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Abstract. Ecosystem services (ES) are essential to human well-being. Assessing dynamics of ES is
crucial to shaping the concept of sustainable development and creating public understanding of the status
of ES. This study proposes to quantify the change in ES value in response to Land cover/land use (LCLU)
changes over the past 33 years in the Rift Valley Lakes Region of Ethiopia. A combined approach of
LCLU classification and modified ES value coefficients was employed for quantifying the ES value.
Results revealed that approximately USD196.04 x10° (12.4%) of ES value was lost during the study
period. Although cropland experienced a dramatic expansion, the total gain in ES value of the cropland
was too small to balance out the overall loss. A continuous reduction in values of specific ES functions
has also occurred except for food production, biological control, and pollination service function over the
last three decades, indicating an apparent deterioration of the fragile Rift Valley ecosystem. Hence, to
enhance the continuous supply of ES and economic development, an integrated approach to managing
land and water resources is recommended. Moreover, payment for ES is also a potential remedy for ES
loss at the regional and local scale.

Keywords: combined approach, benefit transfer, modified coefficient, East Africa Rift system, average
ecosystem service value, loss, water bodies, woodland, cropland

Introduction

Ecosystem services (ES) are essential to human welfare (Xu and Ding, 2018;
Costanza et al., 2014; Braat and de Groot, 2012; MEA, 2005). These include
regulating, provisioning, supporting, and cultural services (MEA, 2005; Costanza et
al., 1997). The amount and quality of ES depend on the types of ecosystem and their
status (Tolessa et al., 2017a; MEA, 2005). Each ecosystem provides distinct services
that could not be substituted with another (Gashaw et al., 2018). ES are closely related
with land cover/land uses (LCLU), and they alter across time and space (Xu and Ding,
2018; Schirpke et al.,, 2017; Tolessa et al.,, 2017a; Costanza et al., 2014). Land
cover/land use change (LCLUC) is altering the amount and quality of ES provided by
ecosystems. LCLUC is an essential landscape process (Schroter et al., 2005; Daily,
1997) designed by the interaction between the social-economical activities of human
beings and the natural environment (Chang et al., 2018).
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Changes in LCLU may lead to differences in the value of ES (Locatelli et al., 2017;
Polasky et al., 2011; Hu et al., 2008; Kreuter et al., 2001). It may raise the value of
some services while reducing that of others, which affects the capability of the
biological system to sustain human needs, indicating ecological deterioration (Polasky
et al., 2011), or may cause conversely (Kindu et al., 2016). For example, studies show
that the transformation of forest land to cropland increases food production while
reduces the regulating services provided by the forest land (Fedele et al., 2018;
Rodriguez et al., 2006; Foley et al., 2005). However, a recent land development
activity in marginal grassland have effected in the conversion of ES from provisioning
to regulating services as a result of natural reforestation processes (Schirpke et al.,
2017; Vigl et al., 2016). Thus, the study of ES value changes caused by the change in
LCLU has implications (Chen et al., 2015) through creating public awareness of the
continuing LCLU dynamics and is vital to indicate the vulnerability of each ES
(Cabral et al., 2016).

Monetization of ES has been promoted by numerous as a model strategy to create
public alertness, provide evidence for consultations with decision makers, flag up the
opportunity costs of rehabilitation and/or restoration, and assist in payments for ES
(Alarcon et al., 2016; Baveye et al., 2013; de Groot et al., 2012; Nelson et al., 2009;
Costanza et al.,, 1997). Recognising and quantifying the influence of LCLUCs on
global, regional, and local ES is a practical approach to evaluating the costs and
benefits to the environment and supporting sustainable land management decisions
(Xu and Ding, 2018; Song and Deng, 2017; Liang et al., 2017). It also assists with
devising a land use planning framework suitable for sustaining the health and
sustainability of land resources (Bartkowski, 2017; Cabral et al., 2016; Jacobs et al.,
2016).

The results of many studies that estimated ES value in response to LCLUC were
location specific. For example, some studies reveal an overall increase in ES value
(Temesgen et al., 2018; Wang et al., 2014; Sawut et al., 2013) while others confirm
the opposite, i.e. a decreasing trend (Gashaw et al., 2018; Leh et al., 2013; Tolessa et
al., 2017a); whereas, globally, the total net loss due to LCLUC has been estimated at
USD 20.2 trillion/ year between 1997 and 2011 (Costanza et al., 2014). However,
estimation of ES value change at a regional scale from the global study is challenging;
in fact, a regional study of a country often results in a different yield due to various
approaches and classifications. Moreover, the prevailing ES valuation in response to
LCLUC is not comprehensive across the whole world due to the lack of inclusion of
vast ecological regions and services (Tadesse et al., 2014; Satz et al., 2013; de Bello et
al., 2010); its applicability to different regions leads to improper valuation of ES
(Wang et al., 2015). Even though a number of recent works have quantified and
mapped ES (e.g. Leh et al., 2013; Egoh et al., 2009; Nelson et al., 2009), despite some
efforts (by Arowolo et al., 2018; Niquisse and Cabral, 2018; Gashaw et al., 2018;
Temesgen et al., 2018; Tolessa et al., 2017a; Kindu et al., 2016), such studies are
lacking in other regions of Africa (Leh et al., 2013; Seppelt et al., 2011) that serve as a
source of the world’s biodiversity.

Many regions of Africa are facing rapid and profound transformation
economically, socially, and environmentally a transformation that is already
endangering the long-standing conservation of its substantial natural heritage and
biodiversity (Mwampamba et al., 2016). Hence, the ongoing deterioration of
ecosystems occurs in many regions of the continent at the expense of the well-being
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of the coming generations (Kubiszewski et al., 2017; de Groot et al., 2012); this is
particularly true for Ethiopia, which lost approximately 17.7% of its overall terrestrial
ES values due to LCLUC (Sutton et al., 2016).

In Ethiopia, LCLUC is a common and ever-present phenomenon because
agricultural activities mainly dominate rural landscapes, affecting ES (Tolessa et al.,
2017a). Integrating LCLU and an ES value dataset can assist in detecting the areas
highly susceptible to change in ES at the landscape scale and provide an avenue for
land management opportunities in the future. Moreover, research works carried out on
LCLUC in the country mainly focuses on the driving factors and the LCLU dynamics
(Meshesha et al.,, 2012; Tsegaye et al., 2010; Reid et al., 2000). However, the
consequence of LCLUC on a wide-range of ES is rarely attempted. Currently, there
has been no estimation of the impacts of such changes at a regional scale, just a few
efforts made to evaluate ES in response to LCLUC at the local scale (Gashaw et al.,
2018; Temesgen et al., 2018; Tolessa et al., 2017a; Kindu et al., 2016).

The study area, the Rift Valley Lakes Region (RVLR) of Ethiopia, is situated in the
Eastern part of the African Rift System, and consists of lakes, streams and wetlands
with unique hydro-ecological characteristics (Jansen et al., 2007; Hengsdijk and
Jansen, 2006), and a wide range of landscapes with high biodiversity. It is the largest
freshwater ecosystem in the nation with considerable social, economic and ecological
significance. However, the RVLR is one of the most environmentally susceptible
areas in Ethiopia. Being a landlocked basin, relatively little intervention in the water
and land resources can have substantial consequences for ecosystems goods and
services, and weaken the potential sustainable use of the region (Ayenew, 2004;
Legesse et al., 2004).

Therefore, recognising the influences of LCLUC on ES value in the study region is
vital to increasing public understanding and indicating the proper land use policy
direction. Previous studies emphasised potential LCLUC, although the majority were
carried-out at a local scale and described the LCLUC qualitatively. The consequences
of the existing LCLU and land degradation are huge, including declining crop and
livestock production and exacerbated food shortages in the area (Meshesha et al.,
2012). Hence, the objective of this study was 1) to characterise changes in LCLU over
the last three decades and 2) to quantify and map the ES value alteration in response
to LCLUC using a modified ES value coefficient in the RVLR of Ethiopia from 1986
to 2018.

This study estimates changes of ES in response to LCLUC using a conservative ES
coefficient modified by (Kindu et al., 2016) using benefit transfer approach. Kindu et
al. (2016) developed modified conservative value coefficients through a review of the
previous studies, and dataset available from the Economics of Ecosystems and
Biodiversity (TEEB) database. This value coefficient is assumed to be suitable for the
RVLR of Ethiopia, which is a developing region with a rapidly growing population
(Legesse et al., 2004), abundant livestock (Meshesha et al., 2012) and a vulnerable
ecosystem, and for other areas with a similar landscape setting.

This paper has five sections: The first section is the introduction of the study. The
second section gives a concise description of the study area, introduces methods to
assess LCLUC, quantifies ES change in response to LCLUC, and statistical analysis.
The third and fourth sections give the results and discussion, respectively, and the
fifth section concludes and provides some future recommendations.
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Materials and methods
Study area

The RVLR of Ethiopia (38°11’ to 39°9” E and 6°55” to 8°29° N) (Fig. 1), is located
in the Eastern part of the Great African Rift system, with an altitude ranging from
1,384 m at the valley floor to more than 3,040 m asl at the escarpment (Fig. /). The
region where the study conducted includes eight administrative districts and two town
districts with a total area of about 0.81 million ha (7able 6) and a projected population
for 2017 of 2.1 million (CSA, 2013). The national GDP per capita was about
USD233.82 in 1986 and USD706.76 in 2016 (WorldBank, 2019). The study region is
characterised by rift valley lakes, namely Ziway, Langano, Shalla, Abiyata, Hawasa
Lakes and Koka. Lake Ziway is one of the centres for agricultural development in the
country (Hengsdijk and Jansen, 2006); Lake Abyata and Lake Shalla are important
nature reserves, integrating the Abyata-Shala Lakes National Park, primarily
established for aquatic bird protection (de Francisco et al., 2008; Hengsdijk and
Jansen, 2006), which is currently heavily invaded by human and cattle populations
(Scholten, 2007). Lake Hawasa, situated at the high elevation in the central main
Ethiopian Rift Valley, is one of the essential bird sanctuaries in the country and is
significant source of tourism income (Wondrade et al, 2014; Ayenew and
Gebreegziabher, 2006). Lake Koka (artificial) is the second oldest hydro-power dam
in the country. It provides multiple services besides hydropower (Gebretsadik, 2016).
The study area also covers another sanctuary established for protecting Swayne’s
hartebeest (Alcelaphus buselaphus swaynei) which is called Sinkele sanctuary, located
in the southwest of the study area (Nishizaki, 2004). The climate is arid to semi-arid
(Scholten, 2007), but varies markedly with altitude (Jansen et al., 2007), with an
annual precipitation of about 600 mm. About 70% of the rainfall is received from July
to September.
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Figure 1. Location of the study area: RVLR of Ethiopia, East African Rift system
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Methods

The methods followed were an analysis of remotely-sensed data to detect LCLUCs
and to estimate economic values for ES in response to LCLUC using a modified ES
value coefficient.

Data processing and LCLUC detection

The LCLU datasets were derived from multi-spectral Landsat imageries (Landsat-5
Thematic Mapper (TM) 1986, Landsat-7 Enhanced Thematic Mapper Plus (ETM+)
2000, and Landsat-8 Operational Land Imager (OLI) 2018 with 30 m resolution (USGS,
2018). Two Landsat imageries were needed to get complete coverage of the study
region. Therefore, a total of six imageries were acquired free of charge from the USGS
(United States Geological Survey) Center for Earth Resources Observation and Science
(EROS). Detailed characteristics of the remote sensing data (i.e. Landsat imageries) are
tabulated in 7Table 1.

Table 1. Description of remote sensing data used in the study

Year Sensors Path and row | Resolution |Date of acquisition Source
Landsat-5 Thematic 168/054,
1986 Mapper (TM) 168/055 30 m 21 Jan, 1986 USGS, 2018

Landsat-7 Enhanced

2000 | Thematic Mapper Plus 116688//%% 30m 29 Feb, 2000 | USGS, 2018
(ETMH+)
Landsat-8 Operational 168/054,
2018 | e (O] - 30m 13 Jan, 2018 | USGS, 2018

Each of the acquired imageries was clear and nearly free of clouds. Imageries were
pre-processed in ERDAS Imagine 2015 software (Hexagon Geospatial, Alabama, USA)
for geometric corrections, geo-referencing, mosaicking and sub-setting of the images
(Lin et al., 2018; Gashaw et al., 2017; Mosammam et al., 2017; Gebrehiwot et al., 2014;
Schulz et al., 2010; Teferi et al., 2010). All of Landsat imageries were geo-rectified to
UTM/WGS84, zone 37 N coordinates using 1:250,000 topographic maps and 20 GPS
(global positioning system) points gathered during field observation using Garmin
eTrex handheld instrument. Each of the pre-processed imageries was classified using a
hybrid classification method that integrates both the supervised and unsupervised
classification techniques (Gashaw et al., 2017; Gebrehiwot et al., 2014; Teferi et al.,
2010). The unsupervised techniques utilizing Iterative Self-Organizing Data Analysis
(ISODATA) grouping (Boakye et al., 2008) were employed as a starting point for
collecting GPS points as ground truth points. Using signature editors (spectral
signatures) of the unsupervised categories, a pixel-based supervised classification
technique with the Maximum Likelihood algorithm (MLC) (Gebrehiwot et al., 2014)
was conducted using GPS points collected. The GPS points (i.e., 80 from each LCLU
class) were gathered for classifying LCLU classes of the year 2018. A brief description
of the identified LCLU classes in the RVLR of Ethiopia is given in Table 2. Reference
data from topographic maps (scale: 1:50,000 and 1:250,000) obtained from the Ethiopia
Mapping Agency, Google Earth, raw images, focus group discussions, and researchers’
experience of the area were also used for the classification of the 1986 and 2000
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images. Moreover, geo-linking Google Earth with ERDAS Imagine 2015 software was
employed for classification. ERDAS Imagine 2015 software was employed for
classification purposes.

Table 2. A brief description of LCLU classes identified in the RVLR of Ethiopia

LCLU classes Brief descriptions
Cropland Land used for rain-fed and irrigated cropping (small plot to large scale)
Bare land Non-vegetated areas dominated by rock outcrops, eroded and degraded land
Forest land Land dominated by plantation and natural forest
Grassland Grass & herb cover with scattered trees and shrubs
Marsh Includes: river beds, intermittent ponds and marshy areas with shallow water and

permanent reed vegetation

Land mainly towns dominated by permanent residential areas of varied patterns

Urban/built-up and scale occupied by backyards, compounds, individual houses, and industries

open water, lakes (Abiyata, Shalla, Ziway, Langano, and Koka), ponds, rivers and

Water body streams

Woodland Woody acacia dominated areas, and trees outside forest

Lastly, to confirm the quality and usability of each of the classified imageries,
classification accuracy was computed from the error matrix. The error matrix compares
the information obtained by sample LCLU sites with that provided by the classified
image. It is also used to calculate the user’s, producer’s and overall accuracies
(Congalton, 1991). About 85 random points were generated for each LCLU class using
a stratified random sampling approach for better accuracy assessment (Congalton,
1991). The reference sample points for the 1986 and 2000 images were collected from
the respective historical Google Earth images (i.e., January 1986 and February 2000). A
similar technique was conducted by Gashaw et al. (2017).

Accuracy classification assessments were performed for classified imageries of 1986,
2000 and 2018. Accordingly, the results of imagery classification showed that the
overall accuracies were higher than 80%, and the Kappa coefficients were found to be
higher than 0.77 (Table 3). This clarified that the results of image classification were
satisfactory for further analysis.

Table 3. Accuracy assessment of thel 986, 2000, and 2018 classified images

Classification accuracy
LCLU class 1986 2000 2018
Producer’s | User’s Producer’s User’s | Producer’s User’s
Cropland 81.48 81.48 81.82 90 77.27 85
Bare Land 84.62 88 85.42 80.39 85.42 80.39
Urban/built-up 87.1 72.97 86.96 80 89.19 89.19
Forest land 76.92 80 73.68 82.35 72.22 81.25
Grassland 67.86 86.36 86.67 96.3 86.36 95
Marsh areas 85.71 73.68 80.43 75.51 80.43 74
Water body 80 96 83.33 89.29 79.31 88.46
Woodland 85.29 85.29 84 95.45 80.77 95.45
Overall accuracy (%) 80.05 81.82 80.37
Kappa statistics 0.77 0.77 0.74
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Finally, the classified images were exported to ArcGIS 10.2 software (Esri,
California, USA) for further spatial analysis and ES value spatial distribution mapping.
The percentage of dynamics of LCLUC were computed using the following equation:

AL — =X 100 (Eq.1)

1

where AL is the LCLUC proportion, and A; and A; are final and initial area cover of the
LCLU classes.

Estimation of ES values

Many scholars have used a range of methods to estimate ES value since 1970 (Zhang
et al., 2015). Costanza et al. (1997) categorised the global biosphere into sixteen types
of ecosystem and seventeen types of service functions and estimated their ES value.
Although Costanza’s method is criticised for its uncertainties (Braat and de Groot,
2012; Kreuter et al., 2001), it served as the basis for further progress in the development
and use of monetary valuation studies (Braat and de Groot, 2012). Referring to
Costanza’s parameter, Xie et al. (2003) provided the equivalent weighting factors of ES
per hectare of terrestrial ecosystems and used these factors to adjust the value
coefficient for the ecosystems of China. Although Xie et al.’s (2003) approach to
quantifying ES value is also criticised for its uncertainties, it is still broadly applied for
its feasibility, particularly in data-scarce areas (Lin et al, 2018). The ES value
coefficient was also modified by Van der Ploeg and De Groot (2010) for 11 biomes
based on Costanza et al.’s (1997) estimates, which are very general and could not
represent the regional context.

Moreover, an additional estimation of global ecosystems was undertaken by de Groot
et al. (2012) and Costanza et al. (2014). Their estimates were also criticised for
overemphasising some ES (Tolessa et al., 2017a). Hence, referring to the existing
dataset of TEEB, compiled by the international Ecosystem Service Partnership (ESP-
www.es-partnership.org), as well as the ES value coefficients of Costanza et al. (1997),
and dataset from peer-reviewed included in (de Groot et al.,, 2012), other related
research and expert knowledge of the study landscape conditions, Kindu et al. (2016)
has modified the ES value coefficients for nine biomes for the Ethiopian case. A
summary of LCLU categories and corresponding ES coefficients is provided in Table 4.
We associated the eight LCLU classes in the RVLR of Ethiopia (7Table 5) with the
biomes identified by Kindu et al. (2016), and the closest equivalent biome was used as a
proxy. Cropland was used as a substitute for cropland, grass/rangelands for grasslands,
tropical forest for forest land and woodland, lakes/rivers for a water body and marsh
areas, desert for bare land, and urban for urban/built-up.

In this study, we rely upon a more conservative ES coefficient using the benefit
transfer approach, which provides a means to estimate values (both the market and the
non-market components) of various ES by transferring information of the existing
valuation research from a similar location (Costanza et al., 1997; Kubiszewski et al.,
2017). It is the approach most often used to estimate the economic value of ES when
time, funding, information accessibility or other difficulties prevent the usage of
primary studies (Kreuter et al., 2001; Rolfe et al., 2015; Temesgen et al., 2018; Wilson
and Hoehn, 2006). This approach has been used in numerous studies for instance,
(Costanza et al., 1997; Kramer et al., 1997; Kubiszewski et al., 2013; Liu et al., 2010;
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Temesgen et al., 2018; Torras, 2000) to quantify the worth of ES. Although, there are
some weaknesses to this approach such as the context sensitivity of value estimates the

accuracy will noticeably improve as the extent, richness, and detail of the information
increases (Troy and Wilson, 2006; Wilson and Hoehn, 2006).

Table 4. Details of modified annual value coefficient for ESs of individual LCLU classes
(Kindu et al., 2016)

LCLU classes /biome (USD ha " yr 1)
ESs Cropland E:;Z ;{l rlll):::) Fl(;::dst Grassland 1\::;::1 \::;;r ‘Woodland
Water supply 0 0 0 8 0 2117 2117 8
Food production 187.56 0 0 32 117.45 41 41 32
Raw material 0 0 0 51.24 0 0 0 51.24
Genetic resources 0 0 0 41 0 0 0 41
Water regulation 0 0 0 6 3 5445 5445 6
Water treatment 0 0 0 136 87 431.5 431.5 136
Erosion control 0 0 0 245 29 0 0 245
Climate regulation 0 0 0 223 0 0 0 223
Biological control 24 0 0 0 23 0 0 0
Gas regulation 0 0 0 13.68 7 0 0 13.68
Disturbance regulation 0 0 0 5 0 0 5
Nutrient cycling 0 0 0 184.4 0 0 0 184.4
Pollination 14 0 0 7.27 25 0 0 7.27
Soil formation 0 0 0 10 0 0 10
Habitat/refugia 0 0 0 17.3 0 0 0 17.3
Recreation 0 0 0 4.8 0.8 69 69 4.8
Cultural 0 0 0 2 0 0 0 2
Total ES value 225.56 0 0 986.69 293.25 8103.5 | 8103.5 986.69

Table 5. Summary of LCLU categories and corresponding ES coefficients based on modified
estimates (Kindu et al., 2016)

LCLU Type Equivalent biome Modified value coefficient (USD ha ' yr )
Cropland Cropland 225.56
Bare land Desert 0
Forest land Tropical Forest 986.69
Grassland Grass/rangelands 293.25
Marsh areas Lakes/rivers 8103.5
Urban/built-up Urban 0
Water body Lakes/rivers 8103.5
Woodland Tropical Forest 986.69

The ES value of each LCLU category, their corresponding service function and the
total ES values for 1986, 2000 and 2018 were calculated using Equations 2, 4, and 3,
respectively, as considered by (Temesgen et al., 2018; Hu et al., 2008; Li et al., 2007).
The modified annual value coefficients that were used for this study are presented in
Tables 4 and 5.
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ESValuey = A x VG, (Eq.2)
ESVulue = 2 (Ax xVC,) (Eq.3)
ESValue; = T(Ag X VCyy) (Eq.4)

where ES valuex ES value and ES valuer denotes the ES value of the LCLU category
“k”, the total ES value, and the value of ES function category “f”, respectively. Ax is the
area (ha) for LCLU category k; VCx is the value coefficient (USD ha ! yr ') for LCLU
category k; and VCxr is the value coefficient (USD ha "'yr ) for LCLU category k with
ES function category “f”.

Estimation of the average ES values of the study area was undertaken using
Equation 5, following the method employed in (Gashaw et al., 2018). The average ES
value was calculated by dividing the total ES value by the area of the study region:

E5Value,

ESValue,, — (Eq.5)

Aredg

where ES value,y is the average ES value of the study region (USD ha yr!) during the
specific year, ES value; is the total ES value in that particular year, and Area is the area
coverage of the study region.

Statistical analysis

To analyse the relationship between LCLUC, dynamics in ES value, and
socioeconomic shift (i.e., GDP, population), one-way analysis of variance (ANOVA)
was conducted. Moreover, to quantitatively scrutinise the relationship between LCLUC,
and hence provide more information for this work, the analyses were carried out using
IBM SPSS Statistics Version 20. By carefully examining whether the detected changes
were significant or not, and the interaction effects of the variables, it was decided that
nonlinear regression models were suitable and thus were adopted.

Results
Land cover/land use change (1986-2018)

The area coverage of LCLU classes (Table 6, Fig. 3) extracted as a result of the
classification indicated that grassland, cropland, woodland, water bodies, forest land,
bare land, urban/built-up and marsh areas were the dominant LCLU classes in the study
period. The dominant LCLU classes that declined progressively over the study period
were woodland, water bodies, grassland, forest land, and marsh areas. However, the
highest decline was observed for woodland, which declined from 20.96% of the total
area in 1986 to 16.75% in 2000 (i.e., declined by 20.09%), and then declined to 11.52%
in 2018 (i.e., declined by 31.24%). The overall decrement of woodland was 45.05%
between 1986 and 2018. Forest land decreased from 3.65% in 1986 to 2.52% in 2018.
Marsh areas also decreased from 2.28% in 1986 to 1.80% in 2018. Grassland decreased
from 26.77% in 1986 to 25.46% in 2018. Water bodies decreased from 17.21% in 1986
to 15.72% in 2018. During the last three decades (1986-2018), woodland, water bodies,
forest land, marsh areas, and grassland all decreased, while cropland increased
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continually and remarkably from 25.89% of the total land in 1986 to 37.21% in 2018.
The aggregate area of bare land and urban/built-up, which constituted the smallest
proportion of the study area (3.25%) in 1986 speed up its expansion to 3.65% in 2000
and further to 5.78% in 2018. On the other hand, a higher percent increment was
indicated for urban/built-up by 34.79% from 1986 to 2000 and by 191.68%, from 2000
to 2018. The overall increment for urban/built-up was 293.14%. The higher increment
for urban/built-up does not mean a more extensive area covered by urban/built; instead,
it refers to the proportional increment observed during the study period. Moreover,
cropland and bare land increased by 43.72% and 50.10% from 1986 to 2018,
respectively.

Table 6. LCLU classes with their areas and changes (1986—2018)

LCLU area coverage LCLUC between periods (&L)

LCLU 1986 2000 2018 19862000 | 20002018 {1986-2018

Classes Area(ha)| % |Area(ha)| % | Area(ha)| % % %
Cropland | 209659.05| 25.89 | 252820.35 | 31.22 | 301319.55 | 37.21 20.59 19.18 43.72
Bare land | 23320.98 | 2.88 | 25538.76 | 3.15 | 35005.41 | 4.32 9.51 37.07 50.10
Urban/built-up| 2997.63 | 0.37 | 4040.37 | 0.50 | 11784.87 | 1.46 34.79 191.68 293.14
Forestland | 29549.34 | 3.65 | 26504.37 | 3.27 | 20368.35 | 2.52 —10.3 —23.15 —31.07
Grassland | 216746.73 | 26.77 | 213019.29 | 26.31 | 206178.66 | 25.46 —-1.72 —3.21 —4.88
Marsh areas | 18495.27 | 2.28 | 17054.91 | 2.11 | 14577.21 | 1.80 —7.79 —14.53 —21.18
Water body |139326.84 | 17.21 | 135205.47 | 16.70 | 127309.95 | 15.72 —2.96 —5.84 —8.62
Woodland | 169704.81 | 20.96 | 135617.13 | 16.75 | 93256.65 | 11.52 | —20.09 —31.24 —45.05
Total 809800.65| 100 |809800.65| 100 | 809800.65 | 100

ES value dynamics (1986-2018)

The value of ES for each LCLU class and the total ES value for 1986, 2000 and 2018
were estimated with the modified ES value coefficients (7able 5) and the area covered
by each LCLU class in the RVLR of Ethiopia (7able 6). The finding indicated that the
total ES value of the region was USD 1586.37 x 10° in 1986, USD 1513.3 x 10° in 2000
and USD 1390.32 x 10° in 2018 (Tables 7 and 8). The total ES value showed a
reduction of about USD 196.04 x 10° from 1986 to 2018 (Tables 7 and 8; Fig. 2 and 3),
mainly due to the decreased areas of water bodies, woodland, marsh areas, and forest
land. Even though the ES value of cropland increased, such increments were so small as
to counterbalance the decreases in ES value of water bodies, woodland, marsh areas,
and forest land.

Due to the highest value coefficient of water bodies (7able 4), they produce the
highest ES value compared to the rest of the LCLU categories. Next to water bodies,
woodland also produces a high ES value during 1986 because of its large area, which
covered 20.96% of the studied region (7ables 6 and 7). The value coefficient of the
marsh areas was also similar to that of the water body, and it produces the second
highest ES value in 2000 and 2018 followed by woodland. The sub-total ES value of
water body, woodland and marsh covered more than 89.32% of the total value (Tables 7
and 8). Even though the value coefficient of the forest land was similar to that of
woodland, because forest land covered a small area in the study region, it contributed to
low ES value. The ES value for cropland and grassland is also low owing to the low ES
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value coefficient (7able 7). Thus, the water body, woodland, and marsh LCLU
categories were significant contributors to the ES value in the RVLR of Ethiopia in the
last three decades (Fig. 3).
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Figure 2. Spatial distribution of ES value in the RVLR of Ethiopia in 1986, 2000 and 2018
using modified estimates adopted from (Kindu et al., 2016)
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Figure 3. Proportions of LCLU (%) and ES value (%) for 1986, 2000 and 2018 in the RVLR of
Ethiopia

Table 8 estimates an annual value of 17 ES. Concerning their contribution to the
overall ES value, individual ES value functions were ranked from 1 to 17 (Table 8). The
top six individual ES value functions were predominantly from the ES category of
regulating (water regulation, water treatment, erosion control, climate regulation),
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provisioning (water supply and food production) for the study period (7able §). Their
combined contribution represented about USD 1488.11 x 10°, 1426.50 x 10°, and
1319.12 x 10° in 1986, 2000 and 2018, respectively. The combined contribution of
other ES functions of each ES category, i.e. supporting (nutrient cycling, pollination,
habitat/refugia and soil formation), regulating (biological control, gas regulation and
disturbance regulation), provisioning (genetic resources), and cultural services
(recreation and cultural), were about USD98.25x 10 (6.19%), USD 86.8 x 10° (5.74%),
USD 71.21x 10% (5.12%) in 1986, 2000 and 2018, respectively. This order of
contribution by ES categories remained unchanged over the three study periods.

Table 7. Total ES values estimated for each LCLU categories and changes from 1986 to
2018 in the study area

ES value (USD million)
LCLU Classes
1986 2000 2018 1986-2000 20002018 19862018
Cropland 47.29 57.03 67.97 9.74 10.94 20.67
Bare Land 0.00 0.00 0.00 0.00 0.00 0.00
Urban/built-up 0.00 0.00 0.00 0.00 0.00 0.00
Forest land 29.16 26.15 20.10 -3.00 —6.05 —9.06
Grassland 63.56 62.47 60.46 -1.09 —2.01 -3.10
Marsh areas 149.88 138.20 118.13 -11.67 —20.08 -31.75
Water body 1129.04 | 1095.64 | 1031.66 -33.40 —63.98 -97.38
Woodland 167.45 133.81 92.02 -33.63 —41.80 =75.43

In general, the total regulatory services contributed to more than two-thirds (about
67%) of ES value, followed by provisioning (approximately 27%), supporting
(approximately 2.48%), and cultural services (approximately 0.78%) (Table 8). During
the period 19862000, the ES values of supporting services declined more rapidly than
any other ES (—14.62%), followed by cultural (—=5.23%) and regulating services
(—5.10%).

The contribution of water regulation service to overall ES value was higher than 54%
(the highest value), and cultural service was about 0.02% (the lowest value) (Table 8).
The aggregate contributions of water regulation, water supply, water treatment, and
food production, were more than 87% of the total ES value. During those three decades,
the contribution of water regulation, water supply, and water treatment decreased, while
the contribution of food production increased.

The change rate of each ecosystem functions was computed and the loss in ES value
was observed in service functions of water regulation (USD 87.31 x 10%), water supply
(USD 34.42 x 10%), erosion control (USD 21.29 x 10°), water treatment (USD 19.44
x 10%), climate regulation (USD19.10 x 10°), nutrient cycling (USD15.79 x 10%), raw
materials (USD 4.39 x 10°), and genetic resources (USD 3.51 x 10°), while the gains
observed in ES values were in food production (USD 12.59 x 10°), biological control
(USD 1.96 x 10°) and pollination (USD0.4 x 10°). The aggregate contribution of food
production, biological control, and pollination was less than 9%. The finding also
indicated that dramatic expansion of cropland in the study landscape results in a
consistent increment in the food production service function, though the increment was
not drastic.
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Table 8. Estimated value of ES function (ES valuesin USD million per year)

ES valueross | ES valuero0o ES valuenos Overall
ES % % % change Rank
Provisioning services
Water supply 335.70 |21.16| 323.63 (21.39| 301.28 | 21.67 -34.42 2
Food production 77.63 | 4.89 | 83.87 | 554 | 90.18 6.49 12.56 4
Raw material 10.21 | 0.64 | 8.31 | 0.55 5.82 0.42 —4.39 11
Genetic resources 8.17 | 0.51 6.65 | 0.44 4.66 0.34 -3.51 12
Regulating services
Water regulation 861.19 [54.29| 830.67 |54.89| 773.88 | 55.66 —87.31 1
Water treatment 114.06 | 7.19 | 106.28 | 7.02 | 94.61 6.81 -19.44 3
Erosion control 55.10 | 3.47 | 4590 | 3.03 | 33.82 2.43 -21.29 5
Climate regulation 4443 | 2.80 | 36.15 | 2.39 | 25.34 1.82 -19.10 6
Biological control 10.02 | 0.63 | 10.97 | 0.72 | 11.97 0.86 1.96 9
Gas regulation 424 1027 | 3.71 |0.25 3.00 0.22 -1.25 13
Disturbance regulation 1.00 | 0.06 | 0.81 | 0.05 0.57 0.04 -0.43 16
Supporting services
Nutrient cycling 36.74 | 2.32 | 2990 | 1.98 | 20.95 1.51 -15.79 7
Pollination 9.80 | 0.62| 10.04 | 0.66 | 10.20 0.73 0.40 10
Soil formation 221 [0.14| 1.83 |0.12 1.34 0.10 —-0.87 15
Habitat/refugia 345 | 022 280 |0.19 1.97 0.14 —1.48 14
Cultural services
Recreation 12.02 | 0.76 | 11.45 | 0.76 | 10.50 0.76 -1.52 8
Cultural 040 |0.03| 032 |0.02 0.23 0.02 -0.17 17
Total ES value 1586.37 | 100 |1513.30| 100 | 1390.32 100 —196.04

Variations of ES value in response to LCLUC and socioeconomic drivers

Figure 4 indicates a negative non-linear relationship ES value per capita and GDP
per capita. Regional GDP per capita in constant year-1986 prices increased by 69.5%,
from USD 233.82 in 1986 to USD 767.56 in 2018. At the same time, Regional ES value
per capita reduced by 76.97%, from USD 2706.86 in 1986 to USD 623.45 in 2018.
Moreover, Figure 5 indicates a polynomial decline in the ratio of total ES value to total
GDP from 1986 to 2018.
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Figure 4. The relationship between ES value per capita and GDP per capita from 1986 to 2018
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Figure 5. Changes in the ratio of total ES value to total GDP from 1986 to 2018

Additionally, both Figures 4 and 5 indicate that rapid economic growth had a
significantly negative impact on regional ESs. Similar to Figure 2, Figures 6, 7 and §
indicate the ongoing trend of reduction in ES value per capita and total ES value with
significant demographic growth and continual expansion of built-up land, cropland and
bare land.
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Figure 6. The relationship between total ES value and total regional population from 1986 to
2018
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Figure 7. The relationship between ES value and area of urban/built-up from 1986 to 2018
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Discussion
Dynamics of LCLU and ES value change

In general, the area coverage of woodland, forest land, grassland, marsh areas, and
water bodies consistently declined in varying proportions in the study period. The
declines in these LCLU classes were mainly because of the conversion of the areas to
cropland. The finding indicated that LCLUC is consistent with the results of previous
research conducted in Ethiopia. For instance, the decline in woodland and the increase
in cropland were also observed in Ziway-shalla basin (Bekele et al., 2018), Arsi-Negele
district (Molla, 2015; Garedew et al., 2009), Munessa—Shashemene landscapes (Kindu
et al., 2013), Central Rift Valley (Meshesha et al., 2012) in 1973-2010, 1973-2006,
1973-2006 and 1973-2012, respectively. Moreover, Kindu et al. (2013) and Meshesha
et al. (2012) also reported a decrease in water bodies and forest land.

The loss of ES value in the RVLR of Ethiopia is predominantly due to the decreased
areas of the water body, woodland, marsh areas, and forest land categories. According
to Table 6 and Figure 3, there was a significant rise in the area of cropland over the
other LCLU categories from 209,659.05 ha in 1986 to 301,319.55 ha i 2018.
Remarkably, this increment exceeds the extent of land that changed from cropland to
other LCLU types. The increment in the area of cropland increased the value of ES over
the study period, but such increments were so small as to counterbalance the decreases
in the total ES value in water bodies, woodland and forest land.

The trend of changes in ES value conforms with other studies in Ethiopia and
elsewhere. For instance, in the Munessa—Shashemene landscapes, Kindu et al. (2016)
reported a decline in ES value from 1973 to 2013. Gashaw et al. (2018) estimated a
massive loss of ES value of about 21.7% from 1986 to 2015 as a result of the altered
forest, shrubland and grassland ecosystems in Andessa watershed, Ethiopia. Tolessa et
al. (2017a) point out a cumulative decline of ES value of 40.7% from 1973 to 2015 in
Chilimo Forest, Ethiopia, which was attributed to a reduction in forest cover. Another
study by Tolessa et al. (2017b) also revealed an overall loss of 68% of ES value from
1973 to 2014 in Toke Kutaye district, Ethiopia, was mainly as a result of the loss of
forest cover. A study mapping and quantifying ES in West Africa also reported an
overall decline in ES value during 2000-2009 (Leh et al., 2013). Similarly, in Pingbian

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 7147-7173.
http://www.aloki.hu e ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOL: http://dx.doi.org/10.15666/acer/1703_71477173
© 2019, ALOKI Kft., Budapest, Hungary



Negussie et al.: Assessing dynamics in the value of ecosystem services in response to land cover/land use changes in Ethiopia, East
African Rift system
-7162 -

County, China (Li et al., 2007) revealed a 19.4% decline of ES value during 1973-2004.
San Antonio, Texas, (Kreuter et al., 2001) also reported a general decline of ES value of
about USD 6 x 10° during 1976-1991. All these findings are in line with our finding
that the dynamics of LCLU have resulted in a significant decline of ES value. On the
other hand, an increase in ES values has been reported by studies in Ethiopia and
elsewhere. For example, there were increases in the value of ES in Gedeo-Abay,
Ethiopia (Temesgen et al., 2018), Ningxia, China (Wang et al., 2014), and Chengdu,
China (Li et al., 2018) of 14.2% during 19862015, 22.7% during 2000-2010, and
75.46% during 20002015, respectively.

Specifically, the results of the study showed that the predominant types of LCLU by
which the ES value in RVLR were water body, marsh areas, and woodland, which
contributed over 89% of the total values. For water bodies, the ES value accounted for
74.2% of the total value in 2018, which related to the high ES value coefficient in water
bodies. According to Zhou et al. (2017), water bodies and wetlands were significant
contributors to ES value, which covers more than 60% of the total, in Denqing, China
during 1995-2015. The ES value of water bodies in the study region was high during
the study period; however, its ES value was declining due to the degradation of the
water environment, especially weak protection and rehabilitation of Feeder rivers, and
water conservation in the study region. Bekele et al. (2018) noted the occurrence of
severe lake water degradation in the region such as accelerated retreat of Lake Ziway
and Lake Abiyata, drying /reduction of Rivers and Stream volumes (e.g., Bulbula
River), huge water abstraction for irrigation (Raventés Vilalta, 2010; Legesse and
Ayenew, 2006), and water pollution from the chemical intensified farming. The most
apparent effect of water abstraction for trona or soda ash production during the last
three decades, has been decline in the water level at Lake Abiyata (Legesse and
Ayenew, 2006) and reduced about 50% of the area between 1973 and 2006 (Hengsdijk
et al., 2009), which could forms as terminal lake of the closed Central Rift valley basin
(Getnet et al., 2014).

The projected dynamics by Jansen et al. (2007) and Raventés Vilalta (2010)
indicated that Lake Abiyata and Lake Ziway would continue to lose more than 10% of
their area coverage until 2034. Studies also projected that Lake Abiyata would dry up
within the coming five decades (Seyoum et al., 2015; Temesgen et al., 2013; Jansen et
al., 2007). In line with this, unless rehabilitation and restoration actions are taken, the
adjacent Lake Ziway also faces a similar fate of drying shortly (Bekele et al., 2018;
Jansen et al., 2007) since it is an open lake connected to Lake Abiyata through Bulbula
River. The lowering in the discharge of the Feeder River and the declining of the water
level of Ziway Lake are owing to the development of recently irrigated land (Scholten,
2007). According to Jansen et al. (2007), Lake Ziway has declined by about 0.5 m since
2002 that is equivalent to a loss of approximately 200 x 10° cubic meters of water.
Similarly, Lake Cheleka whose area coverage was 11.3 km? in 1973, was gone entirely
in the year 2011, changed into swamp and mud flats, while Lake Hawasa showed an
increment from 91.9 km? in 1973 to 95.2 km? in 2011, which is a rise of about 3.3 km?
between 1973 and 2011 (Wondrade et al.,, 2014). However, early research works
showed a relatively broad area cover estimates inclusive of Lake Cheleka. For example,
150 km? (Zanon, 1942 cited in Ayenew and Gebreegziabher, 2006). Moreover, a study
by Bewketu (2010) revealed a decline in Lake Langano’s water level. This, in turn,
constitutes a significant threat to biodiversity loss, especially fish and bird species
besides a significant loss to ES value at large.
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Therefore, protecting those LCLU classes that have high ES values is crucial for
formulating a sustainable land use/cover policy, since this high ES value will help to
maintain a sense of balance between ecosystem health and economic development in
the future (Sawut et al., 2013). Similarly, Tianhong et al. (2010) suggested that land use
planning should focus on LCLU classes with the highest ES value including water
bodies, wetlands, and woodland.

The decline in the average ES value of the study region over the study period is
because of the decline in water bodies, woodland, marsh areas and forest land and the
expansion of cropland and urban/built-up areas. The calculated average ES value of the
RVLR is higher than in other studies such as in Kashgar Region, (Mamat et al., 2018),
Andassa watershed (Gashaw et al., 2018), Gedeo—Abaya landscape (Temesgen et al.,
2018), Munessa—Shashemene landscape (Kindu et al., 2016), Chillimo Forest (Tolessa
et al.,, 2017a), Toke Kutaye district (Tolessa et al., 2017b), and Menglun (Hu et al.,
2008) (Table 9). The high average ES value of the RVLR could be attributed to the size
of the water body, which cover more than 15% of the study region during the study
period and high ES value coefficient for the water body. However, studies such as
Wang et al. (2015) conducted in Nenjiang River Basin, Heilongjiang Province,
Northeast China have shown higher average ES value as compared with our findings. If
our study had employed the coefficient developed by Costanza et al. (1997) for a similar
LCLU/biome (i.e. 8498 for water bodies, 2008 for woodland, 14,785 for marsh areas,
244 for grassland, 2008 for forest land and 92 for cropland) the overall ES value of the
RVLR would have been USD1929.73 in 1986, USD1801.91 in 2000, and USD1603.59
in 2018. Subsequently, the average ES value of the study region would have slightly
increased to USD2383 in 1986, USD2225 in 2000, and USD1980 in 2018. Moreover,
considering the coefficients developed by Temesgen et al. (2018) for similar biomes
(i.e. 3226.8 for water bodies, 897 for woodland, 2856.1 for marsh areas, 355.5 for
grassland, 1093.2 for forest land and 169.2 for cropland) the overall ES value of the
RVLR would have been USD 799.46 in 1986, USD754.12 in 2000, and USD682.64 in
2018. Subsequently, the average ES value of the study region would have dropped to
USD987.2 in 1986, USD931.2 in 2000, and USD843.0 in 2018.

The reduction of most ES value functions during the study period is highly related to
the decline in water bodies, marsh areas, woodland, and grassland. In line with this
finding, a decline in the aquatic regions, grassland, and woodland between 2003 and
2013 period in Manas River Basin, China has caused a drop in the value of gas
regulation, climate regulation and various types of ES value functions (Wang et al.,
2017).

In this research, the consistent increase in food production, biological control, and
pollination services over the study period is undoubtedly attributed to the expansion of
cropland. The cropland category gained areas, which is negatively affecting the overall
ES value for the study region. In the future, cropland area and the associated ES value
will likely increase because of the increased need for food production to meet the
growing population (WorldBank, 2019). These dynamics hurt the ES offered by other
LCLU categories such as water bodies, woodland, marsh areas, grassland, and forest
land. For example, the conversion of woodland and forest land to cropland is a negative
factor affecting the provision of several ES, such as erosion control, which is a severe
problem in the study region. It is evident that LCLU dynamics in Ethiopia has resulted
in severe soil erosion and land deterioration, which in turn threaten food security and
cause economic and social problems across the country (Zeleke and Hurni, 2001). On
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the other hand, loss of vegetation cover and deforestation induce erosion, and the
deposition of nutrients and sediment accounts for the eutrophication in Lake Abiyata,
which is already killing fish and other aquatic organisms inhabiting (Ayenew, 2007).

Table 9. The estimated average ES value of the selected studies and own estimation that was
calculated using Equation 4 with the available data from the respective studies

ES value Average ES
Study location Area Year 6 |value of the land| Reference
(USD x 10°) A
(USD ha™ yr
1985 | 10,845.3 955.5
Kashgar Region, Northwest China | 11,350,200 | 2005 | 10,291.7 906.7 Maé‘gg g; al.
2015| 10,127.3 892.3
_ 1985 26.83 457
Andassa water.shed, Upper Blue Nile 58.760 | 2000 2758 384 Gashaw et al.
basin, Ethiopia (2018)
2015 21 357
Gedeo_Abaya landscape, 1986 129 698 T
. emesgen et
Southeastern rift escarpment of 184,794.4 | 2000 145 785 al. (2018)
Ethiopia 2015| 1473 797 '
Toke Kutaye district, West Shewa 1984 33.93 467 Tolessa ct al
zone of Oromia National Regional 72,697.2 | 2000 28.22 388 ‘
. L (2017b)
State, Centeral highlands of Ethiopia 2014 16.71 230
hach land 1986 118.5 1143 d |
Munessa—Shashemene landscape, Kindu et al.
Central highlands of Ethiopia 103,675 120001 114.8 1107 (2016)
2012 111.1 1072
Chillimo Forest, Dendi district of 1986 7.66 996
. . . Tolessa et al.
Oromia National Regional State, 7687.26 | 2001 6.4 833 (2017a)
Ethiopia 2015|  5.37 699
Menglun, Xishuangbanna, Southwest 1988 41.2 1230 Hu et al.
< 33,488.34
China 2006 | 29.773 889 (2008)
Nenjiang River Basin, Heilongjiang 29 .420.000 1980 | 99,940 3397 Wang et al.
Province, Northeast China e 2005 97,510 3314 (2015)
1986 | 1586.37 1959
Rift Valley Lakes Region, Ethiopia | 809,800.65 | 2000 1513.3 1869 Own data
2018 | 1390.32 1717

Woodland and forest land provide services such as raw materials, food production,
gas regulation, water regulation, water treatment, and recreation. However, this study
confirmed the massive conversion of these LCLU categories to cropland during the
study period. According to Arndt et al. (2011), the most common farming system in
Ethiopia is small-scale subsistence rain-fed farming, which accounts for 90% of the
country’s agricultural output. Farming in the country was characterised with a low level
of productivity due to a lack of production technologies, weak extension services, low
use of improved seed, and minimal application of pesticides and fertilisers (Deressa,
2007). Consequently, to increase agricultural production, small farms expand their
growing area by converting other LCLU categories to cropland. Similar to this finding,
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the increment in the intensity of cultivated land was attributed to the decline in the
woodland and forest land categories between 1973 and 2006 in the Central Rift Valley,
Ethiopia (Meshesha et al., 2012). A study by Kibret et al. (2016) also revealed that
agricultural land is expanding to the maximum suitable size, even to the peripheral land,
thus endangering biodiversity. Also, the conversion of marsh areas to cropland is a
negative factor regarding the provision of several ES, such as water regulation, water
supply, water treatment, and recreation services, which is a prevalent problem in the
RVLR. Therefore, changing the widely employed traditional farming system through
the improved farming technologies would play an important role in intensifying the
productivity of the cropland thereby increasing agricultural production rather than
converting other LCLUC classes to cropland.

Limitation of the study

The method of employing LCLUC in estimating ES value for the period 1986-2018
includes various sources of limitation. The primary constraint of this research is related
to the accuracy of the LCLU classification. The LCLU classification of 1986, 2000, and
2018 was attained with an overall accuracy of 80.05%, 81.82% and 80.37%, and kappa
coefficient of 0.77, 0.76, and 0.74 (Table 3), respectively. Although the classification
result meets the standard requirement (kappa coefficient higher than 0.70) (Monserud,
1990), there are still some limitations that are associated with the classification. There
are also limitations from the adopted benefit transfer approach, such as considering all
biomes/LCLU classes as a similar unit and using the same ES value coefficient derived
from another site as an average unit value. This approach presumes the sameness of ESs
values within the whole biomes/LCLU classes (Arowolo et al., 2018). Although there
are drawbacks, this approach is often the only or the best option available for policy
analysts and resource managers when time, information accessibility, or other
difficulties prevent the usage of primary studies. Furthermore, funding limitations for
gathering the primary data in developing countries such as Ethiopia often make benefit
transfer is the sole feasible option.

Moreover, numerous studies used the coefficient of sensitivity approach to check the
reliability of the ES value estimations, and mostly the value coefficients of ES value
were corrected by £50%, (e.g. Hu et al., 2008; Temesgen et al., 2018; Tolessa et al.,
2017a; Yirsaw et al., 2017). Nevertheless, employing this approach to test the reliability
of evaluation results is disapproved of since the value of the coefficient of sensitivity is
often less than 1 even when the values of the coefficients of sensitivity were corrected
by £25%, which implies incorrectly robust coefficients (Aschonitis et al., 2016). Thus,
this study did not conduct a coefficient of sensitivity analysis to check the validity of the
estimation with another approach. Hence, another reliable approach that accounts the
uncertainty needs to be considered. However, this study will contribute to the
development of scientific literature on a similar topic to scrutinise how ES value is
altering in response to the existing LCLUC.

Research of this kind is limited in many regions of Africa, which has resulted in a
lack of information for decision making procedure about resource conservation and
sustainable utilisation. It could also be used in data-short areas of developing regions
with a similar landscape. Therefore, the findings of this study will offer regional-scale
information to be added to global values for decision-making procedures. Besides the
local level estimation, this study also emphasises the importance of regional-level and
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country-level ES value estimation based on expert knowledge of the region for better
estimation of the LCLU/biome.

Conclusions

This study provides estimations of the ES value alteration in response to the
dynamics of LCLU in the Rift Valley Lakes region of Ethiopia. The dynamics of LCLU
over the past 33 years have resulted in a decline in the specific and overall ES value.
Our estimation of the ES value alteration in response to LCLUC has indicated an
overall reduction of approximately USD 5.77 x 10% per year, or a total loss of about
12.4% over the last 33 years. These changes are mostly associated with the decreased
areas of the water body, woodland, marsh areas, forest land, and grassland categories.
However, cropland has experienced a dramatic expansion by 43.72% during the study
period. The estimation of lost ES value is about 9.5 times larger than the whole value of
cropland in the study area. Water bodies, woodland and marsh areas were the three
major contributors to the ES value in the RVLR of Ethiopia, contributing more than
89.32% of the overall ES value in 2018, indicating that these LCLU classes play an
essential role in the ES of the study area.

LCLUC in the RVLR of Ethiopia affects the supply of ES, including water
regulation, water supply, water treatment, and food production, erosion control, climate
regulation, nutrient cycling, recreation, raw material, genetic resources, gas regulation,
habitat/refugia, soil formation, disturbance regulation, and cultural service function.
However, as a result of the dramatic expansion of cropland, the worth of food
production, biological control, and pollination service function has invariably increased,
though not drastically, over the study period. Except for these three ES functions, all
other values have been decreasing continuously over the last three decades, indicating
the deterioration of the fragile Rift Valley ecosystem.

In this research, the loss of ES value in RVLR was attributed to the dynamics of
LCLU, which can impede the ability of the ecosystem to offer sustainable ES, possibly
causing a long-term deterioration of the natural environment quality. In other words,
these changes signify severe environmental repercussions for the fragile RVLR
ecosystem. To enhance the continuous supply of ES, management should focus on
LCLU classes with the highest ES values. Moreover, a nation-wide food security
strategy of boosting crop production should work towards sustainable agricultural
intensification rather than expanding cropland at the expense of the other LCLU classes.
Hence, to improve the continuous supply of ES and economic development, an
integrated approach to managing land and water resources needs to be considered.
Furthermore, designing and operating a payment scheme for ES at the regional and
local is also a potential remedy for ES loss. Moreover, quantitative assessment of ES
value at local and regional scales should be considered as a conservation strategy to
encourage resource conservation and utilisation.
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