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Introduction
Ecosystems provide a wide range of direct and indirect services to human wellbeing, 

including food, fiber, raw materials for industries, and water supply [1-4]. In spite of the 
incredible contribution of ESs to the functioning of nature and sustainable human well-being 
and survival [2,3,5,6] globally the values of ESs have been significantly degraded over time 
and space [2,4,7]. LULC changes are the main drivers that significantly altered ESs [6,8,9] 
and they are becoming one of the fundamental concerns in global environmental change and 
sustainable development. Rapid worldwide population growth accompanied by economic 
activities causing urban agglomeration, and subsequent construction and agricultural 
land expansions has led to rapid LULC changes [10-12]. In connection to construction and 
agricultural land expansions, the less attention given to other LULC categories, particularly 
in developing countries, have resulted in various ecological consequences in various areas 
for which Ethiopia is not exceptional [6,13,14]. For instance, it has been observed that the 
conversion of LULC into agricultural land and urban areas is disparaging to entertaining 
scenes, genetic resources and nutrient cycling, erosion control and climate regulation, and 
water availability and soil fertility [15-19]. These impacts resulted in remarkable changes on 
the potential provision of various ES that make the quantification of ESVs essential to raise 
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Abstract
This study assessed changes in the Ecosystem Services Value (ESV) due to changes in Land Use/Land 
Cover (LULC) during the period 1988-2019 in the Gedeo highlands of Ethiopia. Moderate-resolution 
Landsat images for 1988, 2003, and 2019 were obtained and analyzed using a pixel-based supervised 
image classification with a maximum likelihood algorithm for mapping and assessing the LULC changes. 
The ESVs were estimated based on the benefit transfer approach using adopted global value coefficients 
and modified local value coefficients. The results revealed that agroforestry, wetland, and forestland that 
have vital ecological values decreased, while other LULC with less ecological values, such as built-up 
area, cropland, and grassland, increased throughout the study period. Besides, the results showed that 
the aggregated ESVs of the agroforestry, wetland, and forestland had decreased, which consequently led 
to a total loss of US$ 45.46 million (57.96%) in ESVs over the past 30 years when calculated with the 
modified local value coefficients and US$ 7.78 million (34.94%) when calculated with the global value 
coefficients. To protect the ecological function of the studied landscape, protection of the valuable LULC 
classes from further degradation that involves proper conservation measures is urgently required. This 
study provided minimum estimates of the ESVs, which will contribute to the formulation of strategies for 
sustainable management of the Gdeo highland and inform various stakeholders on the tradeoffs involved 
in the use of land resources.
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awareness [20] and develop decision making for the distribution of 
scarce resources among conflicting demands [8].

Following the pioneering works of Costanza et al. [1] that 
proposed 17 types of ESs coefficients for 16 biomes and the estimate 
of ESV at a global scale, there have been numerous studies that 
value ESs at different levels [15,21-24], based on these proposed 
value coefficients [25]. In addition, for the corresponding value 
coefficients of different biomes, the Economics of Ecosystems and 
Biodiversity (TEEB) valuation database was also developed, mainly 
based on the literature of case studies in different parts of the globe 
(de Groot et al. 2010). Most studies employed these proposed 
value coefficients through a benefit transfer approach together 
with remote sensing and GIS technology estimation to estimate the 
ESV and map their distributions [22,26]. This approach has been 
practical to estimate ESVs and suggests management options for 
regions with scarce data [8,25]. Though there have been efforts 
to estimate ESVs for areas with scarce data, there are few studies 
on the ESs valuation in Ethiopia, particularly in relation to LULC 
change dynamics. 

In Ethiopia, LULC change is a common and ever-present 
phenomenon because agricultural activities mainly dominate 
rural landscapes, which have been causing considerable losses 
in ecological values [9]. However, research carried out on LULC 
changes in the country mainly focuses on the change dynamics of 
LULC changes [27,28], with less attention paid to the consequences 
of these changes on a wide range of ecological values. Currently, 
there are few efforts made to evaluate ES dynamics in response 
to LULC changes [8,9,29]. Those research findings have revealed 
that the effects of LULC change on ESs vary from place to 
place depending on location-specific factors. Similarly, despite 
investigating considerable changes in LULC around the study 

area, where intensive agricultural land use systems have been 
causing substantial environmental losses [30], there has been less 
attempt to investigate the impact of these changes on ecological 
values of the environment [29,30]. Therefore, it is important to 
evaluate dynamics in ESVs in response to LULC changes as they 
raise awareness of the consequences and improve decision-making 
regarding the management of an ecosystem. Hence, this study was 
designed to quantify changes in ESVs in response to LULC change 
based on the adopted global and modified local value coefficients 
in the Gedeo highland areas of Ethiopia over the past three decades 
(1988-2019) and to explore the effects of changes in each LULC 
type on ecosystem service values. 

Materials and Methods
Study area description

The study area is located in Ethiopia’s Southern Nations, 
Nationalities, and People Region (Figure 1), which is 390 
kilometers from the country’s capital city and 27 kilometers from 
Dilla town (38˚11ʹ32ʺ to 38˚26ʹ18ʺ E and 5˚58ʹ30ʺ to 6˚22ʹ7ʺ N). 
The study area is 448.95km2, with elevations ranging from 1,800 
to 3000m a.s.l. The average annual rainfall is between 1,200 and 
1,800mm, and the average temperature is between 15 0c and 22 
0c. It has highland climatic conditions [31]. The livelihood of the 
study area is largely dependent on cereal crop production and 
agroforestry practices, according to BDANRO [32]. However, as 
an indication of the scenario, a large area of land that used to be 
covered by agroforestry practices, which had socioeconomic and 
environmental significance, is now degraded among various LULC 
classes [32]. Furthermore, the local community’s livelihoods have 
been harmed as a result of decreased agroforestry production and 
land degradation as a result of LULC changes in recent decades [33].

Figure 1: Map of the study area.
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LULC data sources and methods
In this analysis, LULC time series datasets were generated 

using multispectral Landsat imagery from the Thematic Mapper 
(TM), Enhanced Thematic Mapper Plus (ETM+), and Operational 
Land Imager (OLI) from three acquisition years (1988, 2003, and 
2019) with nearly no cloud cover acquired from path 168 and row 
056 for the months of January and February (Table 1). In the study 
region, these months correspond to the dry season. The acquisition 
years were chosen to coincide with a national drought and famine 
in the 1980s, as well as a change of regime and subsequent policy 
changes in the country’s rural land and agriculture in the 1990s. All 

scenes used in this study were obtained from the website of the US 
Geological Survey (USGS) Center for Earth Resource Observation 
and Science (http://glovis.usgs.gov). In order to minimize scene-
to-scene variability and place the data on the same radiometric 
scale to represent true changes on the field, the absolute correction 
approach was implemented in all images using the image-based 
Dark-Object Subtraction (DOS) model as defined by Chander et al. 
[34] and Paolini et al. [35]. After the images had been pre-processed 
and mosaicked, the region of interest was subset using the inbuilt 
mosaicking method in ERDAS and a vector boundary layer of the 
study area.

Table 1: Description of imagery datasets used in the LULC change analysis.

Satellite Sensor Path/Row Resolution Accusation Date Source 

Landsat 5 TM multispectral 168/56 30*30m 2/28/1988 USGS

Landsat 7 ETM+ multispectral 168/56 30*30m 1/12/2003 USGS

Landsat 8 Operational Land imager 168/56 30*30m 1/16/2019 USGS

The images were classified using a pixel-based supervised 
image classification with a maximum likelihood algorithm 
[36,37]. To obtain appropriate LULC change classification results, 
ancillary data such as field data, the Digital Elevation Model (DEM), 
administration maps, and online Google Earth Services were used. 
Random Ground Control Points (GCPs) from all land use classes 
were collected for classification-training sites and image signatures 
to aid image classification. The images were classified into six 
(6) LULC types: wetland, grassland, forestland, cropland, built-
up, and agroforestry. Furthermore, GCPs were obtained from all 
land use classes using a GPS system in order to compute accuracy 
assessments for the classification year 2019. Overall precision was 
85.91%, 85.22%, and 88.18%, with over-all Kappa coefficients of 
0.83, 0.82, and 0.86, respectively. These met the recommended 
values suggested by Janssen and Vender Wel [38]. The ERDAS 
Imagine 2014 and ArcMap 10.3.1 tools were used to detect post-
classification changes. For each of the years, a final LULC change 
map was developed. A LULC change analysis was conducted and 
compared between three time intervals: 1988-2003, 2003-2019, 
and 1988-2019, based on the classified classes. A change detection 
matrix was created to display the LULC class conversion and 
transformations over the last 31 years. The percent of cover change 
between the periods relative to the initial year was determined 
using each pair of datasets. 

Valuation of ESVs
This study employed the benefit transfer approach to estimate 

the ESVs based on the adopted global and modified local value 
coefficients of the ES for the target LULC types; for examples, see 
Kreuter et al. [15]; Tolessa et al. [9]. In this case, the six major 
LULC types were compared with their corresponding equivalent 
biomes, which were developed by Costanza et al. [1], Kindu et al. 
[8] and Temesgen et al. [29]. The most representative biome was 
used as a proxy for each LULC type, including (1) tropical forest for 
agroforestry; (2) cropland for cropland; (3) grass/range land for 
grassland; (4) wetland/marsh for wetland; (5) tropical forest for 
forest; and (6) urban for built-up (Table 2). The adopted modified 
local value coefficients of the ESs were obtained from Kindu et 
al. [8] and Temesgen et al. [29] as shown in Table 2. The value 
coefficients were generated based on expert knowledge of the 
ecological conditions of the Ethiopian rift valley landscape and 
from other literature, mainly from the TEEB valuation database 
[39]. The modification of ESV coefficients was performed based on 
the Benefit Transfer (BT) approach, which refers to the adaptation 
of existing values or data from one site to estimate the ESVs of 
other new similar sites in the absence of site-specific valuation 
information [40,41]. These studies considered values from tropical 
areas with LULC types similar to their studied geographical setting 
to ensure the applicability of the transferred data from the TEEB 
valuation database. The global ESV coefficients were employed 
from ESs valuation model of Costanza et al. [1] (Table 2). All value 
coefficients were converted into 1994 US$ ha−1year−1 to facilitate 
the estimation process of the ESVs and their changes.

Table 2: LULC classes and biome equivalents with their corresponding adapted a) global (Costanza et al. [1] and b) 
modified local (Kindu et al. [8]; Temesgen et al. [29]) value coefficients.

S. No. LULC class Equivalent Biome Type
Total Ecosystem Service Value (ESV) (in USD/ha/year)

a b

1 Agroforestry Tropical Forest 2007 604.4

2 Cropland Crop land 92 169.2

3 Grassland Grass/range land 232 355.5

4 Wetland Wetland/Marsh 19581 2856.1

5 Forestland Tropical Forest 2007 1093.2

6 Built-up Urban 0 0
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The LULC datasets for each year, which were used as proxies for 
the measurement of the ESVs were prepared, and the corresponding 
area in hectares was assessed and presented in a raster in the GIS. 
Then, the total value of ESs in the study area for 1988, 2003 and 
2019 was calculated by multiplying the area of a given LULC type 
by the corresponding modified ESV coefficients that were extracted 
from weight factors of the ESs per hectare of each biome, which was 
used by Liu et al. [42], as follows:

k k kESV A VC= ×                         (1)
f k kf

k
ESV A VC= ×∑                    (2)

k k
k

ESVt A VC= ×∑                        (3)

where ESVk, ESVf, and ESVt denote the ecosystem service value 
for LULC type k, service function f, and the total ESV, respectively; Ak 
is the area (ha) for LULC type k; VCk is the value coefficient ($ ha−1 
yr−1) for LULC type k; and VCkf is the value coefficient ($ ha−1 yr−1) for 
LULC type k with ES function type f.

Result
Land use/land cover changes

Spatiotemporal distributions of land use/land cover: In 
the study landscape, a total of six LULC types were extracted with 
different reference years, namely 1988, 2003 and 2019 (Figure 2). 
Agroforestry was the dominant LULC type at the start of the study 
period (1988), accounting for 45.75% of the study landscape, 
followed by cropland (43.51%), grassland (4.95%), wetland 
(3.78%), and forestland (1.88%) (Table 3). Built-up areas accounted 
for just 0.13% of the total land area. The overall condition changed 
in 2003. Cropland took up the most land (50.37%), followed by 
agroforestry (36.21%), grassland (6.75%), and forestland (3.65%). 
Built-up areas and wetland cover occupied the remaining areas. 
Cropland, agroforestry, and grassland remained the most dominant 
LULC types in 2019, accounting for 57.55%, 25.42%, and 13.18% of 
the study area, respectively. Others took up the smallest proportion 
of the area.

Figure 2: LULC types of the year 1988 (a), 2003 (b), and 2019 (c).

Table 3: LULC areas for the reference years 1988, 2003, and 2019 of the study area.

LULC Class
1988 2003 2019

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

Agroforestry 20538.32 45.75 16256 36.21 11414.11 25.42

Cropland 19535.52 43.51 22615.81 50.37 25839.03 57.55

Grassland 2223 4.95 3029.46 6.75 5914.45 13.18

Wetland 1695.3 3.78 564.05 1.26 296.97 0.66

Forestland 842.87 1.88 1638.71 3.65 245.09 0.55

Built-up 60.47 0.13 791.45 1.76 1185.83 2.64

Total area 44895.48 100% 44895.48 100% 44895.48 100%

Dynamics in land use/land cover change: Over the first 
(1988-2003) and second (2003-2019) study periods, the change 
results showed a significant reduction in wetland and agroforestry 
land cover (Table 4). Between the first and second study periods, 

more than 1131 ha of wetland were converted, accounting for about 
66.73% of the total cover in 1988. During the second period, the 
wetland was further degraded by around 47.35% of the cover that 
existed in 2003. During the first and second periods, agroforestry 
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decreased by 20.85% and 29.79%, respectively. Despite showing a 
growing trend during the first study period, forest cover decreased 
by 85.04 percent during the second. Built-up area, on the other 
hand, grew by 1208.83% in the first period and 49.83% in the 

second. Similarly, grassland increased by 36.28% and 95.23%, 
respectively, in both years. Over the entire study period, cropland 
showed an increasing trend (Table 4).

Table 4: LULC Changes between the periods 1988, 2003, and 2019 with relative to the basis.

1988-2003 2003-2019 1988-2019

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

Agroforestry -4,282.32 -20.85 -4,841.89 -29.79 -9,124.21 -44.43

Cropland 3,080.29 15.77 3,223.22 14.25 6,303.51 32.27

Grassland 806.46 36.28 2,884.99 95.23 3,691.45 166.06

Wetland -1,131.25 -66.73 -267.08 -47.35 -1,398.33 -82.48

Forestland 795.84 94.42 -1,393.62 -85.04 -597.78 -70.92

Built-up 730.98 1,208.83 394.38 49.83 1,125.36 1,861.02

The change matrix analysis shows that approximately 
18,979.5ha (42.28%) of the land within the study area experienced 
LULC changes in one way or another over the 31-year study period 
(1988-2019) (Table 5). The degree of change varied between 
the LULC classes. For instance, in 1988, 211.83ha (12.5%) of the 
1695.3ha wetland remained unchanged. Other LULC types were 
used to convert the remaining 87.5% of the 1988 wetland. More 
than 53% of the wetland area was transformed to grassland in the 
base year, followed by cropland, which accounted for more than 

31% of the total area in 1988. Over the same time period, 9421.71ha 
(roughly 46%) of agroforestry LULC in 1988 remained unchanged. 
The remaining 54% was converted to a different LULC type. For 
example, out of the total cropland cover of 25,839.03ha in 2019, 
about 9023.09ha (35%) were converted from the area that used 
to be part of the agroforestry LULC in 1988. Over the study period, 
the original extent of forestland (around 842.9ha) was reduced by 
70.9% due to changes in other LULCs, including about 48.5% that 
was converted to cropland.

Table 5: LULC change transition matrix (ha) from 1988 to 2019.

Where: AG= Agroforestry; BU= Built-up area; CR= Cropland; FR= Forestland; GR= Grassland; & WE= Wetland. The bold 
diagonal values represent the area (in ha) of each class that remains unchanged while the off diagonal values represent 
the change area.

LULC AG BU CR FR GR WE Total (1988)

AG 9421.71 389.4 9023.09 107.4 1554.68 42.04 20538.32

BU 1.06 31.45 20.93 - 7 0.03 60.47

CR 1653.05 701.86 14932.7 12.43 2203.09 32.4 19535.52

FR 271.31 2.21 408.58 117.75 42.39 0.63 842.87

GR 40.07 45.15 920.17 7.31 1200.26 10.04 2223

WE 26.91 15.76 533.59 0.2 907.01 211.83 1695.3

Total (2019) 11414.11 1185.83 25839.03 245.09 5892.78 296.97 44895.5

In comparison to the LULC change results discussed above, 
the change matrix study for built-up area, cropland, and grassland 
revealed significant opposite trends in LULC changes. Built-up areas 
replaced approximately 1,125.36ha of land previously occupied by 
other LULC types. Cropland (701.86ha) and agroforestry (389.4ha) 
were the most common conversions. As a result, the built-up area 
increased by nearly 1,961% over the study period. Other LULC 
types converted to cropland as well, but agroforestry had the 
highest conversion rate (Table 5). During the initial period of the 
analysis, agroforestry LULC covered about 9023.09ha of cropland. 
As a result, the area of cropland has increased by 32.3% since 1988. 
Grassland has replaced about 3,669.78ha of land previously covered 
by other LULC types. Cropland, agroforestry, and wetland were the 
most common conversions. As a result, grassland increased by 
165.1% over the course of the study.

Estimation of ESVs and changes
The evaluation of the ESVs of the studied landscape for the years 

1988, 2003, and 2019 is presented in Table 6. It showed that the 
total estimated ESVs of the whole study area were approximately 
US$ 78.42 million in 1988, US$ 49.74 million in 2003, and US$ 
32.96 million in 2019 (Table 6, Part a) when the locally modified 
value coefficients were used. In general, the total estimated ESVs 
decreased by US$ 45.46 million (57.96%) during the period from 
1988 to 2019. The gradual decline of the total ESV over the last 30 
years was described by the difference in the ESVs among the LULC 
types within the different years in the study area. The aggregated 
ESVs of agroforestry, wetland, and forestland decreased from US$ 
76.11 million (97.05%) in 1988 to US$ 29.21 million (88.62%) in 
2019 and primarily accounted for the total loss in the ESVs in the 
studied landscape (Table 6, Part a). The consistently decreased 
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area coverage of agroforestry, wetland, and forest led to decreased 
ESVs, affecting the total estimated ESV of the study area. This was 
evident from the fact that the aggregated ESVs of the agroforestry, 
wetland, and forest ecosystems declined by approximately US$ 
46.89 million in the last 30 years, which was significantly higher 
than the total decline in ESVs in the whole study area, which 
decreased by approximately US$ 45.46 million (Table 6, Part a). 
Moreover, wetlands and forests have very small areas but have high 
contributions to the total ESVs due to their large value coefficients 
(Table 6). In 1988, wetlands and forests accounted for 33.2 million 
(42.33%) and 1.6 million (2.16%), respectively, of the total ESV, 

whereas in 2019, wetlands and forests accounted for 5.81 million 
(17.64%) and 0.49 million (1.49%), respectively, of the total ESV 
(Table 6, Part a), indicating a decreasing trend. Similarly, when 
the global coefficients developed earlier were used, the ESVs were 
observed to decline from US$ 22.27, 18.13, and 14.49 million 
in 1988, 2003, and 2019, respectively (Table 6, Part b), leading 
to a total loss of US$ 7.78 million (34.94%). This estimate was 
approximately 0.6 times lower than the loss estimated when the 
modified local value coefficients were adopted. The number of ESVs 
also differed among the LULC types in different years.

Table 6: Total ecosystem service valuation (ESV) (in $ × 106 year-1) estimated for each LULC type using the adopted 
modified (A) and global (B) value coefficients.

LULC Type
ESV ($×106year-1)

1988  % 2003  % 2019  % 2003-
1988 % 2019-

2003  % 2019-
1988  %

A

Agroforestry 41.22 52.56 32.63 65.59 22.91 69.49 -8.59 -20.85 -9.72 -29.79 -18.31 -44.43

Cropland 1.8 2.29 2.08 4.18 2.38 7.21 0.28 15.77 0.3 14.25 0.58 32.27

Grassland 0.52 0.66 0.7 1.41 1.37 4.16 0.19 36.28 0.67 95.23 0.86 166.06

Wetland 33.2 42.33 11.04 22.2 5.81 17.64 -22.15 -66.73 -5.23 -47.35 -27.38 -82.48

Forest 1.69 2.16 3.29 6.61 0.49 1.49 1.6 94.42 -2.8 -85.04 -1.2 -70.92

Built-up 0 0 0 0 0 0 0 0 0  0.00 0  0.00

Total value 78.42 100 49.74 100 32.96 100 -28.68 -36.57 -16.78 -33.73 -45.46 -57.96

B

Agroforestry 12.41 55.73 9.83 54.19 6.9 47.61 -2.59 -20.85 -2.93 -29.79 -5.51 -44.43

Cropland 3.31 14.84 3.83 21.11 4.37 30.17 0.52 15.77 0.55 14.25 1.07 32.27

Grassland 0.79 3.55 1.08 5.94 2.1 14.51 0.29 36.28 1.03 95.23 1.31 166.06

Wetland 4.84 21.74 1.61 8.89 0.85 5.85 -3.23 -66.73 -0.76 -47.35 -3.99 -82.48

Forest 0.92 4.14 1.79 9.88 0.27 1.85 0.87 94.42 -1.52 -85.04 -0.65 -70.92

Built-up 0 0 0 0 0 0 0  0  0.00 0  0.00

Total value 22.27 100 18.13 100 14.49 100 -4.14 -18.59 -3.64 -20.09 -7.78 -34.94

Discussion
The LULC data derived from remotely sensed imagery and 

GIS analysis were employed as a proxy for the measurement 
together with their corresponding value coefficients to assess the 
changes in the ESVs in response to LULC in the Gedeo highlands 
of Ethiopia, based on the benefit transfer approach. This approach 
is currently being used by various researchers to evaluate ESVs 
and their changes, despite criticism of the assumed uniformity 
within the land uses and the lack of consideration of the variation 
in the socioeconomic conditions within an area [8]. In this study, 
the LULC dataset generated from the Thematic Mapper (TM), 
Enhanced Thematic Mapper Plus (ETM+), and Operational Land 
Imager (OLI) images and their corresponding global ecosystem 
service value coefficients that were adopted from Constanza et al. 
[1], as well as the modified local value coefficients from Kindu et al. 
[8] and Temesgen et al. [29], were used to estimate the ESVs and 
their changes. The changes in patterns of LULC types were some 
of the important drivers that affected the quality and quantity 
of ES and the provision of functions [2]. The results showed that 
LULC changes have been towards decreased agroforestry, wetland, 

and forestland while cropland, grassland, and built-up areas have 
increased, affecting the sustainability of the provision of ES to the 
Gedeo highland ecosystem. These changes are due to population 
growth, intensification of human activities, and government policies 
and initiatives that aim to improve the economy of the country 
without considering the environmental consequences [29,30].

The results of the estimated ESVs in the study area showed 
that the total ESV obtained from the adopted modified local value 
coefficients had decreased by US$ 45.46 million (57.96%) over 
the period from 1988 to 2019, whereas the loss was estimated 
to be US$ 7.78 million (34.94%) when using the global value 
coefficients established by Constanza et al. [1]. This estimate was 
approximately 0.6 times lower than the loss estimated with the 
modified local value coefficients. The decline in the total ESV was 
attributed to the decrease in the ESVs of agroforestry, wetlands, 
and forestland, consistent with varied proportions during the study 
period. The reduction of these ESVs was mainly attributed to the 
LULC changes, which mainly decreased the area of agroforestry, 
wetland, and forestland in the study area. The interaction of the 
changes in these LULC types affected the total estimated ESVs in 
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the study area. It was revealed that the ESVs for the agroforestry 
ecosystems contributed significantly to the declining total ESV 
in both the modified local value coefficients and global value 
coefficients (Table 6). The aggregated area of change in the wetland 
and forestland was relatively small compared to those of other LULC 
types; however, they have a considerable impact on the total value 
of the ES due to their higher value coefficients. This was similar 
to the findings of other studies, which revealed that LULC change 
resulted in a significant loss in the values of Ess [9,17,42,43]. The 
quantitative results of our study for 1988-2003, 2003-2019, and 
1988-2019 revealed the extent of the changes in the ESVs that 
occurred as a result of LULC change throughout the study period. 
In general, the total estimated ESVs showed a declining trend for 
both the modified local value coefficients and the global value 
coefficients by Costanza et al. [1]. The total amounts of the changes 
in the ESVs were US$ 28.68 million (36.57%), US$ 16.78 million 
(33.73%), and US$ 45.46 million (57.96%) for 1988-2003, 2003-
2019, and 1988-2019, respectively, when adopted locally modified 
value coefficients were used. With the global coefficients, although 
the amounts differed, a significant decrease in the total values was 
also observed over the study period.

Conclusion
The LULC changes in the Gedeo highlands have resulted in a 

loss of the ESV over the last 30 years. It is estimated that the total 
ESV has decreased by US$ 45.46 million (57.96%) when using 
the adopted modified local value coefficients to US$ 7.78 million 
(34.94%) when using global value coefficients. This loss of ESVs is 
associated with decreased agroforestry, wetland, and forestland. 
The estimated losses of ESVs in the last 30 years have shown that 
Gedeo highland has been ecologically degraded and that it needs 
attention. The minimum estimates provided by this study give 
preliminary information that can be utilized by various development 
stakeholders to take into account the financial costs of the ecological 
losses that occurred. Our study further recommends policy actions 
and strategies that take into consideration the ecosystem-based 
approach to maintain a balance between development initiatives 
and ecosystem health. In addition, local communities should adapt 
climate-smart agriculture, such as agroforestry, to protect forests 
and payment for environmental services to protect forests and 
wetlands, which have had larger contributions to the total ESVs. 
Nevertheless, the valuation of the ESs showed the status of the 
ESs in the Gedeo highland and the minimum estimated values that 
provide insight into the tradeoffs involved in land resource use.
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