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Abstract 

Background: Land use and land cover changes in urbanized watersheds of developing countries like Ethiopia are 
underpinned by the complex interaction of different actors, driving forces, and the land itself. Land conversion due to 
residential development, economic growth, and transportation is identified as the most serious environmental pres-
sure on urbanized landscapes of the world. It results in the degradation of natural vegetation and significant increases 
in impervious surfaces. The purpose of the study was to analyze spatio-teporal changes in land use and land cover in 
the Huluka watershed with implications to sustainable development in the watershed.

Results: Forest land, cultivated land, urban built-up, bush/shrub land, bare land, grassland, and water body were 
identified as the seven types of land use and land cover in the Huluka watershed. Forest land decreased by 59.3% 
at an average rate of 164.52 ha/year between 1979 and 2017. Bush/ shrub land decreased by 68.2% at an average 
rate of 318.71 ha/year between 1979 and 2017. Grassland decreased by 32.7% at an average rate of 228.65 ha/year 
between 1979 and 2017. Water body decreased by 5.1% at an average rate of 1.06 ha/year between 1979 and 2017. 
Urban built-up area increased by 351% at an average rate of 16.20 ha/year between 1979 and 2017. Cultivated land 
increased by 105.3% at an average rate of 692.76 ha/year between 1979 and 2017. Bare land increased by 41.9% at an 
average rate of 4.00 ha/year between 1979 and 2017. Infrastructural and agricultural expansion, increased demand for 
wood, local environmental and biophysical drivers, rapid human population growth, economic drivers, technologi-
cal drivers, policy and institutional drivers, and local socio-cultural drivers were perceived by residents as drivers of 
land use and land cover changes. Increased flooding risk, increased soil erosion, increased sedimentation into water 
resources like lakes and rivers, decrease in soil fertility, loss of biodiversity, loss of springs, decrease in annual rainfall, 
and increase in heat during the dry season were perceived by residents as negative local effects of land use and land 
cover changes.

Conclusions: Changes in land use and land cover in the study water shade imply the need for integrating sustain-
able watershed planning and management into natural resources management strategies. In other words, practices 
of appropriate land use planning and management, family planning, participatory planning and management, 
appropriate environmental impact assessment (EIA), and proper planning and management of development projects 
and programmes are of paramount importance to promote sustainable development in the Huluka watershed and 
beyond.
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Background
Land use and land cover changes in urbanized water-
sheds of developing countries like Ethiopia are under-
pinned by the complex interaction of different actors, 
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driving forces, and the land itself (Zeleke 2000; Bewket 
2003; Li et  al. 2009; Claes et  al. 2012; Fura 2013; Hall 
et  al. 2014). In other words, it is mostly seen as the 
result of the complex interaction between changes 
in social and economic opportunities linked with the 
biophysical environment (Tucci 2007; Jha et  al. 2012; 
Berggren et  al. 2013; Dodman et  al. 2013; Mngutyo & 
Ogwuche 2013).

Land conversion due to residential development, eco-
nomic growth, and transportation is identified as the 
most serious environmental pressure on urbanized 
landscapes of the world (Nuissl et  al. 2009; Wheater 
and Evans 2009; Adebayo et al. 2010; Santato et al. 2013; 
Zewdie et  al. 2017). Individual ecosystem services that 
are affected by land-use transition include the production 
of food, regulation of energy and matter flows, water sup-
ply, the supply of recreational space, biodiversity or natu-
ral aesthetic values (Nuissl et  al. 2009; Birkinshaw et  al. 
2010; Berggren et al. 2013; Santato et al. 2013). Develop-
ment policies, strategies, and planning instruments are 
encouraged to address the problem of land-use transition 
as an ongoing process to get possible feedback dynamics 
which underpins their success (Ebi and Semenza 2008; 
Nuissl et al. 2009; Adebayo et al. 2010; Alfasi et al. 2012; 
Mngutyo and Ogwuche 2013).

Land use and land cover changes are affirmed to rep-
resent the most widely increasing and significant sources 
of contemporary changes in the earth’s land surface 
(Balaban 2012; Claes et al. 2012; Mngutyo and Ogwuche 
2013). They underpin the degradation of natural veg-
etation and significant increases in impervious surfaces 
(Parkinson 2003; Few et al. 2004; Birkinshaw et al. 2010; 
Berggren et  al. 2013; Hao et  al. 2015). High population 
growth rate and negative local impacts of climate change 
are confirmed to exacerbate the changes leading to modi-
fication or complete replacement of the land surface in 
rapidly urbanizing Ethiopian cities and towns with differ-
ent environmental implications (Cordaid and IIRR 2011; 
Berggren et al. 2013; Fura 2013; Mngutyo and Ogwuche 
2013; Ogato 2013; Hao et  al. 2015; Ogato et  al. 2017; 
Ogato et al. 2020).

Understanding the dynamics of land use and land cover 
changes in rapidly urbanizing local watersheds contrib-
utes immensely to promoting sustainable urban and 
rural local development in a watershed. Even though 
there were different studies on the dynamics of land use 
and land cover changes in the Northern part of Ethiopia, 
such studies are scant in Oromia Regional State and the 
study area (Huluka watershed). Hence, this study ana-
lyzed changes in land use and land cover, examined their 
drivers, and investigated their local effects in the Huluka 
watershed with environmental implications for sustain-
able watershed planning and management.

Methods
Description/Features of the Study Area
Huluka watershed is located in West Shoa Zone, Oro-
mia Regional State, Ethiopia. The watershed is located 
between 8° 49′ 26" to 8° 55′ 22" N lat. and 37° 49′ 50" to 
38° 8′ 08" E long (Fig. 1). The total land area of the Huluka 
watershed is 81237  ha and composed of villages mainly 
from Ambo, Dawo, Dendi, Elfeta, Jeldu, TokeKutaye, 
and Wonchi districts and Ambo town. The total human 
population of the watershed was reported to be about 
303,416 in the year 2017 (CSA 2017). Forest, cultivated 
land, urban built-up, bush/shrub land, bare land, grass-
land, and water body were identified as the seven land 
use and land cover types in the watershed (Fig. 2). Forest 
land use and land cover in the watershed is characterized 
by areas covered with dense trees including Eucalyp-
tus and Coniferous trees, and riverine trees. Bush/shrub 
land use and land cover is characterized by land with 
shrubs and bushes and scattered small trees mixed with 
grasses. Grassland land use and land cover is character-
ized by land predominately covered with grasses, forbs, 
and grassy areas used for communal grazing. Cultivated 
land use and land cover is characterized by areas used for 
rain-fed crop production and scattered rural settlements. 
Areas occupied by urban residential houses, buildings, 
and industrial uses. Urban Built-up land use and land 
cover is characterized by areas occupied by urban resi-
dential houses, buildings, and industrial uses. Water land 
use and land cover is characterized by areas covered by 
lake water in the watershed permanently. Bare land is 
characterized by areas with no or very little vegetation 
cover and characterized by shallow and rocky surface 
along the flooding area of the local stream valleys, over 
gentle and steep mountain slopes. 

As the percentage change of transformation of urban 
built-up, and cultivated land use and land cover types in 
the watershed are high currently, environmental prob-
lems like flooding, soil erosion, biodiversity loss, climate 
change, decrease in soil fertility and agricultural pro-
duction are typical features of Huluka watershed. Rapid 
human population growth in the watershed and lack of 
sustainable watershed management strategies has exacer-
bated the environmental problems in the watershed and 
beyond (Ogato et al. 2017, 2020).

The highest elevation in the watershed is 3253 m above 
sea level while the lowest elevation of the watershed is 
1834  m above sea level. The highest slope in the water-
shed is 32.5% while the lowest slope is 0%. Chromic 
Luvisols, Chromic Vertisols, Eutric Cambisols, Eutric 
Nitisols, Leptosols, Orthic Luvisols, and Pellic Vertisols 
are identified as the types of soils in the watershed. The 
highest mean total annual rainfall of the watershed over 
32  years (1984–2015) is 1181  mm while the lowest is 
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1036 mm (Fig. 3). The rainfall of the area was identified to 
be bimodal, with unpredictable short rains from March 
to April and, the main season ranging from June to Sep-
tember (Ogato et al. 2017).

Data types and sources of data
Satellite images were used as the data for the analysis of 
land use and land cover changes of the study periods. 
To this end, Landsat TM and  ETM+ imagery for the 
periods 1979, 1984, 2009, and 2017 were used. These 
years were chosen to understand the changes in land 
use and land cover with their drivers and local effects in 
the watershed. Accordingly, 1979, 1984, and 2009 were 
chosen to understand the dynamics of land use and 
land cover changes over four decades. To this end, the 
year 1979 was chosen as a reference year representing 
the 1970s due to the availability of good quality Land-
sat image for the decade for the Huluka watershed. The 
year 1984 was considered as it was the census year in 
Ethiopia. 2009 was considered also as the year close to 

the census year in Ethiopia (2007) with good quality 
land sat image for the study watershed. The year 2017 
was chosen to represent the current year.

A Digital map on a shapefile with a scale of 1:50,000 
from the Ethiopian Mapping Authority was used as 
supporting spatial data for delineating the boundary of 
the study watershed. Global positioning system (GPS) 
points collected during field observation were used 
to collect GCP (ground control point) to successfully 
undertake the image classification. To this end, 300 
sample-training sites were used in each year from ancil-
lary data like high-resolution Google Imagery while 
300 sample training sites were used from field observa-
tion for the year 2017. Other sources of data included: 
Central Statistical Authority (CSA), Ethiopian Mapping 
Agency (EMA), Landsat website of www.glovi s.USGS.
gov, urban and rural communities in Huluka watershed, 
urban planners of Ambo town, and land use planners in 
Huluka watershed.

Fig. 1 Geographical location of Huluka watershed

http://www.glovis.USGS.gov
http://www.glovis.USGS.gov
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Methods of data collection
To collect relevant data to analyze the dynamics of land 
use/land cover change in the watershed for the periods 
considered, online Satellite Imagery (Monkkonen 2008; 
Gondo and Zibabgwe 2010) was employed. Besides, par-
ticipant observation (Kawulich, 2005) focus group dis-
cussion (Onwuegbuzie et al. 2009; Kassie 2017; Nyumba 
et  al. 2018), and key informant interview (Strauss 1987; 
Burnard 1991; Kun et al. 2013; Gardner et al. 2019) were 
employed to collect qualitative data relevant for the 
study. Accordingly, six focus group discussions (three 

men focus group discussions and three women focus 
group discussions), and fifteen key informant inter-
views (local men and women key informant interviews) 
were undertaken to collect qualitative data. The num-
ber of focus group discussions and key informant inter-
views was determined based on the saturation level of 
the information generated. Participants of focus group 
discussions and key informant interviews were selected 
purposively as they were expected to be experienced 
and knowledgeable about the issues under investigation. 
Accordingly, local men and women residents who have 

Fig. 2 Composition of land use and land cover in Huluka Watershed: a Forest, b Bush/Shrub land, c Grassland, d Waterbody, e Urban built-up, f 
Cultivated land, and g Bare land ( Source: Participant Observation 2017)
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been living in the watershed for more than 50 years were 
included in the focus group discussions and key inform-
ant interviews.

Methods of data analysis
Geographic information system (GIS) and remote sensing 
technology‑based analysis of land use and land cover 
changes
Based on prior knowledge of the study area, data col-
lected from the local communities in the watershed, 
characteristics of Landsat images, ancillary data like 
Google Earth and field observation, seven land use and 
land cover classes (Table  1) were used for image classi-
fication and land use and land cover change analysis. 

Arc GIS 10.1 software and ERDAS IMAGINE 9.1 soft-
ware (Huang et  al. 2007; Monkkonen 2008; Gondo and 
Zibabgwe 2010) were employed for the intended image 
classification, land use and land cover change detection 
and mapping. While ERDAS IMAGINE 9.1 software was 
employed to classify images and detect change over time, 
ArcGIS10.1 software was employed for geospatial analy-
sis of the classified images and developing maps of land-
use and land cover change.

The analysis of images involved the key steps of pre-
processing; post-processing, overlaying and change 
detection, and creation of maps of land use/land cover 
change from Landsat TM imagery for the period, 1979–
2017. The Pre-processing step involved geo-referencing 

Fig. 3 Elevation, slope, soil type, and rainfall distribution of Huluka watershed
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the Landsat images, radiometric correction, layer stack-
ing, resolution merge, image enhancement, and adding 
vector information from the administrative boundary 
of the study area.

The post-processing step involved image classification 
which was undertaken using hybrid classification meth-
ods involving both unsupervised and supervised tech-
niques among different classification algorithms. To 
this end, the maximum likelihood was used for super-
vised classification by taking ground control points for 
the seven major land use and land cover classes. These 
land use and land cover (LULC) types were identified 
with the help of visual interpretation elements and the 
different reflection characteristics of the feature in the 
satellite images of 1979, 1984, 2009, and 2017. In other 
words, the supervised classification involved selecting 
pixels that represent land cover classes that were recog-
nized by the researcher. Accuracy assessment was also 
undertaken in the post-processing step. Accordingly, an 
accuracy assessment was carried out to verify to what 
extent the produced classification is compatible with 
what exists on the ground (Anderson et al. 1976; Con-
galton 1991). All the output maps for the study period 
(1979, 1984, 2009, and 2017) fulfilled the required 
standard (which is a minimum of 85% accuracy).

The overlaying and change detection step involved: 
interpretation of changes in land use and land cover 
in various years and analysis of their environmen-
tal implications in the watershed. In other words, the 
post-classification method was employed for change 
detection. This technique helps to generate a change 
matrix where different transfers from one land use and 
land cover type to another can be visually observed. 
Accordingly, change metrics for detecting land use and 
land cover change were constructed between 1979 and 
2017 through pixel-to-pixel comparisons. The classi-
fied data were then taken into the ArcGIS 9.1 environ-
ment to calculate the area for each land use and land 
cover type and produce the land use and land cover 

maps of the area. These land cover maps were com-
pared pixel by pixel with the final results showing both 
change-no-change information as well as ‘from to’ land 
cover change information. The land use and land cover 
change detection (percentage change) was made using 
the following formula (Fura 2013; Gashaw et al. 2017a, 
b; Miheretu and Yimer 2017):

where, A1 = amount of land use and land cover type in 
year 1, A2 = amount of land use and land cover type in 
year 2.

The rate of change in land use and land cover (hectares/
year) between two study periods was determined using 
the following formula (Gashaw et al. 2017a, b; Miheretu 
and Yimer 2017):

where, A1 = amount of land use and land cover type in 
year 1, A2 = amount of land use and land cover type in 
year 2, Z is the time interval between A1 and A2 in years.

The final step was the creation of maps of land use and 
land cover change. Accordingly, the analysis of images 
ended with the creation of maps of land-use and land 
cover change from Landsat TM imagery for the period, 
1979–2017.

Qualitative analysis of socio‑economic data
The qualitative data collected through focus group dis-
cussions, key informant interviews, and participant 
observation were analyzed by employing the thematic 
content analysis technique (Strauss 1987; Burnard 1991; 
Onwuegbuzie et  al. 2009; Kassie 2017; Gardner et  al. 
2019). The responses from the focus group discussions 
and the key informant interviews were recorded by hand 
on the notebook as the participants preferred not to be 
recorded by any audiovisual tools. However, relevant 

(1)PercentofChange =
(A2− A1)

A1
× 100

(2)RateofChange =
(A2− A1)

Z

Table 1 Description of land use and land cover categories considered in image classification

LULC Description

Forest Areas covered with dense trees including Eucalyptus and coniferous trees, and riverine trees

Cultivated land Areas used for rain-fed crop production and scattered rural settlements

urban Built-up area Areas occupied by urban residential houses, buildings, and industrial uses

Bush/shrub land Land with shrubs and bushes, scattered small trees mixed with grasses

Bare land Areas with no or very little vegetation cover and are characterized with the shallow and 
rocky surface along the flooding area of the local stream valleys, over gentle and steep 
mountain slopes

Grassland Land predominately covered with grasses, forbs, grassy areas used for communal grazing

Water Areas covered by Lake in the catchment permanently
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environmental events were recorded through audiovis-
ual tools and hand during participant observation and 
transect walk sessions. As the number of focus group 
discussions (six) and key informant interviews (15) were 
manually manageable and the researcher is familiar with 
the data, no software was employed to analyze the quali-
tative data.

The major criteria underpinning the application of the-
matic content analysis were: transparency, maximizing 
validity, maximizing reliability, comparative analysis, and 
reflexive approach in the process of analysis (Kassie 2017; 
Asnake et al. 2019; Gardner et al. 2019). The application 
of thematic content analysis technique in this study to 
analyze the qualitative data involved the following steps:

Step one: Reading and Re-reading the recorded quali-
tative data to be familiar with the content;

Step two: Organizing the qualitative data by questions;
Step three: Coding the data into exhaustive, mutually 

exclusive, and specified categories or themes;
Step four: Reviewing and revising the coding system;
Step five: Looking for patterns across categories or 

themes; and.
Step six: Summarizing findings, and recognizing limi-

tations of the data.

Results
This section presents results on the composition of land 
use and land cover in Huluka Watershed, analysis of land 
use and land cover change dynamics, and perceived driv-
ers and local effects of land use and land cover changes.

Composition of land use and land cover in huluka 
watershed
Forest, cultivated land, urban built-up, bush/shrub land, 
bare land, grassland, and water body were identified as 
the seven types of land use and land cover in the water-
shed. Forest land use and land cover in the watershed is 
characterized by areas covered with dense trees includ-
ing Eucalyptus and Coniferous trees, and riverine trees. 
Bush/shrub land use and land cover is characterized by 
land with shrubs and bushes, and scattered small trees 
mixed with grasses. Grassland land use and land cover 
is characterized by land predominately covered with 
grasses, forbs, and grassy areas used for communal graz-
ing. Cultivated land use and land cover is characterized 
by areas used for rain-fed crop production and scattered 
rural settlements. Areas occupied by urban residential 
houses, buildings, and industrial uses. Urban Built-up 
land use and land cover is characterized by areas occu-
pied by urban residential houses, buildings, and indus-
trial uses. Water land use and land cover is characterized 
by areas covered by lake water in the watershed perma-
nently. Bare land is characterized by areas with no or very 

little vegetation cover and characterized by shallow and 
rocky surface along the flooding area of the local stream 
valleys, over gentle and steep mountain slopes.

Dynamics of land use and land cover changes in huluka 
watershed
The overall classification accuracy for the output maps 
was 92.28%, 92.67%, 93.27%, and 90.19% for the years 
1979, 1984, 2009, and 2017 respectively. The overall 
kappa coefficient for the study period was 0.89, 0.90, 0.91, 
and 0.80 for the years 1979, 1984, 2009, and 2017 respec-
tively (Table 2).

The spatio-temporal dynamics of land use and land 
cover changes in the watershed for forest land, cultivated 
land, urban built-up area, bush/shrub land, bare land, 
grassland, and waterbody between 1979 and 2017 are 
presented hereunder.

Forest land
Forest land was represented by areas covered with dense 
trees, which include both Eucalyptus and coniferous 
trees, and riverine trees. Forest land covered 10,550.52 ha 
(13%) in 1979, 8925.75  ha (10.9%) in 1984, 4232.253  ha 
(5.2%) in 2009 and 4298.85 ha (5.3)% in 2017. It decreased 
by 15.4% (324.95  ha/year) between 1979 and 1984 and 
52.6% (187.74  ha/year) between 1984 and 2009. How-
ever, it increased by 1.6% (8.33  ha/year) between 2009 
and 2017. It decreased by 59.3% (164.52 ha/year) between 
1979 and 2017. The decrease of forest land in the water-
shed was attributable to its transformation to other land 
use and land cover types. It was largely transformed to 
cultivated land (4641.69  ha) and grassland (2221.13  ha) 
between 1979 and 2017 (Tables 3, 4, 5, and 6; Figs. 4 and 
5).

Cultivated land
Cultivated land was represented by areas used for 
rain-fed crop production and scattered rural settle-
ments usually associated with cultivated lands. Cul-
tivated land covered 25,005.24  ha (30.8%) in 1979, 
28,639.27  ha (35.3%) in 1984, 43,833.98  ha (54%) in 
2009 and 51,329.96  ha (63.2)% in 2017. It increased 
by 14.5% (726.81  ha/year) between 1979 and 1984, 
53.1% (607.79  ha/year) between 1984 and 2009, 17.1% 
(937.00  ha/year) between 2009 and 2017, and 105.3% 

Table 2 Accuracy assessment of  the  land use/land cover 
classification for the study period

Accuracy 1979 1984 2009 2017

Overall classification accuracy (%) 92.28 92.67 93.27 90.19

Overall Kappa coefficient 0.89 0.90 0.91 0.80
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(692.76 ha/year) between 1979 and 2017. The increase 
of cultivated land in the watershed was attributable to 
the transformation of other land use and land cover 
types into cultivated land. A large proportion of grass-
land (17,552.41  ha), shrub/bush land (11,085.04  ha), 
and forest land (4641.69 ha) was transformed into cul-
tivated land between 1979 and 2017 (Tables 3, 4, 5, and 
6; Figs. 4, 5).

Urban built‑up area
Urban built-up area was represented by areas occupied 
by urban residential houses, buildings, and industrial 
uses. Urban built-up area covered 175.32  ha (0.2%) 
in 1979, 349.74  ha (0.4%) in 1984, 425.79  ha (0.5%) in 
2009 and 790.74 ha (1%) in 2017. It increased by 99.5% 
(34.88 ha/year) between 1979 and 1984, 21.7% (3.04 ha/
year) between 1984 and 2009, 85.7% (45.62  ha/year) 

Table 3 Proportion of land use/land cover change in Huluka/Ambo Town’s Watershed (1979–2017)

No. Land use/cover Area of land use/cover class

1979 1984 2009 2017

Ha % Ha % Ha % Ha %

1 Forest 10,550.52 13 8925.75 10.9 4232.253 5.2 4298.85 5.3

2 cultivated land 25,005.24 30.8 28,639.27 35.3 43,833.98 54 51,329.96 63.2

3 Urban built-up area 175.32 0.2 349.74 0.4 425.79 0.5 790.74 1

4 Bush and shrub land 17,746.11 21.8 12,767.1 15.7 7907.733 9.7 5635.09 6.9

5 Bare land 362.16 0.4 368.2 0.5 431.46 0.5 513.97 0.6

6 Water 789.48 1 811.98 1 748.44 0.9 749.07 0.9

7 Grassland 26,607.96 32.8 29,374.75 36.2 23,657.14 29.1 17,919.11 22

8 Total 81,236.79 100 81,236.79 100 81,236.79 100 81,236.79 100

Table 4 Changes of land use and land cover in Huluka Watershed (Percentage)

No. Land use/cover class Change of land use and land cover (%)

1979–1984 1984–2009 2009–2017 1979–2017

1 Forest − 15.4 − 52.6 1.6 − 59.3

2 cultivated land 14.5 53.1 17.1 105.3

3 Urban built-up area 99.5 21.7 85.7 351

4 Bush and shrub land − 28.1 − 38.1 − 28.7 − 68.2

5 Bare land 1.7 17.2 19.1 41.9

6 Water 2.9 − 7.8 0.1 − 5.1

7 Grassland 10.4 − 19.5 − 24.3 − 32.7

Table 5 Rate of changes of land use and land cover in Huluka Watershed (ha/year)

No. Land use/cover class Rate of change of land use and land cover (hectares/year)

1979–1984 1984–2009 2009–20,017 1979–2017

1 Forest − 324.95 − 187.74 8.33 − 164.52

2 cultivated land 726.81 607.79 937.00 692.76

3 Urban built-up area 34.88 3.04 45.62 16.20

4 Bush and shrub land − 995.80 − 194.38 − 284.08 − 318.71

5 Bare land 1.21 2.53 10.31 4.00

6 Water 4.5 − 2.54 0.08 − 1.06

7 Grassland 553.36 − 228.70 − 717.25 − 228.65
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between 2009 2017, and 351% (16.20 ha/year) between 
1979 and 2017. The increase of urban built-up areas in 
the watershed was attributable to the transformation of 
other land use and land cover types into urban built-up 
areas. A large proportion of grassland (274.77 ha), cul-
tivated land (177.57  ha), shrub/bush land (118.53  ha), 
and forest land (91.98 ha) was transformed into urban 
built-up area between 1979 and 2017 (Tables  3, 4, 5, 
and 6; Figs. 4, 5).

Bush/Shrub land
Bush/shrub land was represented by land covered by 
shrubs and bushes and sometimes with scattered small 
trees mixed with grasses. Bush/Shrub land covered 
17,746.11  ha (21.8%) in 1979, 12,767.1  ha (15.7%) in 
1984, 7907.733 ha (9.7%) in 2009 and 5635.09 ha (6.9%) 
in 2017. It decreased by 28.1% (995.80 ha/year) between 
1979 and 1984, 38.1% (194.38 ha/year) between 1984 and 
2009, 28.7% (284.08  ha/year) between 2009 and 2017, 

Table 6 Matrix for land use and land cover changes for 1979 to 2017 in Hectares (ha)

To 2017

Forest Cultivated Built-up Bush/shrub Bare Water Gras, Total

From 1979 Forest 2355.048 4641.698 91.98 1207.098 30.6 2.97 2221.126 10,550.52

Cultivated 389.592 17,788.73 177.57 1245.042 246.69 4.14 5153.472 25,005.24

Built-up 20.52 0 127.89 4.86 0.45 0 21.6 175.32

Bushishrab 782.388 11,085.04 118.53 1377.676 111.15 2.43 4268.898 17,746.11

Bare land 2.43 257.58 0 17.37 9.88 0 74.9 362.16

water 0 4.5 0 0.36 0 736.02 48.6 789.48

Grass 748.872 17,552.41 274.77 1782.684 115.2 3.51 6130.51: 26,607.96

Total 4298.85 51,329.96 790.74 5635.09 513.97 749.07 17,919.11 81,236.79

Fig. 4 Land use and land cover Maps of Huluka Watershed for 1979 and 1984
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and 68.2% (318.71 ha/year) between 1979 and 2017. The 
decrease of bush/shrub land in the watershed was attrib-
utable to its transformation to other land use and land 
cover types. Its large proportion was transformed into 
cultivated land (11,085.04 ha) and grassland (4268.89 ha) 
between 1979 and 2017 (Tables 3, 4, 5, and 6; Figs. 4, 5).

Bare land
Bare land was represented by areas with no or very lit-
tle vegetation cover and characterized by shallow, and 
rocky surface along the flooding area of the local stream 
valleys, over gentle and steep mountain slopes. Bare land 
covered 362.16 ha (0.4%) in 1979, 368.2 ha (0.5%) in 1984, 
431.46  ha (0.5%) in 2009 and 513.97  ha (0.6%) in 2017. 
It increased by 1.7 (1.21  ha/year)% between 1979 and 
1984, 17.2% (2.53 ha/year) between 1984 and 2009, 19.1% 
(10.31 ha/year) between 2009 2017, and 41.9% (4.00 ha/
year) between 1979 and 2017. The increase of bare land 
cover in the watershed was attributable to the transfor-
mation of other land use and land cover types into bare 
land. A large proportion of cultivated land (246.69  ha), 
grassland (115.20  ha), and shrub/bush land (111.15  ha) 
was transformed into bare land between 1979 and 2017 
(Table 3, 4, 5, and 6; Figs. 4 and 5).

Waterbody
Waterbody was represented by areas covered by lake 
water in the catchment permanently. Waterbody covered 
789.48 ha (1%) in 1979, 811.98 ha (1%) in 1984, 748.44 ha 
(0.9%) in 2009 and 749.07 ha (0.9%) in 2017. It increased 
by 2.9% (4.5 ha/year) between 1979 and 1984. However, 
it decreased by 7.8% (2.54  ha/year) between 1984 and 
2009. It increased by 0.1% (0.08  ha/year) between 2009 
and 2017. It decreased by 5.1% (1.06  ha/year) between 
1979 and 2017. The decrease of the waterbody in the 
watershed was attributable to its transformation to other 
land use and land cover types. Its large proportion was 
transformed into grassland (48.6 ha) and cultivated land 
(4.5  ha) between 1979 and 2017 (Table  3, 4, 5, and 6; 
Figs. 4, 5).

Grassland
Grassland was represented by land predominately cov-
ered with grasses, forbs, grassy areas used for commu-
nal grazing. Grassland covered 26,607.96  ha (32.8%) in 
1979, 29,374.75 ha (36.2%) in 1984, 23,657.14 ha (29.1%) 
in 2009 and 17,919.11  ha (22%) in 2017. It increased 
by 10.4%(553.36  ha/year) between 1979 and 1984. It 
decreased by 19.5% (228.70  ha/year) between 1984 and 

Fig. 5 Land use and land cover Maps of Huluka Watershed for 2009 and 2017
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2009, 24.3% (717.25  ha/year) between 2009 and 2017, 
and 32.7% (228.65 ha/year) between 1979 and 2017. The 
decrease of grassland in the watershed was attributable to 
its transformation to other land use and land cover types. 
It was largely transformed into cultivated land between 
1979 and 2017 (Tables 3, 4, 5, and 6; Figs. 4, 5).

Drivers and local effects of land use and land cover 
changes in Huluka watershed
Drivers of land use and land cover changes in Huluka 
watershed
The major themes of the thematic content analysis of 
qualitative data were drivers of land use and land cover 
changes and the relationship between the drivers and 
land use and land cover changes in the Huluka watershed. 
The summary of findings from focus group discussions 
indicates that the local communities in the watershed felt 
that the land use and land cover changes in their water-
shed are visible and underpinned by infrastructural and 
agricultural expansions, increased demand for wood, 
local environmental and biophysical drivers, rapid human 
population growth, economic drivers, technological driv-
ers, policy and institutional drivers, and local socio-cul-
tural drivers. The entire key informants also felt that the 
aforementioned drivers underpin land use and land cover 
changes in their watershed. The perceived causal rela-
tionship between land use and land cover changes and 
the drivers are summarized hereunder.

Infrastructural and agricultural expansion All the 
focus groups confirmed that unplanned expansion of 
infrastructure and agriculture are among the major driv-
ers of land use and land cover changes in the Huluka 
watershed. This finding was further confirmed by the 
entire key informants who felt that many of the infra-
structural and agricultural expansions are not planned 
and land use and land cover changes in the watershed are 
underpinned by unplanned expansions. Many of the key 
informants emphasized that they appreciate the planned 
expansion of relevant infrastructures like roads, electrifi-
cation, and telecommunication. However, they suggested 
that appropriate environmental impact assessment must 
precede any infrastructural expansion in their water-
shed. It was also possible to observe the unplanned infra-
structural and agricultural expansions in the watershed 
through participant observation.

Increased demand for wood All the focus groups 
affirmed that there is currently an increased demand 
for wood (fuelwood and wood for construction) in the 
Huluka watershed. The women focus groups emphasized 
that the challenge of fuelwood is visible in their environ-
ment as they do not find easily trees in their environment 
despite their increased demand for it. This affirmation 
was further supported by the assertion of the entire 

key informants who felt that trees in the watershed are 
at big risk as humans need them for fuelwood and con-
struction purposes without thinking to plant or replace 
them for future sustainable use. Key informants from the 
down-stream of Huluka watershed where Ambo town 
is situated further attest that there is increased demand 
for wood for construction purposes in the watershed 
especially in the urbanized part of the watershed. It was 
also possible to observe the increased demand for fuel-
wood and wood for construction through participant 
observation.

Local environmental and biophysical drivers All the 
focus groups attested that vulnerable soil quality, hilly 
topography, and lands without forest, bushes/shrubs, and 
grass cover are the local environmental drivers exacer-
bating the land use and land cover changes in the Huluka 
watershed. They affirmed also that flooding is one of 
the contributing local bio-physical drivers for land use 
and land cover changes. The entire key informants also 
agreed with the aforementioned attestation as they felt 
that these local environmental and bio-physical factors 
contribute much to land use and land cover changes in 
the watershed. The key informants from the urbanized 
part of the watershed emphasized that vulnerable soil 
types in their locality and hilly topography contribute to 
land use and land cover changes in the watershed. They 
also felt that flooding exacerbate the aforementioned 
undesirable environmental situation. It was also possi-
ble to observe some local environmental, and biophysical 
drivers through participant observation (Fig. 6).

Rapid growth of human population All the focus 
groups asserted that the rapidly growing human popula-
tion in the watershed is one of the major drivers of land 
use and land cover changes in the Huluka watershed. The 
entire key informants agreed with the above assertion as 
they further emphasized that the rapidly growing human 
population in the watershed demands much resources 
from the natural environment which threatens the natu-
ral environment resulting in the degradation of natural 
resources. The key informants from the urbanized part 
of the watershed felt that the demand for shelter and 
food certainly hasten the transformation of land use and 
land cover to urban built-up areas and cultivated land. 
This threatens forest land, grassland, and bush/shrub 
land as they attested. It was also possible to observe the 
detrimental effect of human unplanned settlement in 
the watershed exacerbating the land use and land cover 
changes (Fig. 6).

Economic drivers All the focus groups confirmed that 
market growth and commercialization, urban expan-
sion, and price increase are among the major economic 
drivers contributing to land use and land cover changes 
in the watershed. The entire key informants agreed with 
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the above confirmation as they further emphasized that 
the economic needs of different stakeholders in the 
watershed significantly drive the land use and land cover 
changes in the watershed. It was also possible to observe 
some economic drivers through participant observation.

Technological Drivers All the focus groups affirmed that 
agro technical change and agricultural production factors 
are among the major technological drivers contributing 
to land use and land cover changes in the watershed. The 
entire key informants agreed with the above affirmation 

as they further emphasized that land use and land cover 
changes in the watershed are much affected by access to 
technologies by different stakeholders in the watershed. 
It was also possible to observe some technological drivers 
through participant observation.

Policy and institutional drivers All the focus groups 
confirmed that formal land policy, property rights, and 
the absence of relevant institutions are among the major 
drivers of land use and land cover changes in the Huluka 
watershed. The entire key informants agreed with the 

Fig. 6 Partial view of drivers of land use and land cover changes in Huluka watershed: a vulnerable local soil, b Vulnerable hilly topography, c 
Water erosion induced gully, d Flooded urban environment, e Human settlement around the lake, and f Disturbed lake water ( Source: Participant 
Observation 2017)
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above confirmation. For instance, key informants from 
the urbanized part of the watershed felt that urban devel-
opment policy and land use policy contribute much to 
land use and land cover changes that threaten their liveli-
hoods. Most of the key informants felt that the absence 
of strong and stringent environmental protection poli-
cies and strategies underpins the degradation of natural 
resources in the Huluka watershed. They also felt that 
the property rights issue affects their attitude towards 
the conservation of natural resources. It was also possi-
ble to observe some of the policy and institutional drivers 
through participant observation.

Local socio-cultural drivers All the focus groups 
asserted that religious institutions, public attitudes, and 
beliefs, and individual and household behavior are among 
the socio-cultural drivers contributing to land use and 
land cover changes in the Huluka watershed. The entire 
key informants agreed with the above confirmation. For 
instance, many key informants felt that forest land cover 
is more conserved in religious institutions as they pro-
mote living in peace with nature. They also affirm that the 
conservation or degradation of natural resources in the 
watershed is determined by public attitudes and beliefs, 
and individual and household behavior. It was also possi-
ble to observe some of the socio-cultural drivers through 
participant observation.

Local effects of land use and land cover changes in Huluka 
watershed
The major themes of the thematic content analysis of 
qualitative data were local negative effects of land use and 
land cover changes on farmers’ livelihoods, the reciprocal 
cause-effect relationship between flooding risk and land 
use and land cover changes, strengths, and weaknesses of 
the current community-based soil and water conserva-
tion measures practiced, and effective adaptation meas-
ures to land use and land cover changes. A summary of 
the findings for the aforementioned themes is presented 
hereunder.

Local negative effects of land use and land cover changes 
on farmers’ livelihoods All the focus groups attest that 
land use and land cover changes in the Huluka water-
shed have negative local effects on their livelihoods. 
Accordingly, they identified increased flooding risk, 
increased soil erosion, increased sedimentation into 
water resources like lakes and rivers, decrease in soil 
fertility, loss of biodiversity, loss of springs, decrease in 
annual rainfall and increase in heat during the dry sea-
son. The entire key informants also felt that the negative 
local effects of land use and land cover changes on their 
livelihoods are current realities and affirmed that many of 
the environmental disasters in the watershed are highly 
attributable to the land use and land cover changes. It 

was also possible to observe some of the negative local 
effects.

Reciprocal cause-effect relationship between flooding 
risk and land use and land cover changes All the focus 
groups affirmed that flooding risk in their watershed is 
highly linked to land use and land cover changes as the 
transformation of land use and land cover from forest 
land, grassland, and bush/shrub land to cultivated land, 
and urban built-up areas exacerbate flooding risk caused 
by other factors. They also asserted that flooding risk in 
the watershed also exacerbated land use and land cover 
changes as it hastens the transformation of productive 
land use and land cover into degraded land use and land 
covers. The entire key informants also felt that a recipro-
cal cause-effect relationship exists between land use and 
land cover change and flooding risk. They attest that land 
areas without forest, grass, bush/shrub, and water are 
much vulnerable to flooding risk. They also confirmed 
that flooding risk in their watershed is highly under-
pinned by the changes in land use and land cover in the 
watershed. Hence, the existence of the reciprocal cause-
effect relationship between flooding risk and change in 
land use and land cover was attested by the focus groups 
and the key informants. It was also possible to observe 
the negative effects of flooding risk on different land use 
and land cover types.

Strengths and weaknesses of the current community-
based soil and water conservation measures All the focus 
groups affirmed that the current community-based soil 
and water conservation measures practiced in the water-
shed have contributed to increased soil fertility, healing 
of degraded land areas, conservation of soil and water 
resources, local adaptation to the flooding risk, improve-
ment in yield from crop production, and improvement in 
social capital among local farmers, and between farmers 
and agricultural development professionals. However, 
they identified weaknesses that require careful attention 
in future interventions for sustainable watershed man-
agement. Accordingly, they identified poorly supervised 
and managed soil and water conservation measures in 
some places, lack of planting appropriate tree species on 
the established soil and water conservation structures, 
lack of considering rehabilitation of degraded lands in the 
soil and water conservation measures practiced, nega-
tive downstream impacts of some practiced measures, 
interference of livestock in the established structures, 
and lack of mainstreaming non-structural measures. 
The entire key informants also felt that the aforemen-
tioned strengths and weaknesses properly characterize 
the current community-based soil and water conserva-
tion measures practiced in the Huluka watershed. It was 
also possible to observe some of the strengths and 
weaknesses.
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Effective adaptation measures to land use and land 
cover changes All the focus groups suggested compost 
preparation and use, the practice of crop rotation, effec-
tive planning to rehabilitate degraded lands through 
structural and non-structural soil and water conservation 
measures, strengthening the ongoing community-based 
soil and water conservation practices, institutionalizing 
appropriate environmental impact assessment into any 
local development projects, planting appropriate tree 
species and management on established soil and conser-
vation structures, and establishing an appropriate institu-
tional framework for forest and other natural resources’ 
management as effective adaptation measures to land use 
and land cover changes. The entire key informants also 
felt that the aforementioned suggestions by local commu-
nities for sustainable watershed development are vital.

Discussion
Dynamics of land use and land cover changes 
and implications
The increase in urban built-up area land use and land 
cover by 351% at an average rate of 16.20  ha/year over 
38  years (1979–2017) was confirmed in the Huluka 
watershed. This is similar to the previous study by 
Oluwayemisi et  al. (2020) who confirmed the drastic 
increase in built-up area coverage over 20  years (1999–
2019). Abebe et  al. (2019) assert that rapid population 
growth and economic development underpin expan-
sions of built-up areas in Ethiopia. Gashaw et al. (2017a, 
b) reported increased coverage of built-up areas over 
30  years (1985–2015) with similar predicted trends for 
2030 and 2045.

The increase in urban built-up areas has grave impli-
cations for promoting sustainable development in the 
Huluka watershed and beyond. Scholars in the field assert 
that land use is closely related to the urban development 
process of rapid urbanization that takes place in most 
developing countries (Miheretu and Yimer 2017; Abebe 
et al. 2019). In other words, how land has to be allocated 
to a variety of functions such as roads, utilities, housing 
industrial estates, shopping centers, offices, schools, hos-
pitals and other elements of the physical organization of 
a city are attested to have far-reaching socio-economic, 
cultural, political, technical and ecological implications 
(Andjelkovic 2001; Parkinson 2003; Tucci 2007; Claes 
et al. 2012; Santato et al. 2013).

The continued high rate of urbanization, in general, 
is affirmed to lead to problems such as urban poverty, 
a lack of urban services, especially to the urban poor, 
poor provision of urban services, considerable strain on 
existing urban infrastructural facilities, street children, 
urban unemployment, urban transportation problems, 
displaced persons, urban crime, a proliferation of slums 

and squatter settlements, and urban environmental deg-
radation (Balzerek et al. 2003; Ujoh et al. 2010; Hao et al. 
2015; Abebe et  al. 2019). These urban challenges were 
also confirmed to affect the urban development process 
in the Huluka watershed where Ambo town is situated. 
As the aforementioned challenges are underpinned by 
unplanned urban expansion, only sustainable land use 
planning and management and sustainable urban devel-
opment are feasible solutions (Gashu and Gebre-Egziab-
her 2018). In other words, protecting land from the urban 
expansion is affirmed to be imperative for countries 
whose economic viability and environmental sustain-
ability are increasingly threatened by growing population 
pressures on a limited natural resource base, the agricul-
tural expansion of marginal lands, deforestation to meet 
growing demands for food, energy, and construction, 
and climate change (Brown 2011; FDRE-MUDHC 2014; 
Miheretu and Yimer 2017; Worku et al. 2017; Abera et al. 
2020).

The increase in cultivated land use and land cover 
by 105.3% at an average rate of 692.76 over 38  years 
(1979–2017) was confirmed in the Huluka watershed. 
This is similar to a previous study by Abera et al. (2020) 
who reported that cultivated land use and land cover 
increased at an average rate of 1515.7  ha/year between 
2000 and 2018. Wubie et  al. (2016) reported a consist-
ent expansion of cultivated land use and land cover over 
the four decades analyzed (1957–2005). Hassen and 
Assen (2017) reported the expansion of cultivated land 
by about 57.68% (91.5  ha/year). Miheretu and Yimer 
(2017) reported an increase in cultivated land by 7.13% 
over 50  years (1964–2014). Woldesenbet et  al. (2020) 
reported an increase in area coverage for the cultivated 
land-use system over 30  years. Deribew and Dalacho 
(2019) reported an increase in cultivated land cover by 
36.70% over 60 years (1957–2017). Gashaw et al. (2017a, 
b) reported increased coverage of cultivated land cover 
over 30 years (1985–2015) with similar predicted trends 
for 2030 and 2045.

The increase in cultivated land use and land cover has 
grave environmental implications for the Huluka water-
shed and beyond. For instance, the increase in cultivated 
land was at the expense of forest land, grassland, and 
bush/shrub land use and land cover and this affects the 
livelihoods of the human population and other mem-
bers of the ecosystem in the watershed. In other words, 
elements of the ecosystem in the watershed are much 
vulnerable to disaster risks like flooding and soil ero-
sion. Scholars of sustainable development recommend 
integrated watershed management to address diverse 
water-related issues in the watershed. In other words, 
sustainable land management (SLM) is attested to have a 
vital contribution. The main objective of SLM is affirmed 
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to be integrating people’s coexistence with nature over 
the long-term, so that the provisioning, regulating, cul-
tural, and supporting services of ecosystems are ensured 
(Ali et al. 2011; Liniger et al. 2011; FDRE-MUDHC 2014).

The increase in bare land use and land cover by 41.9% 
at an average rate of 4.00  ha/year over 38  years (1979–
2017) was confirmed in the Huluka watershed. This is 
similar to the previous study by Hassen and Assen (2017) 
who reported an exceptional expansion of bare land by 
11.37 ha/year underpinned by the presence of unsustain-
able land management practices. Contrary to our finding, 
the decrease in bare land use and land cover by 46.8% at 
an average rate of 27 ha/year (2000–2018) was confirmed 
by a previous study conducted in Ethiopia by Abera and 
his colleagues. They identified the expansion of built-up 
areas at the expense of bare land as the underpinning rea-
son (Abera et al. 2020).

The decrease in the forest land use and land cover by 
59.3% at an average rate of 164.52 ha/year over 38 years 
(1979- 2017) was confirmed in the Huluka watershed. 
This is similar to some previous studies in Ethiopia which 
confirmed the decrease in forest land use and land cover. 
For instance, Negassa et al. (2020) confirmed a reduction 
in dense and open forest cover in the Komto forest pri-
ority area of East Wollega Zone, Ethiopia. A reduction 
in forest land use and land cover by 59.9% at an average 
rate of 745.2 ha/year was also confirmed by the current 
similar study conducted in the Chewaka district of Ethi-
opia (Abera et  al. 2020). Woldesenbet et.al. (2020) also 
confirmed a decrease in area coverage for forest land-
use systems over 30 years. Oluwayemisi et al. (2020) also 
confirmed a drastic decrease in forest land coverage over 
20 years (1999–2019). Deribew and Dalacho (2019) also 
reported a decrease in forest land cover by 39.79% over 
60 years (1957–2017). Gashaw et al. (2017a, b) reported 
decreased coverage of forest land use and land cover over 
30  years (1985–2015) with similar predicted trends for 
2030 and 2045.

The reduction in forest land use and land cover has 
serious implications for exacerbating environmental 
problems in the watershed and beyond. For instance, 
deforestation and logging are regularly affirmed for 
exacerbating the disastrous effects of floods generated 
by extreme rainfall (Gebresamuel et  al. 2015). In other 
words, deforestation tends to generate higher flows, 
net erosion, and nutrient losses. To avert this undesired 
human impact on the natural environment, afforesta-
tion is recommended as it tends to reduce groundwater 
recharge and net water availability. In other words, trees 
are attested to have the capacity to intercept part of the 
precipitation and, owing to their deeper root systems, 
transpire more water than grasses during the drier peri-
ods (Birkinshaw et al. 2010; Santato et al. 2013).

The urban areas, which are growing rapidly, are 
attested to need forests to improve the human well-being 
of the urban population by creating green spaces. Besides 
this, forests are asserted to provide multiple ecosystem 
services for people living in rural areas (Dessie & Tadesse 
2013; Gashu and Gebre-Egziabher 2018). Furthermore, 
the importance of forests for sustainable development 
is increasingly being recognized, not only as a source of 
wood and timber, but also for carbon sequestration, as a 
source of renewable energy, for cultural and spiritual val-
ues, and recreation, among others (Muller and Reinstorf 
2011; Dessie and Tadesse 2013; Abera et al. 2020). Abera 
et al. (2020) attest that developing a proper land-use plan 
and limiting population growth through family planning 
are of paramount importance to conserve and protect 
forest land use and land cover. Hence, conservation and 
wise use of forest land resources in the Huluka water-
shed is of paramount importance to promote sustainable 
watershed development.

The decrease in shrub/bush land use and land cover by 
68.2% at an average rate of 318.71 ha/year over 38 years 
(1979- 2017) was confirmed in the Huluka watershed. 
This is similar to the finding of Gashaw et al. (2017a, b) 
who reported decreased coverage of shrub/bush land 
use and land cover over 30 years (1985–2015) with simi-
lar predicted trends for 2030 and 2045. The decrease in 
shrub/bush land use and land cover implies that land 
without shrub/bush cover is vulnerable to soil erosion, 
flooding, and climate change. Moreover, the livelihoods 
of local communities are affected since feed shortage and 
fuelwood shortage are exacerbated in the watershed and 
beyond.

The decrease in grassland use and land cover by 32.7% 
at an average rate of 228.65 ha/year over 38 years (1979–
2017) was confirmed in the Huluka watershed. This is 
similar to the study by Woldesenbet et.al. (2020) who 
reported a decrease in area coverage for grassland use 
systems over 30 years. Oluwayemisi et al. (2020) reported 
a drastic decrease in grassland coverage over 20  years 
(1999–2019). Gashaw et al. (2017a, b) reported decreased 
coverage of grassland use and land cover over 30  years 
(1985–2015) with similar predicted trends for 2030 and 
2045. The decrease in grassland use and land cover has 
grave environmental implications for the Huluka water-
shed and beyond. For instance, the reduction in grassland 
use and cover implies a shortage of grazing land and feed 
shortage for livestock affecting the mixed crop-livestock 
farming system in the watershed and beyond. Reduction 
in grassland use and land cover also mean increased risk 
of land to flooding and soil erosion.

The decrease in waterbody by 5.1% at an average rate of 
1.06 ha/year over 38 years (1979–2017) was confirmed in 
the Huluka watershed. This is similar to a previous study 
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conducted by Oluwayemisi et  al. (2020) who confirmed 
a drastic decrease in water body coverage over 20 years 
(1999–2019).

The decrease in water body has serious environmental 
implications for the watershed and beyond, as ecosys-
tem services from the water body (Dendi lake) are detri-
mentally affected by human-induced and natural factors. 
Some of the ecosystem services provided by lake include 
Habitat for aquatic birds, other animals and plants; fish 
and shellfish production; biodiversity; food production; 
water storage, including mitigating the effects of floods, 
and droughts; groundwater recharge; shoreline stabiliza-
tion, and storm protection; water purification; nutrient 
cycling; sediment retention and export; recreation and 
tourism; climate change mitigation; timber production; 
education and research; and aesthetic, and cultural value 
(Ozesmi and Baur 2002; Abunie 2003; Galbraith et  al. 
2005; Millennium Ecosystem Assessment 2005; Wetlands 
International 2010). Hence, sustainable wetland conser-
vation and restoration policies and strategies should be 
integrated into sustainable local development and pov-
erty alleviation policies and strategies as environmen-
tally sound economic development underpin sustainable 
development that creates livelihood options and employ-
ment opportunities for current as well as future genera-
tions (Ogato 2013; Yohannes et al. 2020).

Drivers of land use and land cover changes 
and implications
The finding of the study indicates that infrastructural 
and agricultural expansions, increased demand for wood, 
local environmental and bio-physical drivers, the rapid 
growth of human population, economic drivers, techno-
logical drivers, policy and institutional drivers, and local 
socio-cultural drivers were the perceived drivers of land 
use and land cover changes in Huluka watershed. While 
technological drivers, local environmental and bio-
physical drivers, and socio-cultural drivers were not well 
confirmed by previous studies in Ethiopia, drivers like 
rapid growth of human population, increased demand 
for wood, policy, and institutional drivers were well con-
firmed as discussed hereunder.

Scholars in the field affirm that the main drivers of land 
use and land cover changes are the combination of bio-
physical processes, demographic dynamics, urbaniza-
tion, and successive government policies (Jember 2014; 
Gashaw et  al. 2017a, b; Karki et  al. 2018; Deribew and 
Dalacho 2019; Megersa et al. 2019; Yesuph and Dagnew 
2019). An increase in the human population is confirmed 
to be the major driver for land use and land cover changes 
in Ethiopia (Kindu et  al. 2013; Gashaw et  al. 2017a, b; 
Abebe et al. 2019; Hassan et al. 2016; Wubie et al. 2016; 
Miheretu and Yimer 2017; Worku et al. 2017; Abera et al. 

2020). For instance, Worku et al. (2017) and Wubie et al. 
(2016) assert that Population growth increases demands 
of more cultivated land, fuelwood, charcoal, and infra-
structural development. Abera et  al. (2020) assert that 
rapid population growth and high population density 
induce increased demand for resources and exacerbate 
the rate of resource depletion in the area. Local environ-
mental and biophysical drivers are affirmed to underpin 
land use and land cover changes in Ethiopia (Kindu et al. 
2013; Gashaw et al. 2017a, b; Yesuph and Dagnew 2019). 
For Gashaw et al. (2017a, b), the reduction of land pro-
ductivity underpinning the intension of the people for 
getting new fertile cultivable lands is one of the biophysi-
cal drivers.

Policy and institutional drivers are also attested to 
contribute to land use and land cover changes in Ethio-
pia (Kindu et  al. 2013; Hassen and Assen 2017; Zewdie 
et  al. 2017; Gashu and Gebre-Egziabher 2018; Yesuph 
and Dagnew 2019; Abera et al. 2020). For instance, Gashu 
and Gebre-Egziabher (2018) assert that policy and insti-
tutional drivers underpin the dynamics of land use and 
land cover changes in Ethiopia. Economic drivers are also 
affirmed to contribute to land use and land cover changes 
in Ethiopia (Kindu et  al. 2013; Minale 2013; Gebresa-
muel et  al. 2015; Hassan et  al. 2016; Hassen and Assen 
2017; Yesuph and Dagnew 2019; Abera et  al. 2020). For 
instance, Hassan et al. (2016) identified economic devel-
opment, climate change, population growth, rapid urban-
ization, and deforestation as drivers of land use and land 
cover changes.

The above discussions imply that diverse drivers of 
land use and land cover changes in the Huluka water-
shed should be considered in planning and managing 
sustainable development projects and programmes in the 
watershed and beyond. This requires the participation 
of stakeholders, coordination of different activities, and 
collaboration of all development partners to ensure the 
sustainability of development initiatives in the watershed 
and beyond.

Local effects of land use and land cover changes 
and implications
The finding of the study indicates that increased flooding 
risk, increased soil erosion, increased sedimentation into 
water resources(lake and rivers), decrease in soil fertil-
ity, loss of biodiversity, loss of springs, decrease in annual 
rainfall, and increase in heat during the dry season were 
the perceived local negative effects of land use and land 
cover changes in Huluka watershed. While there are lim-
ited empirical pieces of evidence linking annual rainfall 
and environmental heat to changes in land use and land 
cover in Ethiopia, other local effects were well docu-
mented as discussed hereunder.
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Increased flooding risk was one of the perceived nega-
tive local effects of land use and land cover changes in the 
Huluka watershed. This perception is similar to the attes-
tations by previous studies in Ethiopia which attested 
that flooding risk in Ethiopia is underpinned by land use 
and land cover changes. For instance, scholars in the field 
affirm that the hydrology of a watershed is much affected 
by land use and land cover changes resulting in flooding 
risk (Assen 2011; Gebresamuel et al. 2015; Gashaw et al. 
2017a, b; Megersa et.al. 2019 Yesuph and Dagnew 2019). 
Scholars also assert that urban built-up area is character-
ized by urban runoff which is defined as streamflow or 
the sum of surface runoff and subsurface runoff from an 
urban area (Zhiyu et al. 2013; Gashu and Gebre-Egziab-
her 2018). Increased soil erosion was one of the perceived 
negative local effects of land use and land cover changes 
in the Huluka watershed. This perception is similar to 
the confirmations by previous studies in Ethiopia which 
confirmed that soil erosion is the result of land use and 
land cover transformation. For instance, scholars in the 
field attest that cultivated land use and land cover, and 
bare land use and land cover are vulnerable to soil ero-
sion (Assen 2011; Wubie et al. 2016; Miheretu and Yimer 
2017; Tellen and Yerima 2018; Megersa et.al. 2019; 
Yesuph and Dagnew 2019; Girma and Gebre 2020).

Increased sedimentation into water resources was 
one of the perceived negative local effects of land use 
and land cover changes in the Huluka watershed. This 
perception is similar to the assertions of scholars in the 
field who assert that land use and land cover changes 
underpin water pollution and threaten the lives of glob-
ally important species dependent on wetlands like lakes 
and rivers (Esa et al. 2018; Karki et al. 2018). The decrease 
in soil fertility was one of the perceived negative local 
effects of land use and land cover changes in the Huluka 
watershed. This perception is similar to the assertion of 
scholars who assert that decline in soil fertility is under-
pinned by the transformation of land use and land cover 
(Wubie et al. 2016; Bekele et al. 2018; Karki et al. 2018).

The above discussed negative local effects of land use 
and land cover changes have critical implications for sus-
tainable watershed management in the study area. Schol-
ars attest that appropriate strategic measures should be 
practiced to reduce the negative local effects of land use 
and land cover changes (Gashaw et al. 2017a, b; Hassen 
& Assen 2017; Hishe et al. 2017; Kassie 2017; Mekuriaw 
2017; Worku et al.2017; Zewdie et al. 2017; Gella 2018). 
Many of them strongly affirm that it is vital to institu-
tionalize sustainable biological and physical soil con-
servation measures to mitigate land degradation and 
improve the livelihood of the local community in the 
watershed (Amdihun et al. 2014; Wolancho 2015; Wolka 
et al. 2015; Yimer et al. 2015; Tadesse et al. 2017; Deribew 

and Dalacho 2019; Kidane et al. 2019). Others assert that 
integrated water resources planning and management 
is vital as one of the elements of natural resources man-
agement (Laekemariam et  al. 2016; Qayum et  al. 2016; 
Seyoum 2016; Teshome 2016; Miheretu and Yimer 2017; 
Meshesha and Khare 2019). Others attest that payments 
for ecological services are vital for the sustainable man-
agement of natural resources (Tolessa et al. 2017; Bogale 
2020; Hasan et al. 2020).

Conclusions
Forest land, cultivated land, urban built-up area, bush/
shrub land, bare land, grassland, and water body were 
identified as the seven land use and land cover types in 
the Huluka watershed. There were dynamic Spatio-tem-
poral changes in land use and land cover in the study 
watershed and the study periods. Urban built-up area 
increased by 351% at an average rate of 16.20  ha/year 
over 38 years (1979–2017). Cultivated land increased by 
105.3% at an average rate of 692.76  ha/year. Bare land 
increased by 41.9% at an average rate of 4.00  ha/year. 
Forest land decreased by 59.3% at an average rate of 
164.52  ha/year over 38  years (1979- 2017). Shrub/bush 
land decreased by 68.2% at an average rate of 318.71 ha/
year. Grassland decreased by 32.7% at an average rate of 
228.65 ha/year. Waterbody decreased by 5.1% at an aver-
age rate of 1.06 ha/year.

Drivers and local effects of land use and land cover 
changes were identified. Infrastructural and agricultural 
expansions, increased demand for wood, local envi-
ronmental and bio-physical drivers, the rapid growth 
of human population, economic drivers, technological 
drivers, policy and institutional drivers, and local socio-
cultural drivers were identified as the perceived drivers 
of land use and land cover changes in Huluka watershed. 
Increased flooding risk, increased soil erosion, increased 
sedimentation into water resources(lake and rivers), 
decrease in soil fertility, loss of biodiversity, loss of 
springs, decrease in annual rainfall, and increase in heat 
during the dry season were identified as the perceived 
local negative effects of land use and land cover changes 
in Huluka watershed.

To promote sustainable local development in the 
watershed and beyond, the following recommendations 
are forwarded:

• Appropriate land use planning and management in 
the watershed should be practiced to reduce the neg-
ative local effects of land use and land cover change 
in the watershed;

• Family planning should be encouraged in the study 
area since rapid human population growth under-



Page 18 of 20Ogato et al. Environ Syst Res           (2021) 10:10 

pins land use and land cover changes and their neg-
ative effects in the Huluka watershed and beyond;

• Appropriate environmental impact assessment 
(EIA) should be conducted before initiating any 
local development projects;

• Appropriate institutional framework for integrated 
watershed management should be established for 
proper planning and management of the watershed 
development activities;

• Compost preparation and use, and crop rotation 
should be encouraged to improve the productivity 
of soil resources in the watershed;

• Rehabilitation of degraded lands through structural 
and non-structural soil and water conservation 
measures should be properly planned and man-
aged;

• The ongoing community-based integrated watershed 
management should be strengthened;

• Appropriate tree species should be planted and man-
aged on the established soil and water conservation 
structures;

• Local socio-cultural development in the watershed 
should be properly planned and managed to promote 
sustainable socio-cultural development in the water-
shed; and

• Local economic development in the watershed 
should be properly planned and managed to promote 
sustainable economic development in the watershed.
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