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the impacts of land use/cover changes on values of ecosystem 
service in tul watershed, northwest ethiopia
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Abstract  

There has been a rise in interest in the relationship between ecosystem service values and land cover 
change resulting from sustainable land management. Changes in land use/cover caused by soil and 
water conservation practices combined with plantation practices can have an impact on the values 
systems of ecosystem service. The study aims to address the issue of how changes in land use/
cover influence ecosystem values in Ethiopia’s Tul watershed. To estimate ecosystem service values 
in the study watershed, the benefits transfer method of the modified value coefficient was used. The 
total ESV decreased by US$4.2 million between 1990 and 2010 while increasing by US$4.3 million 
between 2010 and 2021. The expansion of plantation practices in the watershed contributes to the 
improvement of the values of ecosystem service. The major ecosystem functions that influence changes 
in the ecosystem service values are climate regulation, erosion control, waste treatment, and the 
nutrient cycle. It is concluded that there needs to be scaled up the controlled management of natural 
forests and shrublands in steep slope areas, and sustainable plantation practices enhance the values 
of ecosystem service.

Keywords: LULCs dynamics, Watershed management practices, Values of ecosystem 
service

1. introduction

Ecosystem services are advantages that humans derive for their survival, way of life, 
and general well-being from ecosystems, as well as all the ecological resources that al-
low human existence to continue in the biosphere (Costanza et al., 2017). The four main 
elements of ecosystem services are provisioning, controlling, cultural, and supporting 
services (Shen et al., 2021). Primary production, soil formation, and nutrient cycling are 
a few examples of supporting services. Food, fiber, fresh water, and other goods that eco-
systems provide for human consumption are examples of provisioning services. Climate, 
pests, and ecosystem processes like soil erosion and air quality are all impacted by reg-
ulatory actions. Last but not least, cultural services are non-material benefits that have 
positive effects on the pleasure and aesthetic qualities of the landscape. Benefits range 
from the provision of fundamental human needs, such as food, water, health, security, 
and livelihoods, to the acquisition of cultural and spiritual meaning and identity through 
interactions with ecosystems (Rasmussen et al., 2016). While provisional, regulatory, and 
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cultural services have an immediate impact on human well-being, supportive services 
have a long-term indirect impact on human well-being by allowing other services to be 
produced (Costanza et al., 2014). Changes in land use and cover caused by socioeconomic 
forces, on the other hand, have a direct impact on these ecosystem services and benefits 
(Gao et al., 2021). As a result of human-caused climate change and land-use change, 
economic and environmental trends, and ecosystem functions are changing at an alarm-
ing rate (Shaw et al., 2011). As a result of long-term land uses and land cover change, 
the global value of ecosystem services has been significantly reduced over time and space 
(Costanza et al., 2014). Food-related ecosystem services have increased, while other eco-
system services have decreased due to the potential for connected agricultural systems to 
permanently reduce local biodiversity (Reader et al., 2022). 

A low land-to-person ratio, a large livestock population, and poor land management 
all contribute to land degradation making achieving various ecosystem service values 
difficult. Changes in land use and land cover (LULC) impact the availability and value 
of ecosystem services, as well as human welfare (Kindu et al., 2016; Temesgen, 2018). 
The total ecosystem service values (ESVs) decreased as cultivated land increased at the 
expense of natural woods, bushes, and grasslands (Debie& & Anteneh, 2022). 

The dynamics of land use/cover are important in soil degradation, which affects ecosystem 
services in general. Deforestation, overgrazing, conventional tillage, and poor farmland 
management all contribute to increased biodiversity loss, and the loss of other ecosystem 
services (Borrelli et al., 2021). Soil degradation-induced land cover changes have several 
onsite effects on regulating ecosystem services, a decrease in biodiversity, and the 
depletion of ecosystem carbon pools (Lal, 2014; Wassie, 2020; Borrelli et al., 2021).

To prevent soil deterioration caused by land use/cover dynamics, sustainable land 
management strategies that include soil, water, and vegetation management should be 
implemented. Sustainable watershed management is critical for the sake of the ecosystem 
and to reduce soil erosion. In Ethiopia’s highlands, the most effective substitute for a 
variety of ecosystem services is the use of a land management technique that incorporates 
compost, a rotation of legume and cereal crops, and vegetation-maintained terraces 
(Debie, 2022). To improve ecosystem functions and services and achieve land degradation 
neutrality, sustainable soil management strategies based on changes in land use and 
cover are required (Abera et al., 2020). It is critical to understand the benefits of land 
management techniques for gaining ecological benefits from preserved watersheds 
to enable targeting and scaling. Management of perennial plant cover and moisture 
management strategies resulted in the augmentation of other ecosystem service values 
(Desta et al., 2021). Watershed management has the potential to increase biodiversity by 
allowing for synergies between various ecosystem functions. Despite the vital contribution 
they make to the functioning of nature and sustainable livelihoods, the values of ecosystem 
service have decreased dramatically over time and space due to changes in land use/
cover. More emphasis should be placed on attempting to prevent the loss of natural 
forests and shrubs to enhance the value of ecosystem services. Because natural forests 
provide more ecosystem services than plantations (Paudyal et al., 2020; Thammanu et al., 
2021), effective community management of these areas is required to increase their value. 
To enhance the many advantages of ecosystem services, a mosaic agricultural space 
composed of plantations, natural forests, agroforestry, and wetlands must be developed  
(Debie & Anteneh, 2022). 
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In the last three decades, the value of ecosystem services has progressively decreased as 
the cost of wetlands, forests, bushes, and grasslands has increased due to farming and 
barren land (Kindu et al., 2013; Temesgen et al., 2018; Godebo et al., 2018; Assefa et 
al.,2021; Nigussie et al., 2021; Anley et al.,2022; Debie& & Anteneh, 2022). For instance, 
according to Anley et al. (2022), the Rib watershed’s total value of ecosystem service 
decreased from US$ 68.6 million in 2000 to US$ 59.3 million in 2020 due to environmental 
degradation. The decline in the combined ecosystem service values of wetlands, forests, 
and bushlands over the previous 26 years, according to Msofe et al. (2020), has resulted in 
a loss of US$ 811.5 million. According to Assefa et al. (2021), the total ESV has decreased 
from US$ 29.73 million to US$ 20.84 million in 35 years. 

The prudent management of ecosystem services necessitates taking into account changes 
over time (Felipe-Lucia et al., 2021). There has been an increase in interest in the 
relationship between ecosystem services and land cover change as a result of sustainable 
land management over time (Wu et al., 2022). Effective soil and water conservation 
remedies must be developed to effectively enhance other ecosystem service values (Hu et 
al., 2014). Although little attention has been paid to this issue, changes in land use/cover 
as a result of soil and water conservation practices combined with plantation practices 
can have an impact on the values of ecosystem services. In Ethiopia’s Tul watershed, this 
study attempts to respond to how can changes in land use/cover influence the values of 
ecosystem service.   

2. Materials and Methods 
 2.1. Study area description 
  2.1.1. location

The study was conducted in the Tul watershed in Ethiopia’s northwest highlands. Tul 
watershed contains a 591 km2 area and is located at 11°1′0” N–11°28′30”N latitude and 
37°20′30”E–37°42′30”E longitude (Figure 1).

  2.1.2. landforms and topography 

The study watershed is situated between 3528 and 1570 meters above sea level (Figure 
1). Higher elevation ranges are found in the watershed’s southwest and eastern parts. 
Alluvium, Ashangi basalts, basalts associated with volcanic centers, and Termaber basalts 
characterize the geology. Basalts associated with volcanic centers account for more than 
85% of the watershed’s geological composition. The watershed has a diverse topography, 
with moderate, gentle, steep, and extremely steep slopes. Plantations and degraded 
bushlands are found on steep to extremely steep hills. The main river that drains the 
watershed is the Tul River, one of the tributaries of the Blue Nile River in the upper basin. 
The watershed is characterized by unimodal rainfall patterns. Because of its dissected 
topography and landmass slopes down from Mount Adama toward the watershed’s outlet, 
the study watershed is prone to soil erosion, gully formation, and floods.             
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      Figure: 1. Locational Map of the study watershed  

  2.1.3. climate 

The watershed contains a wide range of ecosystems and resource types, as well as 
climates ranging from Wurch to Woina-dega. According to Hurni’s (1985) Ethiopian agro-
climatic classification, the majority of the study watershed falls within the Woina-dega 
agro-climatic zone (traditional climate classification), which is equivalent to sub-humid. 
The average annual rainfall in the study area was 1270mm, and the average annual low 
and high temperatures were 8.8°C and 25.2°C, respectively (Figure- 2).



5

ERJSSH 10(2), December  2023

Figure: 2. The average monthly temperature and rainfall distribution of the study 
watershed from 1980 to 2020.

The month with the highest mean monthly temperatures was March, while the months 
with the lowest mean monthly temperatures were December and January. The main rainy 
season in the study area lasts from June to mid-October. The main rainy season accounts 
for approximately 83.3% of annual rainfall. The remaining 16.7% was distributed over the 
rest of the year inconsistently. 

 2.1.4. Soil 

The major soil types in the watershed are nitosols, vertisols, lithosols, luvisols, and 
cambisols. Vertisols are the most common soil type on relatively gentle slopes and in very 
deep soils. This soil type is characterized by heavy black clay and is frequently waterlogged 
during the rainy season. It has a high cation exchange capacity and base saturation 
content in both the surface and subsurface horizons. The watershed’s upslope areas are 
characterized by shallow soil profiles. The bottom soils, on the other hand, are very deep 
and have nearly uniform profiles.

 2.1.5. Vegetation cover 

The most common land uses/covers in the watershed are settlements, grazing land, 
cultivated land, plantations, shrublands, grassland, and forests. Significant natural 
vegetation resources include Afro-Alpine and sub-AfroAlpine forests, dry evergreen 
montane forest and evergreen scrub, combretum Terminalia woodland, Acacia 
Commiphora woodland, bamboo forests, and plantations. As a result, the vegetation 
supply in the study area consists of evergreen and semi-evergreen bushes, small trees, 
and larger trees on rare occasions. The study watershed headwater is also covered by 
Juniperus pocera, Olea europaea, Hagenia abyssinnica, Erica arborea, Carissa spinarum, 
Dovyalis abyssinica, Justicia schimperiana, Dombeya torrida, Eucalyptus tree, Accaica 
Abyssinica, Cordia Africana, Olivera Africana, and Erica arborea. Various indigenous 
plant species exist in the area, depending on the terrain and topography of the watershed. 
Furthermore, residual indigenous biomasses found along ridges and rivers, as well as in 
a few protected areas, are reliable indicators of degeneration over time. 

 2.1.6. agricultural Practices

The primary economic activity in the study area is mixed crop and livestock production. 
The most common crops grown in the area are barley (Hordeum vulgare), wheat (Triticum 
Vulgare), teff (Eragrostis teff), potato (Solanum tuberosum), maize (Zea mays), and legumes 
such as beans (Vicia faba), pea (Pisum sativum), and sorghum. Domestic animals raised 
in traditional farming include cattle, goats, sheep, donkeys, horses, mules, and chickens. 
The primary source of food for cattle production is grazing land, both communal and 
private. Zero-grazing methods, in which grass is mechanically mowed and fed to cattle, 
have grown in popularity in recent years as a way to mitigate the effects of climate change. 
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2.2. Methods of the Study

 2.2.1. Data Sources and types

A digital elevation model (30*30) and four years set of satellite images from the USGS Earth 
Explorer (Landsat TM-1990, Landsat ETM-2000, Landsat ETM-2010, and OLI IRS-2021, 
all with a spatial resolution of 30m) were obtained. To detect changes over three decades, 
the years were selected based on the availability of cloud-free satellite images from the 
earliest possible time (1990) to the most recent time (2021). For ground verification, raster 
DEM data (30*30), GPS, and topographic maps at a resolution of 1:50,000 were employed. 

 2.2.2. Sattelite image Processing and analysis

Software ERDAS Imagine 14 and ArcGIS 10.4.1 were used for image processing, 
analysis, and LULC mapping. Image processing techniques, such as layer stack, image 
enhancement, and a subset were undertaken. Land uses and covers were classified using 
a supervised classification process using the maximum likelihood classifier algorithm 
across the study periods. The maximum likelihood classifier is recommended for many 
LULC change studies for producing accurate LULC categorization. Using the training site 
sample found in each of the Landsat images of the Tul watershed, LULC maps for 1990, 
2000, 2010, and 2021 were produced.

	 2.2.3.	Valuation	of	the	modified	ecosystem	service	value		
	 coefficients

The effects of changing land use/ cover on the dynamics of ecosystem service value were 
evaluated using an integrated valuation of updated ecosystem service value coefficients. 
The change in ecosystem service values in the study watershed was investigated using 
Landsat categorized land use and land cover classes from 1990, 2000, 2010, and 2021. 
Costanza et al. (2014) developed an ecosystem service valuation model for 16 biomes to 
determine the values of ecosystem services for various land use and land cover categories. 
Other academics, on the other hand, argue that the model is problematic because of its 
ambiguities and limited application at the local level (Wang et al., 2017). Kindu et al. (2016) 
developed more conservative estimating coefficients for Ethiopia based on an in-depth 
understanding of the study landscape conditions and additional research, primarily from 
the Economics of Ecosystems and Biodiversity (TEEB) valuation database. The benefit 
transfer method was used to estimate the ecosystem service value of other comparable 
areas where there is no site-specific valuation method available, using current values and 
other data from the original study site. The modified ecosystem service valuation model 
was used to estimate the ecosystem service values for five different land use/ covers 
within the research watershed. The appropriate sample biomes were then designated 
based on the study watershed’s land use and land cover types (Table 1). 
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Table 1. LULC classifications, matching biomes, and ecosystem services coefficients for 
the research watershed based on updated estimations (Kindu et al., 2016)

LULC Equivalent  biome Ecosystem services coefficient (US$ ha-)

Built-up area Urban 0
Cultivated land Cropland 225.56

Forest Tropical Forest 986.69
Grassland Grass/range  land 293.25
Plantation Tropical Forest 986.69
Shrub land Tropical Forest 986.69

Grassland/rangeland is used to represent grassland, tropical forest is used to represent 
the forest, plantation forest, and shrubland, and urban is used to represent the built-up 
region. Some land use/cover categories do not exactly correspond to the biomes depict-
ed. For example, shrubland was used to represent the tropical forest biome. However, in 
the study area, shrubland is less dense than forest and consists primarily of small trees, 
bushes, and shrubs, with grasses sprouting on occasion. As a result, while the represent-
ed forest and shrubland categories differ in composition and structure from the tropical 
forest biome, they provide comparable ecosystem services. Cultivated fields are defined in 
this study as areas used for both perennial and annual crops, as well as irrigated areas 
and dispersed rural settlements. Despite their dispersion, including rural settlements 
in this category may understate the environmental benefits associated with the farming 
biome. 

Grassland, forest, and plantation forests, on the other hand, are all closely related bi-
omes. As a result, even though all of the represented biomes have different traits and 
roles, the land usage and land cover in this context are the same. Using them as proxies, 
the ecosystem service values of the various land use and land cover categories in the 
study region can be estimated. In studies of the ecosystem service value, such proxies for 
land use, land cover types, and associated biomes are frequently used (Kindu et al., 2016; 
Temesegen et al., 2018). 

Equations 1 and 2 can be used to estimate the ecosystem service values and determine 
the percent change in ecosystem service value over time, respectively (Caberal et al., 
2016; Kindu et al., 2016; Shiferaw et al., 2019). The overall ecosystem services value for 
each LULC type was determined by multiplying the area of each type in hectares by the 
relevant value coefficients. To estimate the total ecosystem service values of the landscape 
of each reference year in the study region, the values for the LULC types in each reference 
year were calculated.

ESVk = ∑AK*VCk ………………………….……………….…....................………… (Eq.1)

Where:  ESVk is the Ecosystem service value of the land use land cover type K,  AK is the 
area (ha) of LULC type K and VCK is the value coefficient of LULC type ‘K’ (the US $ ha-1yr-1).
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Table: 2. Coefficients (US$ ha-1yr -1) of the Modified ecosystem service functions of each 
LULC type (Kindu et al., 2016) for the four represented biomes.

Ecosystem services Natural forests Plantation 
forest

Croplands Grasslands

Provisioning services

Water supply                 8 8

Food production           32 32 187.56 117.45

Raw material 51.24 51.24

Genetic resources 41 41

Regulating services

Water regulation          6 6 3

Water treatment          136 136 87

Erosion control           245 245 29

Climate regulation  223 223

Biological control 24 23

Gas regulation 13.68 13.68 7

Disturbance regulation 5 5

Supporting services

Nutrient cycling 184.4 184.4

Pollination 7.27 7.27 14 25

Soil formation  10 10 1

Habitat/Refuge 17.3 17.3

Cultural services

Recreation 4.8 4.8 0.8

Cultural 2 2

Total 986.69 986.69 225.56 293.25

The percent change of ecosystem service value across different periods could be computed 
by using equation two (eq 20.) (kindu et al., 2016; Caberal et al., 2016; Temsegen et 
al., 2018). The percentage of ecosystem service value change was calculated using the 
following equation.
Percent of ESV change =  

        …………. (eq.2)

Where:- ESVk is of ESV of land use land cover type K,  AK is the area (ha) of LULC type K; 
VCK is the value coefficient of LULC type ‘K’ (the US $ ha-1yr-1). Positive values suggest an 
increase whereas negative values imply a decrease in amount.
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In addition, the following equation was used to evaluate the value of services given by 
individual ecological functions within the study watershed:

  ESVf-∑AK*VCfk................................................................ eq. 3

Where ESVf = calculate ecosystem service value of functions (f), AK= the area (ha), and 
VCfk= value coefficient of function (f) (us$ ha-1 year-1) for LULC type (k). The contribution 
of individual ecosystem functions to the overall values of ecosystem services per year was 
ranked based on estimated values of ecosystem functions for each reference year.

	 2.2.4.	Analysis	of	coefficient	of	sensitivity	

To reflect the dependency of ecosystem service value on the ecosystem services value 
index over time, the elasticity of the coefficient of economics is selected to calculate the 
sensitivity index. 

                   (ESVj-ESVi/ESVi 
        (VCjk-VCik)/CVik                                 

Where ESV represents the total ecosystem services value; VC is the value coefficient i and 
j represent the initial and adjusted values respectively jk is the land use type j and CS 
is the coefficient of sensitivity. Adjust the value coefficient of each land-use type by 50% 
respectively and then measure the change of ecosystem services value. If CS>1, the ESV 
for VC is flexible, if CS<1 the ESV for VC is lack elasticity; CS= 0 indicates a complete in-
elasticity. The greater the ratio is the more important it is to the accuracy of the ecosystem 
services function value index (Zhang et al., 2015).

3. reSUltS anD DiScUSSiOn
 3.1.  changes in land use/covers from 1990 to 2021
Shrublands, natural forests, grasslands, cultivated land, built-up area, and plantations 
were identified to be the major land uses and cover in the area of study. Debie and Awoke 
(2023) quantified changes in these land use/covers from 1990 to 2021. For instance, the 
first research period (1990–2000) saw a significant rise in the area under cultivation as a 
result of the loss of natural grasslands, shrublands, and woodlands. In the second phase 
(2000-2010), plantations, natural forests, grasslands, and settled regions have been ac-
quired at the expense of shrublands and cultivated land. The plantation was steadily 
extended to cultivated land and grassland at a significant cost throughout the study 
(1990–2021).
	 3.2.	Coefficient	of	sensitivity	of	land	use/covers	to	eco	
 system service values

Results in Table 3 indicate the coefficient of sensitivity (CS) was greater than one in all 
land uses except forests and plantations between 1990 and 2010. However, except coef-
ficient of sensitivity of plantation and cultivated land, CS values of all land uses are less 
than one in 2021. Cultivated land and shrubland had the highest CS value of relatively 
larger area coverage in addition to the highest ecosystem service values between 1990- 
2010 years.  

CS=  ………..………………..eq.4
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Conversely, plantation and cultivated land have the highest CS value in 2021 due to their 
highest area coverage in addition to the highest ecosystem service values. Most of the 
ESVs calculated for the watershed between 1990 and 2010 were fairly elastic. This sug-
gested that the estimation of the ecosystem service values is reliable since most CS value 
is greater than one. The reverse is also true in 2021 in the study area.
 
  Table: 3. Coefficient Sensitivity (CS) of each land use/ cover with their respective years

 LULC Categories CS 1990 CS 2000 CS 2010 CS 2021
Cultivated land 4.2 5.9 5.84 4.92
Forest 0.93 0.031 0.22 0.15
Grassland 1.34 1.24 1.53 0.31
Plantation 0.11 0.23 0.4 1.25
Shrub land 1.85 1.54 1.1 0.91

 
3.3. changes in ecosystem service values 

Results in Table 4 disclosed the change in ecosystem service value of each land-use/cover 
type from 1990 to 2021. The total values of ecosystem services were US$26.6 million in 
1990, US$ 22.9 million in 2000, US$ 22.4 million in 2010, and US$ 26.7 million in 2021. 
Shrublands, cultivated lands, and plantations were the main land use/covers making 
a contribution to the total values of ecosystem service between 1990 and 2000, 2010, 
and 2021, in that order. The total value of plantation ecosystem services continuously 
increased by US$ 8.7 million, while constantly declining by US$ 7.9 million for the total 
value of shrubland ecosystem services between 1990 and 2021. 

The total ecosystem service values have decreased from US$ 26.6 million in 1990 to 
US$ 22.9 million in 2000 and US$ 22.42 million in 2010. Because of the loss of natural 
vegetation (such as forest, shrubland, and grassland) and the increase in cultivated areas, 
the total ecosystem service values decreased by US$3.5 million between 1990 and 2000 
(Table 4). Declining in the values of shrubland ecosystem services contributed largely 
to the decline of the total values of the watershed ecosystem service from 1990 to 2010. 
The conversion of natural vegetation covers, such as forests, shrubs, and grasslands to 
cultivated land has contributed to a drop in the total values of ecosystem service (Anley et 
al., 2022; Berihun et al., 2019; Debie & Anteneh, 2022; Gashaw et al., 2018; Godebo et al., 
2018; Hu et al., 2008; Kindu et al., 2016; Li et al., 2019; Shiferaw et al., 2019; Temesgen 
et al., 2018; Wang et al., 2017). The decreasing ecosystem service values reflected the 
effects of land use/cover changes on ecological degradation (Anley et al., 2022).  
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Table: 4. The estimated changes in total ecosystem service values in the Tul Watershed 
from 1990 to 2021

 LULC 
Categories The total ESV (US $ in millions) ESV changes (US $ in millions)

1990 2000 2010 2021 1990-
2000

2000-
2010

2010-
2021

1990-
2021

Cultivated
 land 7.3 8.8 8.49 8.52 +1.5 -0.31 +0.03 +1.22

Forest 0.7 0.2 1.4 1.1 -0.5 +1.2 -0.3 +0.4

Grassland 3 2.4 2.9 0.7 -0.6 +0.5 -2.2 -2.3

Plantation 0.8 1.5 2.6 9.5 +0.7 +1.1 +6.9 +8.7

Shrub land 14.8 10 7 6.9 -4.8 -3 -0.1 -7.9

Total 26.6 22.9 22.4 26.7 -3.7 -0.5 +4.3 +0.1

On the contrary, the total ecosystem service values increased by US$ 4.3 million between 
2010 and 2021 due to soil conservation and plantation practices that began in 2003 
through community mobilization in the watershed. 

3.4. changes in Values of ecosystem Service Functions

Table 5 shows the estimated change in the values of specific ecosystem services due 
to land use-cover dynamics between 1990 and 2021. Food production had the highest 
specific ecosystem service values across all study years, while cultural service had the 
lowest. The major contributors to watershed ecosystem services are food production from 
provisional ecosystem services, erosion control, climate regulation, waste treatment from 
regulating ecosystem services, and nutrient cycling from supporting ecosystem services. 
Food production increased by US$ 0.9 million between 1990 and 2000, while erosion 
control, climate regulation, waste treatment, and nutrient cycling decreased by US$ 
1.2 million, US$ 1.1 million, US$ 0.93 million, and US$ 0.8 million, respectively. The 
findings show that food production functions were expanded at the expense of other major 
regulating and processing functions of ecosystem service. This was due to an increase 
in cultivated land at the expense of natural vegetation covers. Changes in the values 
of erosion control, climate regulation, waste treatment, and nutrient cycling functions 
were the most services can contributors to the loss of ecosystem service values in 2010. 
The loss of natural shrublands, forests, woodlands, and grasslands as cultivated land 
increases have reduced the value of erosion control, climate regulation, nutrient cycling, 
and waste treatment functions (Debie & Anteneh, 2022; Temesgen et al., 2018; Kindu et 
al., 2013; Msofe et al.,2021). 
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Table 5: Impact of land use/cover changes on the values of individual ecosystem services 
from 1990 to 2021.

Ecosystem services ESV functions across different periods (ESVf US$ in millions  over 
all periods

Ecosystem services ESVf  1990 ESVf  2000 ESVf  2010 ESVf 2021
Provisioning services

Water supply 0.13 0.1 0.09 0.14
Food production        7.8 8.7 8.6 7.9
Raw material            0.84 0.61 0.6 0.9
Genetic resources      0.67 0.49 0.46 0.73
Regulating services
Water regulation       0.13 0.1 0.1 0.11
Water treatment         3.1 2.3 2.4 2.6
Erosion control          4.3 3.1 3 4.4

Climate regulation      3.7 2.6 2.5 4
Biological control        1 1.1 1.1 1
Gas regulation              0.3 0.2 0.2 0.3
Disturbance regulation   0.08 0.06 0.06 0.09
Supporting services
Nutrient cycling 3 2.2 2.1 3.3
Pollination 0.83 0.83 0.85 0.72
Soil formation            0.2 0.1 0.1 0.5
Habitat/Refuge           0.3 0.2 0.2 0.3
Cultural services 

Recreation 0.09 0.06 0.06 0.09
Cultural 0.03 0.02 0.02 0.04
Total  26.5 22.77 22.42 27.12

Food production ecosystem service declined by US$ 0.7 million between 2010 and 2021, 
while erosion control, climate regulation, nutrient cycling, and water treatment functions 
increased by US$1.4 million, US$1.5 million, US$1.2 million, and US$0.2 million, 
respectively. Such increases in the functions of ecosystem service were primarily attributed 
to an increase in the study watershed’s plantation and conserved area coverage (Figure 
3). Legesse et al. (2018) discovered that a community-based watershed management 
intervention resulted in biodiversity restoration and improved soil fertility. The expansion 
of acacia and eucalyptus species plantation at the expense of cultivated land contributes 
to the overall increase in ESV in the watershed (Debie & Anteneh, 2022).
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4. conclusion 

The main goal of sustainable land management practices should be to improve land 
use/covers and ecosystem service values. The relationship between ecosystem services 
and land cover change caused by sustainable watershed management strategies is 
receiving more attention. This study aims to assess the ecosystem service values that 
are influenced by changes in land use and cover in Ethiopia’s Tul watershed. Changes 
in land use and cover between 1990 and 2000 reduced the ecosystem service values of 
forests, shrubs, and grassland. Preliminary ecosystem services, such as food production, 
increased during this period while regulating and processing ecosystem services declined. 
Plantation methods, on the other hand, increased total ecosystem service values, as well 
as ecosystem functions, including climate regulation, erosion control, waste treatment, 
and nutrient cycling from 2010 to 2021. During the study period, it was discovered that 
the values of regulating and supporting ecosystem services increased at the expense of 
provisional ecosystem services. This resulted from the watershed management program’s 
expansion of plantations at the expense of cultivated land. The findings suggest that 
cultivated land should be restricted from encroaching on steep slope areas with wild 
vegetation. Protecting and reforesting the natural vegetation that covers the upper 
watershed’s steep slope will improve the overall value of ecosystem service. Maintaining 
a variety of degraded afforestation, agroforestry, sustainably managed farmland, and 
diverse agroecosystems is required to create a synergistic interaction between values of 
regulating, provisional, and supporting ecosystem service.
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