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Abstract: Understanding the trajectories and extents of land use/land cover change (LULCC) is
important to generate and provide helpful information to policymakers and development practitioners
about the magnitude and trends of LULCC. This study presents the contributing factors of LULCC,
the extent and implications of these changes for sustainable land use in the Finchaa catchment. Data
from Landsat images 1987, 2002, and 2017 were used to develop the land use maps and quantify the
changes. A supervised classification with the maximum likelihood classifier was used to classify the
images. Key informant interviews and focused group discussions with transect walks were used
for the socio-economic survey. Over the past three decades, agricultural land, commercial farm,
built-up, and water bodies have increased while forestland, rangeland, grazing land, and swampy
areas have decreased. Intensive agriculture without proper management practice has been a common
problem of the catchment. Increased cultivation of steep slopes has increased the risk of erosion
and sedimentation of nearby water bodies. Multiple factors, such as biophysical, socio-economic,
institutional, technological, and demographic, contributed to the observed LULCC in the study area.
A decline in agricultural yield, loss of biodiversity, extended aridity and drought, land and soil
degradation, and decline of water resources are the major consequences of LULCC in the Finchaa
catchment. The socio-economic developments and population growth have amplified the prolonged
discrepancy between supply and demand for land and water in the catchment. More comprehensive
and integrated watershed management policies will be indispensable to manage the risks.

Keywords: drivers; Finchaa; land use/land cover; sustainable; watershed management

1. Introduction

Land use/land cover change (LULCC) is among the major factors that affect biophysical systems
at all scales [1]. The major concern in land use/land cover (LULC) results from their direct associations
with the planet’s fundamental characteristics and processes. The productivity of land, biodiversity,
land degradation, hydrological cycle, and environmental conditions are some of the processes [2-5].
LULCC interrupts the ability of natural systems to support human needs and increase the exposure
of people and resources to climate change, socio-economic crises, and political worries by reducing
ecosystem services [1,6,7]. Additionally, local and global LULCC has increased in recent years [4-6].

In the past, recognition of the importance of the natural environment for human well-being
has been less influential in maintaining sustainable development and poverty alleviation
strategies [8-10]. However, the natural environment and poverty are highly correlated with
sustainability and development. Depletion and degradation of land and water resources pose a
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great challenge to the sustainability of the farming system, food, income, and employment [11]. The
impacts are severe on the livelihoods of the poor, who are dependent on land and natural resources.
The annual global cost of land degradation caused by LULCC and poor land management practice on
cropland and grazing land is estimated to be about 300 billion United States Dollar [12]. Sub-Saharan
Africa accounts for the largest share, 22% of the total global cost of land degradation. A report by the
Food and Agricultural Organization (FAO) [13] showed that land degradation affects the health and
livelihood of 1.5 billion people in the world, where women and the poor are most affected.

In recent years, the study of LULCC has become an important topic of research [14-22]. Studies
have shown that LULCC has been intense in the highlands of Ethiopia. In particular, the expansion of
intensive agriculture, urbanization, and extraction of forest products are accelerating over time to meet
the requirements of an increasing population [14,20,23]. However, there are also studies that have
reported different trends of LULCC. For example, Alemayehu et al. [21] reported that agricultural land
declined while the grassland increased in the Somodo watershed, southwestern Ethiopia. Miheretu
and Yimer [16] also reported the expansion of grassland and shrublands in the Gelan sub watershed,
northern highlands.

LULCC processes are triggered by the interaction of anthropogenic and biophysical
drivers [14,15,18-21,24]. The drivers of LULCC include social, economic, biophysical, and political
factors [14,25,26]. The human and livestock population, different agricultural practices, urbanization,
drought prevalence, and poor land-use planning have been reported as the main drivers of LULCC in
Ethiopia. However, different places have different driving factors and consequences. For example,
overgrazing and charcoal productions are the dominant driving factors in Afar and Somali regions
of Ethiopia [20], while forest grabbing for investments (coffee and tea plantation and, agriculture),
settlements, poor law enforcement, shifting cultivation and land tenure policy has been significant
drivers in southwestern Ethiopia. On the other hand, the multifaceted nature of the change drivers and
their implications are often poorly understood and scarce in some regions. Furthermore, the national
level investigations about the wide ranges of drivers and magnitude of LULCC and its implications
are inadequate.

The upper part of the Blue Nile Basin is characterized by a very rich diversity of natural resources,
including land, vegetation, genetic diversity, and water in a diverse biophysical and socio-economic
environment experiencing multi-faceted pressures [27,28]. Population growth, deforestation, land
degradation, a high rate of soil erosion and nutrient depletion, and climate variability are among the
major pressures. Consequently, the intended sustainable development in different parts of Ethiopia in
general and the study area, in particular, is confronted with the intensive LULCC in recent years.

Relatively abundant water resources in Ethiopia have played a minimal role in the development
of the national economy. As a result, the country intends to place a priority on water resource
development as an essential strategy for economic and social development [29,30]. The relevance of
the water resources for the promotion of sustainable development, however, relies on the management
of the ongoing and planned development projects.

The Finchaa catchment has a large share of Ethiopia’s hydroelectric power, sugar, and ethanol
supply. However, there has been limited multidisciplinary and independent research in the catchment
compared to other areas. There are few studies on Finchaa catchmentin LULCC [31-33]. Ayanaetal. [31]
studied how land use and management practices affect surface runoff and sediment yield based on
hypothetical scenarios without considering the real spatio-temporal LULCC. Kebebew [32] assessed the
state of the LULCC in the Finchaa catchment by considering only downstream of the reservoirs, whereas
Tefera and Sterk [33] mainly focused on analyzing the LULCC caused by hydropower dam construction
in Finchaa watershed. However, there is no information on the driving factors, spatial-temporal
LULCC, and their implication on the entire Finchaa catchment. Thus, up-to-date and spatially accurate
time series about land resources are required for the catchment. In LULCC studies, the most important
activity involves advancing the understanding of the causes, processes, and patterns of the changes in
different spatial and temporal scales [26,34]. Understanding the spatio-temporal trends of LULCC with
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a broader socio-ecological system at watershed scale helps to compare different part of the watershed
and identify those that are at risk or susceptible to changes. This brings clear insight into the status of
the watershed and helps to provide evidence-based interrelationship between the local people and
watershed to facilitate more proactive approaches to maintain the water resources and land health.

The goal of this study is to investigate problems of scale and temporal variability of the LULCC
in the Finchaa catchment. Specifically, the objectives of this study are (i) analyze the changes in land
use/land cover over the last 30 years (1987-2017), (ii) examine the LULC inter-category transitions and
the LULCC associations with slope, (iii) identify the major driving factors and explore the implications
of the LULCC in Finchaa catchment.

2. Materials and Methods

2.1. Study Area

The study was conducted in the upper Blue Nile Basin, Finchaa sub-basin in Oromia Regional
State, Ethiopia. Finchaa sub-basin lies in 9°10” to 10°00” North latitude and 37°00” and 37°40" East
longitude, covering a 3781 km? area. The catchment is characterized by high topographic relief, with
elevation ranging from 851 to 3213 meters above sea level. The area has large upstream water potential
sites, intensive irrigable downstream lands, and high hydropower potential [35]. The sub-basin
contains three watersheds; Fincha, Amerti, and Neshe. The detail study area description is shown in
Figure 1.
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Figure 1. Map of the study areas.

Finchaa sub-basin supports a variety of ecosystems and land use types, such as forest, commercial
farm, wetlands, and lakes, which contribute to the national economy. The sub-basin is also an area of
interest for international and national hydro-politics due to its downstream connection to the Nile basin.

The annual rainfall of Finchaa catchment ranges from 1367 to 1842 mm, with the lower rainfall
occurring in the northern lowlands and the higher rainfall greater than 1500 mm occurring in the
southern and western highlands of the sub-basin. June to September is the main rainy season of
the catchment, with an average annual rainfall of 1604 mm and a peak occurring between July to
August [36]. The mean monthly temperature of the catchment varies between 15.50 to 18.62 °C.

2.2. Data Sources and Methodology

2.2.1. Spatial Data

Landsat images, Digital Elevation Model (DEM), and field data were used in this study. A 30 m
DEM obtained from the United States Geological Survey (USGS) at https://earthexplorer.usgs.gov/
was used to delineate the watershed and generate slope maps of the study area. Ground Control
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Points (GCP) for image classification and accuracy assessment were collected through direct field
observations using Global positioning system (GPS), Landsat composites, and Google Earth. Two sets
of Landsat Thematic Mapper (TM) imagery and one set of Landsat 8 Operational Land Imager and
Thermal Infrared Sensor (OLI-TIRs) image obtained from USGS at https://landsatlook.usgs.gov/ were
used for the analysis of LULCC (Table 1). Due to the extent and quality concern, full images for a given
year covering the whole catchment on the same day were not available for the catchment. Therefore,
different paths and rows were used to get the Landsat images in the same season. To minimize the
effects of a seasonal variation in vegetation pattern and distribution throughout a year, the selection of
dates of the acquired images was made in the same annual season of the acquired years.

Table 1. Landsat’s scenes, sources, and specifications used in this study.

Acquisition Satellite Image Sensor sPatlél Used Bands Sources
Date Resolution

January 1987 Landsat TM ™ 30 1-5,7 USGS

January 2002 Landsat TM ™ 30 1-5,7 USGS

January 2017 Landsat8 OLI OLI-TIRs 30,15 1-7,9,8* USGS

Path/row = 169/053, 169/054, 169/055, 170/053, 170/054, 170/055. * In the table above, a spatial resolution of 15 m
is used for the panchromatic band 8. TM: Thematic Mapper; OLI-TIRs: Operational Land Imager and Thermal
Infrared Sensor.

2.2.2. Socio-Economic Data

We used a socio-economic survey to collect information to improve the understanding of local
resources, resources use, interactions with the government decision-making process, and community
perceptions of trends and priority issues [37]. Although there are different techniques for the
socio-economic surveys based on the purpose of the study, key informant interview (KII) and focus group
discussion (FGD) surveying techniques were used in this study. Based on the agro-ecological conditions
and proximity of the locations to reservoirs in the catchment, three representative sub-watersheds were
selected for FGD and KII. These sub-watersheds cover four districts: Horro, Jima Geneti, Abay Chomen,
and Guduru (Figure 1). Fieldwork was carried out by the corresponding author and agricultural
experts. A total of seven FGDs, two in each of the upper and lower sub-watersheds, and three FGDs in
the middle sub-watersheds were carried out. Each FGDs comprises seven participants drawn from
the members of the community. Twenty-two KlIs were held with District and Zonal level experts
of Natural Resources management, land use administration, and Environment and climate change.
Relevant Geographic Information System (GIS) data were collected for each district.

During both KlIs and FGDs, open-ended questions were used concerning the major shifts in
LULC, the relationship among the biophysical environment, institution, socio-economic activities and
demography. Discussions on practices and regulations that influence land management in their locality
were held to get information on the management perspectives, evaluate the efforts made towards
resource management and their challenges. The issue related to land degradation and the most priority
issues that require interventions were also discussed. During the discussion and interviews, the main
focuses were to get sufficient information about the past and present trend of LULCC, identify the
root driving factors of the changes and implications of LULCC on the socio-economic activity of the
community and the environment. To better understand the major observed problems of the catchment
and resource management practice, transect walks, field walks, and informal talks with people in their
farms/fields were used. Farmers were asked to explain what parts of the landscape were changed and
explained why the change had occurred. The farmers were also asked to describe the consequences of
the changes in their livelihood, surroundings, and environment. Furthermore, farmers were asked to
explain how their socio-economic activity contributes to the land-use change.

Field observation was carried out based on checklists designed in advance to observe the situation
in the watershed, and photographs of important sites were taken to enrich the study. With the aid
of field observation, information from experts, and review of documents from national and regional
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offices, eight classes of land use/land cover types were identified as depicted in Table 2. The LULCC
analysis in this study is based on these classes.

Table 2. Description of land use/land cover (LULC) classes identified in Finchaa catchment.

LULC Classes Description

Areas used for crop cultivation (both annual and perennial), fallow plots, scattered
rural settlements, some pastures and plantations around settlements. Sparsely located

Agricultural land settlements and roads constructed from earthwork were included here as it was
difficult to separate them from agricultural lands.

Rangeland Sparsely located trees with brush and shrub form types, bushes, woodlands, grasses,

(Shrubland) mixed rangelands, and transitional forests (less dense forests) were included.

Areas covered with a dense growth of trees that include: evergreen forests, mixed
Forest land forest land, deciduous forest lands. Plantations of indigenous specious of trees were
also considered here.

Residential, commercial and services, recreational sites, public installation,

Ur“ban and infrastructures. Due to their similar reflectance, bare lands and rock query sites were
built-up : . .

considered here. Roads made from pavement are also included in this category.
Water bodies Areas that are completely inundated by water like lakes and major rivers.

Area covered with small grasses, scattered bushes and trees, and wetland (intermittent)

Grazing land used for grazing.

Swampy land Areas that are swampy during both wet and dry seasons

Commercial farm  Areas used for sugarcane plantations and sesame cultivations.

2.2.3. Data Analysis

The analysis and quantification of the spatio-temporal dynamics of the LULC from 1987 to
2017 were achieved through Landsat image processing, classification, and post-processing. Image
pre-processing involved geometric and radiometric correction before the image analysis. In this study,
only six spectral bands of TM (band 1-5 and 7) and eight spectral bands of Landsat 8 OLI (bands
1-7 and 9) were used during the image processing for LULC classification. A 15-m spatial resolution
layer (band 8) found in OLI was fused with 30 m multispectral bands using the Principal Component
Analysis (PCA) method found in ERDAS. The pan-sharpened OLI image was used only to get a better
visualization and interpretation of the images.

The maximum likelihood parametric rule was used to classify each pixel based on the known
ground truth. A minimum of 50 samples is recommended for image classification with maps having
less than 12 classes [38]. Based on the recommendation, 50 reference samples for each class were
used for image classifications. The reference points were collected from Google Earth for 1987 and
2002. The overall procedures used for image classification were given as follows. The first step was
selecting training sites [38,39]. Polygon sampling method was used to sample the training sites from
the processed images as it allowed the drawing of polygons for a particular spectral class. Different
combinations of bands, image enhancement, and color compositions were used to discriminate and
interpret the surface features of the images during the process. The choices of band combinations
were selected depending on the applicability of each band as each band is a set of a data file for a
specific portion of the electromagnetic spectrum in identifying the features of the study. The extracted
signatures from the sample were evaluated using the histogram technique, and different trials were
taken until unimodal distribution was achieved. Then, signatures of the same class were merged by
selecting all the signatures of each class. The supervised classification used the cumulated (merged
signature) for the land cover map production. The training data sets were used for generating class
signatures and for classification of the whole image into meaningful information classes.
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2.2.4. Accuracy Assessment

The process of doing an accuracy assessment involved generating a set of points from the classified
image and comparing the positions of points whose location was determined by the ground truth data
and corresponding coordinates from the original maps [39]. In this study, these sets of points were
selected with random sampling. Random sampling was used to select a set of points. Points that were
used in training the classification were not used for accuracy assessment. As a result, 460 random
points were created and used to develop an error matrix for accuracy assessment. The reference
points for 1987 and 2002 were collected from the corresponding Google Earth, original Landsat images,
previous reports and maps, and field observation for 2017. Information from interviews and group
discussions supported us in getting the historical LULC, for example, forest areas, grazing land, and
water resources. Since the resolution of the historical maps for 1987 obtained from the Ethiopian
Mapping Agency was poor, a high resolution of Google Earth was used to better identify the land-use
classes. A similar approach was used by different studies where the historical maps were poor in
Ethiopia [21,22,40-43] and Italy [44].

From the error matrix, overall accuracy, user’s accuracy, producer’s accuracy, and kappa statistics
were derived. Kappa coefficients typically lie between 0 and 1. According to Viera and Garrett [45],
kappa value characteristics of value greater than 0.8 denote a strong agreement, a value between 0.4
and 0.8 denotes a moderate agreement, and a value below 0.4 represents the poor agreement.

2.2.5. Land Use/Land Cover Change Analysis

Once the land cover classifications were derived, Arc Geographic and Information System (ArcGIS
10.1) was used to prepare the LULC maps of 1987, 2002, and 2017. Then, the areas of the LULC classes
were calculated from the maps, and analysis of LULCC and rates of changes were computed. Total
LULCC between the two periods is calculated as follows:

Total LULC Gain/loss = Area of the final year — Area of the initial year 1)

. (Area of the final year — Area of the initial year)
Percentage of LULC Gain/loss = )
Total area of the catchment

A LULC matrix was developed by ArcGIS to analyze the LULC inter-category transitions and
examined the catchment experience in LULC transitions. The matrix was developed for the 1987-2002
and 2002-2017 transitions. Through the matrix, the area of gains, losses, persistence, and swapping
between the LULC types are calculated.

The terrain slope-LULC relationship was developed by overlaying the slope generated from the
DEM of the study area and the classified maps. Then, the distribution of LULCC with slope was
quantified. The result was helpful to see how continuous demand for agricultural land had brought
changes in LULC of higher slope areas.

The socio-economic data from the Klls and FGDs were analyzed thematically with the focus on
the past and current conditions of LULC, drivers, and implications of the LULCC. The ranking was
used to identify the most common drivers and consequences of the changes.

3. Result and Discussion

3.1. Accuracy Assessment

The confusion error matrix and Kappa statistics used for the classification accuracy of 1987, 2002,
and 2017 LULC maps are presented in Table 3. The overall accuracy for the 1987, 2002, and 2017 maps
was 81.7%, 85.4%, and 89.7%, respectively. The Kappa statistics were 0.78, 0.83, and 0.88 for the 1987,
2002, and 2017 maps, respectively. The Kappa statistics showed a strong agreement for the years 2002
and 2017, and good agreement for 1987 [45].
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Table 3. Accuracy of land use/land cover maps for 2017, 2002, and 1987.

LULC WB GL AL SA  CF FL RL UL UA(%) K
WB 41 1 0 3 0 0 0 0 91.11
GL 0 55 2 0 1 0 2 0 91.67
AL 0 2 91 0 2 1 3 1 91.00
2017 SA 2 2 0 34 0 2 0 0 85.00
CF 0 0 2 0 45 1 1 1 90.00
FL 0 0 1 0 2 55 2 0 91.67
RL 0 2 1 1 2 3 45 1 81.82
UL 0 1 2 0 0 0 0 47 94.00
PA(%) 9535 8730 9192 8947 8654 8871 8491 9400 8978  0.88
LULC WB GL AL SA  CF FL RL UL UA(%) K
WB 37 0 1 2 0 0 0 0 9250
GL 0 48 3 1 0 0 3 0 87.27
AL 1 3 85 0 1 2 2 3 87.63
2002 SA 4 1 0 40 0 2 1 0 83.33
CF 0 0 3 0 41 3 2 1 82.00
FL 0 1 2 1 2 51 3 0 85.00
RL 0 3 2 2 2 4 46 1 76.67
UL 0 1 1 0 3 0 0 45 90.00
PA(%) 8810 8421 8763 8696 8367 8226 8070 9000 854 083
LULC WB GL AL  SA  FL RL UL UA(%) K
WB 37 0 0 3 0 0 0 9250
GL 1 45 1 2 0 4 2 81.82
AL 0 2 80 0 1 4 3 88.89
1987 SA 1 2 0 39 2 1 0 86.67
FL 1 4 3 1 41 6 1 71.93
RL 0 2 4 3 4 37 0 7400
UL 0 2 5 1 2 2 33 73.33
PA (%) 9250 7895 8602 7959 8200 6852 8462 8168 077

WB—water bodies, GL—grazing land, AL—agricultural land, CF—commercial farm, SA—swampy area, FL—forest
land, RL—rangeland, UL—urban and built-up, UA—user’s accuracy, PA—producer’s accuracy, K—Kappa statistics.

3.2. Spatio-Temporal Distributions of Land Use/Land Cover Changes in Finchaa Catchment

Agricultural lands, the dominant land use type of the catchment, covered 36.27% of the study
area in 1987, 42.64% in 2002, and 51.86% in 2017 (Table 4). Similarly, urban and built-up areas and
commercial farms increased from 1987 to 2017. The proportion of urban and built-up in 1987, 2002
and 2017 was 0.12%, 0.27%, and 1.91% of the total area, respectively. The swampy area and water
bodies covered 3.57% and 4.31% area of the catchment in 1987, 3.12% and 5.94% in 2002, and 2.49%
and 6.05% in 2017, respectively. With the construction of a sugar factory in the lowland areas of the
catchment, sugar cane plantation began to appear around 1994. In 2002, the area of the commercial
farm was around 4577.5 hectares (1.38%). Since the factory planned to double the production of sugar,
the area coverage of sugarcane plantation expanded. Further, the new plantation site was established
downstream of Neshe hydropower around 2012. Consecutively, the farm was expanded to 18372.7
hectares (5.55%) in 2017.

In 1987, forestland, rangeland, and grazing land were the major LULC accounting for 21.55%,
20.63%, and 13.55% of the catchment, respectively. Similarly, forestland, rangeland, and grazing land
were the major LULC in 2002 and 2017. For the periods of 1987 to 2002 and 2002 to 2017, forestland
and rangeland showed the highest decline, whereas agricultural land showed the highest increase.
Comparatively, the LULCC was higher for the changes from 2002 to 2017 than the changes from 1987
to 2002.

The distribution of LULCC over 30 years is given by Figure 2. Expansion in agriculture, commercial
farm, and urban and built-up showed continuous increase whereas forestland, grazing land, range
lands, and swampy area showed a continuous decline.
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Table 4. LULC area coverage, status, and changes between 1987, 2002, and 2017.

Area Change (Gain/Loss)
I{.;J;ecs 1987 2002 2017 1987-2002 2002-2017 1987-2017
Ha % Ha % Ha % Ha % Ha % Ha %
AGL 119,963.4 36.27 141,039.3 42.64 171,527.8 51.86 21,0759 6.37 30,488.5 9.22 51,5644  15.59
CFL 0.0 0.00 4577.5 1.38 18,372.7 5.55 4577.5 1.38 13,795.1 417 18,372.7 5.55

FL 71,299.5 2155 58,255.6 17.61  30,363.1 9.18 13,0439 -394 -27,8925 -843 -409364 -12.38
GL 448126 1355 40,0388 1210 33,5905 10.15 —-4773.8 -1.44 —-64483 -195 -11,222.1 -3.39
RL 68,239.0 20.63 55,989.7 1693 42,3456 12.80 -12,2493 -3.70 -13,6441 -4.12 -25893.3 -7.83
SW 11,811.8  3.57 10,3347  3.12 8234.1 2.49 -1477.0 -045 -2100.6 -0.64 -3577.7 -1.08
UBL 392.2 0.12 885.3 0.27 6320.8 1.91 493.1 0.15 5435.5 1.64 5928.6 1.79
WB 14,2628  4.31 19,660.5 594 20,0267 6.05 5397.7 1.63 366.2 0.11 5763.9 1.74
Total,
ha 330,781.3 100  330,781.4 100  330,781.3 100

AG—agricultural land, CFL—commercial farm, FL—forest land, GL—grazing land, RL—range land, SW—swampy,
UBL—urban and built up, WB—water bodies, negative(—) indicates loss.
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Area %
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Figure 2. Land use/land cover distribution.

The spatio-temporal distribution of the LULC in the Finchaa catchment is presented in Figure 3.
The expansion of the commercial farm was in the lowland areas of the catchment, whereas the major
changes in water bodies were upstream of the catchment. The area of grazing land, mainly short grasses
with intermittent wetlands, were found in the upper part of the catchment in the Guduru District.

o w0 40 50 8 I:l Agricultural Land - Range Land
Hilameters - Commercial Farm I:l Swam py
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Figure 3. LULC map of Finchaa catchment in 1987, 2002, and 2017.




Land 2020, 9, 113 9 of 20

3.3. LULC Inter-Category Transitions and Changes Trajectories in Finchaa Watershed

The LULCC analysis of Finchaa showed that the catchment experienced intricate LULC transitions.
LULC matrix was developed for the 1987-2002 and 20022017 transitions. Through the matrix, the
areas gained, lost, persisted, and swapped among the LULC types were calculated (Table 5).

During 1987-2002, the highest losses occurred in rangeland class, followed by forest land and
grazing land. Urban and built-up areas followed by water bodies and swampy areas showed the
lowest loss. Similar patterns of changes were observed during the 2002-2017 period with the highest
losses shown by rangeland, followed by forest land and agricultural land, whereas the lowest loss was
shown by urban and built-up followed by swampy area and water bodies. The highest gain for the
period of 1987-2002 was shown by agricultural land followed by rangeland and forest land, whereas
the lowest gain was shown by urban and built up followed by water bodies. For period’s 2002-2017,
agricultural land followed by rangeland and grazing land has shown the highest gain while water
bodies followed by swampy and urban and built-up area shows the lowest gain.

Table 5. LULC change transition matrices (ha) for 1987-2002, 2002-2017.

To 2002 AGL CF FL GL RL SA UB WB Total Loss

AGL  97,894.5 533.0 2733.4 9600.2 8122.5 528.3 504.1 474 119,963.4  22,068.9
FL 6571.1 1943.9 34,577.2 2591.9 21,497.2 2227.6 97.5 1792.9 71,2995  36,722.3
GL 14,690.2 41.0 2529.3 19,957.2 5122.8 2085.7 64.3 322.0 44,812.6  24,855.4
RL 20,925.0 2015.0 16,550.8 6217.4 20,054.8 1673.3 149.6 653.0 68,239.0 48,184.2

Flrg‘;’;‘ SA 694.1 25.7 1769.5  1599.4 10417  2955.7 53 37203  11,811.8  8856.1
UB 274.9 0.9 9.1 15.7 2.1 13 68.3 0.1 392.2 323.9
WB 12 19.1 81.1 526 1195 861.4 13 13,1265 142628 11363
Total 141,051.0 45785 582504 40,0345 55980.6 10,3334 890.6 19,6623 330,781.3
Gains 43,1565 45785 23,6732 20,0773 359259 73777 8223 65357
To 2017  AGL CF FL GL RL SA UB WB Total Loss
AGL 120,385 29792 11935 44123  7507.7 614 37985 7381 1410393 20,690.7
CF 4374 35249  200.0 522 248.0 19.4 762 19.3 45775  1052.6

FL 13,623.8 5815.6 19,728.8 2393.3 15,067.3 507.3 819.1 300.4 58,255.6  38,526.7
GL 13,186.6 290.1 1034.1 20,534.2 2349.7 1229.1 275.7 1139.3 40,038.7  19,504.5
From RL 22,532.5 5708.8 7268.3 2934.5 15,494.1 472.8 1057.9 520.9 55,989.7  40,495.6

2002 SA 836.1 219 722.2 2740.2 1033.4 3057.6 43.7 1879.8 10,334.8 7277.2
UB 525.2 17.5 19.7 21.4 63.2 0.6 234.4 3.2 885.3 650.9
WB 36.9 13.7 199.5 502.4 585.7 2886.9 11.6 15,4239 19,660.5 4236.6

Total 171,5269 18,3717 30,366.0 33,590.5 42,349.0 82350 63172 20,0249 330,781.3 159,254.4
Gains 51,1784 14,846.8 10,637.2 13,0563 26,8549 51775  6082.7  4601.1

The diagonals (written in bold) indicates area of land that remained unchanged for each class during the transition.
The net persistence of the LULC during 1987-2002 and 2002-2017 is presented in Figure 4.
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Figure 4. Persistence of the LULC classes.
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Concerning net persistence, the ratio of the net change (gain-loss) to diagonals of each class,
urban and built-up area has shown the highest net change to persistence ratio during 1987-2002
and 2002-2017. The highest net change to persistence ratio implies the lowest persisting class of the
LULC. The lowest persisting LULC class in the Finchaa catchment was urban and built-up followed
by rangeland during 1987-2002, whereas agricultural land followed by grazing land has shown the
highest persisting LULC class. During 20022017, urban and built-up, and commercial farm were the
lowest persisting LULC, and water bodies followed by agricultural lands were the highest persisting
LULC classes.

3.4. Land Use/Land Cover Change with Slope Gradients in Finchaa Catchment

The continuous demand for agricultural land brought changes in LULC, especially in higher slope
areas. A large part of the land (22.7%) was found in moderately rolling (8% to 15%), followed by the
strongly rolling slope (15% to 30%) with the dominant agricultural land. In 1987, forest lands were
higher in undulating slope (2% to 5%), followed by the gently rolling slope (5% to 8%). However, in
2017 forest land was higher in the hilly slope (30% to 60%), followed by a strongly rolling slope. The
shift by forest land dominance from the undulating and gently rolling to the hilly and strongly rolling
was owing to the agricultural land expansion, urban and built up, and increased water body on the
lower slopes. Over the three decades (1987 to 2017), agricultural land expanded with the maximum
rate of expansion shown on slope classes of strongly rolling to very hilly. The forestland was decreased
in all slope ranges with the maximum rate of loss in gently undulating to moderately rolling slopes.
Likewise, the swamp area was decreased in all slope ranges.

From 1987 to 2017, the urban and built-up area expanded in all slope ranges with the highest
expansion on the moderately rolling to gently rolling slopes. Grazing land was increased only on the
slope ranges of 2-5% and 0-2% (gently undulating). The water bodies increased on all slope ranges
except with higher slope areas. The highest increase by water bodies was shown on slope ranges from
0% to 2%. In contrast to water bodies, rangeland decreased on all slope ranges except in very hilly
slope areas. The highest decline was shown in the slope ranges from 8% to 15%.

The spatial distribution of LULCC with terrain slope in 1987 and 2017 is given in Table 6. Water
bodies are dominant in 0% to 2% slope. However, in 2017, water bodies have increased in the slope
range of 2-5% due to the construction of the Neshe reservoir.
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Table 6. Terrain slope percent and land use/land cover distribution for the 1987 and 2017 maps.

11 of 20

1987 Percent of Slope Class and Area Coverage, Hectares
LU_TYPES 0-2% 2-5% 5-8% 8-15% 15-30% 30-60% >60% Total
AGL 4157.8 16,852.1 19,945.1 40,144.8 33,259.0 5276.6 327.9 119,963.4
FL 5646.2 15,047.5 13,274.8 12,1214 12,266.6 10,073.2 2869.8 71,299.5
RL 4218.0 12,719.2 11,146.9 14,454.1 16,792.9 7796.2 1111.7 68,239.0
UBL 16.2 68.4 79.9 134.7 64.5 19.1 9.4 3922
WB 13,054.2 657.0 299.9 204.9 37.5 6.6 2.7 14,262.8
SA 4783.2 2934.0 919.4 730.9 1224.1 955.3 264.9 11,811.8
GL 6699.6 13,299.8 5349.5 7194.6 8671.7 3055.5 541.8 44,812.6
Total, ha 38,575.2 61,578.2 51,015.6 74,985.4 72,316.3 27,182.4 5128.2 330,781.3
2017 Percent of Slope Class and Area Coverage, Hectares
LU_TYPES 0-2% 2-5% 5-8% 8-15% 15-30% 30-60% >60% Total
AGL 5228.8 22,749.5 27,632.9 54,060.4 50,470.8 10,596.3 789.2 171,527.9
FL 1267.2 4017.0 3892.4 4426.4 6436.3 7600.6 2723.2 30363.1
RL 2271.9 6591.8 6262.9 8208.6 10,876.9 6753.0 1380.6 42,345.7
UBL 332.7 1369.9 1339.9 1774.9 1196.5 269.2 37.8 6320.8
CFL 1768.6 7551.6 6038.0 2773.2 186.7 48.3 6.2 18,372.6
WB 15,716.7 2485.3 1000.9 651.8 156.9 12.3 2.7 20,026.6
SA 4107.6 2648.5 784.9 336.0 177.0 127.3 52.8 82,34.1
GL 7879.7 14,158.5 4039.1 2743.6 2802.8 1767.5 199.4 33,590.5
Total, ha 38,573.1 61,571.9 50,991.2 74,974.8 72,303.8 27,1744 5192.0 330,781.3
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3.5. Drivers and Impacts of Land Use/Land Cover Change

The results of FGDs, Klls, and field observation revealed that both anthropogenic and natural
processes derived LULCC. However, anthropogenic activities were found to be predominant and
immediate as compared to the natural process as a driver of LULCC. Further, some drivers are not
only limited to local specific issues; rather, they are regional, national, and global issues. From a range
of different drivers, respondents perceived six human-related activities as major drivers of LULCC in
the study area (Table 7). The ranks are derived based on how the variables were selected frequently by
the respondents.

Table 7. Drivers of LULCC ranking.

Drivers Percent % Rank
Agricultural land expansion 29.67 1
Urbanization and infrastructure development 19.78 2
Timber, fuelwood and wood products 16.48 3
Resettlement 13.18 4
Grazing mismanagement 12.08 5
weak environmental considerations 8.79 6

Based on the information from KlIs and FGDs, the underlying causes of these drivers are the
interrelated demographic, socio-economic, institutional, and technological factors. High population
growth was perceived as the major driver of the demographic factor causing LULCC. According to the
2007 Population and Housing Census of Ethiopia, the total population of the Horro Guduru Wollega
zone was 570,040 [46]. The population was estimated to be 691,871 in 2014 and 747,158 in 2017 [47].
According to KlIs and FGDs, resettlement, immigration, and natural population increases are the
causes of population increase.

KlIs and FGDs showed that the focus of the government to build hydropower projects and
irrigation projects were among the major socio-economic and institutional causes of LULCC. The
expansion of irrigation projects increased commercial farms, and the construction of reservoirs increased
water bodies in the catchment. Infrastructure and built-up are also increasing in the catchment. For
example, the construction of institutes like the Teacher Training College, Technical and Vocational
Education and Training, private colleges, the Wollega University Shambu campus, a sugar factory,
the Horro Cattle breed production center, and the Shambu referral hospital contributed to urban and
built-up area expansion.

The expansion of hydropower projects has displaced the community from their farmland and
forced them to resettle in other places without adequate compensation. The increased resettlement
on unproductive lands coupled with the relative depreciation of agricultural land made it difficult
for inhabitants to remain, forcing them to move. Further, the lack of jobs for youths and urban
developments in the catchment amplified the socio-economic activities for LULCC. Group discussions
with the community and interviews with agricultural experts on how the construction of projects and
weak environmental consideration caused LULCC were added as follows:

“The construction of Fincha Dam 1973, Amerti Reservoir in 1987, and Neshe Dam in 2012 displaced
many households from their farmland and made the community landless. Then, those who have good
wealth moved to the town and settled. The poor were forced to work for others who have owned land in
other places. Others are also moved to the town to work daily labor activities.”

(Community Members, Abay Chomen District and Horro District, Focus Group Discussion,
March 2018)

“The displacements of the community from reservoir areas have made land scarcity, especially in
highland parts of the catchment. Consequently, there were efforts to drain wetlands mainly for
agricultural land expansion, which was described in the local language as ‘Duula Caffee Qoorsuu’ to
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mean campaign of wetland draining. On the other hand, wetlands are not equally valued as natural
resources. For example, there is no one accused of wetland degradation. The use of wetlands for
agriculture limited the area of communal grazing where many livestock populations were allowed
for grazing.”

(Agricultural Officer, Guduru District, Key Informant Interview, April 2018)

The expansion of agriculture on communal and private grazing lands reduced the area of grazing
lands. Consequently, a small area of land is used frequently for grazing a livestock population beyond
its capacity. The experience of the community in using controlled grazing is low.

According to KlIs and FGDs, the community perceived six major consequences of LULCC in
Finchaa catchment. These include the decline of agricultural yield, biodiversity, and habitat loss,
low and decreasing profitability of farmers, land and soil degradation, water resource decline, and
extended aridity and drought.

Losses of soil fertility have caused the decline of agricultural yields. The following quotes show
how crop yield and soil fertility is related to the profitability of the farmers:

“Agricultural yields are declined from time to time. Farmer’s profitability from agriculture is
decreasing. In some areas, the application of fertilizer is not adequate to recover crop yields due to the
high decline in soil fertility. Soil acidity is increasing in the region and lack of adequate resources to
treat soil acidity have worsened the situation.”

(Agricultural Officer and Development Agent, Jima Geneti District, Key Informant Interview,
May 2018)

“In the past, we used to produce adequate yields. But now, we are losing some parts of our farms as
the land is becoming less fertile, and we are not getting adequate yields. Even, the benefits from the
crop yields are not enough to cover the cost of the fertilizer. We are struggling just to get a hand to
mouth production, and we are unable to support our children for a better life.”

(Farmer group, Jima Geneti District, Focus group Discussion, May 2018)

The beginning and expansion of the commercial farms initiated the community to start new
cultivation in the lowland areas. A 67-year-old man described the past and present situation in the
catchment as follows:

“Iwas born and grew up in Gudane village. When I was young, forestland, woodlands, and grasslands
covered a significant portion of the area, and there were a variety of animals. I used to hunt animals
like buffalo and bushbuck with my friends. But now, the forests are cleared, and it is difficult to find
animals like buffalo in the area.”

(Abay Chomen District, March 2018)
The interview with the natural resource management expert on forest degradation was

“The community used to destroy forests to have new farmland, to build settlements, for charcoal
and domestic fuel, timber and woodworks. Further, farmers expand agricultural lands to natural
forests. After cutting the natural forests, the farmers plant exotic trees such as eucalyptus (Eucalyptus
globulus), which were mechanisms to own the land. Consequently, forest covers are reduced to
remnants and are remained around high pick mountain areas, inaccessible areas, and along streams
and valleys areas.”

(Natural Resource Management officers, Abay Chomen District and Horro District, Key Informant
Interview, March 2018)

Currently, landslides have become the common form of land degradation in Jima Geneti (upstream
of Fincha Reservoir). They are the main sources of sediment/siltation for the reservoir. An expert
interview regarding landslides and their challenge was quoted as follows:
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“Landslide was found to be the major problems that destroyed the farmlands, roads, and sometimes
houses. The community sometimes perceives landslide as a natural process. However, the areas affected
by landslides are areas that have been covered with forest once, but the forest is cleared now and areas
that receive high erosion from the hillside. Erosion from the roadside, where there is no proper outlet,
also caused gully and landslides. The efforts to manage landslide was limited by resources and skill
required as landslide is becoming frequent.”

(Natural Resources Management Officer and Environment and Climate Change Officer, Jima Geneti
District, Key Informant Interviews, May 2018)

The other implication of LULCC revealed in the catchment was the decline of water resources.
The discharges from the agricultural field and pollution from urban and domestic wastes are specified
as the causes of water resource pollution in the catchment. The interview with the natural resource
management expert regarding the status of the reservoir areas and streams described the issue as

“There is no established buffer zone for the reservoir areas, and there are no stream protections. The

farmers cultivate until the edge of the stream and the streams are exposed to siltation and scouring by
soil erosion. Braided rivers are formed when erosion deposits soil and the river depth gets decreased
and begin to form new channels and even change the flow course.”

(Natural Resources Management officer, Horro District and Abay Chomen District, Key Informant
Interview, March 2018)

“In several areas within the catchment, groundwater is an important source of water supply. In areas
where wetlands are drained, the springs are dried out, the levels of hand-dug wells are declined.”

(Zonal Water Resources Officer, Horro Guduru Wollega Zone, Key Informant Interview, March 2018)

The field observation result was consistent with the interview. When the level of water in the
reservoir area declines, free land will be formed. Then, farmers will use the free land for winter
cultivation (locally named “Bone”) and when the reservoir fills, it will submerge the farm areas and
take all the minerals and soil into the reservoir. Figure 5 shows a free area used for winter cultivation
around the Fincha reservoir.

Figure 5. A free area used for winter cultivation around the Fincha reservoir. (a) Activity around the
reservoir; (b) Activity around the reservoir surfaces covered with grasses.

4. Discussion

4.1. Land Use/Land Cover Changes

The LULCC analysis of Finchaa catchment over 30 years (1987-2017) revealed a dramatic LULCC
(Table 4 and Figure 3). The construction of hydropower projects such as Finchaa and Neshe and Amerti
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Reservoirs, along with the irrigation projects, were the main contributing factors to the LULCC. A
similar study conducted in the northwestern part of Finchaa catchment also revealed that agricultural
lands were expanding at the expense of forest and grassland [40]. This finding was also consistent
with other research reports elsewhere in Ethiopia [15,19,22,37,48].

Although deforestation occurred throughout the catchment, the high decline of forest cover was
because of the expansion of the commercial farms, land expansion, and continuous wood extraction.
Before 1987, lowland areas of the catchment (also called Finchaa valley) were covered with forests,
woodlands, and rangeland. In the Finchaa catchment, not only the coverage but also the qualities of
the forest compositions (especially indigenous plants) were diminished. Studies conducted in different
parts of the upper Blue Nile of Ethiopia also reported similar findings. For example, Wubie et al. [15]
in the Gumera watershed, Miheretu and Yimer [16] in the Gelan sub-watershed, and Betru et al. [18] in
western Ethiopia.

Urban and built-up areas are continuously increasing, with the highest rate in recent years. The
increments are due to the expansion and construction of infrastructures like roads, institutions, and
settlements. The same trend was witnessed in the Blue Nile basin, the Gelda catchment [49], and
the Andassa watershed [50]. The finding was also in accordance with Terfa et al. [51], who showed
rapid urban growth in major cities of Ethiopia between 1987 and 2017. Advancement of unplanned
urban expansion among zonal, regional, and the capital city of Ethiopia were the main drivers for the
conversion of rural landscapes to urban landscapes [20]. Migration from rural to urban also contributed
to urban expansion in the Finchaa catchment. For example, the total population of urban inhabitants in
the Horro Guduru Wollega zone was 64,736 [46]. In 2017, the population of urban inhabitants increased
to 104,473 [47]. Migrations were caused by three main reasons. They include the lack of farmland, the
absence of infrastructures, and the need to engage in trades and urban works. This further supported
the view that infrastructure can attract people for job opportunities [33]. Most of the existing farmlands
are owned by elders, and the youth have no farmlands, which forced them to migrate to urban areas in
search of job opportunies. Likewise, the lack of infrastructure, such as electricity and potable water
in rural areas, has led the community to be attracted to urban areas. Relatively wealthy farmers are
interested in engaging in trade and other business activities in urban areas.

The findings of forest decline and urban growth were also reported with different studies over
Africa. For example, manmade impervious surfaces and built-up have increased at the expense of
biomass over the whole of Africa between 2000 and 2015 [52]. A significant decline of shrubland and
increased built-up were also witnessed in Botswana between 1984 and 2015 [53]. Mucova et al. [54] in
northern Mozambique also reported an increase in the human settlement at the expense of forestland
decline. The study on land-use changes and the climate of East Africa reported that agriculture was
increased and more intensified, while forest land was decreased between 1986 and 2000 [55].

4.2. Drivers of LULC Dynamics and Their Consequences

Although both natural and anthropogenic drivers of LULCC were stated in the catchment,
anthropogenic drivers were marked as the most immediate drivers. The community also enhances the
natural process by deforestation and unsustainable agricultural practices, which worsen the effects
of the LULCC. Restoring such land degradation and the effect of these processes could take time
and require a huge amount of resources. A study conducted in southeastern Ethiopia reported that
anthropogenic factors were the major responsible drivers of LULCC [56]. A similar study showed
that the effects of anthropogenic drivers are more pronounced than a natural process over a small area
within a short period [49].

The construction of the reservoir had displaced farmers and caused land scarcity. The scarcity
of land, coupled with the need to farm more land, has led the community to cultivate steep slopes.
As presented under the analysis of LULCC with slope (Table 6), agricultural lands and settlements
are expanding upward in a steep slope. Discussion and field observation have also confirmed that
agricultural lands are still expanding in higher slope areas. It is also reported that the construction of
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dams in Finchaa catchment has taken over many farms; many farmers have lost their land and are left
with nothing [57]. The resettled community cultivates small parcels of land situated either on the steep
slope or in flood-prone areas.

Urban development, scarcity of grazing mismanagement, and lack of adequate technology to
improve agricultural practices and livestock also contributed to LULCC. A similar study conducted in
Munessa-Shashemene reported similar findings that the social, economic, and environmental policies
and technology highly contributed to LULCC [24]. Furthermore, LULCC was driven by various
intermingling factors like urban expansion, demographic factors, biophysical factors, agricultural
expansions, and land tenure policy [22].

The adverse impacts of LULCC were associated with the underlying factors related to human
activities. The scarcity of land and the need to farm more coupled with resettlement have reduced
grazing lands. The reduction of the grazing land forced the community to reduce their livestock, which
has negative effects on household income and their consumption of livestock products. Likewise,
population growth and agricultural expansion were associated with biophysical degradations like
soil, water, and environment. Equally important to the environmental problem, socio-economic and
institutional problems were also posed a significant impact on the sustainability of the sub-basin. For
example, increased agricultural land on a steep slope without proper management practices potentially
have increased the vulnerability of the land to erosion and sedimentation in water bodies of the
catchment. A similar study also reported that LULCC has a significant potential for reducing the
production of subsistence agriculture production [16].

The process of the hydro-development process affected local communities and their livelihoods,
mostly by changing access to land and also less water [57]. For example, the seasonal fluctuations of
water levels often inundate the croplands of the farmers settled near the water bodies. Furthermore,
most of the present land-use practices in the catchment are focused on short-term supply satisfaction,
which could bring a long-term loss of ecosystem services and the environment.

According to KlIs and FGDs, extended aridity and drought (longer dry season) are increasing in
the catchment. The increase in the longer dry season has amplified the effects of water security in the
catchment. A climate projection study reported that the upper Blue Nile basin will face regional water
scarcity regardless of the increase or decrease in precipitation [58]. It is also reported that significant
changes in LULC will further disturb the water balance components of the catchment by reducing
infiltration and increasing surface runoff [59].

5. Conclusions

The quantitative spatio-temporal evidence obtained through interpretations of satellite images
shows that Finchaa has undergone significant LULCC since 1987. Between 1987 and 2017, agricultural
land, commercial farm, urban and built-up areas increased while rangeland, grazing lands, and
swampy area decreased. The transition matrix developed to assess inter-category transitions and the
change trajectories highlight the dominant dynamic events and internal conversions between LULC
classes. The urban and built-up areas show the highest ratio of the net change to persistence, whereas
agricultural land has shown the lowest net change to persistence ratio in the 1987-2002 transition.
In general, the highest net change to persistence ratio is associated with the lowest persisting LULC
classes. The spatial distribution of LULCC with slope shows a continuous expansion of agriculture
and settlement and a reduction of forestland and swampy along all slopes. The rangeland has been
decreased in all slope ranges except hilly slope areas.

Agricultural expansion, urbanization and infrastructure developments, timber and woodworks,
resettlement, uncontrolled grazing, and weak environmental considerations were identified as the major
driving factors of LULCC. The adverse impacts of LULCC are associated with the underlying causes of
human activities related to the environment, socio-economic, biophysical, and institutional problems.
The decline of agricultural yield, biodiversity and habitat loss, low and decreasing profitability of
farmers, land and soil degradation, water resource decline, and extended aridity and drought are the
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major impacts of LULCC perceived by the community. Notably, increased cultivation of lands situated
either on steep slopes or in flood-prone areas requires urgent action to avert the challenges of land
and soil degradation as it is threatening the survival of forest remnants and other important natural
resources. Further, the lifespan of the three reservoirs in the catchment depends on the sustainability
of natural resources management.

The qualitative and quantitative study of the LULCC, its driving forces, and the impacts presented
in this study could help a decision-maker by providing information that supports integrated watershed
management and future developments. Special attention should be given to rehabilitate the degraded
lands and to protect the natural resource in the catchment. With this, the undesirable effects of complex
environmental dynamics in the catchment can be reduced.
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