethiopia, including the works of Garedew (2010), Tolessa
et al. (2017), Siraj et al. (2018a), Hailu et al. (2020), and Wayesa
et al. (2025).

3.2.5 Water bodies (WB)
The area covered by water bodies (WB) remained relatively

stable throughout the study period. In 1993, wetlands occupied

TABLE 6 LULC change classes in the Study Area from 1993–2023.

Class name 1993 % 2003 % 2013 % 2023 %

Area (ha) Area (ha) Area (ha) Area (ha)

Cropland 4351.8 51.2 3,685.8 43.4 3,562.2 41.9 2,570.3 30.3

Forest 2,709.3 31.9 2,650.8 31.2 1701.6 20 1,272.9 15

Grassland 1,077.8 12.7 1,361.4 16 1,328.9 15.6 518.6 6.1

Settlement 211.7 2.5 650 7.7 1746.5 20.6 3,985.6 46.9

Waterbody 143.5 1.7 146 1.7 154.8 1.8 146.6 1.7

Total 8,494 100 8,494 100 8,494 100 8,494 100

TABLE 7 LULC change from 1993–2023 (in %).

LULC 1993–2003 2003–2013 2013–2023 1993–2023

CL −7.8 −1.5 −11.7 −21

GL −0.7 −11.2 −5 −16.9

FL 3.3 −0.4 −9.5 −6.6

SA 5.2 20.5 26.4 44.4

GL 0 0.1 −0.1 0

Where, CL, cropland; FL, forest land; GL, grassland; SA, settlement area; WB, waterbody.
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143.5 ha (1.7%) of the total area. This slightly increased to 154.8 ha
(1.8%) by 2013 but slightly declined to 146.6 ha (1.7%) by
2023 (Figure 2).

This consistency suggests that WB has been less affected by
land use changes compared to other categories. The stability
may indicate effective management practices aimed at
protecting these critical ecosystems. Wetlands are vital for
maintaining biodiversity, providing habitats for aquatic
species, and supporting surrounding ecosystems.
Additionally, their relatively unchanged size underscores
their significance in water resource management, ensuring a
reliable supply for agriculture, drinking water, and recreation,
as illustrated in Figure 2 and Table 6. This study is aligning with
an analysis of land use and land cover changes in the Bilate
Watershed, Ethiopia, which examined the impact of these
changes on climate variability. The study found that
alterations in land cover, particularly the reduction of
natural vegetation, contributed to local climate variability,
which in turn affected water resources and ecosystem
services (Bikeko et al., 2024).

3.3 Trends of change in land use land cover

The results of this study revealed significant LULC changes between
1993 and 2023, with notable conversions from FL to CL. Over the 30-year
study period (Table 7). The findings showed a cumulative decline of 20.9%
in CL, 16.9% in FL, and 6.6% in GL, while SA expanded substantially by
44.4%. Meanwhile, the area occupied by WB remained essentially
unchanged. This trend suggests a higher propensity for certain LULC
types, particularly SA to expand rather than decline.

These results are consistent with the findings of Tesfaye et al.
(2024), who reported similar patterns of land use transformation.
Overall, the study highlights a dynamic change in LULC over the
past three decades (1993–2023), reflecting a clear trend of increasing
conversion of CL, FL, GL, and WB to SA as illustrated in (Figure 2).

3.4 LULC change matrix

The LULC matrix analyzes pixel-to-pixel differences between
study year images through overlay analysis, illustrating the change in

FIGURE 2
LULC map (1993_ 2023).
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direction and the original land use types (Table 8). Population
pressure resulted in the cutting of trees for firewood and the
construction of houses and hence has changed land cover and
caused a loss of biodiversity. The analysis of LULC changes from
1993 to 2023 revealed significant transformations in the study
area, with important implications for ecological health and
resource management. Cropland (CL) experienced a dramatic
decline from 4342.9 ha in 1993 to 2,560.1 ha by 2023, primarily
driven by urbanization and increasing demand for settlement
space. This trend aligns with observations from other studies,
which highlight the growing repurposing of agricultural lands for
housing and infrastructure development.

Similarly, forest land (FL) experienced a sharp decrease from
2,705.2 ha in 1993 to 1,271.9 ha in 2023, raising concerns about
biodiversity loss and the disruption of essential ecological functions
such as carbon sequestration and habitat provision. Grasslands also
faced moderate reductions, declining from 1,077 ha to 518.3 ha,
which may have adverse effects on local ecosystems, livestock
grazing, and soil stability.

Population pressure has been a major driver of land use and
land cover (LULC) changes over the last decade, significantly
exaggerating these transformations. A substantial portion of the
original farming land has been converted into other LULC
classes, particularly settlement areas. In stark contrast,
settlement areas expanded dramatically, increasing from
211.6 ha in 1993 to 3,982.9 ha in 2023. This rapid
urbanization is largely attributed to population growth and
economic development. It underscores the urgent need for
integrated land-use planning to mitigate the impacts of urban
sprawl on agricultural and natural resources (Table 8).

Interestingly, WB remained relatively stable over the 30 years,
suggesting effective management practices or lower developmental
pressures compared to other land uses. This stability is critical for
maintaining local biodiversity and supporting surrounding
ecosystems.

Overall, these findings highlight the urgent need for sustainable
land management practices that balance urban expansion with
ecological preservation, ensuring the long-term sustainability of
the region’s natural resources. These results align with Singh
et al. (2011), who initially reported significant land-use changes,
and with subsequent studies by Siraj et al. (2018), Hailu et al. (2020),
and Wayesa et al. (2025), all of which documented a decline in
cropland in favor of settlement cover.

In contrast, the values along the diagonal in the LULC change
matrix represent areas where no change occurred, (Table 8). The
LULC change matrix, based on satellite image interpretations
from 1993 to 2023, is presented in Tables 8. These tables
illustrate the area distribution of land cover and land use
classes and provide insights into the proportions of each
cover type that transitioned into other classes during
subsequent periods, as summarized in (Table 8) this indicates
a higher tendency of LULC types to continue rather than decline.
This study is in line with the study of Hailuet al. (2020),
Kinduet al. (2015) and Shiferaw and Singh, (2011), who stated
a significant increment of settlement at the decline of Cropland,
grasslands and forests. Population growth within Burayu Sub
City is a primary driver of land use and land cover changes,
leading to increased urbanization and decreased forest cover.

3.5 The major driving forces of LULC
dynamics in the study area

LULC change in Burayu Sub City highlights various driving
factors that contribute to environmental problems and the
degradation of natural resources. LULC change reflects the socio-
economic conditions of the surrounding community and is
influenced by social practices, cultural factors, and economic
elements. Key environmental factors, such as land quality,
topography, water availability, and land policy, shape these
changes (Tesfaw et al., 2023). Previous research has identified
population growth, land tenure issues, poverty, weak rule
enforcement, limited extension services, and inadequate public
awareness as root causes of LULC change (Ewunetu et al., 2021).
FGDs have revealed that population pressure, agricultural land
expansion, and the demand for fuelwood and construction
materials are significant contributors to LULC dynamics.

Proximate driving forces include the expansion of
agricultural land spurred by rising population demands, which
has led to urban encroachment into forested areas. This shift
exacerbates LULC changes as agricultural and forested lands are
transformed to meet housing and infrastructure needs.
Unsustainable farming practices, coupled with increasing
demand for fuelwood, have resulted in deforestation and
habitat loss, disrupting ecological balance (Regasa et al., 2021;
Abebe et al., 2022). Infrastructure development further
transforms agricultural areas into built environments,
threatening food security and the livelihoods of local farmers
and pastoralists (Melese, 2016; Wubie et al., 2016). According to
FGDs participants identified increasing population density as a
key driver of Land Use and Land Cover (LULC) change in Burayu
Sub City. This growth elevates the demand for housing, leading
to urban encroachment into natural areas, and increases the need
for agricultural land, resulting in forest conversion into
farmland. These insights highlight the need for sustainable
practices to balance housing and agricultural demands with
environmental conservation. The underlying drivers of Land
Use and Land Cover (LULC) change in Burayu are complex
and interconnected, primarily influenced by urbanization,
population pressure, ineffective policy enforcement, property
rights issues, and biophysical factors. Rapid population
growth fuels urbanization, leading to the conversion of
agricultural and natural lands into residential and commercial
spaces, often at the expense of agricultural production and
environmental conservation (Birhanu and Meseret, 2013).
Focus group discussions and key informant interviews
revealed that increasing population density heightens the
demand for housing, resulting in urban encroachment into
natural areas and a greater need for agricultural land,
prompting the conversion of forests into farmland.

Moreover, FGD participants noted that farmers lack
confidence and feel they have no rights over their land.
Coupled with very low landholding per household, this
situation encourages local farmers to encroach on vegetated
areas for cropping, settlement, and grazing. These findings
highlight the urgent need for sustainable practices to balance
housing and agricultural demands with environmental
conservation.
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3.6 Impacts of LULCC on ecosystem services

The ecosystem service values across the study period have been
reduced by 38.4%. Regarding the changes in ESVs for each land use
class, settlement areas showed an increasing trend, while cropland,
grassland, and forest land showed a reduction trend (Tables 9, 10).
But waterbody areas were slightly increased, tending to reduce in the
first, third, and fourth periods, as well as an increase in the values in
the second period (2003–2013). The overall reduction in vital
ecosystem service values is attributed to the reduction in vital
components of the landscape such as grassland and forestland.
This result corroborates the findings of Mekuria et al. (2021) and
Costanza et al. (1997), who asserted that cultivated land was the
dominant land use with the highest ecosystem service values (ESVs),
showing increasing trends over time. In contrast, the highest
reduction in overall ESVs was recorded for forest land, followed
by a significant decline in the total ESVs of cropland (40.0%). These
findings align with studies conducted in the Central Highlands of
Ethiopia (Tolessa et al., 2017; Admasu et al., 2023) and the Andassa
watershed in Ethiopia (Gashaw et al., 2018). However, the rate of
decline observed in our study area is notably higher, likely due to
rapid urbanization and weak enforcement of land use policies.

3.6.1 Cropland
The value of cropland has seen a significant decline, dropping

from $34.9 million in 1993 to $20.6 million in 2023, a total reduction
of $14.3 million (Table 10). This decline can be attributed primarily

to urbanization and the conversion of agricultural land for
residential and commercial development. As cities expand the
demand for housing and infrastructure has led to the
repurposing of fertile agricultural lands, which not only decreases
the area of cropland but also the associated ecosystem services, such
as food production and soil conservation.

3.6.2 Forest
Forest values experienced the most dramatic decline,

decreasing from $322.6 million in 1993 to $151.6 million in
2023, amounting to a total loss of $171 million. The steepest drop
occurred between 2003 and 2013, indicating potential factors
such as deforestation, logging, and land conversion for
agriculture or urban development. This extensive loss of forest
cover raises serious concerns regarding biodiversity, carbon
storage, and overall ecosystem health, highlighting an urgent
need for conservation efforts.

3.6.3 Grassland
Grassland values fluctuated slightly, with a decrease from

$1.7 million in 1993 to $0.8 million in 2023 (Table 10). Although
the reduction is modest, it reflects a broader trend of land use change
that affects these ecosystems. Factors such as urban encroachment
and the expansion of agricultural lands may have contributed to this
decline. Despite their relatively low economic valuation, grasslands
provide crucial ecological services, including habitat for wildlife and
soil stabilization.

TABLE 8 LULCC confusion matrix from 1993 to 2023.

Class name LULC 2023

Cropland Forest Grassland Settlement Waterbody Total

LULC 1993 Cropland 1715.3 60.6 94.1 2,469.3 3.6 4342.9

Forest 536.4 1,177.1 22.1 964.8 4.8 2,705.2

Grassland 282 27.2 400.2 365.3 2.3 1,077

Settlement 20.9 6 0.9 183.5 0.2 211.6

Waterbody 5.5 1 1 0 135.9 143.5

Total 2,560.1 1,271.9 518.3 3,982.9 146.8 8,480.1

The bold values in the table indicate the total land use/land cover (LULC) area (in hectares) for each category in 1993. This includes the overall area for Cropland (CL), Forest (FL), Grassland

(GL), Settlement (SA), and Waterbody (WB), summarizing the total land distribution for that year.

TABLE 9 ESV estimated for each LULC category and their changes for burayu.

Class name ESV(US$ million) ESV(US$ million) change

1993 2003 2013 2023 1993_2003 2003_2013 2013_2023 1993_2023

Cropland 34.9 29.6 28.6 20.6 −5.3 −1 −8 −14.3

Forest 322.6 315.6 202.6 151.6 −7 −113 −51 −171

Grassland 1.7 2.2 2.1 0.8 0.5 −0.1 −1.3 −0.9

Settlement 2.5 7.6 20.5 46.9 5.2 12.9 26.3 44.4

Waterbody 7 7.1 7.5 7.1 0.1 0.4 −0.4 0.2

Total 368.73 362.1 261.4 227 −6.6 −100.7 −34.4 −141.7
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3.6.4 Settlement
Conversely, the value of settlement areas increased dramatically

from $2.5 million in 1993 to $46.9 million in 2023, a total increase of
$44.4 million. This growth reflects societal trends towards
urbanization and population growth, indicating a rising demand
for residential and commercial space. While this shift highlights
economic development, it also raises concerns about the
sustainability of such growth and its impact on surrounding
ecosystems.

3.6.5 Waterbody
The value of water bodies remained relatively stable, with minor

fluctuations, showing a slight increase from $7.0 million in 1993 to
$7.1 million in 2023. This stability may indicate successful
management practices or the resilience of these ecosystems,
although it is essential to monitor them closely to ensure they
continue to provide vital services like water filtration and habitat.

3.6.6 Total Economic Value
Table 10 the total ESV decreased from $368.73 million in 1993 to

$227 million in 2023, representing an overall loss of $141.7 million.
This decline underscores the cumulative impact of land use changes
on ecosystem services. The trends observed in individual land classes
indicate a pressing need for integrated land management strategies
that balance development with the preservation of essential
ecosystem functions. A general decline in ecosystem service
values (ESVs) has been observed in various regions, including
Malawi (Kindu et al., 2015), the Central Highlands of Ethiopia
(Tolessa et al., 2017), the Andassa watershed in Ethiopia (Gashaw
et al., 2018; Aneseyee et al., 2019; Makwinja et al., 2021), and in
recent studies by Wayesa et al. (2025).

The analysis of ecosystem service values (ESV) in Burayu Sub
City highlights the profound ecological impacts of extensive land use
changes over the past three decades (Table 11). The significant
decline in ESV across various land use categories underscores critical
environmental trade-offs associated with rapid urbanization.
Notably, the reduction in cropland ESV by 41%, from
$34.9 million in 1993 to $20.6 million in 2023, reflects a decrease
in food production and the loss of agricultural landscapes that
support local livelihoods. This decline raises concerns about food
security, as reduced agricultural output may lead to greater reliance
on external sources, posing economic challenges.

Forests experienced a dramatic 53% decline in ESV, dropping
from $322.6 million to $151.6 million. This loss indicates a troubling
trend in resource availability, as forests are crucial for timber, fiber,
and essential ecosystem services like carbon sequestration (Table
11). The conversion of these natural areas into urban settlements
diminishes resources for future generations and exacerbates climate
change by reducing the landscape’s capacity to sequester carbon.
Grasslands also saw a substantial reduction in ESV, decreasing by
53%, which impacts supporting services such as soil stability and
habitat for various species, compromising local resilience and
increasing vulnerability to erosion.

Interestingly, while some cultural services, such as aesthetic
appreciation, increased from $2.5 million to $46.9 million, this
does not offset the overall loss in ecosystem services. The rise in
appreciation for remaining natural landscapes suggests growing
public awareness of environmental values, yet the decline in
spiritual and religious experiences indicates a loss of cultural
heritage linked to natural areas (Table 11). This duality highlights
the complex relationship between urban development and
cultural identity, as communities struggle to balance these
rapid changes. The improved global value coefficients provide
a reliable basis for estimating changes in ecosystem services over
spatial and temporal scales. Contrary to findings elsewhere, such
as those by Mekuria et al. (2021), which indicate a decrease in
ecosystem services for food due to wetland reduction, this study
assigns high values to remaining ecosystems (Gashaw et al., 2018;
Girma et al., 2019; Kindu et al., 2018; De Groot et al., 2020;
Amberber et al., 2020; Qiu et al., 2021).

Overall, the total Ecosystem Service Value (ESV) in the study
area dropped by 38.4%, from $368.7 million in 1993 to $227 million
in 2023 (Table 11). This decline highlights the impact of converting
natural landscapes to urban areas, with built-up areas now covering
nearly half of the land. The shift in land use favors short-term
economic benefits over long-term ecological health. Key drivers of
this ESV loss include the significant reduction of forests (53%
decline) and grasslands (52% reduction), both linked to the
1,500-ha expansion of urban areas.

The data reveals a significant decline in the total value of
ecosystem services in the study area, with a 38.4% reduction over
the 30-year period. The most affected services include Food,
Existence & Bequest Values, and Opportunities for Recreation &
Tourism, which experienced declines of 41%, 80.4%, and 63.3%,
respectively. These declines highlight the urgent need for sustainable
land management and conservation efforts to restore and protect
ecosystem services for future generations.

Similar trends were observed in the Munessa-Shashemene
landscape of Ethiopia (Kindu et al., 2016), which shares similar
agroecological characteristics with our study area.

Our results align with those of Tolessa et al. (2017), who
reported similar trends in ecosystem service valuation in the
Ethiopian highlands. However, our estimates for forest ecosystem
services were 20% higher, likely due to differences in the valuation
methods and the inclusion of additional services such as carbon
sequestration.”

In contrast to Mekuria et al. (2021), who focused on arid regions,
our study found higher values for water regulation services,
reflecting the unique hydrological characteristics of our study area.

TABLE 10 Total ecosystem service values estimated for each LULC category
and changes of 1993 and 2023 in the study area.

LULC ESV(US$ million) Change

−1993 −2023 ESV CCk (%)

Cropland 34.9 20.6 −14.3 −0.4

Forest 322.6 151.6 −171 −0.5

Grassland 1.7 0.8 −0.9 −0.5

Settlement 2.5 46.9 44.4 17.8

Waterbody 7 7.1 0.1 0

Sum 368.7 227 −141.7 −0.384
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TABLE 12 Change in total NCV (%) and sensitivity coefficient (CS) after adjusting ESs Values by ±50% for the years 1993–2023.

Class name 1993 2003 2013 2023

±% CS ±% CS ±% CS ±% CS

CL −0.4 0.4 −0.4 0.4 −0.3 0.3 −0.3 0.3

FL −0.5 0.5 −0.5 0.5 −0.4 0.4 −0.5 0.5

GL −0.5 0.5 −0.5 0.5 −0.6 0.6 −0.5 0.5

SA 17.8 17.8 17.8 17.8 0.7 0.7 1.3 1.3

WB 0 0 0 0 0 0 0 0

Where, CL, cropland; FL, forest land; GL, grassland; SA, settlement area; WB, waterbody.

TABLE 11 Estimated annual value of each ecosystem service (ESVf in US $ million per year).

Ecosystem service 1993 (US$
million)

2003 (US$
million)

2013 (US$
million)

2023 (US$
million)

Change (1993–2023)
(US$ million)

Change
(%)

1. Food 34.9 29.6 28.6 20.6 −14.3 −0.41

2. Water 7 7.1 7.5 7.1 0.1 0.014

3. Raw materials 1.02 1 0.68 0.14 −0.88 −0.863

4. Genetic resources 0.32 0.32 0.2 0.15 −0.17 −0.531

5. Medicinal resources 0.27 0.27 0.17 0.13 −0.14 −0.519

6. Ornamental resources 0.15 0.17 0.09 0.07 −0.08 −0.533

7. Air quality regulation 0.24 0.27 0.16 0.11 −0.13 −0.542

8. Climate regulation 0.1 0.01 0.11 0.12 0.02 0.2

9. Moderation of extreme events 0.18 0.27 0.13 0.12 −0.06 −0.333

10. Regulation of water flows 0.3 0.65 0.14 0.18 −0.12 −0.4

11. Waste treatment 0.2 0.34 0.2 0.16 −0.04 −0.2

12. Erosion control 0.14 0.38 0.4 0.18 0.04 0.286

13. Maintenance of soil fertility 0.45 0.16 0.1 0.19 −0.26 −0.578

14. Pollination 0.13 0.13 0.08 0.06 −0.07 −0.538

15. Biological control 0.12 0.21 0.1 0.13 0.01 0.083

16. Maintenance of life cycles of
migratory species

0.11 0.04 0.09 0.06 −0.05 −0.455

17. Maintenance of genetic
diversity

0.15 0.05 0.09 0.07 −0.08 −0.533

18. Aesthetic information 0.3 0.33 0.16 0.16 −0.14 −0.467

19. Opportunities for recreation
& tourism

0.3 0.09 0.19 0.11 −0.19 −0.633

20. Inspiration for culture, art &
design

0.13 0.11 0.11 0.05 −0.08 −0.615

21. Spiritual experience 0.15 0.15 0.09 0.07 −0.08 −0.533

22. Information for cognitive
development

0.12 0.12 0.07 0.06 −0.06 −0.5

23. Existence & bequest values 0.56 0.25 0.05 0.11 −0.45 −0.804

Total 368.73 362.1 261.4 227 −141.73 −0.384
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3.7 Elasticity of ecosystem services valuation

Cropland showed a significant decline, with a –41.0% change in
both 1993 and 2003, followed by further reductions of –28.0% in
2013 and 2023. The CS value decreased from 0.4100 to 0.2800,
indicating reduced sensitivity and potential vulnerability of this land
cover type (Table 12). This decline may be linked to shifts in
agricultural practices, urban encroachment, or land degradation,
highlighting the need for sustainable farming methods to maintain
productivity and ecosystem health

In contrast, forestland experienced a substantial decline
of −53.0% from 1993 to 2003, with consistent decreases
of −36.0% in 2013 and -53.0% in 2023. The CS value remained
high at 0.5300, suggesting that while forestland is losing area, it
remains sensitive to management practices and conservation efforts.
This trend emphasizes the need for targeted interventions to combat
deforestation and promote reforestation(Table 12).

Grassland exhibited a similar pattern, with changes of −52.9% in
both 1993 and 2003, a more drastic decline of −61.0% in 2013, and
stabilization at −52.9% in 2023. The CS value increased to
0.6100 during the decline, indicating heightened sensitivity. These
fluctuations reflect changing land use practices and challenges in
maintaining grassland ecosystems, often threatened by overgrazing
and urbanization.

Settlements experienced extraordinary growth, with a +1776.0%
increase from 1993 to 2003, maintaining this change in 2003,
followed by +66.0% in 2013 and +129.0% in 2023. The CS value
rose dramatically from 17.7600 to 1.2900, highlighting the
significant impact of urbanization on land use. This rapid
expansion indicates a shift towards more developed areas, leading
to habitat loss and fragmentation.

Waterbodies showed stable changes of +1.4% across all years,
with a consistent CS value of 0.0140, suggesting a stable role in
supporting ecosystem services such as habitat provision and water
quality regulation.

Overall, the findings indicate that cropland is the most
significant contributor to ecosystem services, followed by
forestland and grassland. The observed trends underscore the
importance of sustainable land management practices to enhance
ecosystem service provision in the region. Continuous monitoring
and adaptive management strategies are essential to address the
challenges posed by land use changes, ensuring the resilience and
sustainability of these critical ecosystems. This conclusion aligns
with results reported in other studies across various landscapes, as
noted by Gaglio et al. (2017) and Tolessa et al. (2021), (Wayesa
et al., 2025).

3.8 Discussions

The results of this study reveal significant transformations in land
use and land cover (LULC) dynamics in Burayu Sub City from 1993 to
2023, highlighting profound implications for both the environment and
local communities. The findings indicate a clear trend of urbanization,
characterized by the expansion of settlement areas at the expense of
agricultural land, grasslands, and forests. This discussion synthesizes the
key insights from the results, contextualizing them within broader
environmental and socio-economic frameworks.

Significant landscape changes were observed between 1993 and
2023. In 1993, cropland was the dominant land use, covering 51.2%
of the total area. By 2003, cropland had decreased to 43.4%, while
settlements expanded to 7.7%. Forests and grasslands experienced
slight declines, covering 16% and 31.2%, respectively.

The most significant change occurred in 2013 when settlement
areas increased to 20.6%. Although cropland remained the largest
land cover at 41.9%, forests declined to 20%, grasslands to 15.6%,
and water bodies remained stable at 1.8%. By 2023, settlements
became the dominant land use, covering 46.9% of the total area.
Meanwhile, cropland, forestland, and grassland declined to 30.3%,
15%, and 6.1%, respectively. Water bodies remained relatively stable
covering about 1.7%. These findings indicate a substantial loss of
cropland, grassland, and forestland between 1993 and 2023. The
results align with previous studies, including Gessesse and Bewket
(2014), Bekele et al. (2019), Berihun et al. (2019), and Guyu and
Aduwa (2020), which reported significant increases in settlement
areas at the expense of cropland and natural landscapes such as
forests and grasslands.

Settlement Areas (SA): SA The expansion of settlement areas in
Burayu Sub City is significantly correlated with the decline in
agricultural land cover over the past 30 years. In 1993,
settlements covered a relatively small area of 211.7 ha (2.5%). By
2003, this had increased to 650 ha (7.7%). The growth continued,
reaching 1,746.5 ha (20.6%) in 2013 and expanding dramatically to
3,985.6 ha (46.9%) by 2023.

Between 1993 and 2023, a total of 703.02 ha of land were
converted into settlement areas Table 13. Similar trends in
settlement expansion have been documented in various studies
across Ethiopia, including the works of Garedew (2010), Tolessa
et al. (2017), Siraj et al. (2018a), Hailu et al. (2020), and Wayesa
et al. (2025).

The LULC matrix analysis highlights significant land use
changes in Burayu Sub City from 1993 to 2023, driven primarily
by population pressure. This has resulted in substantial tree cutting
for firewood and housing, leading to biodiversity loss. Cropland
(CL) fell dramatically from 4,342.9 ha to 2,560.1 ha, primarily due to
urbanization. Forestland (FL) also decreased sharply from 2,705.2 ha
to 1,271.9 ha, raising concerns about biodiversity and ecological
functions. Grasslands declined from 1,077 ha–518.3 ha, impacting
local ecosystems and soil stability.

Settlement areas expanded dramatically, growing from 211.6 ha
in 1993 to 3,982.9 ha in 2023, underscoring the urgent need for
integrated land-use planning. In contrast, water bodies (WB)
remained stable, suggesting effective management practices.

These findings align with previous studies by Singh et al. (2011),
Siraj et al. (2018), Hailu et al. (2020), andWayesa et al. (2025), which
document the decline of cropland in favor of settlement cover. The
LULC change matrix illustrates the persistence of certain land use
types, indicating a tendency for continued transformation driven by
population growth.

LULC change in Burayu Sub City reveals various driving
factors contributing to environmental degradation and resource
depletion. These changes reflect the socio-economic conditions
of the community and are influenced by social practices, cultural
factors, and economic elements. Key environmental factors, such
as land quality, topography, water availability, and land policy,
significantly shape these changes (Tesfaw et al., 2023).
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Previous research identifies population growth, land tenure
issues, poverty, weak enforcement, limited extension services,
and inadequate public awareness as root causes (Ewunetu et al.,
2021). Focus group discussions (FGDs) indicate that population
pressure, agricultural expansion, and the demand for fuelwood
and construction materials are major contributors to
LULC dynamics.

The expansion of agricultural land driven by rising population
demands has led to urban encroachment into forests, exacerbating
LULC changes. Unsustainable farming practices and increasing
fuelwood demand have resulted in deforestation and habitat loss
(Regasa et al., 2021; Abebe et al., 2022). Infrastructure development
further transforms agricultural areas, threatening food security and
local livelihoods (Melese, 2016; Wubie et al., 2016).

FGD participants noted that increasing population density
heightens the demand for housing and agricultural land, leading
to the conversion of forests into farmland. Additionally, farmers feel

insecure about their land rights, prompting them to encroach on
vegetated areas for cropping and grazing.

4 Conclusions and recommendations

This study analyzed land use and land cover trends, their driving
forces, and their impacts on ecosystem services in Burayu Sub City,
Shager City, Oromia, Ethiopia, over a 30-year period (1993–2023).
Urbanization, driven by population pressure, has led to significant
LULC changes, particularly the large-scale conversion of agricultural
land into built-up areas. The results indicate substantial LULC
changes in that: CL declined from 4,351.8 ha (51.2%) in 1993 to
2,570.3 ha (30.3%) in 2023; FL decreased from 2,709.3 ha (31.9%) to
1,272.9 ha (15%), Grassland shrank from 1,077.8 ha (12.7%) to
518.6 ha (6.1%), whereas SA expanded dramatically from 211.7 ha
(2.5%) to 3,985.6 ha (46.9%) over the same period.

TABLE 13 Annual value coefficients for ecosystem services (in USD ha−1 year−1).

Individual ecosystem services Land uses

Cropland Grass land Forest land Settlement area Water body

Food 510 602 6,030

Water 604 313 47,869 1934

Raw materials 6 637 11,739 1,682

Genetic resources 16 60

Medicinal resources 3

Ornamental resources

Air quality regulation 10 8 309 9,416 34

Climate regulation 10 73 658 1722 150

Moderation of extreme events 993 108 13,320

Regulation of water flows 17 43 442 620 3,638

Waste treatment 40 12 2043

Erosion control 173 604

Maintenance of soil fertility 34 42

Pollination 1,498 877

Biological control 624 14

Maintenance of life cycles of migratory species 19 1886

Maintenance of genetic diversity 7 3,427

Aesthetic information 395 49

Opportunities for recreation &tourism 3,101 92 52,789 2,662

Inspiration for culture, art& design 16 284 5 114

Spiritual experience 1

Information for cognitive development 147 120

Existence & bequest values 2,960 11,498

Total 8,026 1,597 119,076 11,759 48,647

Data obtained from (De Groot et al., 2020).
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The observed changes primarily occurred due to the
expansion of settlement areas, driven by a combination of
direct and indirect factors. Direct drivers included the
expansion of agricultural land, deforestation for fuelwood and
charcoal production, infrastructure construction, overgrazing,
and the extension of both rural and urban settlements. Indirect
drivers included population pressure, policy and institutional
factors, income levels, sociocultural influences, and biophysical
conditions. These findings were supported by data from
household interviews and focus group discussions (FGDs).
The study also revealed a 38.4% decline in ecosystem service
values over the study period, highlighting the impact of human
activities on landscape characteristics and ecosystem services.
These results emphasize the importance of considering
environmental and ecosystem impacts in local
development plans.

To address LULC challenges in Burayu Sub City, authorities
should adopt a dynamic land use plan that balances urban
growth and ecosystem preservation. Promoting sustainable
agriculture, soil conservation training, and enforcing land
use regulations are essential to curb land degradation.
Utilizing GIS and remote sensing for monitoring, along with
prioritizing vertical development, can optimize land use and
reduce sprawl. Public awareness initiatives can foster
community support for sustainable practices. Further
research incorporating socio-economic factors and machine
learning is needed to enhance understanding and prediction
of LULC changes, supporting more effective urban planning
strategies.
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