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Introduction
Wetland ecosystems are under threats due rapid expansion 
of agricultural lands particularly in developing countries. 
The conversion of wetland ecosystems to agricultural land 
exposed wetland dependent species to threats. To overcome 
the problem of wetland degradation, different organiza-
tions are working to rehabilitate wetland ecosystems. 
Watershed management is an ever-evolving activity that 
involves the ecological, social, and economic management 
of land, water, biota, and other resources in a given area 
(Shine & Klemm, 1999; Wang, Mang et al., 2016). Wetlands 
are the transition between the land and sea and thus from 
freshwater to marine environments (Basset et  al., 2013; 
Facca, 2020). Wetlands are one of the most important habi-
tats for various plant and animals. It provides different vari-
eties of ecosystem services (Maltby, 1991; Zollitsch et  al., 
2019). The presence of wetlands is one of the main indica-
tors of environmental health.
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ABSTRACT: Wetland ecosystems are one of the most important areas that provides different ecosystems services as well as habitat for plant 
and animal species. In spite of multipurpose, wetland ecosystems are under threats. This study attempts to analyze wetland dynamics of Abay 
Choman and Jimma Geneti watershed in Horo Guduru Wollega Zone, Western Ethiopia using geospatial techniques. The land use land cover 
(LULC), the Normalized Difference Vegetation Index (NDVI), and Normalized Difference Water Index (NDWI) were investigated using Landsat 
5 TM of 1991, Landsat 7ETM+ of 2003, and OLI/TIRS of 2021. In the present study, the LULC was classified using a supervised classification 
method with maximum likelihood algorithm. The red and infrared bands of Landsat imagery from three different time periods were used to cal-
culate NDVI, while the NDWI was estimated using the green and near infrared (NIR) bands of multispectral Landsat images. Results show that 
wetland ecosystem in the study area decreased by about 125.2 km2 (8.8%) with the rate of 4.2 km2/year. In contrast, agricultural land increased 
by 223.4 km2 with the rate of 7.4 km2/year between 1991 and 2021. About 66.7 km2 wetland was converted to cultivated land whereas 29.3 and 
24.7 km2 of grassland and shrubs land were converted into cultivated land. As a result, the maximum NDVI and NDWI values were decreased 
between 1991 and 2021. To minimize the rapid loss of wetland and water bodies in the study area, proper land use planning and environmental 
education should be promoted.
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Inland and coastal wetlands span about 2.16 million km2, an 
area nearly as large as Greenland, with 54% permanently flooded 
and 46% flooded seasonally (Gardner & Finlayson, 2020). 
Wetlands are critical resources with numerous values and uses 
(Shi et al., 2008). In their natural condition, wetlands provide a 
variety of ecological and socio-economic benefits that contribute 
to the well-being of rural communities and the country’s envi-
ronmental security (Dixon et al., 2021; Wood, 2001).

Human-wetland interactions must be prioritized in the 
development of wetland policy and management strategies 
(Nguyen et al., 2017). Monitoring changes in land use and land 
cover (LULC) particularly expansion of agricultural land to wet-
land is seeking to control uncontrolled growth particularly in 
rural areas (Patil et al., 2012). Geographic Information Systems 
(GIS) and remote sensing satellites have become the most pow-
erful tools for assessing and monitoring of natural resources and 
the environment (Das et  al., 2022; Garg, 2015; Najar et  al., 
2017). Substantial studies highlight that GIS and remote sens-
ing techniques are widely used to survey wetland change very 
quickly, at low cost, and with greater accuracy (Brooks et  al., 
2004; Haque & Basak, 2017; Liu et  al., 2006; Mabwoga & 
Thukral, 2014; Schmidt & Skidmore, 2003; Tobore et al., 2021). 
GIS and remote sensing techniques are more accurate than field 
observations and other techniques for measuring the rate of 

Correction (December 2023): The full form of the word “EWRP” has 
been corrected on page 2; see in-text footnote 1 for details.
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change of LULC over time. This is due to its capacity to calcu-
late the extent of gain and loss in hectares and other units.

Wetlands are under threats all over the world, despite the ben-
efits and services they provide to humans (Maltby, 1991). At global 
level, wetland ecosystems are destroyed by agricultural expansion, 
urban development, hydrological changes, pollutants input from 
factories, and municipalities (Allen et al., 2020; Das & Basu, 2020; 
Dinsa & Gemeda, 2019; Gemeda et al., 2016; He, 2019; Kundu 
et al., 2022; Levin et al., 2009; Orimoloye et al., 2020). Despite the 
fact that Ethiopian Wetlands Research Programme (EWRP)1 has 
had a significant impact on developing national interest in wet-
lands among research, government, and non-governmental organ-
izations, its more holistic social-ecological interpretation of 
wetland management has been overlooked within a policy arena 
dominated by specific sectoral interests and little recognition of 
local people’s needs (Dixon et al., 2021).

Ethiopia has an abundance of water resources and wetlands, 
including twelve river basins, eight major lakes, numerous swamps, 
floodplains, and man-made reservoirs (Abunie, 2003). According 
to studies, approximately 110 billion cubic meters of water runoff 
from the aforementioned sources each year, with 74% of that water 
flowing into rivers that drain into neighboring countries 
(Ethiopian Forestry Action Programme [EFAP], 1989). Despite 
its widespread distribution, Ethiopia’s inventory of wetland 
resources is incomplete. Ethiopian wetlands cover about 
13,700 km2 (1.14%) of the country (Hillman & Abebe, 1993).

In the study area, wetland areas were degraded due to various 
human induced activities: including poor watershed manage-
ment practices such as deforestation, expansion of agricultural 
land, poor farming methods, overgrazing by domestic livestock 
are the main causes of wetland loss and degradation. These 
changes contribute to the degradation of water quality, a 
decrease in the abundance and diversity of wetland. Furthermore, 
these changes reduce the availability of wetland products 
(medicinal plants, fish farming activities, recreational areas) and 
ecosystem services. This, in turn, has a negative impact on food 
security and poverty alleviation, with a significant impact on 
communities that rely heavily on wetland products for a living.

Accurate, efficient, and repeatable mapping of changes in 
wetlands and riparian regions (referred to collectively as wet-
lands) is critical for monitoring human, climatic, and other 
effects on these critical systems (Baker et al., 2007). Wetlands are 
under threats all over the world, despite the benefits and services 
they provide to humans (Maltby, 1991). Several studies have 
been conducted in and around the study area to show drivers and 
implications of LULC change and soil erosion risk assessment 
(Beyene, 2019; Dibaba et al., 2020; Hailu et al., 2020). Geospatial 
technologies are widely used in the mapping and monitoring of 
wetland ecosystems. The spatio-temporal change of wetland 
ecosystems has been also calculated using geospatial technolo-
gies. However, detail information on wetland dynamics is uncer-
tain to design wetland conservation and management strategies. 

Therefore, this study attempts to fill the existing research gap by 
analyzing wetland dynamics using geospatial techniques in Abay 
Choman and Jimma Geneti watershed, Horo Guduru Wollega 
Zone, Western Ethiopia. The results of this study will be useful 
specially to design effective strategies to conserve wetland degra-
dation in the study area and beyond.

Materials and Methods
Description of the study area

The Abay Choman and Jimma Geneti watershed is part of the 
Abay basin, which is located in the Horo Guduru Wollega of the 
Oromia National Regional State (Figure 1). Geographically, the 
study area is situated between 9°11′00″N to 9°38′’30″N and 
37°4′’00″E and 37°26′’00″E and the elevation of the study area 
varies from 3,200 to 1,644 m above the mean sea level. The study 
area was approximately 1,426.6 km2. The watershed is character-
ized by high topographic relief and has cold climate condition. 
The area has large upstream water potential sites, intensive irriga-
ble downstream lands, and high hydropower potential (Dibaba 
et  al., 2020). Previous studies in southwestern Ethiopia have 
documented a decline in wetland resources due to environmental 
pressure and human stresses (Berhanu et al., 2021; Dibaba et al., 
2020; Dixon et al., 2021; Hussien et al., 2018). The study area has 
different LULC classes: cultivated land, forest, grassland, shrubs 
land, and settlements. Among the LULC types, agricultural land 
is the most dominant in the study area (Hailu et al., 2020).

Soil types

There are eight major soil groups were identified in the Abay 
choman and Jimma Geneti watershed: Chromic Luvisols, 
Eutric Cambisols, Eutric Leptosols, Eutric Vertisols, Haplic 
Alisols, Haplic Arenosols, Haplic Phaeozems, Rhodic Nitisols 
(Kenea et al., 2021).

Climate

The study area is found in the wettest part of the country. The 
area receives sufficient amount of rainfall throughout the year 
except during dry season (December to February). The mean 
annual rainfall of the study area is about 1,320 mm (Kitila et al., 
2015). The study area received maximum rainfall between the 
month of June and September, which shares about 80% of the 
total annual rainfall. The share of annual rainfall for winter sea-
son (December to February) accounts about 5%. The average 
annual maximum and minimum temperatures is about 30°C 
and 14.8°C, respectively (Tessema & Simane, 2019).

Data sources and descriptions

Landsat imagery for the years 1991 TM, 2003ETM+, and 
2021 OLI/TIRS was obtained from the Earth Explorer 

1 The full form of the word “EWRP” has been corrected to “Ethiopian Wetlands Research Programme” from “Emergency Wetlands Reserve 
Program” after the article’s original OnlineFirst publication.
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website (http://eathexplorer.usgs.gov/) by path 169 row 54. 
These Landsat images were downloaded from cloud-free 
images during the dry season ( January-February) (Table 1 and 
Figure 2). These Landsat images were used to calculate the 
LULC, NDVI, and NDWI.

Software packages used

For image processing and categorization, the Earth Resources 
Data Analysis System (ERDAS) Imagine 2015 software was 
employed. For analyzing and visualizing spatial data, ArcGIS 

10.3 was employed. ArcGIS software was used to create the 
drainage network and extract the sub basins using Arc SWAT.

Methodology
Analyses of LULC types

Landsat images TM from 1991, ETM+ from 2003, and OLI/
TIRS from 2021 were used to classify land use and land cover 
types in the Abay Choman watershed. The LULC classifica-
tion was supervised and using the maximum likelihood 
approach (Moisa & Gemeda, 2021; Moisa et al., 2021). The 

Figure 1. Map of the study area.

Table 1. Data Sources and its Descriptions.

DATA TYpES SENSOR ACqUiSiTiON YEAR pATh AND ROW RESOlUTiON SOURCE

landsat 5 TM 1991 169 & 054 30 m USGS

landsat 7 ETM+ 2003 169 & 054 30 m

landsat 8 Oli/TiRS 2021 169 & 054 30 m

ASTER DEM - - - 30 m

Downloaded From: https://bioone.org/journals/Air,-Soil-and-Water-Research on 05 Sep 2024
Terms of Use: https://bioone.org/terms-of-use
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study area’s LULC was divided into four categories: cultivated 
land, grassland, shrubland, and wetland.

Accuracy assessment
Ground control points were collected using GPS and Google 
Earth for accessible and inaccessible area respectively. The col-
lected ground control points were used to calculate accuracy 
assessment for each LULC class. For each LULC type, 40 
samples were collected using random stratified method. The 
field photos (high-resolution Google Earth images) of these 
field samples were attached in Supplemental Figure 1.

As indicated in Congalton (1991) and Moisa and Gemeda 
(2021), the overall accuracy was calculated by dividing all the pix-
els properly categorized by the total number of pixels in the matrix 
(equation (1)). Alam et  al. (2020), Merga et  al. (2022), Mishra 
et al. (2020), and Moisa et al. (2021) calculated the overall accuracy 
and Kappa coefficient (Khat) to measure the degree of agreement 
between the two maps in the form of a confusion matrix (Alam 
et al., 2020; Mishra et al., 2020; Moisa et al., 2021; (equation (2)).

Overall accuracy =
Sumof the diagonal elements

Total number of accurracy sites pixels( )
×100  

(1)

Khat = −
−

Obs exp

exp1  (2)

where: Obs is observed correct or overall accuracy and Exp is 
represents correct classification.

LULC change detection. The quantity of altered area, extent of 
change utilized to assess the degree of change over time is 
determined using equation (3) (Abebe et al., 2019; Eyasu et al., 
2019; Gessesse et al., 2017; Kabite et al., 2020; Moisa, Dejene, 
Merga, et al., 2022a).

Rate of change ( )km

year

A A

Z

2 2 1
=

−
 (3)

where A is anarea of LULC in square kilometer in time, ,2 2

A is anarea of LULC in square kilometer in time1 1;

Z is Time interval between A2 and A1 in years.

Estimation of NDVI. The NDVI is used to calculate the quan-
tity of aboveground green vegetation cover (Moisa, Dejene, 
Hirko, et al., 2022; Moisa, Dejene, Merga, et al., 2022a; Wolteji 
et al., 2022; equation (4)).

NDVI
NIR R

NIR R
=

−
+

 (4)

Data Sources

Landsat images (TM 1991, ETM+ 2003 and OLI/TIRS 2021 

Red and NIR Green and MIR Image 

Multispectral band

Band Rationing

NDVI NDWI

Identification vegetated 
and non-vegetated area

Identification of water 
body and wetland area

Image classification

Supervised 
classification 

Maximum 
likelihood

NDVI map of 1991, 
2003 and 2021

NDWI map of 1991, 
2003 and 2021 LULC map of 1991, 

2003 and 2021

Change Analysis

Result and interpretation 

Figure 2. Methodological flowchart.
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whereNDVI isNormalizedDifferenceVegetation Index,
NIR is thenear infrared band andR is the red band

Landsat 8 data used Bands 5 (Infrared) and 4 (red), whereas 
Landsat 5 and 7 used Bands 4 and3, to calculate the NDVI 
values.

Normalized difference water index (NDWI). When modeling 
the thermal environment, the NDWI is used to simulate water 
areas, which often have significant thermal changes (Siqi & 
Yuhong, 2020; Zhou & Wang, 2011). Green band (band 2 for 
Landsat 5 and 7, band 3 for Landsat 8) and near infrared (band 
4 for Landsat 5 and 7, band 5 for Landsat 8) reflectance meas-
urements were used to build the formula (equation (5)). The 
Near-Infrared (NIR) and Green (G) channels are used to cal-
culate the NDWI ( Jackson et al., 2004).

NDWI Green NIR
Green NIR

=
−
+

 (5)

Results and Discussions
Analyses of LULC change

The LULC of the study area was classified into four classes as cul-
tivated land, grassland, shrubland, and wetlands for the year 1991, 
2003, and 2021 (Table 2; Figure 3). The results show that cultivated 
land was the most prominent LULC type in 1991, 2003, and 2021, 
with an area of 546.3 km2 (38.3%), 678.2 km2 (47.5%), and 
769.7 km2 (54.0%), respectively. This clearly demonstrated that the 
amount of cultivated land increased over the study period.

Between 1991 and 2021, the amount of wetlands was 
decreased. For instance, in 1991, wetland covers about 
616.5 km2 (43.2%), and declined to 543.8 km2 (38.1%) and 
491.3 km2 (34.4%) in 2003, and 2021, respectively. Furthermore, 
shrubs land and grassland showed a downward tendency. These 
results are consistent with Moisa, Dejene, Merga, et al. (2022b), 
Moisa, Merga et  al. (2022a), and Negash et  al. (2021), who 
reported that shrubs land and grassland were showed a decreas-
ing trend. A study by Dibaba et al. (2020) confirmed that, for-
est land, water body and swampy areas were decreased due to 

Table 2. lUlC Change of the Study Area.

lUlC TYpES 1991 2003 2021

AREA (KM2) AREA (%) AREA (KM2) AREA (%) AREA (KM2) AREA (%)

Cultivated land 546.3 38.3 678.2 47.5 769.7 54.0

Grassland 102.1 7.2 71.9 5.0 51.1 3.6

Shrubs land 161.7 11.3 132.7 9.3 114.5 8.0

Wetland 616.5 43.2 543.8 38.1 491.3 34.4

Total 1,426.6 100.0 1,426.6 100.0 1,426.6 100.0

Figure 3. lUlC map of the study area.
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expansion of agricultural land in Fincha’a catchment from 
1987 to 2017. Changes in LULC could have a large impact on 
climate change, which in turn could affect agricultural produc-
tion. Changes in LULC are one of the key drivers for the 
increasing trends in mean minimum and maximum tempera-
tures in the wettest parts of Ethiopia (Gemeda et  al., 2022; 
Gemeda, Korecha et al., 2021).

It is clear that there is a direct relationship between precipi-
tation, runoff, temperature, groundwater and wetland ecosys-
tems. The combined effects of LULC change and climate 
change significantly affects the ground water potential and 
results in changes in water balance particularly in tropical areas 
(Ha et al., 2019; Marhaento et al., 2017). The functioning of 
wetland ecosystem relies upon the water level and precipita-
tion, that have a huge effect on wetland habitat and the corre-
sponding species (Dawson et  al., 2003). House et  al. (2016) 
highlight that in areas with groundwater upwelling, the 
response of water levels to climate change is exaggerated. 
Gemeda, Feyssa et  al. (2021) concluded that environmental 
factors such as wetland and river size are important indicators 
of climate change. As reported by Li, Hu et al. (2021) evapora-
tion had a significant negative impact on the distribution of 
wetlands.

Trends of LULC change

Results revealed that different LULC types showed both positive 
and negative tendencies. Among the existing LULC types, culti-
vated land is the only land category that shows a positive trend 

during the study period. Negative values indicate a declining 
trend, while positive values indicate a rising tendency. Over culti-
vated land, there was a rising tendency, with an increase of 
223.4 km2 from 1991 to 2021. Wetland was declined by 125.2 km2, 
from 1991 to 2021 (Figure 4). Furthermore, shrubs land and 
grassland showed a decreasing tendency. The loss of grassland 
and shrub land cover classes over the study period is almost com-
parable in terms of loss in hectare. The expansion of cultivated 
land was the primary cause of the loss of wetland, shrubland and 
grasslands in the study area. Another study by Negassa et  al. 
(2020) and Moisa et  al. (2021) found that rapid population 
growth is one of the main drivers of increased development of 
cultivated land, leading to land degradation, especially on steep 
slopes. Hailu et al. (2020) stated that in the Jimma Geneti district 
wetland were declined by 19.2% from 1973 to 2019. On the 
other hand, cultivated land has increased by 13% from 1973 to 
2019 with the rate of 7.4 km2/year.

Rate of LULC change

The findings demonstrated a high rate of change in cultivated 
land and wetlands. From 1991 to 2021, cultivated land 
expanded by 7.4 km2/year, whereas wetland was decreased by 
4.2 km2/year. In addition, between 1991 and 2021, shrubs land 
and grassland lost 1.6 km2/year and 1.8 km2/year, respectively 
(Table 3). This result is more consistent with previous studies 
(Eyasu et  al., 2019; Moisa & Gemeda, 2021; Wedajo et  al., 
2020), where agricultural land exhibits a high positive rate of 
change, while vegetation experienced a declining trend. Rapid 
population growth and the increasing demand for agricultural 
land are some of the key drivers for rapid conversion of LULC 
in the study area. In addition, the concern for environmental 
conservations by stakeholders and individuals’ interest has not 
reached the required level.

Accuracy assessment

The accuracy of the classified LULC maps was assessed in the 
current study to ensure their trustworthiness. The reference data 
was compared to the classified LULC types. The total 
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Figure 4. Trends of land use land cover of the study area.

Table 3. Rate of lUlC Types of the Study Area.

lUlC TYpES 1991–2003 2003–2021 1991–2021

KM2/YEAR KM2/YEAR KM2/YEAR

Cultivated land 11.0 5.1 7.4

Grassland −2.5 −1.2 −1.7

Shrubs land −2.4 -1.0 −1.6

Wetland −6.1 −2.9 −4.2
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classification accuracy of the LULC accuracy assessments for the 
study periods 1991, 2003, and 2021 was 86.8%, 83.4%, and 85.7%, 
respectively. As a result, for the study periods 1991, 2003, and 
2021, the kappa coefficients were 0.85, 0.82, and 0.83, respectively 
(Table 4).

Spatiotemporal distributions of NDVI

The NDVI value was used to evaluate the decline of shrubs land 
and grassland in the study area. Due to a drop in green vegeta-
tion and the extension of cultivated land, high NDVI values 
decreased dramatically from 1991 to 2021, with a maximum 
value of 0.68 to 0.53. Wolteji et al. (2022) in the Central Rift 
Valley of Ethiopia confirmed that low NDVI values indicate for-
est degradation that may be related to drought. In this study, 
results of NDVI values between 1991 and 2021 show a decreas-
ing spatial distribution of green vegetation. The center and 
southern regions of the research area have greater NDVI values, 
according to the findings. Low NDVI values were found over 

cultivated land (after harvesting), lake bodies, and marsh areas 
with less vegetation (Figure 5). According to previous studies by 
Moisa, Dejene, Merga, et al. (2022a) and Moisa, Merga et al. 
(2022b), agricultural land expansion is the primary source of 
green vegetation reduction.

Spatiotemporal distributions of NDWI

The decline in NDWI from 1991 to 2021 reduced the size of 
water bodies and wetlands. The main reason for the decrease in 
NDWI in the study area was the expansion of agricultural land. 
Agricultural land was increased by 15.7%, whereas, water body 
and wetland were decreased by 3.7% and 5.7% respectively. The 
greatest NDWI value in 1991 was 0.58, 0.48 in 2003, and 0.21 
in 2021, according to the results. The NDWI results revealed 
that there was a high value in the central areas of the study area 
during the study period (Figure 6). The data show that cultivated 
land has a low NDWI value. The outcome is consistent with 
earlier research (Mukherjee & Pal, 2021; Roy et al., 2021).

Table 4. Accuracy Assessment of lUlC for 1991, 2003, and 2021.

lUlC TYpES 1991 2003 2021

pRODUCERS 
ACCURACY (%)

USERS 
ACCURACY (%)

pRODUCERS 
ACCURACY (%)

USERS 
ACCURACY (%)

pRODUCERS 
ACCURACY (%)

USERS 
ACCURACY (%)

Cultivated 89.0 82.6 87.5 95 88.6 92.8

Grassland 90.1 88.2 92.3 91.8 93.3 95.2

Shrubs land 92.3 93.5 94.3 95.8 96.4 94.7

Wetland 82.6 81.7 90.5 85 91.7 92

Overall Accuracy 86.8% 83.4% 85.7%

kappa coefficient 0.85 0.82 0.83

Figure 5. NDVi map of the study area.
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LULC conversions from 1991 to 2021

We employed the land use transfer matrix (LUTM) method to 
analyze the LULC change during the study periods 1991 to 2021. 
Major LULC conversion within Abay Choman and Jimma 
Geneti watershed was presented in Figure 7. The results show that 

about 66.7 km2 wetland was converted to cultivated land, whereas 
29.3 and 24.7 km2 of grassland and shrubs land were converted to 
cultivated land during the study periods of 1991 to 2021 (Table 5). 
The high conversion of forest cover to agricultural land has been 
reported by Negassa et al. (2020) in Komto protected forest prior-
ity area from the years 1991 to 2019. A study by Moisa, Dejene, 

Figure 6. NDWi map of the study area.

Figure 7. lUlC conversion map from 1991 to 2021.
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Hirko, et al. (2022) reported a rapid decline of forest and grassland 
land cover due to high conversion to agricultural land in Anger 
River sub basin. The results clearly show that the extreme decline 
in high NDVI and NDWI values between 1991 and 2021 was 
caused by a sharp decrease in vegetation cover and degradation of 
wetlands and wetlands due to expansion of cultivated land. A 
recent study by Moisa, Gabissa et al. (2022) found that agricultural 
expansion was the main cause of the decline in NDVI and NDWI 
in Gida Kiremu, Amuru and Limu districts from 1990 to 2020.

Conclusions
Wetlands are vital resources with numerous values and functions, 
notably in terms of climate change mitigation. This study clearly 
shown that the wetland ecosystems are changing from time to 
time due to overexploitation for agricultural land and other 
activities. In this study, geospatial techniques were used to explore 
wetland dynamics in the Abay Choman and Jimma Geneti 
watershed. The results showed that cultivated area increased and 
wetland ecosystems decreased during the study period. 
Agricultural land was expanding at a 7.4 km2/year, whereas wet-
land was shrinking at 1.8 and 2.4 km2/year, respectively. Between 
1991 and 2021, shrubland and grassland lost 1.6 and 1.8 km2/
year, respectively. Due to a drop in green vegetation and the 
extension of cultivated land, high NDVI values decreased dra-
matically from 0.68 to 0.53. The main reason for the decrease in 
NDWI in the study area was the expansion of agricultural land. 
There great variation of NDWI value over the study period, 
which is between 0.58 in 1991, and 0.48 and 0.21 in 2003, and 
2021, respectively. The decreasing values of NDWI indicates can 
accurately indicate the problem of environmental change in the 
study area, which requires further research and conservation ini-
tiatives to minimize the current declining trend. Natural resource 
managers and environmental professionals therefore need to 
raise public awareness and advocate for the wise use of natural 
resources, with a particular focus on wetland conservation and 
protection. Furthers studies particularly the impact of rainfall 
and temperature on wetland ecosystem should be investigated.

Acknowledgements
The authors would like to acknowledge Wollega University 
Shambu Campus, Kotebe University of Education and Jimma 
University College of Agriculture and Veterinary Medicine for 
the existing facilities to conduct this research.

Author Contributions
MBM, TWB, BCW, and DAN authors were design and draft 
manuscript. MBM and DAN involved in data analysis and 
method preparation. DOM, YWB, and AKCH authors were 
involved in study design and manuscript edition. All authors 
read and approved the final manuscript.

Availability of Data
Available in this manuscript.

Funding
The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Consent for Publication
The authors agreed to publish the manuscript on journal of Air 
soil and water research.

ORCID iDs
Mitiku Badasa Moisa  https://orcid.org/0000-0003-1788- 
0035
Birhanu Chalchisa Werku  https://orcid.org/0000-0002-5398- 
4491
Dessalegn Obsi Gemeda  https://orcid.org/0000-0002-8635- 
260X

Supplemental Material
Supplemental material for this article is available online.

ReFeRenCeS
Abebe, M. S., Deribew, K. T., & Gemeda, D. O. (2019). Exploiting temporal spatial 

patterns of informal settlements using GIS and remote sensing technique: A case 
study of Jimma city, Southwestern Ethiopia. Environmental Systems Research, 8, 6.

Abunie, L. (2003). The distribution and status of Ethiopian wetlands: An overview. In 
Y. D. Abebe & K. Geheb (Eds.), Wetlands of Ethiopia. Proceedings of a seminar on 
the resources and status of Ethiopia's wetlands (p. 116). IUCN Eastern Africa 
Regional Office.

Alam, A., Bhat, M. S., & Maheen, M. (2020). Using Landsat satellite data for assessing 
the land use and land cover change in Kashmir valley. GeoJournal, 85, 
1529–1543.

Table 5. lUlC Conversion From 1991 to 2021. 

lUlC ClASSES 2021

CUlTiVATED lAND GRASSlAND ShRUBS lAND WETlAND TOTAl

1991 Cultivated land 634.9 49.2 5.0 51.5 740.5

Grassland 29.3 70.4 4.7 20.0 124.4

Shrubs land 24.7 3.3 76.0 30.3 134.3

Wetland 66.7 19.0 58.0 283.6 427.3

Total 755.6 141.9 143.7 385.3 1,426.6

Downloaded From: https://bioone.org/journals/Air,-Soil-and-Water-Research on 05 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

https://orcid.org/0000-0003-1788-0035
https://orcid.org/0000-0003-1788-0035
https://orcid.org/0000-0002-5398-4491
https://orcid.org/0000-0002-5398-4491
https://orcid.org/0000-0002-8635-260X
https://orcid.org/0000-0002-8635-260X


10 Air, Soil and Water Research 

Allen, C., Gonzales, R., & Parrott, L. (2020). Modelling the contribution of ephem-
eral wetlands to landscape connectivity. Ecological Modelling, 419, 108944. 
https://doi.org/10.1016/j.ecolmodel.2020.108944

Baker, C., Lawrence, R. L., Montagne, C., & Patten, D. (2007). Change detection of 
wetland ecosystems using Landsat imagery and change vector analysis. Wetlands, 
27, 610–619.

Basset, A., Barbone, E., Elliott, M., Li, B. L., Jorgensen, S. E., Lucena-Moya, P., 
Pardo, I., & Mouillot, D. (2013). A unifying approach to understanding transi-
tional waters: Fundamental properties emerging from ecotone ecosystems. Estu-
arine Coastal and Shelf Science, 132, 5–16.

Berhanu, M., Suryabhagavan, K. V., & Korme, T. (2021). Wetland mapping and eval-
uating the impacts on hydrology, using geospatial techniques: A case of Geba 
watershed, Southwest Ethiopia. Geology, Ecology, and Landscapes. Advance 
online publication. https://doi.org/10.1080/24749508.2021.1953744

Beyene, A. A. (2019). Soil erosion risk assessment in Nashe Dam Reservoir using 
remote sensing, GIS and RUSLE model techniques in Horro Guduru Wollega 
Zone, Oromia Region, Ethiopia. Journal of Civil, Construction and Environmen-
tal Engineering, 4(1), 1–18.

Brooks, R. P., Wardrop, D. H., & Bishop, J. A. (2004). Assessing wetland condition 
on a watershed basis in the mid-Atlantic region using synoptic land-cover maps. 
Environmental Monitoring and Assessment, 94, 9–22.

Congalton, R. G. (1991). A review of assessing the accuracy of classifications of 
remotely sensed data. Remote Sensing of Environment, 37(1), 35–46.

Das, A., & Basu, T. (2020). Assessment of peri-urban wetland ecological degradation 
through importance-performance analysis (IPA): A study on Chatra Wetland, 
India. Ecological Indicators, 114, 106274. https://doi.org/10.1016/j.
ecolind.2020.106274

Das, S., Bhunia, G. S., Bera, B., & Shit, P. K. (2022). Evaluation of wetland ecosystem 
health using geospatial technology: Evidence from the lower Gangetic flood 
plain in India. Environmental Science and Pollution Research International, 29, 
1858–1874.

Dawson, T. P., Berry, P. M., & Kampa, E. (2003). Climate change impacts on fresh-
water wetland habitats. Journal for Nature Conservation, 11(1), 25–30. https://doi.
org/10.1078/1617-1381-00031

Dibaba, W. T., Demissie, T. A., & Miegel, K. (2020). Drivers and implications of land 
use/land cover dynamics in Finchaa catchment, Northwestern Ethiopia. Land, 9, 
113. https://doi.org/10.3390/land9040113

Dinsa, T. T., & Gemeda, D. O. (2019). The role of wetlands for climate change mitiga-
tion and biodiversity conservation. Journal of Applied Sciences and Environmental 
Management, 23(7), 1297–1300.

Dixon, A., Wood, A., & Hailu, A. (2021). Wetlands in Ethiopia: Lessons from 20 
years of research, policy and practice. Wetlands, 41, 20. https://doi.org/10.1007/
s13157-021-01420-x

Ethiopian Forestry Action Programme (EFAP). (1989). The challenges for development 
(Vol. 2). EFAP.

Eyasu, E., Weldemariam, S., Bereket, T., & Wondwosen, G. (2019). Impact of land 
use/cover changes on Lake Ecosystem of Ethiopia central rift valley. Cogent Food 
& Agriculture, 5, 1595876.

Facca, C. (2020). Ecological status assessment of transitional waters. Water, 12, 3159. 
https://doi.org/10.3390/w12113159

Gardner, R. C., & Finlayson, C. (2020). Global wetland outlook: State of the world’s wet-
lands and their services to people. Retrieved August 20, 2022, from https://papers.
ssrn.com/sol3/papers.cfm?abstract_id=3261606

Garg, J. K. (2015). Wetland assessment, monitoring and management in India using 
geospatial techniques. Journal of Environmental Management, 148, 112–123.

Gemeda, D. O., Feyssa, D. H., & Garedew, W. (2021). Meteorological data trend 
analysis and local community perception towards climate change: A case study of 
Jimma City, Southwestern Ethiopia. Environment Development and Sustainabil-
ity, 23, 5885–5903.

Gemeda, D. O., Korecha, D., & Garedew, W. (2021). Evidences of climate change 
presences in the wettest parts of southwest Ethiopia. Heliyon, 7(9), e08009. 
https://doi.org/10.1016/j.heliyon.2021.e08009

Gemeda, D. O., Korecha, D., & Garedew, W. (2022). Monitoring climate extremes 
using standardized evapotranspiration index and future projection of rainfall and 
temperature in the wettest parts of southwest Ethiopia. Environmental Chal-
lenges, 7, 100517. https://doi.org/10.1016/j.envc.2022.100517

Gemeda, D. O., Minstro, A. A., Feyssa, D. H., Sima, A. D., & Gutema, T. M. (2016). 
Community knowledge, attitude and practice towards black crowned crane 
(Balearica pavonina L.) conservation in Chora Boter district of Jimma Zone, 
Ethiopia. Journal of Ecology and the Natural Environment, 8(4), 40–48.

Gessesse, A. T., Chanie, T., Feyisa, T., & Jemal, A. (2017). Impact Assessment of land 
use/land cover change on soil erosion and rural livelihood in Andit Tid water-
shed, North Shewa, Ethiopia. Asia Pacific Journal of Energy and Environment, 
4(2), 49–56. https://doi.org/10.18034/apjee.v4i2.242

Ha, D. T. T., Ghafouri-Azar, M., & Bae, D.-H. (2019). Long-term variation of runoff 
coefficient during dry and wet seasons due to climate change. Water, 11, 2411. 
https://doi.org/10.3390/w11112411

Hailu, A., Mammo, S., & Kidane, M. (2020). Dynamics of land use, land cover change 
trend and its drivers in Jimma Geneti District, Western Ethiopia. Land Use Pol-
icy, 99, 105011.

Haque, M. I., & Basak, R. (2017). Land cover change detection using GIS and remote 
sensing techniques: A spatio-temporal study on Tanguar Haor, Sunamganj, Ban-
gladesh. The Egyptian Journal of Remote Sensing and Space Science, 20(2), 251–263.

He, Q. (2019). Conservation: ‘No net loss’ of wetland quantity and quality. Current 
Biology, 29(20), R1070–R1072. https://doi.org/10.1016/j.cub.2019.08.027

Hillman, J. C., & Abebe, D. A. (1993). Wetlands of Ethiopia. In J. C. Hillman (Ed.), 
Ethiopia: Compendium of Wildlife Conservation Information (p. 786). The Wildlife 
Conservation Society International, New York Zoological Park, and Ethiopian 
Wildlife Conservation Organization.

House, A. R., Thompson, J. R., & Acreman, M. C. (2016). Projecting impacts of cli-
mate change on hydrological conditions and biotic responses in a chalk valley 
riparian wetland. Hydrology Journal, 534, 178–192. https://doi.org/10.1016/j.
jhydrol.2016.01.004

Hussien, K., Demissie, B., & Meaza, H. (2018). Spatiotemporal wetland changes and 
their threats in North Central Ethiopian Highlands. Singapore Journal of Tropical 
Geography, 39(3), 332–350.

Jackson, T. J., Chen, D., Cosh, M., Li, F., Anderson, M., Walthall, C., Doriaswamy, 
P., & Hunt, E. R. (2004). Vegetation water content mapping using Landsat data 
derived normalized difference water index for corn and soybeans. Remote Sensing 
of Environment, 92(4), 475–482.

Kabite, G., Muleta, M. K., & Gessesse, B. (2020). Spatiotemporal land cover dynamics 
and drivers for Dhidhessa River Basin (DRB), Ethiopia. Modeling Earth Systems 
and Environment, 6, 1089–1103.

Kenea, U., Adeba, D., Regasa, M. S., & Nones, M. (2021). Hydrological responses to 
land use land cover changes in the Fincha’a watershed, Ethiopia. Land, 10, 916.

Kitila, G., Kabite, G., & Alamirew, T. (2015). Severity classification and characteriza-
tion of waterlogged irrigation fields in the Fincha’a Valley Sugar Estate, Nile 
Basin of Western Ethiopia. Hydrology Current Research, 06(02), 1.

Kundu, S., Pal, S., Mandal, I., & Talukdar, S. (2022). How far damming induced wet-
land fragmentation and water richness change affect wetland ecosystem services? 
Remote Sensing Applications Society and Environment, 27, 100777. https://doi.
org/10.1016/j.rsase.2022.100777

Levin, N., Elron, E., & Gasith, A. (2009). Decline of wetland ecosystems in the 
coastal plain of Israel during the 20th century: Implications for wetland con-
servation and management. Landscape and Urban Planning, 92(3-4), 
220–232.

Li, B., Hu, Y., Chang, Y., Liu, M., Wang, W., Bu, R., Shi, S., & Qi, L. (2021). Analy-
sis of the factors affecting the long-term distribution changes of wetlands in the 
Jing-Jin-Ji region, China. Ecological Indicators, 124, 107413. https://doi.
org/10.1016/j.ecolind.2021.107413

Liu, C., Frazier, P., Kumar, L., Macgregor, C., & Blake, N. (2006). Catchment-wide 
wetland assessment and prioritization using the multi-criteria decision-making 
method TOPSIS. Environmental Management, 38(2), 316–326.

Mabwoga, S. O., & Thukral, A. K. (2014). Characterization of change in the Harike 
wetland, a Ramsar site in India, using Landsat Satellite data. SpringerPlus, 3, 
576. https://doi.org/10.1186/2193-1801-3-576

Maltby, E. (1991). Wetland management goals: Wise use and conservation. Landscape 
and Urban Planning, 20(1-3), 9–18.

Marhaento, H., Booij, M. J., Rientjes, T. H., & Hoekstra, A. Y. (2017). Attribution of 
changes in the water balance of a tropical catchment to land use change using the 
SWAT model. Hydrological Processes, 31, 2029–2040.

Merga, B. B., Moisa, M. B., Negash, D. A., Ahmed, Z., & Gemeda, D. O. (2022). 
Land surface temperature variation in response to land-use and land-cover 
dynamics: A case of Didessa river sub-basin in Western Ethiopia. Earth Systems 
and Environment, 6, 803–815.

Mishra, P. K., Rai, A., & Rai, S. C. (2020). Land use and land cover change detection 
using geospatial techniques in the Sikkim Himalaya, India. The Egyptian Journal 
of Remote Sensing and Space Science, 23(2), 133–143.

Moisa, M. B., Dejene, I. N., Hirko, O., & Gemeda, D. O. (2022). Impact of deforesta-
tion on soil erosion in the highland areas of western Ethiopia using geospatial 
techniques: A case study of the Upper Anger watershed. Asia-Pacific Journal of 
Regional Science, 6, 489–514.

Moisa, M. B., Dejene, I. N., Merga, B. B., & Gemeda, D. O. (2022a). Impacts of land 
use/land cover dynamics on land surface temperature using geospatial techniques 
in Anger River sub-basin, Western Ethiopia. Environmental Earth Sciences, 
81(3), 1–14.

Moisa, M. B., Dejene, I. N., Merga, B. B., & Gemeda, D. O. (2022b). Soil loss estima-
tion and prioritization using geographic information systems and the RUSLE 
model: A case study of the Anger River sub-basin, Western Ethiopia. Journal of 
Water and Climate Change, 13(3), 1170–1184.

Moisa, M. B., Gabissa, B. T., Hinkosa, L. B., Dejene, I. N., & Gemeda, D. O. (2022). 
Analysis of land surface temperature using geospatial technologies in Gida 
Kiremu, Limu, and Amuru District, Western Ethiopia. Artificial Intelligence in 
Agriculture, 6, 90–99.

Downloaded From: https://bioone.org/journals/Air,-Soil-and-Water-Research on 05 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1016/j.ecolmodel.2020.108944
https://doi.org/10.1080/24749508.2021.1953744
https://doi.org/10.1016/j.ecolind.2020.106274
https://doi.org/10.1016/j.ecolind.2020.106274
https://doi.org/10.1078/1617-1381-00031
https://doi.org/10.1078/1617-1381-00031
https://doi.org/10.3390/land9040113
https://doi.org/10.1007/s13157-021-01420-x
https://doi.org/10.1007/s13157-021-01420-x
https://doi.org/10.3390/w12113159
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3261606
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3261606
https://doi.org/10.1016/j.heliyon.2021.e08009
https://doi.org/10.1016/j.envc.2022.100517
https://doi.org/10.18034/apjee.v4i2.242
https://doi.org/10.3390/w11112411
https://doi.org/10.1016/j.cub.2019.08.027
https://doi.org/10.1016/j.jhydrol.2016.01.004
https://doi.org/10.1016/j.jhydrol.2016.01.004
https://doi.org/10.1016/j.rsase.2022.100777
https://doi.org/10.1016/j.rsase.2022.100777
https://doi.org/10.1016/j.ecolind.2021.107413
https://doi.org/10.1016/j.ecolind.2021.107413
https://doi.org/10.1186/2193-1801-3-576


Moisa et al 11

Moisa, M. B., Merga, B. B., & Gemeda, D. O. (2022a). Multiple indices-based assess-
ment of agricultural drought: A case study in Gilgel Gibe sub-basin, southern 
Ethiopia. Theoretical and Applied Climatology, 148(1-2), 455–464.

Moisa, M. B., Merga, B. B., & Gemeda, D. O. (2022b). Urban heat island dynamics in 
response to land use land cover change: A case of Jimma city, southwestern Ethi-
opia. Theoretical and Applied Climatology, 149, 413–423.

Moisa, M. B., & Gemeda, D. O. (2021). Analysis of urban expansion and land use/
land cover changes using geospatial techniques: A case of Addis Ababa City, 
Ethiopia. Applied Geomatics, 13, 853–861.

Moisa, M. B., Negash, D. A., Merga, B. B., & Gemeda, D. O. (2021). Impact of land-
use and land-cover change on soil erosion using the RUSLE model and the geo-
graphic information system: A case of Temeji watershed, Western Ethiopia. 
Journal of Water and Climate Change, 12(7), 3404–3420.

Mukherjee, K., & Pal, S. (2021). Hydrological and landscape dynamics of floodplain 
wetlands of the Diara region, Eastern India. Ecological Indicators, 121, 106961.

Najar, G. N., Bhardwaj, A., & Pandey, P. (2017). A spatio-temporal water quality 
assessment of the Beas and Sutlej rivers at the Harike Wetland: A Ramsar site in 
Punjab, India. Lakes & Reservoirs Science, Policy and Management for Sustainable 
Use, 22(4), 364–376.

Negash, D. A., Moisa, M. B., Merga, B. B., Sedeta, F., & Gemeda, D. O. (2021). Soil ero-
sion risk assessment for prioritization of sub-watershed: The case of Chogo water-
shed, Horo Guduru Wollega, Ethiopia. Environmental Earth Sciences, 80(17), 
1–11.

Negassa, M. D., Mallie, D. T., & Gemeda, D. O. (2020). Forest cover change detec-
tion using geographic information systems and remote sensing techniques: A 
spatio-temporal study on Komto protected forest priority area, East Wollega 
Zone, Ethiopia. Environmental Systems Research, 9(1), 1–14.

Nguyen, H. H., Dargusch, P., Moss, P., & Aziz, A. A. (2017). Land-use change and 
socio-ecological drivers of wetland conversion in Ha Tien Plain, Mekong delta, 
Vietnam. Land Use Policy, 64, 101–113.

Orimoloye, I. R., Kalumba, A. M., Mazinyo, S. P., & Nel, W. (2020). Geospatial anal-
ysis of wetland dynamics: Wetland depletion and biodiversity conservation of 
Isimangaliso Wetland, South Africa. Journal of King Saud University - Science, 
32(1), 90–96.

Patil, M., Technologies, Z., Desai, C. G., Umrikar, B., & Academy, N.D. (2012). 
Image classification tool for land use / land cover analysis : A comparative study 
of maximum likelihood and minimum distance image classification tool for 
land use / land cover analysis : A comparative study of maximum likelihood. 
International Journal of Geology, Earth and Environmental Sciences, 2(3), 
189–196.

Roy, S., Pandit, S., Eva, E. A., Bagmar, M. S. H., Papia, M., Banik, L., Dube, T., 
Rahman, F., & Razi, M. A. (2021). Examining the nexus between land surface 
temperature and urban growth in Chattogram metropolitan area of Bangladesh 
using long term Landsat series data. Urban Climate, 32, 100593. https://doi.
org/10.1016/j.uclim.2020.100593

Schmidt, K. S., & Skidmore, A. K. (2003). Spectral discrimination of vegetation types 
in a coastal wetland. Remote Sensing of Environment, 85(1), 92–108.

Shine, C., & Klemm, C. (1999). Wetlands, water and the law. Using law to advance wet-
land conservation and wise use (IUCN Environmental Policy and Law Paper 
No.38). IUCN-The World Conservation Union.

Shi, X., Hao, F., Zhao, C., Wang, D., & Ouyang, W. (2008). Landscape dynamics anal-
ysis of guide wetlands in yellow river watershed by Landsat series data. School of 
Environment, State Key Laboratory of Water Environmental Simulation, Bei-
jing Normal University.

Siqi, J., & Yuhong, W. (2020). Effects of land use and land cover pattern on urban tem-
perature variations: A case study in Hong Kong. Urban Climate, 34, 100693.

Tessema, I., & Simane, B. (2019). Vulnerability analysis of smallholder farmers to climate 
variability and change: An agro-ecological system-based approach in the fincha’a 
sub-basin of the upper Blue Nile Basin of Ethiopia. Ecological Processes, 8(1), 1–18.

Tobore, A., Senjobi, B., Ogundiyi, T., & Bamidele, S. (2021). Geospatial assessment 
of wetland soils for rice production in Ajibode using geospatial techniques. Open 
Geosciences, 13(1), 310–320. https://doi.org/10.1515/geo-2020-0227

Wang, G., Mang, S., Cai, H., Liu, S., Zhang, Z., Wang, L., & Innes, J. L. (2016). 
Integrated watershed management: Evolution, development and emerging 
trends. Journal of Forestry Research, 27(5), 967–994.

Wedajo, G. K., Muleta, M. K., Gessesse, B., & Koriche, S. A. (2020). Spatiotemporal 
climate and vegetation greenness changes and their nexus for Dhidhessa River 
Basin, Ethiopia. Environmental Systems Research, 8, 31. https://doi.org/10.1186/
s40068-019-0159-8

Wolteji, B. N., Bedhadha, S. T., Gebre, S. L., Alemayehu, E., & Gemeda, D. O. 
(2022). Multiple indices based agricultural drought assessment in the rift valley 
region of Ethiopia. Environmental Challenges, 7, 100488. https://doi.
org/10.1016/j.envc.2022.100488

Wood, A. (2001). Proceedings of the wetland awareness creation and activity identification 
workshop in Amhara national regional state. University of Huddersfield.

Zhou, X., & Wang, Y. C. (2011). Dynamics of land surface temperature in response to 
land-use/cover change. Geographical Research, 49(1), 23–36.

Zollitsch, B., Stelk, M., Schiller, S., Seary, S., & Dooley, B. (2019). Healthy Wetlands, 
healthy watersheds: Leveraging state wetland restoration and protection programs to 
improve watershed health. Association of State Wetland Managers.

Downloaded From: https://bioone.org/journals/Air,-Soil-and-Water-Research on 05 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1016/j.uclim.2020.100593
https://doi.org/10.1016/j.uclim.2020.100593
https://doi.org/10.1515/geo-2020-0227
https://doi.org/10.1186/s40068-019-0159-8
https://doi.org/10.1186/s40068-019-0159-8
https://doi.org/10.1016/j.envc.2022.100488
https://doi.org/10.1016/j.envc.2022.100488

