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Abstract

Background: Land use land cover (LULC) transformation and ecosystems service valuation (ESVs) play important
roles for vegetation restoration and design restoration options such as payment for ecosystems service programs. The
objective of this work was to quantify LULC transformations and associated ESVs in the Gojeb sub-basin by analyzing
LULC between 1986 and 2016 using satellite images, field observations and ancillary datasets. And Ecosystems service
valuations of different land use types were carried out using benefit transfer method.

Results: The summarized LULC classes are: bareland, cropland, grassland, forest, plantation, settlement, shrub, water-
body and woodland. The ESVs were evaluated for each LULC based on these LULC classes. Forests had the highest
cover (>423,000 ha~60%) in 1986 but it reduced to 317,000 ha (~45%) in 2016. About > 56,000 ha of forests were
changed to cultivated land, and > 105,000 ha to different classes. Cultivated land increased to > 258,000 ha (~37%) in
2016 compared to 150,000 ha (~21.5%) in 1986. The sub-basin had ESVs of US$2.52 billion in 1986 but decreased to
US$ 1.97 billion in 2016; losing about US$ 0.551 billion within the last 30 years (@annual loss rate of US$ 18.4 million).
Potential drivers would be agricultural expansion, land degradation/erosion, landslide and deforestation, indicating
that requires concerted effort to restore and manage landscapes for sustainable socio-ecological and economic uses.

Conclusion: This study is meaningful for management of natural resources in the catchment, improvement of hydro-
power production and lifespan of the hydropower reservoir besides to improving land productivity for small holder
farmers as hydrological cycles and biodiversity components of the catchment can be improved. This study assist
policy makers in designing evidence-based programs such as payment for ecosystem services in the study area and
elsewhere.

Keywords: Ecosystems service valuation, Ethiopia, Gojeb watershed, Land use land cover, Omo-Gibe Basin, payment
for ecosystem services

Highlights + Cultivated area increased from 21.5% in 1986 to 37%
in 2016.
+ Forest area had the highest cover ~60% in 1986 but it + The watershed had ESVs of US$ 2.52 billion in 1986
was reduced to 45% of the watershed in 2016. but decreased to US$ 1.97 billion in 2016.
« About>105,000 ha of forest were Changed to differ- « The watershed lost about US$ 0.551 billion within
ent land use types. Of which, more than 50% were the last 30 years, with annual loss rate of US$ 18.4
changed to cultivated land. million.
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Background

An increasing demand for agricultural, industrial or
urban areas compromises the ability of natural forests,
waterbodies and grasslands to support mankind (Nelson
et al. 2009; Goldman-Benner et al. 2012), which cause
land use/cover changes either permanently or temporally.
In recent decades, substantial area of land use land cover
(LULC) changes have been observed due to different
socio-economic and biophysical drivers.

In sub-Saharan Africa, some studies have been con-
ducted on mapping and valuation of ecosystem services
(ES) in the context of LULC changes (Arowolo et al.
2018; Hulme et al. 2013; Leh et al. 2013; Kindu et al.
2016; Tolessa et al. 2017; Silvestri et al. 2013). Almost
all studies indicate that this region is under severe pres-
sure of degradation with significant consequences for
rural livelihoods (Scholes et al. 2018). For example, Sut-
ton et al. (2016) estimated for Ethiopia a loss of 17.7% in
ecosystem service values (ESVs) due to land degradation,
which is also reflected in studies conducted in different
parts of Ethiopia (Gashaw et al. 2018; Kindu et al. 2016;
Tolessa et al. 2017). Drivers of land degradation in sub-
Saharan Africa include the expansion of crop production,
unsustainable grazing and forestry practices and climate
change (Scholes et al. 2018).

Species-rich ecosystems are able to simultaneously
provide multiple ES (Lefcheck et al. 2015). If LULC
changes negatively affect biodiversity and the provision-
ing of these ES or promote ecosystems disservices (EDS),
they also reduce the overall value of the land. According
to The Economics of Ecosystems and Biodiversity (TEEB)
report by 2010, recognizing value in ecosystems, land-
scapes, species and other aspects of biodiversity is a fea-
ture of all human societies, communities and sometimes
sufficient to ensure conservation and sustainable use.
Over the last 20 years, many ecosystem service values
(ESVs) studies have been carried out at global, national
or subnational levels (Schmidt et al. 2016), and some of
which integrating spatially explicit approaches (Kremer
et al. 2016; Liu et al. 2009).

A suggestion made by Braat and Groot (2012) indi-
cates that decisions regarding the future use of an eco-
system should consider the full costs and benefits for the
wellbeing of the current and future generations. Eco-
system services are the products of complex intercon-
nected social-ecological systems (Grét-Regamey et al.
2015), indicating that evaluating ESVs requires a deep
understanding of the social-ecological systems and the
dynamics of the relationship between human activities
and the ecosystems under consideration (Grét-Regamey
et al. 2015; Maes et al. 2012; Shackleton et al. 2016; Vaz
et al. 2017). Hence, understanding ES and their values as
well as their spatial dynamics will explicitly contribute
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towards considering ES for policy goals and measuring
welfare of society both at local and national levels (Niqui-
sse et al. 2017).

In sub-Saharan Africa, some studies have been con-
ducted to estimate ES in the context of LULC changes
(Arowolo et al. 2018; Hulme et al. 2013; Leh et al. 2013;
Kindu et al. 2016; Tolessa et al. 2017; Silvestri et al.
2013). Most of these studies indicate that this region is
under critical challenges of degradation, with significant
response to rural livelihoods (Scholes et al. 2018). For
instance, Ethiopia lost about 17.7% in ESVs due to land
degradation (Sutton et al. 2016), which is also reported
in studies conducted in different parts of the coun-
try (Gashaw et al. 2018; Kindu et al. 2016; Tolessa et al.
2017). Drivers of land degradation include the expansion
of cultivated land for crop and timber productions, over-
grazing, and climate change (Scholes et al. 2018).

Quantification of ESVs based on the ES database
(Van der Ploeg et al. 2010) is commonly undertaken by
integrating LULC data of biomes present in a region of
interest (Costanza et al. 2014; Van der Ploeg et al. 2010).
Although these biomes are not exactly similar in their
characteristics and functions with the LULC types used
in different studies, average values per unit area derived
from valuation studies for a particular biome can be
used as proxies for estimating the ESVs of the corre-
sponding LULC types (Tolessa et al. 2017). Analyzing
LULC changes in the upper catchment is very critical
to the downstream users as resources flow from upper
to down catchment include water and sediment. In this
regard, the downstream users should also contribute to
the watershed management practice carried out by the
upper stream users for the sustainable use of the com-
mon resources. Ecosystem is an ecological reservoir with
a great regulation capacity. Dams in the lower catchment
cannot completely replace the reservoir water conserva-
tion function of ecosystems, and has high economic and
environmental costs that must be paid as well (Fu et al.
2014). This is a new concept introduced into the water-
shed practices as well as bigger basin management solu-
tions is payment for ecosystem services. That is, the
future analyses are focused on interlinking upper and
downstream users by means of payment for ecosystem
service (PES).

This study aimed at assessing ESVs values by analyz-
ing LULC changes in the Gojeb watershed of Omo-Gibe
sub-basin, southwest Ethiopia, and quantifying the con-
sequences on ESVs. Landsat satellite data of two periods:
1986 and 2016 were used to quantify changes in LULC
over the last 30 years. Moreover, two related objectives
were targeted: (i) assessing LULC dynamics, calculate
its gains, losses and net changes in area of the different
LULC types, (ii) estimating the ESV changes caused by
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LULC dynamics in the study area in order to assist policy
makers in designing evidence-based solutions such as for
the ‘payment for ecosystem service (PES)’ schemes to be
implemented in the near future as the watershed is under
hydropower generation catchment.

Materials and methods

Study area

This study was conducted at Gojeb watershed in the
Omo-Gibe sub-basin in the southwest Ethiopia (Fig. 1).
The Gojeb River catchment (a tributary of the Omo
River) is covering an area of about 700,000 ha. Geo-
graphically, the catchment is located between 35.36 and
37.34° E, and 07.02 and 07.53° N with altitudinal range of
806 to 3348 m.a.s.l. The catchment lies in two regional
states, i.e., the Southern Nations, Nationality and Peo-
ples Region (SNNPR) and Oromia Region. Climate of the
study area is generally classified as tropical cool humid.
The agroecology of the catchment consists of cold moist
(around the upper catchment of Gojeb River), hot moist
(the middle portion of the southern part of the catch-
ment) and wet moist (the remaining substantial part
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of the catchment). Annual rainfall varies from about
1000 mm in the extreme south to over 1850 mm in the
highland northern parts of the catchment with the aver-
age being over 1450 mm (Yilikal 2019).

The study area covers about 700,000 ha in the Gojeb
watershed in the Omo-Gibe-sub-basin (Fig. 1). Gojeb
River is partly bordering Oromia and SNNP regions.
The detailed analysis of land use transformation of the
watershed was identified for more than 25 land use/land
cover types (Table 1) as small as 0.03 ha and as large as
269,499 ha of land with 30 m spatial resolution and
within 30 years’ time span. These detailed land use land
cover classes were also summarized into commonly used
corresponding land use land cover types.

Land use datasets and classification approaches

Satellite data were preprocessed using the Google Earth
Engine (GEE) cloud computing environment. The Land-
sat Ecosystem Disturbance Adaptive Processing System
(LEDAPS) was used for surface reflectance products (Lu
et al. 2002) of Landsat 5 TM, Landsat 7 ETM + and Land-
sat 8 OLI, provided by USGS. All images were corrected
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Table 1 Descriptions of detailed LULC class names (Level Il) and corresponding LULC names (Level I)

Class name Description LULC name Class name Description LULC

(Level 1) (levele 1) (Level 1) name (Level I)
Afcf Agroforestry dominated by coffee Cropland Hghf High forest Forest

Afec Agroforestry enset and coffee Cropland Homp Home garden planation Plantation
Afen Agroforestry dominated by enset Cropland Mixf Mixed forest Forest

Agrf Agroforestry Cropland Pfor Plantation forest Plantation
Bare Bareland Bareland Rive River courses Forest

Crhil Crop in the hillside Cropland Rivf Riverine forest Forest

Crwt Crop with trees Cropland SBdn shrub-bush dense shrubland
Csht Cultivated with shifting Cropland SBop Shrub-bush open Shrubland
Cwot Crop without trees Cropland SeTT Settlement Settlement
Dghi Degraded hills Shrub Swmp Swamp Waterbody

Dryf Dry forest Forest Wate Waterbodies Waterbody
Gdry Grassland drained Grassland Widn Woodland dense Woodland
Gsvn Grassland savanna Grassland Wlop Woodland open Woodland
Gwet Grassland wet Grassland

for geometric co-registered, ortho-rectification, and
atmospheric correction. Images were provided together
with a cloud mask and a quality assessment (QA) bands.
We generated two different image collections having
30 m spatial resolution. In order to secure cloud-free
dry season composites of surface reflectance, we had
to include at least two years of imagery to represent
each point in time. Thus, for 1986, we selected imagery
acquired between 1985 and 1987 giving preference
to pixels captured in 1986; and for 2016 we used data
acquired from 2016 and 2017, with the majority of pix-
els taken from 2016 imagery. Then, we used the LEDAPS
QA band to remove clouded pixels, resulting in a stack of
cloud-free pixel values for each pixel location (Shiferaw
et al 2019). The use of the median pixel value ensured
that outlier values were excluded. This was done for each
optical Landsat band. The reasons for our choice of two
time periods (1986 and 2016) were: (1) the availability of
cloud-free, good quality satellite images of the area since
1986, and before this period, there was no much develop-
ment intervention happened in the area, thus, 1986 could
be used as a baseline, and (2) 2016 has been a year of dif-
ferent environmental and development interventions
have been occurred including Gibe III due to hydro-
power dam construction, and this year could indicate as
the major IULC transformation could be happened.
Hence, Landsat 30 m satellite images analyses were
conducted between 1986 and 2016 to monitor 30 years
land use transformation using the advantages of remote
sensing and geographic information system. They pro-
vide wide ranges of opportunities to produce LULC data
at various scales. However, generating complete and

comprehensive LULC information via remotely sensed
data that fill the wide range of the need still faces diffi-
culties (Jensen 1996; Renison et al. 2004). In Ethiopia,
two major categories of challenges limit the potential of
remote sensing techniques to produce the required scale
and accuracy of LULC information: (1) landscape com-
plexity (topographic and farming system) and (2) acces-
sibility of better resolution remotely sensed data and
suitable classification approach (Kassawmar et al. 2016a).
Experiences shows that a stratified mapping approach
can potentially address the challenges encounter when
mapping heterogeneous and large areas (Homer et al.
2000; Lu et al., 2015).

Deriving Homogenous Image Classification Units
(HICUs) was used that subdivided each Landsat image
into smaller units where similar land cover mosaics occur
was found to be a suitable classification approach (Kas-
sawmar et al. 2016a). These land features were grouped
into detailed and majority classes based on the occur-
rence, dominance and distribution of the land features.
This requires disaggregation of classes at multiple steps
of classification, which could allow capturing smaller
classes that are commonly ignored in large and complex
landscape mapping. The extracted classes were combined
and areas of their occurrence masked within each Land-
sat image so that they would not distort the further clas-
sification process (Table 1).

This different approach has shown a considerable
improvement on the accuracy of classification in complex
landscapes. However, accuracy of classification could be
more improved based on the number and precision of
segments developed for every scene and local knowledge
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of the area (Kassawmar et al. 2016a). In complex land-
scapes traditional classification techniques that apply
on full scene as unit of analysis have shown limitations
due to spectral variability of features related to bio-phys-
ical complexity observed in a scene (Kassawmar et al.
2016b).

For the classification of satellite images, reference data
were collected for training and validation of each major
LULC type in the study area. Reference data for 1986
were collected from aerial photographs captured in 1986.
Careful attention was paid to collect only reference data
using pure pixels of 30 x 30 m for each LULC type. Ref-
erence samples for 2016 were derived from the LULC
maps of the Ethiopian Mapping Agency (EMA, 2013)
and some additional data for 2016 period were collected
from more dynamic cover types using a handheld GPS
(Garmin GPSMAP 60CSx) as part of the national LULC
mapping. More than 150 plots were considered for each
years of 1986 and 2016. Field samples were partitioned
and used for calibration (70%) as well as validation (30%)
(Olecka 2003; Oleksy 2017). The LULC classifications for
the two points in time were carried out using supervised
classification approach on acquired satellite images and
ground truth data. After classification, LULC changes
were calculated for two different time periods, i.e. 1986,
2016, and 1986-2016, were made using cross tabulation
and calculating percent changes for each LULC type over
time (Gashaw et al. 2018; Kindu et al. 2016; Temesgen
et al. 2018). Then major classes were generated from the
detailed (Level II) classification result carried out. Accu-
racy assessment was carried out and an overall accuracy
of more than 85% was achieved (Kassawmar et al. 2016b).

LULC changes were calculated using cross-tabulation
(Kindu et al. 2016; Shiferaw et al. 2019). LULC changes
were calculated for two different time periods between
1986 and 2016 as methods applied by different studies
(Eckert et al. 2017; Kindu et al. 2016; Shiferaw et al. 2019)
and calculating percent changes for each LULC type over
time (Gashaw et al. 2018; Kindu et al. 2016; Temesgen
et al. 2018) (Eq. 1).

A2 ALy 00 (1)
Al

Percent of change =

where, Alisarea of land use and land cover type (ha) in

year 1 (in 1986), A2is area of land use and land cover type
(ha) in year 2 (in 2016).

Furthermore, class-specific gains, losses, and stable
areas, as well as total change area and net changes of
the total area analyzed were calculated (Alo and Pon-
tius 2008; Zewdie and Csaplovics 2015). Annual change
rates were calculated for each LULC type following Puy-
ravaud (2003) and Tilahun et al. (2014), i.e. the rate of
change for a specific class was calculated by dividing the

Page 5 of 12

class-specific changes between two time intervals by the
number of years between these two observed points in
time (Eq. 2).

A2 — Al

Rate of change =
z

(2)
where, Alisarea of land use and land cover type (ha) in
year 1, A2 is area of land use and land cover type (ha)in
year 2, Z is the time interval between A1 and A2 in years.

Ecosystem serving values

In this study, the benefit transfer approach was used to
estimate ecosystems service values (ESVs) of different
LULC types and their changes (Costanza et al. 1997,
2014; Niquisse et al. 2017). The benefit transfer approach
refers to the process of using existing values and other
information from the original study site to estimate ESVs
of other similar locations in the absence of site specific
valuation information (Bagstad et al. 2013; Niquisse
et al. 2017). We calculated the ESVs of the LULC types in
Gojeb catchment by adapting the coefficients of tropical
areas on regional estimates of ESVs using data provided
by Kindu et al. (2016), who conducted a study on LULC
and ESVs in Ethiopia using conservative estimates of
ESV coefficients, which were based on values from stud-
ies conducted in areas similar to the geographical setting
of our study area. These ESVs include the main three ES:
supply, regulation/monitoring and provision (Kindu et al.
2016) and also using the updated global coefficients pro-
vided by Costanza et al. (2014). Land use types such as
bare land and settlement did not have a coefficient in
some studies (Costanza et al. 1997; Kindu et al. 2016;
Tolessa et al. 2017). Hence, the ESVs for all LULC types
were calculated for each period using the following Equa-
tion (Costanza et al. 1997, 2014) and similar to studies
conducted for tropical forests provided by Costanza et al.
(2014) and that for woodland/shrub land provided by
Temesgen et al. (2018) (Eq. 3):

ESV = Ak(VCk) 3)
k=0

where, ESV is estimated ecosystem service value, Ak is
the area (ha) of LULC type k, and VCk is the value coeffi-
cient (Appendix 1) in US$ ha™! yearr~! for LULC type k.

Results

Land use land cover transformation

Land transformation analysis of Gojeb watershed within
the last 30 years indicated that shrub-bush land and
woodland were mainly changed to croplands of different
uses. Of the 700,000 ha of the watershed, still 292,052 ha



Shiferaw et al. Environ Syst Res (2021) 10:22

(41.7%) of land is covered with high forest by 2016
although high forest area was 346,388 ha (49.5%) in 1986.
About 56,013 ha of high forest area were changed to dif-
ferent cultivated land such as agroforestry, cropland and
cropland with and without trees. Cultivated area covers
the second largest areas 258,395 ha (37%) in 2016 as com-
pared to 150,144 ha (21.5%) in 1986 (Fig. 2). On the other
hand, bare-land also increased from 14.5 ha in 1986 to
more than 1400 ha in 2016 indicating that there is a great
de-vegetated activities carried out in the watershed for
the last 30 years.

About 161 ha of land was occupied with settlements
in 1986 while this becomes more than double (383 ha)
in 2016. Swamped and water-bodies were covered more
than 755 ha in 1986 but were significantly reduced in
2016. Agroforestry groups were covered about 39,682 ha
in 1986 and these increased to 53,956 ha in 2016 with the
expenses of shrub-bushland, woodland and high forest.
Cropland (hillside cultivation crop with trees and with-
out trees) has gained double coverage that accounted
for 204,438 ha in 2016 while it was 110,462 ha in 1986
with the expenses of dry grassland, shrub-bush land and
woodland.

The forest in general and the dry forest cover in par-
ticular was lost more than 105,000 ha in the eastern part
of the watershed, which has very important role in soil
conservation and harbors for biodiversity hotspot. It is
significantly reduced in 2016, and replaced by cultiva-
tion and open woodland areas. Of the 41,000 ha of dry
forest in 1986, ca. 4700 ha was changed to cultivation,
15,000 ha to shrub-bush, 14,000 ha to woodland and the
rest changed into different land use types (Table 2). For-
est lost about 15% of its cover in 2016 (45%) as compared
to 1986 (60%). Woodland lost half of its area in 2016. The
annual rates of reduction were about — 3525, — 1262 and
— 21 ha from forest, woodland and grassland, respec-
tively. On the other hand, bare-land, cropland, planta-
tion, settlement, shrubland and water-body increased in
their coverage in 2016 by constraining forest and wood-
land. The highest land transformation or conversion was
observed on forest (ca — 3525 ha/year) and cropland
(+ 3608 ha/year).

There were very dynamics in the land use changes of
the Gojeb watershed. Looking at the details of defor-
estation processes, high forest and dry forest of the
sub-basin were cleared dramatically (Fig. 3). Mainly dry
forest (dry area/lowland forest) are totally disappeared
in 2016, and woodland decreased by half. These have
been happened mainly around the middle and eastern
part of the basin. On the other hand, LULC transforma-
tion matrix from which to which (Table 3) indicates that
bareland was accounted about 2 ha in 1986 but grown
more than 600 ha in 2016. Similarly, plantation and
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settlement areas increased five and twice, respectively
from the base 1986.

Ecosystem service values

After we summarized the detailed land use land cover
types into nine classes, grassland, forest and wood-
land lost high amount of values in 2016 as compared to
1986 whereas cropland, settlement and shrub/bushland
gained. As a watershed, Gojeb watershed gave about US$
2.52 billion in 1986 but it decreased to US$ 1.97 billion in
2016. The watershed lost about US$ 0.551 billion within
the last 30 years (Table 4). The annual loss of US$ 18.4
million was estimated, the major loss was found from for-
est and woodland reduction, with about US$ of — 569
million, and US$ of — 37 million, respectively.

Discussions

Our assessment of LULC changes in the Gojeb water-
shed revealed a significant degradation of ES over the
last 30 years and a high associated loss of ESVs. The most
important change in land cover has occurred in reduc-
tions of forest and increasing of cropland. Bareland may
have historically exhibited low levels of vegetation or may
have been degraded already due to anthropogenic effects.
Hence, our results provide evidence that agriculture can
be a key driver of LULC change and associated losses of
ESVs at the study area and elsewhere with similar envi-
ronmental and socio-economic settings.

Land use land cover transformation

Land use land cover (LULC) changes are aspects of global
environmental change and affect ecosystem processes
and services. For example, an increasing demand for
agricultural, industrial or urban areas compromises the
ability of natural forests, waterbodies and grasslands to
support mankind (Nelson et al. 2009; Goldman-Benner
et al. 2012). In recent decades, a large amount of change
in LULC has been observed, which was caused by differ-
ent socio-economic and biophysical drivers, such as pop-
ulation growth, agricultural expansion and intensification
(Shiferaw et al. 2019), accessibility to infrastructure/mar-
kets and water availability or climate.

The LULC change analysis revealed that LULC types
particularly important for the ecosystem as well as peo-
ples’ livelihoods in the sub-basin, namely natural forest,
woodland and grasslands, have substantially decreased
in the last 30 years. This reflects a general trend found in
studies conducted in similar biomes in different parts of
the world, e.g. in Australia (Cleugh et al. 2012), China (Li
et al. 2007), Mozambique (Niquisse et al. 2017), as well as
in different parts of Ethiopia (Gashaw et al. 2018; Hurni
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Fig. 2 Land transformation between 1986 and 2016 in the Gojeb watershed, Omo-Gibe sub-basin, Ethiopia

Table 2 LULC transformation/dynamics within the last 30 years

Major Land use 1986 2016 Change between 1986 and 2016)
cover types
Area (ha) % Area (ha) % ha % Annual change
rate (ha)
Bareland 14.5 0.002 1412 0.2 1397 0.2 47
Cropland 150,144 214 258,394 360.8 108,251 154 3608
Grassland 23,149 33 22518 3.2 — 631 —0.1 —21
Forest 423,055 60.3 317,308 45.23 — 105,747 — 151 — 3525
Plantation 969 0.14 4670 0.67 3701 0.5 123
Settlement 161 0.023 383 0.06 223 0.03 7.5
Shrub 20,491 29 51,011 7.3 30,520 44 1017
Swamp 971 0.12 822 —0.14 — 149 —0.02 5.1
Woodland 82,791 11.8 44,929 6.4 — 37,862 —54 — 1262

Total 701,595 100 701,595 100 -
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Fig. 3 Dry forest and high forest changes between 1986 and 2016 in the Gojeb watershed
Table 3 Transformation of LULC area (ha) in the sub-basin
LULC 1986 LULC 2016
Bare  Cultivate Forest Grass Plantation Shrub Settlement  waterbody ~ Woodland ~ Total 1986
Bare 2 - - - - - - 2
Cultivated 253 125,519 8883 5274 1932 4814 105 - 3351 150,131
Forest 141 67,758 292,464 5232 2211 21,334 59 24,168 413,367
Grass 27 14,239 905 5377 52 801 1 - 755 22,157
Plantation 1 392 312 76 20 115 5 - 45 966
Shrub 90 12,431 787 410 72 5178 10 - 972 19,950
Settlement - 9 3 8 - 1 137 2 160
waterbody 11 284 36 156 25 13 - 149 18 543
Woodland 76 37,746 3011 4370 357 18,751 66 - 15,621 79,998
Total2016 601 258,378 306,401 20,903 4669 51,007 383 149 44,932 687,274

Italic values at diagonal indicate stable values across years for each land use type
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Table 4 Major LULC types and corresponding ESVs (USS) within the last 30 years

Land use types Area (ha) ESVs (US)

1986 2016 2016-1986 1986 2016 Net change (2016-1986)
Bareland 14.5 1411.8 1397 - - -
Cropland 150,143.6 258,394.4 108,251 33,932,449 58,397,137 24,464,688
Grassland 23,1486 22,517.7 — 631 96,437,193 93,808,863 — 2,628,329
Forest 423,055.2 317,308.1 — 105,747 2,276,882,925 1,707,751,925 — 569,131,000
Plantation 968.9 4669.5 3701 - - -
Settlement 160.6 3834 223 1,069,490 2,553,827 1,484,337
Shrub 20,490.5 51,0105 30,520 20,224,104 50,347,334 30,123,230
Waterbody 822.1 970.6 149 10,284,489 12,143,647 1,859,158
Woodland 82,790.8 44,928.7 — 37,862 81,714,539 44,344,647 — 37,369,893
Total/net 701,594.64 701,594.64 2,520,545,189 1,969,347,380 — 551,197,809
Annual ESVs change (US$/year) — 184 million
Annual rate per ha (USS$/ha/year) — 262

et al. 2005; Kindu et al. 2016; Shiferaw et al. 2019; Tolessa
et al. 2017; Tsegaye et al., 2010), but also at the global
level (Costanza et al. 1997, 2014).

A shift of grassland to bareland, however, is likely to
be a combination of overexploitation of forests. An ever
increasing deforestation resulted in high erosion and sed-
iment load of 20.7 ton/ha/year over the catchment, which
is equivalent with an annual sediment influx of 14.5 mil-
lion tons/year for the sub-basin (Yilikal 2019) that enters
to Gibe III hydroelectric dam at the downstream.

Between 1960 and 2010, the population in Ethiopia
has increased by 268% (Pricope et al. 2013), and this
has translated into higher livestock stocking rates. In
recent years, trends in livestock numbers have become
more variable but grazers have decreased and brows-
ers increased (Yosef et al. 2013). Several ‘anthropogenic’
classes, such as cropland, settlements and bareland
have also increased at the expense of natural vegetation
cover. Similar trends of LULC changes towards more
anthropogenic land use categories were found in other
studies conducted in Eastern Africa, with cropland and
settlements increasing at the expense of forests, shrub-
land and grasslands (Eckert et al. 2017; Shiferaw et al.
2019; Tolessa et al. 2017; Zewdie and Csaplovics 2015). In
general, these spatial and temporal analyses and control
their processes are important to help manage, restore,
rehabilitate and protect environmental resources so as
to maintain the quality and quantity ecosystem services
provisions (Yilikal 2019).

Ecosystem service values and implications

Since all ESV estimates are based on studies from
the study area itself or areas from the same biome
(Olson et al. 2001), but not necessarily from the same

topographic settings, we estimated the ESVs on the
present study based on the coefficients used in differ-
ent studies in the tropical regions (Costanza et al. 2014;
Kiundu et al. 2016, Shiferaw et al. 2019). In the present
study, the ESVs dropped annually by US$ 18.4 million
over 30 years (or 26.2 US$ ha~! y~!) while Kindu et al.
(2016) estimated that in a 10,000 ha area in the Ethiopian
highlands, ESVs had dropped over the last 40 years by
US$ 19.3 million (or 48.3 US$ ha™! year™?). This indicates
that the study area is relatively better in ESVs than the
central highlands where there is high population pres-
sure. Hence, restoring the area before it gets worse would
cost less unlike other degraded parts of the country.

Several large scale agricultural investments have
already been established in recent years in the sub-basin.
This development will have a substantial impact on future
LULC changes and ESVs. In addition, the expansion of
investment programs both in the upper and downstream
is expected to consume large areas of seasonal grasslands,
forest and shrub/bushland (Shiferaw, personal observa-
tion). It is likely that ESVs from cropland will also further
increase in the future due to a growing need for food and
thus expansion of crop production in order to nourish
the increasing population (Niquisse et al. 2017) though
cropland has much lower ESVs than forest.

The average annual loss in ESVs Gojeb sub basin is
more than fourfold of the annual budget of the whole
zone in 2016/17 where the basin is a small part of the
zone (BoFED 2017). This suggests that changes in ESVs
should be considered as one of the indicators of stabil-
ity of socio-ecological systems, human welfare and hence
their assessment should be considered as a policy instru-
ment (Niquisse et al. 2017) in the study area as well as
elsewhere exhibiting with the same challenges.
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Mainstreaming ES and its values into policy and deci-
sion making is dependent on the availability of spatially
explicit information on the state and trends of ecosys-
tems and their services (Maes et al. 2012). Moreover,
there is a need for designing restoration and/or reha-
bilitation programs to make the area resilient to climate
change, frequent drought and also flood impacts so that
sustainable ES and functions are maintained. Together
with the implementation of sustainable forest, woodland
and grassland management practices will be fundamen-
tal for preserving or even restoring the remaining ESVs in
the study area and other regions in Eastern Africa.

Conclusion

The land use land cover transformation was very
dynamic within the last 30 years in Gojeb watershed.
The major LULC transformations were found from
high and dry forest, shrubland and woodland areas to
open woodland, cultivated land, settlement agrofor-
estry and bareland. These have been happened mainly
around the middle and eastern part of the basin. On the
other hand, bareland, cropland, plantation and shrub-
land areas increased. The major ES providing land use
types were decreased in areas as well as in ESVs: grass-
land, forest and woodland areas. Hence, Gojeb water-
shed has been lost ESVs of US$ 18.4 million every year.
Potential drivers could be agricultural expansion, land
degradation and erosion, landslide and deforestation,
indicating that it requires concerted effort to overcome
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such impacts. Therefore, restoration schemes should
account the baseline land use/cover types so that soil
seedbank could support rehabilitation or restoration
effort with some additions of seeds or afforestation.
This can enhance economic and ecosystem services
from forest including carbon stock and biodiversity
richness. Moreover, hydropower plants in the down-
stream will also benefit from upper catchment reha-
bilitation in terms of renewable energy production for
domestic use and regional markets. Thus, this study
is meaningful for management of natural resources in
the catchment, improvement of hydropower produc-
tion and lifespan of the hydropower reservoir. Similarly,
smallholder farmers and other nature-based service
provision actors could benefit from basin restoration
if conservation efforts are made effectively to reha-
bilitate the upper catchment for the benefits of both
upper catchment users (smallholder farmers) and lower
catchment activities (e.g., hydropower) as hydrological
cycles and biodiversity components of the catchment
can be improved. Furthermore, the lesson learned from
the study and subsequent recommendation for habitat
restoration through payment for ecosystem services
can be considered as a win—win approach to be imple-
mented between upper and downstream users for sus-
tainable use of resources.

Appendix 1
See Table 5.

Table 5 Biome equivalent of LULC types identified in this study and corresponding ESV coefficients based on global estimates. ESV

coefficients are given in US$ ha™'y ™

Biome equivalent LULC Type ESV coefficients Sources
(US$ ha™ly™)
Bareland - Costanza et al. (2014), Kindu et al. (2016)
Cropland 5567 Kindu et al. (2016), Costanza et al. (2014)
Grassland 4166 Kindu et al. (2016), Shiferaw et al. (2019)
Natural forest 5382 Costanza et al. (2014), Kindu et al. (2016)
Plantation 987 Shiferaw et al. (2019)
Settlement 6661 Costanza et al. (2014)
Shrub/bush 987 van der Ploeg and de Groot (2010), Kindu et al. (2016)
Waterbodies (rivers) 12,512 Costanza et al. (2014), Tolessa et al. (2017)

Woodland 987

Kindu et al. (2016), Shiferaw et al. (2019)
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