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Abstract: Humans worldwide depend on ecosystems and the services they provide. Land use and
land cover change increasingly, influencing ecosystem values to the extent that the rate and direction
of change occurred. The objective of this study was to review the link between changes in Land
Use and Land Cover (LULC) and Ecosystem Service Value (ESV), with emphasis on mountainous
landscapes in Ethiopia. The reviewers used the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guideline in the reviewing process. Area-specific and country-level
studies showed that the ESV changed as the result of the LULC changes in the country. The change
in land use in Ethiopia resulted not only in the loss of ESVs but also in the gain of ESVs depending
on the type of man’s activity. Negative change in LULC—especially the deterioration of land cover
types such as forest land, shrub land and grass land—resulted in the loss of ESVs, whereas positive
LULC change increased the value of ESVs. In Ethiopia, there is a loss of about USD 85 billion per
year from the loss of ecosystem services. To save, improve and promote ESVs, land restoration and
rehabilitation activities are important. The review provides insights into the need for and focus of
future studies on LULC changes and the valuing of ESVs to understand the impact of changes in
LULC on ESVs, considering existing and forecasted population increase in rapidly urbanizing areas.

Keywords: ecosystem services; Ethiopia; land use and land cover; change; linkage

1. Introduction

Human beings directly or indirectly depend on ecosystems and their services [1–6].
Several factors affect the healthiness of ecosystems globally. To Sutton et al. [2], the potential
services that ecosystems provide to living things are limited by management and natural
factors. LULC change due to anthropogenic activities and natural events is among the
factors that bring changes in ecosystem services [6]. Understanding drivers to changes in
LULC is crucial for enhanced ecosystem services [7]. The concern towards LULC change
increases following the effect of these changes on biodiversity loss, soil degradation and
the shrinkage of the role of the landscape to sustainably provide natural resources and
ecosystem services [8]. The need to sustainably benefit from ecosystems and their services
has captured the attention of researchers towards understanding the change in the value of
ecosystem services through time [1,2,5,9–12].

However, there is a challenge in sustainably managing ecosystems that is mainly
attributed to their inherent characteristics [13]. Changes in LULC increase the pressure on
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the ecosystem services in different parts of the Ethiopian mountainous landscapes [1,5,9].
Similarly, the dynamics in LULC change the provision of ecosystem services in Nigeria [6].
Investigating the effect of land use change on ecosystem services is important for imple-
menting suitable land uses and thereby improving ecosystem services [14]. Land use/land
cover changes are among the potential determinant factors of ESVs, and thus, it is essential
to understand the impact of future LULC changes on ESVs [1,15–17].

Understanding the future effects of LULC change on ecosystem services can give full
information on the tradeoffs between possible choices of alternative land management
options and uncertainties [1,17]. This can improve awareness of future effects of changes in
LULC and provide insight into several land use management alternatives [16]. Moreover,
understanding changes in ESVs as the result of change in LULC helps us in the design
of land management alternatives for improving livelihoods and human well-being to in-
fluence development policies. The knowledge on the change in the value of ecosystem
services is a crucial decision support tool for sustainable use of land resources [18]. How-
ever, the link between LULC change and ESV is not yet well known at national level in
Ethiopia, especially in the mountainous landscape areas. This work reviewed ESV values
as influenced by LULC change mainly in the mountainous areas of Ethiopia. The mountain-
ous landscapes of Ethiopia have been under extensive and continuous deforestation and,
consequently, dynamic change in LULC. This could have negatively affected the ESV of the
landscapes, while in a few areas where proper landscape/natural resources management
was practiced, the value of ecosystem services improved. This review tried to bring to the
attention of policymakers and stakeholders the impact of LULC changes on the ecosystem
services of mountainous landscapes in Ethiopia. Thus, the objective of the study was to
understand the link between LULC changes and ESVs in the mountainous landscapes in
Ethiopia to identify actions to save and promote ESV in the country.

2. Method

The literature review was conducted using the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines [19] as shown in Figure 1. Initially,
the literature was screened within four databases—Web of Science, Google Scholar, Sco-
pus and Science Direct—for all articles in peer-reviewed journals written in the English
language worldwide, with a particular emphasis on studies carried out in Ethiopia. The ar-
ticles were searched using key words, phrases and names of authors. Cross-referencing was
also used to find publications cited in the reviewed studies. Moreover, scientific journals,
including Ecosystem Services, Science of the Total Environment and Global Environmental
Change, were reviewed to find articles not identified through keywords, phrases and names
of authors.

The reviewed literature consisted of studies from various disciplines that are either
published articles or gray literature on land use and land cover; ecosystem services; land
use and land cover change-driving factors; ecosystem service value change and driving
factors; as well as impact of land use and land cover change on ecosystem service values.
We used search terms to capture key words and phrases that are relevant to the topic
of the study. The terms used in searching the literature included “land use and land
cover”, “change in land use and land cover”, “ecosystem services”, “ecosystem service
value” “ecosystem service value in Ethiopia”, and “environmental benefits in Ethiopia”. In
addition, greater emphasis was placed on land use and land cover impact on ecosystem
services. The knowledge base of land use and land cover changes and ecosystem services
is expanding at an increasing rate, and most of the articles included in this review were
published in 2014 or later. Meta-analysis was not carried out because there are only a few
studies that link LULC change and ESV in Ethiopia. The quantitative data of the reviewed
articles was analyzed using Excel software.



Land 2022, 11, 2212 3 of 21Land 2022, 11, x FOR PEER REVIEW 3 of 23 
 

 
Figure 1. PRISMA flow diagram summarizing the search results and screening workflow used in 
this systematic review. 

The reviewed literature consisted of studies from various disciplines that are either 
published articles or gray literature on land use and land cover; ecosystem services; land 
use and land cover change-driving factors; ecosystem service value change and driving 
factors; as well as impact of land use and land cover change on ecosystem service values. 
We used search terms to capture key words and phrases that are relevant to the topic of 
the study. The terms used in searching the literature included “land use and land cover”, 
“change in land use and land cover”, “ecosystem services”, “ecosystem service value” 
“ecosystem service value in Ethiopia”, and “environmental benefits in Ethiopia”. In addi-
tion, greater emphasis was placed on land use and land cover impact on ecosystem ser-
vices. The knowledge base of land use and land cover changes and ecosystem services is 
expanding at an increasing rate, and most of the articles included in this review were pub-
lished in 2014 or later. Meta-analysis was not carried out because there are only a few 
studies that link LULC change and ESV in Ethiopia. The quantitative data of the reviewed 
articles was analyzed using Excel software. 

3. Ecosystem Service Value and Land Use/Land Cover 
3.1. Land Use/Land Cover 

At the global scale, the increase in research programs of land use can be traced back 
from the land use and land cover change project as a core part of international climate and 
environmental change research [20]. Land use and land cover are often used synony-
mously [21,22] although the correct meanings of these two phrases are quite distinct. Land 
use is the act of human beings on the land [23–25]. In other words, land use depicts how 
human beings are using the land for economic and social activities, such as agriculture, 
forestry, wildlife and recreation. Land cover indicates the physical land type, such as 

Figure 1. PRISMA flow diagram summarizing the search results and screening workflow used in this
systematic review.

3. Ecosystem Service Value and Land Use/Land Cover
3.1. Land Use/Land Cover

At the global scale, the increase in research programs of land use can be traced
back from the land use and land cover change project as a core part of international
climate and environmental change research [20]. Land use and land cover are often used
synonymously [21,22] although the correct meanings of these two phrases are quite distinct.
Land use is the act of human beings on the land [23–25]. In other words, land use depicts
how human beings are using the land for economic and social activities, such as agriculture,
forestry, wildlife and recreation. Land cover indicates the physical land type, such as
vegetation, water, urban infrastructure and bare soil. The global interplay of economic
development and the conservation of biodiversity are reflected and determined by the
change in LULC [26].

Studies towards LULC changes in developing countries increased with interest in
facilitating sustainable land management through planning, monitoring and evaluation
of various development programs (UNCED, 1992). According to Kleemann et al. [27] and
Chang et al. [28], LULC change is the result of social and economic interventions as well
as natural environment interactions. Land use and land cover change is the conversion
of various land use types as the result of multifaceted interactions between man and the
physical environment. Land use and land cover change has resulted in forest fragmentation,
loss of biodiversity and land degradation [29,30]. The issue of land use and land cover
change is one essential agenda item among global environmental changes and sustainable
development [28,31] as it is a major global challenge [32].
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3.2. Ecosystem Service Value

There are several widely accepted definitions of ecosystem and ecosystem services.
Ecosystem—which is an interacting collection of plant and animal populations, together
with their abiotic environment—is the central concept in ecology, and it can be defined at
different scales from small to large and from local to global scope [33]. The UN Conven-
tion on Biological Diversity (CBD) defined ecosystems as “a dynamic complex of plant,
animal and microorganism communities and their non-living environment interacting as
a functional unit” [34]. One can easily understand from this definition that ecosystems
are multifunctional. Ecosystem functions are the habitat, biological and system properties
of ecosystems [35]. These functions provide various ecosystem services and benefits to
people. Ecosystem services, on the other hand, are “the contributions of ecosystem structure
and function (in combination with other inputs) to human well-being”, as described by
Burkhard and Maes [36]. These are the contributions made by ecosystems to benefits gained
in human interventions, including economic, social, cultural and other activities [37]. These
contributions show the role of the environment to people [38]. The concepts of ecosystem
services and ecosystem goods and services are synonymous and used interchangeably [37].

Ecosystem services have a very important role in the function of nature and sus-
tainable human well-being and survival [4,37,39,40]. These ecosystem functions and
ecosystem goods that benefit human beings can come from either natural ecosystems
or man-influenced ecosystems [41]. Ecosystem services in their natural state include fish-
eries and the collection of forest products and in their managed state include landscapes,
such as crop systems of agroforestry, livestock keeping and aquaculture. Ecosystem benefit
is the benefit that people get from ecosystem services [42]. The value of ecosystem service
is the quantity of contribution of a given service from an ecosystem supporting the well-
being of human beings [40]. Ecosystem services are basic to human existence on earth [5].
However, in a large part of Africa, persistent alteration and reduction of ecosystems is
occurring at the expense of future generations’ means of survival [4]. They are not the same
spatially and temporally as they depend on the ecosystem type and status [43], especially
in agriculture [44].

Ecosystem services are crucial for sustaining ecosystems’ integrity though they are
under stress because of the existing anthropogenic and climate change effects [5]. Though
ecosystem services from mountain areas, for example, account for one-third of humanity,
they are still exposed to both natural and human induced changes [45]. Several ecosystems
provide unique services that cannot be substituted by others [9]. These can be through the
improvement of human well-being and environmental quality [46]. Ecosystem services
can enhance environmental quality in one way or another, for instance, through regulat-
ing ecosystem services, such as capturing air pollutants and providing fresh water [46]
and climate and hydrological systems [6]. In addition, environmental quality can be im-
proved through the provisioning of ecosystem services to obtain economic benefits from
access to goods for subsistence or for the generation of wealth like feed, fuelwood and
timber [1,6,39,47]. Furthermore, cultural services—such as aesthetics, contact with nature
or recreation opportunities [48], as well as supporting services, including pollination and
soil formation [6]—are also some of the services supplied by ecosystems.

4. Quantification Approaches of ESV and LULC Change
4.1. Evaluation of LULC Changes

There are several methods, like LULC changes, that are used for the evaluation and
quantification of environmental phenomena. These range from ground-based measure-
ments, which require area-wide and spatially explicit survey [22], to remote sensing [49]
and modeling approaches that provide more information for large areas and simplify the
monitoring purposes. The latter method is more reliable area-wide and quantifying at
comparatively minimum costs, fast, frequent, and continuous observations for monitoring
schemes. The ground-based technique is restricted to local scales due to high costs [22].



Land 2022, 11, 2212 5 of 21

4.2. Ecosystem Service Valuation

Valuing ecosystem services is challenging [40] though many studies have been done
on valuing ecosystem services by society [1,2,5,9–11,50]. Different techniques have been
developed and used for the supply and demand assessment of ecosystem services; these
techniques range from mapping and modeling to economic and non-economic valuation
techniques [50]. According to Costanza et al. [3], the concern towards ecosystem services
valuation increases from time to time following: (1) the development of ecosystem services
valuation approach by [35]; (2) Gretchen Daily’s edited book (1997); and (3) the Millennium
Ecosystem Assessment [43]. Moreover, the recent study on The Economics of Ecosystems
and Biodiversity (TEEB) (www.teebweb.org) has contributed to the knowledge and concern
of the values of ecosystem services. Following the promotion of the concept of ecosystem
services, countries have started to incorporate ecosystem services-based approaches into
policy frameworks [36]. This can help to explain the opportunity costs of various programs
and interventions.

There are different techniques for the valuation of environmental goods and services.
Harrison et al. [50] developed a decision tree based on experiences from 27 case studies to
help and guide the selection of comprehensive methods for ecosystem service valuation
in a structured manner for different contexts. These supply and demand assessment
techniques for ecosystem services are broadly categorized into biophysical modeling and
sociocultural, monetary and integrative methods [50]. Valuing ecosystem services in terms
of monetary values is essential to enhancing the awareness of users of ecosystem services
and to presenting evidences for decisionmakers [6,51]. This would help the decisionmakers
to sustainably manage environmental resources. The monetary methods are classified into
nine categories: cost-effectiveness analysis; benefit–cost analysis; market price/exchange-
based methods; revealed preference methods; stated preference methods; resource rent;
simulated exchange; production/cost function; and value transfer methods [50].

Value transfer approach, more specifically the benefit transfer method, is a secondary
valuation method. The benefit transfer method refers to the application of quantitative
estimates of the value of ecosystem services from existing studies to another context [51].
It adapts established estimates of ecosystem service coefficients from primary valuation
studies in one or more locations to other sites assumed to have related demographics,
economic and ecological characteristics [17]. There are two ways of benefit transfer methods:
function transfer and value transfer. The first approach is used to predict value coefficients
for new study sites based on available data. On the other hand, the latter is used to transfer
value from the original site to the new study site. This approach is important in the absence
of site-specific valuation information. The benefit transfer technique has been used in
several natural resources and environmental policies. Costanza et al. [35] used a simple
benefit transfer method to understand the value of the world’s 17 ecosystem services
provided by 16 major biomes, and later, Costanza et al. [35] updated the estimate of the
global ecosystem services values.

To calculate total ecosystem service values, several studies [1,5,6,17,52] applied Equation (1).

ESV = ∑(Ak ∗ Vck) (1)

where ESV = total ecosystem service value; Ak = the area of LULC type k in the study
area in ha; and Vck = the value coefficient of LULC type k (USD/ha/year). These authors
compared the land use classes of their study areas with the biomes proposed by [35].
Moreover, they used the most representative biomes as the proxy for the LULC category
they used in their studies. The authors also used the updated monetary value calculated
by [40]. Similarly, to calculate the value of individual ecosystem services function (ESVf)
for LULC category ‘k’ in any landscape, researchers adopted Equation (2).

ESVf = ∑(Ak ∗ VCfk) (2)

www.teebweb.org
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where Ak = the area in ha of LULC type ‘k’ and VCfk = the value coefficient of function
f (USD/ha/year) for LULC category, which can be obtained from Costanza et al. [34].
Furthermore, to understand the percent change of ESV across different periods of study
years, [35,53] used Equation (3).

Percent o f ESV change =
(ESVrecent year − ESV previous year)

(ESV previous year)
∗ 100 (3)

However, when considering the limitation in the perfect matching of the biomes
described and used by [35] and the LULC types as described above as well as the uncer-
tainties of the value of the global coefficients, researchers used mechanisms for minimizing
the uncertainties for overestimation or underestimation of ecosystem services. Various
studies [1,5,54,55], for instance, used the adjusted value coefficients and conducted sensi-
tivity analysis using standard economic analysis. This was to ensure the robustness and
reasonability of their estimations of ESV [55]. The coefficient of sensitivity analysis was
analyzed using the standard economic concept of elasticity, which is the percentage change
in the output for a given percentage change in an input.

4.3. Driving Factors to Changes in LULC and ESV

Land use and land cover change dynamically exist on the globe due to human in-
duced land conversions [2,5,12]. The interaction between natural, social, built and human
capital is mandatory in order to produce different ecosystem services [3]. During this
interaction to produce one service, another service can be affected. Findings indicate that
the status of ecosystems and their potentials to supply services are changing from time
to time [1,5,9,12,56,57]. The interest to gain short-term economic benefits at local level
from agriculture has minimized human settlement challenges, increased space for resource
extraction and thoroughly transformed the environment [58].

There are several LULC change drivers. Based on the consulted literature, the main
causes for human-induced changes in LULC include population increase, economic devel-
opment, social and biophysical factors, and the capacity of man to transform nature [12]. A
study conducted in the semiarid river basin of India by Duraisamy et al. [59], for example,
revealed that institutional factors, improving accessibility to agricultural water resources,
and technological as well as economic factors were the key drivers to changes in LULC.
The institutional factors included government policies and programs, legal frameworks, as
well as mechanisms of governance. Similarly, population pressure, human interaction with
the natural environment and change in economic development were recorded as the major
LULC change driving factors in Ethiopia [2,5,30]. Conversion of land to produce crops,
even recently, is increasing alarmingly [1,5,9,56]. The major driving factors to significant
changes in ecosystem services are changes in LULC [1–5,9,14,59–62].

Changes in LULC may lead to variations in ecosystem service values [63,64]. Knowl-
edge of the impacts of land use changes on ecosystem services, among other factors,
is crucial in the era of global climate change, particularly to the sustainability of dry-
land ecosystems [65]. The status of ecosystems and the services they provide are af-
fected by the decisions human beings made on land use management. For instance,
Quintas-Soriano et al. [57] reported that, in Spanish drylands, land use management deci-
sions, such as rapid expansion in greenhouse horticulture and urban intensification, mini-
mized the regulation of ecosystem services. Undisturbed ecosystems and their ecosystem
services are substantially affected by human interventions, such as agricultural activities,
built-up areas, mining and settlements [1,5,6]. The effect, however, is not the same spatially
and temporally [35,40]. Climate change is one of the factors that drive changes in LULC and
ecosystem services [5]. It affects both local specific ecosystem services, such as pollination
of agricultural crops, while also having the potential to mitigate climatic changes that are
global in their nature. Climate change—through its direct or indirect effect on the alteration
of hydrological processes, distribution of moisture–energy and the changing of carbon
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dioxide concentrations—affects ecosystem services [66]. Climate change is threatening
ecosystem services [67].

Furthermore, research findings confirmed that direct economic benefit though dis-
asters to the natural environment are increasing the alteration of land uses, particularly
natural ecosystems into agricultural lands [1,5,6,9,56]. Arowolo et al. [6] confirmed that the
occurrence of agricultural land expansion is being manifested at the expense of forests and
savannahs for the purpose of gaining short-term economic benefit. Apart from this, proper
land management, land restoration and other land rehabilitation interventions through
area exclosures enhances ecosystem services from deteriorated lands [7,8,10,68,69]. The
study conducted by Biedemariam et al. [7] in Abreha-We-Atsibeha village in northern
Ethiopia confirmed that the major drivers to the positive changes in vegetation coverage
were land rehabilitation through soil and water conservation, and integration of trees as
well as fruits on farms. Moreover, Dagnew et al. [69] and Mekuria et al. [8] confirmed the
positive effect of restoring degraded lands on improving vegetation composition, carbon
sequestration in vegetation and soil as well as improving both hydrological cycles and
microclimate. Furthermore, Mekuria et al. [70] reported on the role that exclosures play in
restoring degraded ecosystems through restoring soil fertility and native vegetation and
ecosystem services.

5. Reviewed Studies from Ethiopia
5.1. Geographical Location of the Selected Studies

The studies selected for this review were performed in the representative mountainous
highlands of Ethiopia from different locations (Figure 2). The locations of the studies are
characterized by different climatic conditions (Table 1). The above-mentioned table shows
the spatial distribution (geographic focus) and temporal aspects of these land use/land
cover change impacts on ESV studies in Ethiopia. The reviewed studies spanned the
mountainous highlands of Ethiopia.

Land 2022, 11, x FOR PEER REVIEW 8 of 23 
 

                        

 
Figure 2. Map of Ethiopia showing the location of the studied areas reviewed in the study. 

Table 1. Spatial and temporal distribution for the mountainous locations of the selected papers. 

Study Area of the Re-
viewed Paper 

Region of the Study Area Climatic Zone 
Temporal 
Aspects 

Andassa watershed in the 
Upper Blue Nile Basin of 
Ethiopia 

Amhara regional state of Ethiopia 
Highly sub-tropical (85.2%) 
with a small portion of tem-
perate climate (14.8%) 

1985 to 2015 

Munessa-Shashemene 
landscape of the Ethiopian 
highlands 

Oromia National Regional State of 
Ethiopia 

Tropical dry Afromontane 
forest 

1973 to 2012 

Toke Kutaye district of 
West Shewa 

Oromia National Regional State of 
Ethiopia 

Part of the Central Highlands 
of Ethiopia 

1973 to 2014 

Rib watershed in the Up-
per Blue Nile Basin 

Amhara regional state of Ethiopia, 
which stretches from mount Guna 
to the Eastern shore of lake Tana  

Sub-tropical (64.4%), temper-
ate (33.6%), alpine (2%) 

2000 to 2020 

Abay-Chamo basin in 
Southern Ethiopia 

Southern Nations, Nationalities 
and Peoples’ (SNNP) Region and, 
to a lesser extent, in the Oromia 
Region of Ethiopia 

Humid climate in the moun-
tainous highlands and a hot 
semiarid tropical climate in 
the lowlands 

1985 to 2010 

Chillimo forest area in 
Central highlands of Ethi-
opia 

Oromia National Regional State of 
Ethiopia 

Dry Afromontane forest 1973 to 2015 

Figure 2. Map of Ethiopia showing the location of the studied areas reviewed in the study.



Land 2022, 11, 2212 8 of 21

Table 1. Spatial and temporal distribution for the mountainous locations of the selected papers.

Study Area of the Reviewed Paper Region of the Study Area Climatic Zone Temporal Aspects

Andassa watershed in the Upper Blue
Nile Basin of Ethiopia

Amhara regional state
of Ethiopia

Highly sub-tropical (85.2%)
with a small portion of
temperate climate (14.8%)

1985 to 2015

Munessa-Shashemene landscape of
the Ethiopian highlands

Oromia National Regional
State of Ethiopia

Tropical dry
Afromontane forest 1973 to 2012

Toke Kutaye district of West Shewa Oromia National Regional
State of Ethiopia

Part of the Central Highlands
of Ethiopia 1973 to 2014

Rib watershed in the Upper Blue
Nile Basin

Amhara regional state
of Ethiopia, which stretches
from mount Guna to the
Eastern shore of lake Tana

Sub-tropical (64.4%),
temperate (33.6%), alpine (2%) 2000 to 2020

Abay-Chamo basin in
Southern Ethiopia

Southern Nations,
Nationalities and Peoples’
(SNNP) Region and, to a
lesser extent, in the Oromia
Region of Ethiopia

Humid climate in the
mountainous highlands and a
hot semiarid tropical climate
in the lowlands

1985 to 2010

Chillimo forest area in Central
highlands of Ethiopia

Oromia National Regional
State of Ethiopia Dry Afromontane forest 1973 to 2015

Chilalo-Galama Mountains Oromia National Regional
State of Ethiopia

Humid and sub-humid in the
highlands and semiarid at
some part of the study area

1986 to 2021

5.2. Changes in LULC

Spatial and temporal empirical evidences from Ethiopia show that there has been
considerable change in land use and land cover [1,5,7–9,16,29,56]. Gashaw et al. [9] carried
out LULC change analysis to study the impacts of LULC changes on ecosystem service
values in the Andassa watershed with an area of 587.6 square kilometers in the Upper
Blue Nile basin of Ethiopia. The area is characterized by hilly topography, which shows a
difference of altitude at small distances. The main economic activity in the watershed is
agriculture. According to this study, there have been continued increments of cultivated
land (22.5%) and built-up (1820%) areas and a reduction in forestland (41.52%), shrub land
(44.97%) and grass land (36.11%) from 1985 to 2015 (Figure 3).
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Gashaw et al. [9], but figure done by authors).

In a similar fashion, a study conducted by Tolessa et al. [5], in a typical dry Afromon-
tane forest vegetation located in the highlands of Ethiopia, Chillimo forest area, reported
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that shrub land, cultivated land and settlement increased by 437.7%, 9.1% and 6273.9%,
respectively, from 1973 to 2015. Similarly, though there was no record for bare land in
1973, bare land coverage reached 739.1 hectares in 2015. A decrease by 54.2% of forest
coverage from 1973 to 2015 is recorded (Figure 4). In terms of positive change, the highest
percentage change in LULC occurred in settlement (6273.9%), and the lowest is recorded
in cultivated land (9.1%). However, there was a shrinkage of forest land area coverage by
54.2%, and the area coverage decreases from 4263.1 hectares in 1973 to 1952 hectares in
2015 (see Supplementary Material).
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Figure 4. Changes in LULC from 1973 to 2015 in Chillimo forest, Ethiopia (Source of data:
Tolessa et al. [5], but figure done by authors).

A study conducted in a 1091 square-kilometer area of the Munessa-Shashemene land-
scape of the Ethiopian highlands is characterized by a mixed farming system, confirming
an increase in crop land, settlement, plantation forests, tree patches and bare lands [1].
Similarly, a reduction in area coverage of woodlands, natural forests, grasslands and water
body was recorded in the last four decades [1]. In 1973, 42% of the land was covered with
grasses followed by natural forests (21%), cropland (13%), woodlands (11%), water body
(10%), tree patches (2%) and settlement (0.42%). The area under crop fields covered about
48.69% of the total area of the landscape in 2012. In this study, the highest percentage of
change in land use and land cover happened in bare land, which is 414.6% followed by
crop land with 272.8% and settlement with 261.3% as well as the lowest change occurring in
tree patches (Figure 5). However, in reduction in area of coverage perspectives, the highest
change is recorded in natural forest, which decreased from 21,726 hectares to 9588 hectares
(see Supplementary material).
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Figure 5. Changes in LULC from 1973 to 2012 in Munessa-Shashemene, Ethiopia (Source of data:
Kindu et al. [1], but figure done by authors).
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Another study carried out in 1972, 697.2 hectares of Toke Kutaye area, which is
characterized by a mixed farming system and with an estimated population density of
198 persons per square kilometer, reported an increase in cultivated land and settlement
while a decrease in shrub–bush land, grass land and forest land as well as bare land [20]. In
1973, the area coverage of cultivated land was 13,424.5 hectares while in 2014 its area
coverage was 43,286.4 hectares (Figure 6). Similarly, the area coverage of settlement
increased from 1202.13 hectares to 6869.82 hectares from 1973 to 2014, respectively (see
Supplementary Material). While forest land, grass land and bare land classes declined by
83.23%, 46.64% and 37.35%, respectively, from 1973 to 2014.
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A study conducted by Biratu et al. [22], in an area of 10,074 square kilometers in
the Great Rift Valley of which extended up to the Chilalo mountain, it was also noticed
that the highest change was detected on cultivated land, which resulted in a 7.3% change
throughout the study periods (1986–2020). Built ups and bare lands had been increased
positively during this study period. On the other spectrum, the least change was detected
in the reduction of water body by 0.1% (Figure 7). Like the findings of the other studies
reviewed in this work, shrub–bush land and the rest of the other land use and land cover
classes decreased from 1986 to 2021 (Figure 7).
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Figure 7. Changes in LULC from 1986 to 2021 in Chilalo mountain, Ethiopia. (Source of data:
Biratu et al. [71], but figure done by authors).

Of the identified LULC classes in the Rib watershed during 2000–2020 (Figure 8) the
highest positive percentage change was detected on settlement (136.5%) though this land
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cover class is covering the second least proportion of that landscape. During this period, the
lowest positive percentage change was detected on cultivated land (23%)—a class covering
the maximum proportion of the total area of the watershed. Contrarily, the maximum
negative percentage change was detected on forest (46.5%), and the minimum negative
percentage change was detected on grassland (41.5%).
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Figure 8. Changes in LULC from 1986 to 2021 in Rib watershed, Ethiopia. (Source of data:
Anley et al., 2022 [72], but figure done by authors).

In 25 years (1985–2010), the Abaya-Chamo Basin had shown a rapid increase in the
area coverage of arable land and its coverage in the total area increased from 23.3% in
1985 to 37% in 2010 (Figure 9). Whereas, shrub land, natural grassland and heterogeneous
agricultural areas had reduced their contributions to the total area of the basin from 23.4%,
16.7% and 13.2% in 1985 to 16.7%, 11.2% and 11.3% in 2010, respectively.
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Figure 9. Changes in LULC from 1985 to 2010 in Abaya-Chamo Basin, Ethiopia. (Source of data:
Woldeyohannes et al., 2020 [73], but figure done by authors).

5.3. Ecosystem Service Value Changes

In the Andassa watershed of 587.6 square kilometers area, there occurred a gain of
USD 1.86 million from cultivated land from 1985 to 2015. While there was a loss of USD
6.3 million, USD 920,000 and USD 4.7 million during the same period from shrub land,
forest land and grass lands, respectively. According to this study, a 22.5% increase in
area of cultivated land contributed to an increase in ESV of USD 1.86 million. However,
the increase in area of cultivated land was compensated by 41.52% of shrub land, 44.97%
of forestland and 36.11% of grassland decreases that together resulted in a loss of USD
7.69 million ESVs. In this watershed, there was a loss of USD 5.83 million ESVs in the last
30 years. This indicated that the change in LULC of the watershed led to the loss of ESVs.
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Unlike these changes, there was not any change in the ESV of the settlement land cover
class of the watershed (Figure 10).
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Figure 10. ESV changes from 1985 to 2015 in Andassa watershed, Ethiopia (Source of data:
Gashaw et al. [9], but figure done by authors).

From 1973 to 2015, an increase in ESV of USD 31,000 is estimated from cultivated land
of the Chillimo forest area. Whereas, the ESV of forest land and shrub land in the area from
1973 to 2015 is decreased by USD 4.64 million and USD 80,000, respectively, while the other
LULC classes (settlement and bare land) did not show any change in terms of ESVs during
the last 42 years in the area. Cumulatively, at the landscape level, there was a loss of USD
4.52 million during the last 42 years in the Chillimo forest area (Figure 11). This reduction
in ESV of the landscape was caused by a 54.2% decrease in the area coverage of forest land.
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Figure 11. ESVs from 1973 to 2015 in Chillimo forest, Ethiopia (Source of data: Tolessa et al. [5], but
figure done by authors).

A study conducted by Kindu et al. [1] in a 1091 square-kilometer area characterized by
a mixed farming system confirmed a gain of USD 3.4 × 106 from crop land, USD 2.6 × 106

from plantation forests and 4 × 106 from tree patches from 1973 to 2012, respectively. While
there was a loss of USD 24.3 × 106 from natural forests, USD 22.5 × 106 from woodlands,
4.6 × 106 from grasslands and 9 × 105 during the last 40 years, respectively (Figure 12).
When looking at the difference between the gain and loss of total ESV during the last
40 years in the total landscape, the loss is greater than the gain by more than 8-fold, which
resulted in a net loss of USD 45 million ESV caused by the dynamics in the LULC between
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1973 and 2012. The damage of ESV totals USD 52.3 million while the total gain in ESV in the
same period is USD 6.4 million. Of the total loss in ESV of the landscape, change in natural
forests was responsible for the largest loss, accounting for 46%, followed by woodland with
a 43% contribution, while the water bodies and grass land decrease accounted for about
2% and 9%, respectively. The positive change in total ESVs is contributed by the change in
cropland (53.13%) and plantation forests (40.63%).
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Figure 12. ESVs from 1973 to 2012 in Munessa-Shashemene, Ethiopia (Source of data: Kindu et al. [1],
but figure done by authors).

Analysis of the total ESVs for the Tokye Kutaye area shows a deterioration of USD
36.29 million ESVs from USD 53 million in 1973 to USD 16.71 million in 2014 [56]. The
highest change in ESV is recorded in shrub–bush land that is USD 12.7 million, while there
is no ESV change in both settlement and bare land classes of the area.

The ESV of forestland, shrub–bush land and grassland declined from USD 30.1 million,
USD 12.7 million and USD 2.85 million in 1973 to USD 5.03 million, USD 6.2 million and
USD 1.35 million in 2014, respectively (see Supplementary Material). During the same
period, the ESV of cultivated land increased by USD 2.74 × 106; however, this is much less
than the loss of the ESV (Figure 13).
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Figure 13. ESVs from 1973 to 2014 in Toke Kutaye, Ethiopia (Source of data: Tolessa et al. [56], but
figure done by authors).
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The total ESV in Chilalo mountainous areas decreased by 5.9% (USD 58.8 million)
from 1986 to 2021 (Figure 14). This reduction in ESV was contributed by the wetland areas,
shrub–bush land, natural forests, waterbody and grazing land LULC classes in their order
of reduction. Grazing land’s ESV decreased during the mentioned period by 81.1%. In
contrast to this, the ESV of cultivated land increased by USD 16.5 × 106.
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Figure 14. ESV from 1986 to 2020 in Chilalo mountain, Ethiopia (Source of data: Biratu et al. [71], but
figure done by authors).

From 2000 to 2020, in the Rib watershed of the Upper Blue Nile basin of Ethiopia,
the total ecosystem service value decreased by 13.5%, and this loss mainly resulted as the
consequence of the reduction in the ESV of shrubland and forest. The only LULC that
recorded a positive ESV contribution throughout the study periods was cultivated land
(Figure 15).

Land 2022, 11, x FOR PEER REVIEW 16 of 23 
 

The total ESV in Chilalo mountainous areas decreased by 5.9% (USD 58.8 million) 
from 1986 to 2021 (Figure 14). This reduction in ESV was contributed by the wetland areas, 
shrub–bush land, natural forests, waterbody and grazing land LULC classes in their order 
of reduction. Grazing land’s ESV decreased during the mentioned period by 81.1%. In 
contrast to this, the ESV of cultivated land increased by USD 16.5 × 106.  

 
Figure 14. ESV from 1986 to 2020 in Chilalo mountain, Ethiopia (Source of data: Biratu et al. [71], 
but figure done by authors). 

From 2000 to 2020, in the Rib watershed of the Upper Blue Nile basin of Ethiopia, the 
total ecosystem service value decreased by 13.5%, and this loss mainly resulted as the 
consequence of the reduction in the ESV of shrubland and forest. The only LULC that 
recorded a positive ESV contribution throughout the study periods was cultivated land 
(Figure 15).  

 
Figure 15. ESV from 2000 to 2020 in Rib watershed, Ethiopia (Source of data: Anley et al. [72], but 
figure done by authors). 

0 500 1000 1500

Cultivated land

Settlement

Shrub-bush land

Forest land

Bare land

Water body

Wetland

Grazing land

ESV US $ million ha-1 yr-1

LU
LC

 cl
as

se
s

1986
2021

0 10 20 30 40 50 60

Cultivated land

Forest

Shrubland

Grassland

Water body

Settlement

ESV US $ million ha-1 yr-1

LU
LC

 c
la

ss
es

2000
2020

Figure 15. ESV from 2000 to 2020 in Rib watershed, Ethiopia (Source of data: Anley et al. [72], but
figure done by authors).

In the Abaya-Chamo basin of Southern Ethiopia, land cover classes of arable land,
inland wetlands, built-up areas and inland waters were among the classes that positively
contributed to the total ESV of the landscape (Figure 16). The total ESV of the landscape
increased by 2.67% within a 25-year span. A 59.2% positive change in arable land resulted
in USD 1466.9 million in the Abaya-Chamo basin of Ethiopia, which mainly contributed to
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the overall enhancement of net USD 331.1 million ESV of the basin from 1985 to 2010 while
the shrub land class of the basin decreased by USD 694.5 million during the same period.
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Figure 16. ESV from 2000 to 2020 in Abaya-Chamo Basin, Ethiopia (Source of data: Woldeyohannes et al. [73],
but figure done by authors).

6. Discussion

The relationships between LULC changes and the value of ecosystem services with
a special focus on the Ethiopian mountainous landscapes have been identified through
the analysis. The area-specific studies reviewed in this work confirmed change in ESVs
as the result of LULC changes, despite spatial and temporal differences in the studies.
The analysis of the effect of LULC changes on the ESV showed a reduction in the services
mainly related to the reduction in the areas of forest and shrub–bush land. This could have
implications for people and biodiversity. There was a dramatic increase in cultivated/crop
land, barren land and settlements during the study periods in the study areas. This
suggests that, as time increased, the demand for cultivated land and shelter increased.
This might have increased with the increase in population and food demand and the
consequent expansion in industries and factories to meet the demand of the increase in
population. Cultivated/crop land increase in the studied areas in Ethiopia ascribed to the
land policy, the adoption of Agricultural Development Led Industrialization (ADLI) and
agricultural development policy. In the 1990s, the Federal Democratic Republic of Ethiopia
institutionalized ADLI as the main engine of the country’s economy [74]. Consequently,
farmland expansion has been one of the key factors that contributed to the agricultural
growth in Ethiopia [75]. Besides, the land ownership policy of the country stipulated in
the constitution, which stated land as the property of the state [76], allowed rural people
to convert woodland forest, shrub–bush land and grazing land into cultivated/crop land.
Further, the agricultural development policy in the country, failing to meet subsistence
needs with undeveloped farming systems [77–79] and large-scale expansion of traditional
based commercial farming in unused land [80], increased cultivated/crop land. The
increase in cultivated/crop land could be compensated by the decrease in forest area,
shrub–bush land and grass/grazing land coverage of the selected study areas.

The development of techniques for ecosystem services’ mapping and quantification,
to know their future situation through models, increased works of LULC change scenario
analysis [16] and their impact on ESV. This enabled the prediction of the impact of various
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LULC change scenarios on ecosystem services based on past trends and scenarios on
planning alternatives [1,15] as well as on the long-term strategies [16]. From the reviewed
literature, despite different contexts in different regions regarding LULC changes and
the existence of ecosystem services, several challenges and problems are resulting from
the impact of LULC changes on ESVs. As the mountainous landscapes of Ethiopia are
dominated by agriculture and human settlements, their ecosystem services are affected
by LULC changes that, in turn, are derived by the interaction of several activities [5].
Understanding several services of ecosystems quantitatively is crucial for awareness raising
and decisionmaking processes at all levels [5,9]. The consequence of land use change on
ecosystem services can be positive or negative [14]. The change in ecosystem services is
accounted for indirectly from the impact of land degradation on ecosystem functions, and
there is a significant reduction in the value of the services [2].

Our analysis of the different studies was in line with the studies conducted at national
levels. For instance, the land degradation in Ethiopia, as the result of LULC change
among other factors, has affected a loss of USD 85,419,048,953 (17.7% of the total terrestrial
ESVs) [2]. Similarly, Song and Deng [81] assessed LULC change and ecosystem services
provision in China and found that 1% of land conversion led to an average change in
0.1% ESV from 2000–2008. Sutton et al. [2] assessed the impact of land degradation on
ESVs globally and found a total loss of USD 6.3 trillion ESV per year. By looking at the
global GDP of the 2010s, which was USD 63 trillion, and the contribution of agriculture
(which was about 2.8%), Sutton et al. [2] reported that the loss in ESV is more than threefold
the contribution of agriculture to GDP. This reflected that the market value of agricultural
products cannot describe fully the economics of land deterioration [2]. Costanza et al. [40]
estimated USD 4.3–20.2 trillion per year loss of ecosystem services as the result of land use
changes worldwide. With the assumption of 100% of the ecosystem functioning, about an
annual USD 20 trillion was lost globally as the result of the impact of land cover change
alone for the last 15 years [40]. The value in the loss of ecosystem services is higher than
the market value of agricultural production globally.

From the analysis of all the area-specific empirical studies in the mountainous land-
scapes of Ethiopia, this study showed that the changes in LULC classes and ESVs are in
both directions. Several studies conducted at different spatial and temporal scales showed
the effect of LULC change on ESVs in two ways. That is, in some areas, there existed a
deterioration of ESVs, while in other areas, improvements have been confirmed. On one
hand, studies showed the changes in LULC and, consequently, the loss of value of certain
ESVs to be the result of agricultural encroachment to forested areas [5,9,56]. On the other
hand, plantation forests increased ESVs [2]. Moreover, proper land management, land
restoration and other land rehabilitation interventions through area exclosures, soil and
water conservation activities enhanced ecosystem services from deteriorated lands [7,10,69].
The studies indicate that, as the number of years increased, the change in LULC classes
continued. The reason would be that, as the number of years increased, the area of culti-
vated land increased; this would suggest that the demand for cultivated land increased
as the number of people increased in the study areas. These findings indicate that, in the
future, the demand for cultivated land and settlement will increase, which in turn, will
create additional LULC changes. The change would be from the remaining forested lands,
shrub–bush lands and from forest plantations. This might result in the degradation of
ecosystems and the services humans obtain in rural areas.

According to the United Nations Department of Economic and Social Affairs (2017),
Ethiopia is ranked fifth out of the nine countries expected to contribute to one-half of the
world’s population growth from 2017 to 2050. The population growth of Ethiopia is seen as
a threat for environmental challenges on land resources of the country [10]. Considering the
fact that population growth is among the key LULC change-driving forces, the pressure of
population growth in changing the LULC, if not properly and wisely managed, will increase
and consequently will deteriorate the value of ecosystem services in Ethiopia. Therefore,
proper management of population growth, in relation to the ecosystem functioning, would
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result in comparable LULC change. Besides, the urban population of Ethiopia, and Tigray in
particular, is rapidly increasing. The growth in urban population, if not properly managed,
could affect the ecosystems of urban areas. Thus, presenting scientific evidences on the
effect of LULC change on ESVs in urban landscapes could enable us to plan for sustainable
urban planning with consideration for urban ecosystems.

7. Conclusions

Ecosystems and the multiple services they provide are crucial to the survival of man
on earth. The present systematic review was done to understand LULC change, ESV and
their relationships. Change in LULC has been creating challenges in ESVs. Though the
changes in the values of ecosystem services vary from country to country, there is a record
on the loss of ESVs worldwide and in Ethiopia in particular. The driving forces for LULC
change vary with regions and countries, indicating the need for further understanding
of LULC dynamics on country- and local-level scales. The main driving force for the
changes recorded in all the study areas of this study is the interaction of man on the
environment. Though studies conducted in Ethiopia in relation to LULC changes and
ecosystem services did not cover the whole country, results of local-level investigations
have produced important information that can be used for future land management and
land use planning activities.

All the consulted studies showed a positive change in the land use of cultivated land
and an increase in ESV of this land use class. Similarly, positive change in plantation
forest area increased ecosystem service value while a reduction in the area of natural forest
coverage resulted in a decline of ESV. However, the change in ESV of cultivated land
is smaller than the loss of ESV as the result of forest area and shrub–bush land decline.
Thus, it is important to increase efforts for land restoration and rehabilitation, such as
tree plantations, and to minimize natural forest degradation to enhance ESVs. There are
more works of research on the impact of LULC change on ecosystem services based on
past trends than there are studies that predict impacts on existing and planned programs
and strategies. Considering this gap and in order to improve the human well-being of
the present and future generations, efforts should be increased to predict impact of LULC
changes on ESVs to act and manage the natural resources and their ecosystems accordingly.

Moreover, all the studies reviewed from Ethiopia were conducted in rural areas though
settlements affect ecosystems and their service values. Hence, it could also be crucial to
study the association between urban LULC dynamics and ESVs in urban landscapes of
Ethiopia to raise the awareness of urban planners and decisionmakers. Thus, to sustainably
manage and improve existing ecosystems, knowledge—on the existing status of the LULC
and empirical evidences on the effect of changes in LULC on ecosystem services at different
spatial levels and temporal aspects of both rural and urban areas—is crucial.

Furthermore, scenario analysis on the LULC change impact on ecosystem services
considering the existing and forecasted population of the country is essential. Hence, to
improve understanding on the LULC change impact on the changes in the ESVs, main-
streaming the evaluation of LULC change with ESV is required following state-of-the-art
procedures. It is therefore essential that academic and research institutions understand the
importance of building their capacity in terms of the valuing of ecosystem services.

Supplementary Materials: The following supporting information can be downloaded at http://
www.mdpi.com/xxx/s1, Table S1: Land use and land cover changes with ecosystem service values
of different areas in Ethiopia.

Author Contributions: M.B. designed the research for this paper and took the lead in collecting the
data, analyzing and writing the paper. B.D., E.B., G.G., S.H. and T.T. commented and edited the paper.
All authors provided invaluable comments that helped shape the research, analysis and manuscript.
All authors have read and agreed to the published version of the manuscript.

http://www.mdpi.com/xxx/s1
http://www.mdpi.com/xxx/s1


Land 2022, 11, 2212 18 of 21

Funding: This research was funded by UK Research & Innovation (UKRI) through the Global
Challenges Research Fund (GCRF) programme, Grant Ref: ES/P011306, under the project Social and
Environmental Tradeoffs in African Agriculture (SENTINEL), led by the International Institute for
Environment & Development (IIED) in part implemented by the Regional Universities Forum for
Capacity Building in Agriculture (RUFORUM). The ABC was funded by UK Research & Innovation
(UKRI) through the Global Challenges Research Fund (GCRF) program, Grant Ref: ES/P011306,
under the project Social and Environmental Tradeoffs in African Agriculture (SENTINEL), led by the
International Institute for Environment & Development (IIED) in part implemented by the Regional
Universities Forum for Capacity Building in Agriculture (RUFORUM).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kindu, M.; Schneider, T.; Teketay, D.; Knoke, T. Changes of ecosystem service values in response to land use/land cover dynamics

in Munessa-Shashemene landscape of the Ethiopian highlands. Sci. Total Environ. 2016, 547, 137–147. [CrossRef] [PubMed]
2. Sutton, P.C.; Anderson, S.J.; Costanza, R.; Kubiszewski, I. The ecological economics of land degradation: Impacts on ecosystem

service values. Ecol. Econ. 2016, 129, 182–192. [CrossRef]
3. Costanza, R.; De Groot, R.; Braat, L.; Kubiszewski, I.; Fioramonti, L.; Sutton, P.; Farber, S.; Grasso, M. Twenty years of ecosystem

services: How far have we come and how far do we still need to go? Ecosyst. Serv. 2017, 28, 1–16. [CrossRef]
4. Kubiszewski, I.; Costanza, R.; Anderson, S.; Sutton, P. The future value of ecosystem services: Global scenarios and national

implications. Ecosyst. Serv. 2017, 26, 289–301. [CrossRef]
5. Tolessa, T.; Senbeta, F.; Kidane, M. The impact of land use/land cover change on ecosystem services in the central highlands of

Ethiopia. Ecosyst. Serv. 2017, 23, 47–54. [CrossRef]
6. Arowolo, A.O.; Deng, X.; Olatunji, O.A.; Obayelu, A.E. Assessing changes in the value of ecosystem services in response to land

use/land cover dynamics in Nigeria. Sci. Total Environ. 2018, 636, 597–609. [CrossRef] [PubMed]
7. Biedemariam, M.; Hadgu, K.M.; Fenta, A.A.; Aynekulu, E.; Gebrehiwot, K.; Birhane, E. Landscape level rehabilitation for

improved agricultural productivity and ecosystem services in Abreha-We-Atsibeha, northern Ethiopia. J. Drylands 2017, 7,
633–643.

8. Mekuria, W.; Veldkamp, E.; Corre, M.D.; Haile, M. Restoration of ecosystem carbon stocks following exclosure establishment in
communal grazing lands in Tigray, Ethiopia. Soil Sci. Soc. Am. J. 2011, 75, 246–256. [CrossRef]

9. Gashaw, T.; Tulu, T.; Argaw, M.; Worqlul, A.W.; Tolessa, T.; Kindu, M. Estimating the impacts of land use/land cover changes on
Ecosystem Service Values: The case of the Andassa watershed in the Upper Blue Nile basin of Ethiopia. Ecosyst. Serv. 2018, 31,
219–228. [CrossRef]

10. Mekuria, W.; Wondie, M.; Amare, T.; Wubet, A.; Feyisa, T.; Yitaferu, B. Restoration of degraded landscapes for ecosystem services
in North-Western Ethiopia. Heliyon 2018, 4, e00764. [CrossRef]

11. Nikodinoska, N.; Paletto, A.; Pastorella, F.; Granvik, M.; Franzese, P.P. Assessing, valuing and mapping ecosystem services at city
level: The case of Uppsala (Sweden). Ecol. Model. 2018, 368, 411–424. [CrossRef]

12. Wang, Y.; Dai, E.; Yin, L.; Ma, L. Land use/land cover change and the effects on ecosystem services in the Hengduan Mountain
region, China. Ecosyst. Serv. 2018, 34, 55–67. [CrossRef]

13. Sauter, I. The Effect of Land Use Change on Ecosystem Services in a Mountainous Region; Department of Environmental System
Sciences Zuric, Research Unit Landscape Dynamics: WSL Birmensdorf, Switzerland, 2018.

14. Arunyawat, S.; Shrestha, R.P. Assessing Land Use Change and Its Impact on Ecosystem Services in Northern Thailand. Sustain-
ability 2016, 8, 768. [CrossRef]

15. Zhu, S.; Huang, J.; Zhao, Y. Coupling coordination analysis of ecosystem services and urban development of resource-based
cities: A case study of Tangshan city. Ecol. Indic. 2022, 136, 108706. [CrossRef]

16. Sahle, M.; Saito, O.; Furst, C.; Demissew, S.; Yeshitela, K. Future land use management effects on ecosystem services under
different scenarios in the Wabe River catchment of Gurage Mountain chain landscape, Ethiopia. Sustain. Sci. 2018, 14, 175–190.
[CrossRef]

17. Yi, H.; Guneralp, B.; Filippi, A.M.; Kreuter, U.P.; Guneralp, I. Impacts of land change on ecosystem services in the San Antonio
River basin, Texas, from 1984 to 2010. Ecol. Econ. 2017, 135, 125–135. [CrossRef]

18. Forster, J.; Barkmann, J.; Fricke, R.; Hotes, S.; Kleyer, M.; Kobbe, S.; Kubler, D.; Rumbaur, C.; Siegmund-Schultze, M.; Seppelt,
R.; et al. Assessing ecosystem services for informing land use decisions: A problem-oriented approach. Ecol. Soc. 2015, 20, 31.
[CrossRef]

19. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, T.P. Preferred Reporting Items for Systematic Reviews and Meta-Analysis:
The PRISMA statement (Reprinted from annals of internal medicine). Phys. Ther. 2009, 89, 873–880. [CrossRef]

20. Han, H.; Yang, C.; Song, J. Scenario Simulation and the Prediction of Land Use and Land Cover Change in Beijing, China.
Sustainability 2015, 7, 4260–4279. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2015.12.127
http://www.ncbi.nlm.nih.gov/pubmed/26780139
http://doi.org/10.1016/j.ecolecon.2016.06.016
http://doi.org/10.1016/j.ecoser.2017.09.008
http://doi.org/10.1016/j.ecoser.2017.05.004
http://doi.org/10.1016/j.ecoser.2016.11.010
http://doi.org/10.1016/j.scitotenv.2018.04.277
http://www.ncbi.nlm.nih.gov/pubmed/29723833
http://doi.org/10.2136/sssaj2010.0176
http://doi.org/10.1016/j.ecoser.2018.05.001
http://doi.org/10.1016/j.heliyon.2018.e00764
http://doi.org/10.1016/j.ecolmodel.2017.10.013
http://doi.org/10.1016/j.ecoser.2018.09.008
http://doi.org/10.3390/su8080768
http://doi.org/10.1016/j.ecolind.2022.108706
http://doi.org/10.1007/s11625-018-0585-y
http://doi.org/10.1016/j.ecolecon.2016.11.019
http://doi.org/10.5751/ES-07804-200331
http://doi.org/10.1093/ptj/89.9.873
http://doi.org/10.3390/su7044260


Land 2022, 11, 2212 19 of 21

21. Rawat, J.S.; Kumar, M. Monitoring land use/cover change using remote sensing and GIS techniques: A case study of Hawalbagh
block, district Almora, Uttarakhand, India. Egypt. J. Remote Sens. Space Sci. 2015, 18, 77–84. [CrossRef]

22. GFOI. Integration of Remote Sensing and Ground-Based Observations for Estimation of Emissions and Removals of Greenhouse Gases in
Forests: Methods and Guidance from the Global Forest Observations Initiative, 2nd ed.; Food and Agriculture Organization: Rome,
Italy, 2016.

23. Lambin, E.F.; Geist, H.; Lepers, E. Dynamics of land use and land cover change in tropical regions. Annu. Rev. Environ. Resour.
2003, 28, 205–241. [CrossRef]

24. Wu, X.; Wang, S.; Fu, B.; Zhu, Y. Land use optimization based on ecosystem services assessment: A case study in the Yanhe
watershed. Land Use Policy 2018, 72, 303–312. [CrossRef]

25. Hamza, I.A.; Iyela, A. Land use pattern, climate change, and its implication for food security in Ethiopia: A Review. Ethiop. J.
Environ. Stud. Manag. 2012, 5, 26–31. [CrossRef]

26. Tesfaw, A.T.; Pfaff, A.; Golden Kroner, R.E.; Qin, S.; Medeiros, R.; Mascia, M.B. Land-use and land-cover change shape the
sustainability and impacts of protected areas. Proc. Natl. Acad. Sci. USA 2018, 115, 2084–2089. [CrossRef]

27. Kleemann, J.; Baysal, G.; Bulley, H.N.N.; Furst, C. Assessing driving forces of land use and land cover change by a mixed-method
approach in north-eastern Ghana, West Africa. J. Environ. Manag. 2017, 196, 411–442. [CrossRef]

28. Chang, Y.; Hou, K.; Li, X.; Zhang, Y.; Chen, P. Review of Land use and Land Cover Change research progress. IOP Conf. Ser. Earth
Environ. Sci. 2018, 113, 012087. [CrossRef]

29. Haregeweyn, N.; Tesfaye, S.; Tsunekawa, A.; Tsubo, M.; Meshesha, D.; Ago, E.; Elias, A. Dynamics of land use and land cover and
its effects on hydrologic responses: Case study of the Gilgel Tekeze catchment in the higlands of Northern Ethiopia. Environ.
Monit. Assess. 2015, 187, 4090. [CrossRef] [PubMed]

30. Maitima, J.M.; Mugatha, S.M.; Reid, R.S.; Gachimbi, L.N.; Majule, A.; Lyaruu, H.; Pomery, D.; Mathai, S.; Mugisha, S. The linkages
between land use change, land degradation and biodiversity across East Africa. Afr. J. Environ. Sci. Technol. 2009, 3, 310–325.

31. Yirsaw, E.; Wu, W.; Shi, X.; Temesgen, H.; Bekele, B. Land use/land cover change modeling and the prediction of subsequent
change in ecosystem service values in a coastal area of China, the Su-Xi-Chang region. Sustainability 2017, 9, 1204. [CrossRef]

32. Kates, R.W.; Torrie, R. Global Change in Local Places. Environ. Sci. Policy Sustain. Dev. 1998, 40, 5–6. [CrossRef]
33. Perman, R.; Ma, Y.; McGilvray, J.; Common, M. Natural Resource and Environmental Economics, 3rd ed.; Pearson Education Limited:

London, UK, 2003.
34. United Nations (UN). Convention on Biological Diversity (CBD): Text of the Convention UNCED (United Nations Conference on

Environment and Development); World Submit for Sustainable Development; United Nations: New York, NY, USA, 1992.
35. Costanza, R.; d’Arge, R.; de Groot, R.; Farber, S.; Grasso, M.; Hannon, B.; Limburg, K.; Naeem, S.; O’Neill, R.V.; Paruelo, J.; et al.

The value of the world’s ecosystem services and natural capital. Nature 1997, 387, 253–260. [CrossRef]
36. Burkhard, B.; Maes, J. (Eds.) Mapping Ecosystem Services; Pensoft Publishers: Sofia, Bulgaria, 2017; p. 374.
37. TEEB (The Economics of Ecosystems and Biodiversity). TEEB Synhesis Report: Mainstreaming the Economics of Ecosystems; UNEP:

Geneva, Switzerland, 2010.
38. Dunford, R.; Harrison, P.; Smith, A.; Dick, J.; Barton, D.N.; Martin-Lopez, B.; Kelemen, E.; Jacobs, S.; Saarikoski, H.; Turkelboom,

F.; et al. Integrating methods for ecosystem service assessment: Experiences from real world situations. Ecosyst. Serv. 2018, 29,
499–514. [CrossRef]

39. Bartkowski, B. Are diverse ecosystem services more valuable? Economic value of biodiversity as result of uncertainty and spatial
interactions in ecosystem service provision. Ecosyst. Serv. 2017, 24, 50–57. [CrossRef]

40. Costanza, R.; de Groot, R.; Sutton, P.; van der Ploeg, S.; Anderson, S.J.; Kubiszewski, I.; Farber, S.; Turner, R.K. Changes in the
global value of ecosystem services. Glob. Environ. Change 2014, 26, 152–158. [CrossRef]

41. Lagbas, A.J. Social valuation of regulating and cultural ecosystem services of Arroceros Forest Park: A man-made forest in the
city of Manila, Philippines. J. Urban Manag. 2019, 8, 159–177. [CrossRef]

42. Potschin, M.B.; Haines-Young, R.H. Ecosystem services: Exploring a geographical perspective. Prog. Phys. Geogr. 2011, 35,
575–594. [CrossRef]

43. MEA (Millennium Ecosystem Assessment). Ecosystems and Human Wellbeing: Current State and Trends; Island Press: Washington,
DC, USA, 2005; Volume 1.

44. Gundimeda, H.; Markandya, A.; Bassi, A.M. TEEBAgriFood methodology: An overview of evaluation and valuation methods and
tools. In TEEB for Agriculture; Food: Scientific and Economic Foundations; UN Environment: Geneva, Switzerland, 2018; Chapter 7,
pp. 247–295.

45. Chaudhary, S.; Tshering, D.; Phuntsho, T.; Uddin, K.; Shakya, B.; Chettri, N. Impact of land cover change on a mountain ecosystem
and its services: Case study from the Phobjikha valley, Bhutan. Ecosyst. Health Sustain. 2017, 3, 1393314. [CrossRef]

46. Montoya-Tangarife, C.; de la Barrera, F.; Salazar, A.; Inostroza, L. Monitoring the effects of land cover change on the supply of
ecosystem services in urban region: A study of Santiago-Valparaiso, Chile. PLoS ONE 2017, 12, e0188117. [CrossRef]

47. Lemessa, D.; Woldeyes, F.; Maryo, M.; Tessema, M.; Didita, M. (Eds.) National Ecosystem Assessment of Ethiopia: Syntheses of the
Status of Biodiversity and Ecosystem Services, and Scenarios of Change; Ethiopian Biodiversity Institute: Addis Ababa, Ethiopia, 2022.

48. Crespin, S.J.; Simonetti, J.A. Loss of ecosystem services and the decapitalization of nature in El Salvador. Ecosyst. Serv. 2016, 17,
5–13. [CrossRef]

http://doi.org/10.1016/j.ejrs.2015.02.002
http://doi.org/10.1146/annurev.energy.28.050302.105459
http://doi.org/10.1016/j.landusepol.2018.01.003
http://doi.org/10.4314/ejesm.v5i1.4
http://doi.org/10.1073/pnas.1716462115
http://doi.org/10.1016/j.jenvman.2017.01.053
http://doi.org/10.1088/1755-1315/113/1/012087
http://doi.org/10.1007/s10661-014-4090-1
http://www.ncbi.nlm.nih.gov/pubmed/25407989
http://doi.org/10.3390/su9071204
http://doi.org/10.1080/00139159809605088
http://doi.org/10.1038/387253a0
http://doi.org/10.1016/j.ecoser.2017.10.014
http://doi.org/10.1016/j.ecoser.2017.02.023
http://doi.org/10.1016/j.gloenvcha.2014.04.002
http://doi.org/10.1016/j.jum.2018.09.002
http://doi.org/10.1177/0309133311423172
http://doi.org/10.1080/20964129.2017.1393314
http://doi.org/10.1371/journal.pone.0188117
http://doi.org/10.1016/j.ecoser.2015.10.020


Land 2022, 11, 2212 20 of 21

49. Hassan, M.M. Monitoring land use/cover change, urban growth dynamics and landscape pattern analysis in five fastest urbanized
cities in bangladesh. Remote Sens. Appl. Soc. Environ. 2017, 7, 69–83. [CrossRef]

50. Harrison, P.A.; Dunford, R.; Barton, D.N.; Kelemen, E.; Martin-Lopez, B.; Norton, L.; Termansen, M.; Saarikoski, H.; Hendriks, K.;
Gómez-Baggethun, E.; et al. Selecting methods for ecosystem service assessment: A decision tree approach. Ecosyst. Serv. 2018,
29, 481–498. [CrossRef]

51. Alarcon, G.G.; de Freitas, L.A.; dos, S.; da Fountoura, G.O.; de Macedo, C.X.; Riberio, D.C. The challenges of implementing a legal
framework for payment for ecosystem services in Santa Catarina. Braz. J. Nat. Conserv. 2016, 2, 132–136. [CrossRef]

52. Johnston, R.J.; Rolfe, J.; Rosenberger, R.S.; Brouwer, R. (Eds.) Benefit Transfer of Environmental and Resource Values; A Guide for
Researchers and Practitioners; Springer Science+Business Media: Drodrecht, The Netherlands, 2015.

53. Cabral, P.; Feger, C.; Levrel, H.; Chambolle, M.; Basque, D. Assessing the impact of land cover changes on ecosystem service: A
first stp toward integrative planning in Bordeaux, France. Ecosyst. Serv. 2016, 22, 318–327. [CrossRef]

54. Kreuter, U.P.; Harris, H.G.; Matlock, M.D.; Lacey, R.E. Change in ecosystem services values in the san antonio area, Texas. Ecol.
Econ. 2001, 39, 333–346. [CrossRef]

55. Li, R.Q.; Dong, M.; Cui, J.Y.; Zhang, L.L.; Cui, Q.G.; He, W.M. Quantification of the impact of land-use changes on ecosystem
services: A case study in Pingbian County, China. Environ. Monit. Assess. 2007, 128, 503–510. [CrossRef]

56. Tolessa, T.; Senbeta, T.T.; Abebe, T. Land use/land cover analysis and ecosystem services valuation in the central highlands of
Ethiopia. For. Trees Livelihoods 2017, 26, 111–123. [CrossRef]

57. Quintas-Soriano, C.; Castro, A.J.; Castro, H.; García-Llorente, M. Impacts of land use change on ecosystem services and
implications for human well-being in Spanish drylands. Land Use Policy 2016, 54, 534–548. [CrossRef]

58. Camacho, W.; Ruiz-Luna, A.; Bertanga-Robles, A.C. Effects of Land Use on Ecosystem Services Value Provided by Coastal
Wettlands: Recent and Future Landscape Scenarios. J. Coast. Zone Manag. 2016, 19, 418.

59. Duraisamy, V.; Bendapudi, R.; Jadhav, A. Identifying hotspots in land use land cover change and the drivers in a semi-arid region
of India. Environ. Monit. Assess. 2018, 190, 535. [CrossRef]

60. Anaya-Romero, M.; Unoz-Rojas, M.; Ibanez, B.; Maranon, T. Evaluation of forest ecosystem services in Mediterranean areas. A
regional case study in South Spain. Ecosyst. Serv. 2016, 20, 82–90. [CrossRef]

61. Wang, Y.; Gao, J.; Wang, J.; Qiu, J.; Bond-Lamberty, B. Value assessment of ecosystem services in nature reserves in Ningxia,
China: A response to ecological restoration. PLoS ONE 2014, 9, e89174. [CrossRef]

62. Lin, X.; Xu, M.; Cao, C.; Singh, R.P.; Chen, W.; Ju, H. Land use/land cover changes and their influence on the ecosystem in
Chengdu City, China during the period of 1992–2018. Sustainability 2018, 10, 3580. [CrossRef]

63. Rai, R.; Zhang, Y.; Paudel, B.; Acharya, B.K.; Basnet, L. Land use and land cover dynamics and assessing the ecosystem service
values in the trans-boundary Gandaki River Basin, Central Himalayas. Sustainability 2018, 10, 3052. [CrossRef]

64. Locatelli, B.; Lavorel, S.; Sloan, S.; Tappeiner, U.; Geneletti, D. Characteristic trajectories of ecosystem services in mountains. Front.
Ecol. Environ. 2017, 15, 150–159. [CrossRef]

65. Polasky, S.; Nelson, E.; Pennington, D.; Johnson, K.A. The impact of land use change pn ecosystem services, biodiversity and
returns to landowners: A case study in the state of Minnesota. Environ. Resour. Econ. 2011, 48, 219–242. [CrossRef]

66. Adhikari, S.; Adhikari, A.; Weaver, D.K.; Bekkerman, A.; Menalled, F.D. Impacts of Agricultural Management Systems on
Biodiversity and Ecosystem Services in Highly Simplified Dryland Landscapes. Sustainability 2019, 11, 3223. [CrossRef]

67. Nelson, E.J.; Kareiva, P.; Ruckelshaus, M.; Arkema, K.; Geller, G.; Girvetz, E.; Goodrich, D.; Matzek, V.; Pinsky, M.; Reid, W.
Climate change’s impact on key ecosystem services and the human well-being they support in the US. Front. Ecol. Environ. 2013,
11, 483–493. [CrossRef]

68. Sintayehu, D.W. Impact of climate change on biodiversity and associated key ecosystem services in Africa: A systemic review.
Ecosyst. Health Sustain. 2018, 4, 225–239. [CrossRef]

69. Dagnew, D.C.; Guzman, C.D.; Zegeye, A.D.; Akal, A.T.; Moges, M.A.; Tebebu, T.Y.; Mekuria, W.; Ayana, E.K.; Tilahun, S.A.;
Steenhuis, T.S. Sediment loss patterns in the sub-humid Ethiopian highlands. Land Degrad. Dev. 2017, 28, 1795–1805. [CrossRef]

70. Mekuria, W.; Langan, S.; Noble, A.; Johnston, R. Soil restoration after seven years of exclosure management in northwestern
Ethiopia. Land Degrad. Dev. 2017, 28, 1287–1297. [CrossRef]

71. Biratu, A.A.; Bedadi, B.; Gebrehiwet, S.G.; Melesse, A.M.; Nebi, T.H.; Abera, W.; Tamene, L.; Egeru, A. Ecosystem service valuation
along landscape transformation in Central Ethiopia. Land 2022, 11, 500. [CrossRef]

72. Anley, M.A.; Minale, A.S.; Haregeweyn, N.; Gashaw, T. Assessing the impacts of land use/cover changes on ecosystem service
values in Rib watershed, Upper Blue Nile Basin, Ethiopia. Trees For. People 2022, 7, 100212. [CrossRef]

73. Woldeyohannes, A.; Cotter, M.; Biru, W.; Kelboro, G. Assessing changes in ecosystem service values over 1985–2050 in response
to land use and land cover dynamics in Abaya-Chamo Basin, Southern Ethiopia. Land 2020, 9, 37. [CrossRef]

74. Dube, A.K.; Fawole, W.O.; Govindasamy, R.; Ozkan, B. Agricultural development led industrialization in Ethiopia: Structural
break analysis. Int. J. Agric. For. Life Sci. 2019, 3, 193–201.

75. Guush, B.; Mekidm, D.; Minten, B.; Seneshaw, T. The Rapid but from a Low Base Uptake of Agricultural Mechanization in Ethiopia:
Patterns, Implications and Challenges; International Food Policy Research Institute: Washington, DC, USA, 2017.

76. Government of the Federal Democratic Republic of Ethiopia. Rural Development Policy; Ministry of Agriculture and Natural
Resources: Addis Ababa, Ethiopia; pp. 1–74.

http://doi.org/10.1016/j.rsase.2017.07.001
http://doi.org/10.1016/j.ecoser.2017.09.016
http://doi.org/10.1016/j.ncon.2016.05.003
http://doi.org/10.1016/j.ecoser.2016.08.005
http://doi.org/10.1016/S0921-8009(01)00250-6
http://doi.org/10.1007/s10661-006-9344-0
http://doi.org/10.1080/14728028.2016.1221780
http://doi.org/10.1016/j.landusepol.2016.03.011
http://doi.org/10.1007/s10661-018-6919-5
http://doi.org/10.1016/j.ecoser.2016.07.002
http://doi.org/10.1371/journal.pone.0089174
http://doi.org/10.3390/su10103580
http://doi.org/10.3390/su10093052
http://doi.org/10.1002/fee.1470
http://doi.org/10.1007/s10640-010-9407-0
http://doi.org/10.3390/su11113223
http://doi.org/10.1890/120312
http://doi.org/10.1080/20964129.2018.1530054
http://doi.org/10.1002/ldr.2643
http://doi.org/10.1002/ldr.2527
http://doi.org/10.3390/land11040500
http://doi.org/10.1016/j.tfp.2022.100212
http://doi.org/10.3390/land9020037


Land 2022, 11, 2212 21 of 21

77. DeFries, R.S.; Rudel, T.; Uriarte, M.; Hansen, M. Deforestation driven by urban population growth and agricultural trade in the
twenty-first century. Nat. Geosci. 2010, 3, 178–181. [CrossRef]

78. Duguma, L.A.; Atela, J.; Minang, P.A.; Ayana, A.N.; Gizachew, B.; Nzyoka, J.M.; Bernard, F. Deforestation and forest degradation
as an environmental behavior: Unpacking realities shaping community actions. Land 2019, 8, 26. [CrossRef]

79. Woldie, T.M.; Birhane, E. Enhancing climate-smart forest management in Sub-Saharan Africa. In Climate Smart Agriculture:
Enhancing Resilient Agricultural Systems, Landscapes, and Livelihoods in Ethiopia and Beyond; Hadgu, K.M., Bishaw, B., Liyma, M.,
Birhane, E., Negussie, A., Davis, C.M., Bernart, B., Eds.; World Agroforestry (ICRAF): Nairobi, Kenya, 2019.

80. Degife, A.W.; Mauser, W. Socio-economic and environmental impacts of large-scale agricultural investment in Gambella region,
Ethiopia. J. US-China Public Adm. 2018, 14, 183–197.

81. Song, W.; Deng, X. Land use/land cover change and ecosystem service provision in China. Sci. Total Environ. 2017, 15, 705–719.
[CrossRef]

http://doi.org/10.1038/ngeo756
http://doi.org/10.3390/land8020026
http://doi.org/10.1016/j.scitotenv.2016.07.078

	Introduction 
	Method 
	Ecosystem Service Value and Land Use/Land Cover 
	Land Use/Land Cover 
	Ecosystem Service Value 

	Quantification Approaches of ESV and LULC Change 
	Evaluation of LULC Changes 
	Ecosystem Service Valuation 
	Driving Factors to Changes in LULC and ESV 

	Reviewed Studies from Ethiopia 
	Geographical Location of the Selected Studies 
	Changes in LULC 
	Ecosystem Service Value Changes 

	Discussion 
	Conclusions 
	References

