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Abstract  Global population has become increasingly concentrated in urban centres, as a result, the quality of the urban 
environment is being deteriorated. Human interferences are accountable for spatial pattern changes of green spaces in 
cities/towns. This paper analyses the spatio-temporal pattern changes of green spaces in Southern Ethiopia using geospatial 
analysis tools. In Hawassa the spatial coverage of green space was 30% in 1975 but decreased to 12% in 2015. While in 
Wolayita Sodo town it was 53% in 1975 and decreased to 24% in 1995, but it increased to 33% in 2005 and again decreased 
to 29% in 2015. In Bodity town it was 48% in 1975 and 23% in 1995, but it increased to 25% in 2005 and 30% in 2015. 
Accordingly the ANOVA result there was overall significant (p= 0.003) difference in the spatial coverage change of green 
space among urban centres. Similarly, there was a significant difference in between Hawassa and Bodity (p = 0.007) and 
Bodity and Wolayita Sodo town (p = 0.005), but no difference between Hawassa and Wolayita Sodo town (p = 0.974). 
Expansion of urban centres, population growth, natural hazards (drought), lack of policy that supports the conservation of 
green space and lack of awareness were the main causes of the change of green space over time. The change varied, 
depending on the structure of the urban centres development. Proper spatial planning and its conversion into action is an 
important tool in improving urban green infrastructure.  
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1. Introduction 
As a result of urbanization, the world’s population has 

become increasingly concentrated in cities or towns. Rapid 
urbanization worldwide has become a critical issue in the 21st 
century [1, 2]. The world urban population is expected to 
increase by 84% from 3.4 billion in 2009 to 6.3 billion in 
2050 [3, 4]. The number of mega-cities has significantly 
increased since 1970, with the newest ones emerging in 
developing countries [5]. Large cities are reaching human 
saturation levels, and are unable to cope with diverse types of 
human-induced pressures [6]. Urban development involves 
the replacement of vegetated landscapes with impermeable 
surfaces; this process can exert profound influences on the 
biogeochemical cycle, hydrological process, climate change, 
and biodiversity in terrestrial ecosystems at multiple scales 
[7, 8]. Urbanization and population growth significantly 
influence the functioning of the local and global ecosystem 
and the services [9]. As [10] reported that urban development 
fragments,  isolates and degrades natural habitats; disrupts  
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hydrological systems, and modifies energy flow and 
nutrients cycling.  

Urbanization has had and continues to have a negative 
impact on the natural environment (green space) within cities 
[11]. Most impacts can be mitigated by restoring some 
components and functions of natural ecosystems in urban 
areas, through careful design of urban green spaces, 
semi-natural landscape and preserving wilderness in some 
valuable natural habitats near the city [9, 12]. In this regard, 
urban green spaces are one of the fundamental components 
in the restoration and management of healthy urban 
ecosystem. Urban green spaces have significant social, 
ecological, and cultural value. Several studies have 
demonstrated that urban green spaces offer benefits relating 
to individuals’ health and wellbeings such as relaxation [13, 
14], recreational opportunities [15, 16], and a connection to 
nature [13]. 

Urban green spaces can be defined as outdoor places with 
significant amounts of vegetation, and exist mainly as 
semi-natural areas [17]. Studies conducted by [18] and [19] 
stated that urban green spaces are viewed as the last remnant 
of nature in urban areas [20]. Similarly, several studies such 
as [21-23] revealed that urban green space typically performs 
important functions, including maintaining biodiversity, 
preventing soil erosion and mitigating urban heat island 



2 Mikias Biazen Molla et al.:  The Spatio-Temporal Pattern of Urban Green Spaces in Southern Ethiopia  
 

 

effects. Urban green spaces can also provide various 
multi-functional social economic and cultural benefits, such 
as providing amenity-recreation venues, improve cultural 
heritage values, reducing work-related stress [24, 25], and 
increasing property values [26, 27].  

Studies have shown that urban green spaces are key 
components of ecosystem services that evidently contribute 
to the mitigation of high temperatures [28, 6], reduction of 
air and noise pollution [29]. Urban green spaces encourage 
outdoor activity and social communication that contribute to 
the health of local residents. Spatio-temporal analysis has 
become an important tool to generate evidence for 
decision-makers, spatial planners, local communities, or 
actors who are operating within a given landscape to 
formulate appropriate policies and strategies, generate data 
for spatial planning, and develop detailed land use plans as 
well as understand agents of change [30]. Examining the 
relationship between the use of urban green spaces and 
factors influencing their utilization can provide essential 
references for green space site selection in urban planning 
[14]. Hence, spatio-temporal analysis helps decision-makers 
ensure sustainable development and understand the 
dynamics of the changing environment [32]. The current 
debate on the importance of the urban landscape approach 
requires sufficient spatial data on the past and present 

conditions of green spaces in the urban centres to continue to 
successfully manage the urban environment. Therefore, 
information on spatial and temporal analyses of green spaces 
becomes essential in order to improve the urban green spaces 
planning in the urban centres.  

Various researchers assessed the interaction between 
population and urban expansion in Ethiopia, but most of the 
authors missed the temporal aspect and their focus varying 
greatly in terms of thematic area as well as spatial locations 
[33-35]. Besides, countrywide, particularly in the study area, 
the spatial pattern change of green spaces and its driving 
forces did not clearly assess [36]. As a result planners and 
decision makers did not consider the provision of green 
space for urban ecosystem services on their action plan [37]. 
Therefore, this study was were covering the distribution of 
green space coverage using in the case study area. The 
specific objective of the study was, therefore, to analyze the 
spatial patterns change of green space between 1975 and 
2015 using geospatial analysis techniques and identify major 
driving forces of the change of green spaces.  

2. Materials and Methods 
2.1. Description of the Study Area 

 

 

Note: SNNPR means South Nation Nationalities and Peoples Region 

Figure 1.  The Location of Sample City/Towns, Source: Author 
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This study was conducted in three different sized urban 
centres, these include; Hawassa, Wolayita Sodo and Bodity 
town. The selection was done in consultation with the 
Regional Sanitation and Beautification Park Administration 
and Development Office. Hawassa city is the capital city of 
South Nation and Nationalities Peoples (SNNP) Regional 
State one of the selected case study areas. The city is located 
between 37° 521 - 39° 11’ East longitude and 06° 27' - 07° 40’ 
North latitude with an elevation of 1708 meters above sea 
level (Fig, 1). It is found at a distance of 275km far from 
Addis Ababa (capital city of Ethiopia) in the South part of 
the country, within the rift valley depression bordered by 
Lake Hawassa to the West. According to [38] report, 
Hawassa city accommodates 210,676 inhabitants. It covers 
50.24 square kilometres, divided into eight sub-cities and 
each sub-city further divided into kebeles. Figure 1 shows 
the location of the selected case study in urban centres     
in the region. The land use of the study area includes 
approximately 19.27% for residential area, 20.20% for 
transportation (road), 7.06% for commercial area, 2.10% for 
institution, 12.20% for social services area, 5.74% for 
production and sailing area (marketing) area, 16.4% for 
green infrastructure (trees and forest) area, 4.03% for 
mixed-use services area, 13.10% for other services area [39]. 
The study area has a variety of tree and forest resources such 
as coniferous and broad-leaved (reserved) forest that are 
distributed according to its environmental condition. 

Such forest resources have a variety of potential and 
should be protected and reserved, as they could serve as an 
important base for development of the Region in general and 
the urban centres in particular [39]. Wolayita Sodo Town is 
the second case study area, it is the administrative centre of 
Wolayita Zone of SNNPRS at a distance of 390 km from 
Addis Ababa and 167 km from the regional city Hawassa. 
The town is located at 6°54′N Latitude and 37°45′E 
Longitude with an elevation between 1600 to 2100 meters 
above sea level. According to [38], the total population of the 
town was 100,755 and the town has 25.62 square kilometre 
coverage, has three sub-cities and 11 kebeles.  

On the other hand, Bodity town is a small emerging town 
under Wolayita Zone in SNNPRS. It is situated at 6°58′N 
latitudes and 37°52′E longitude with an elevation of 2050 
meters above sea level. The town is at a distance of 366 km 
from Addis Ababa and 153 km from regional city Hawassa. 
It is the administrative centre of Damot Gale woreda. Based 
on [38], the total population size of the town was 31,973 and 
the town has its administration and municipality, has 6.16 
square kilometre area coverage and divided into two sub-city 
and four kebeles.  

2.2. Methods of Data Collection 

Most of the spatial data were obtained from secondary 
data sources through purchasing from the Ethiopian Map 
Agency (EMA) and downloading cloud-free images from 
Earth Explorer. These include; (1) 1975 landsat (resolution 
30m, 7 band), 1985 landsat images (resolution 30m, 7 bands), 

1995 landsat images (resolution 30 m, 7 bands), 2005 spot 
images (resolution 10m; 1 band), and 2015 spot images 
(resolution 10m; 1 band); (2) a topographic map (1:10,000) 
created in 2000; (3) Google Earth data were extracted from 
the internet; (4) urban planning data obtained from the 
SNNPRS urban development and planning bureau and 
census data obtained from the regional statistics bureau 
(auxiliary information).  

The Landsat program is the oldest Earth Observation 
Program, which was started in 1972 (Bakker et al., 2001). 
Landsat is very useful for detail mapping of land cover, land 
use, soils, and geology is worth noting [40, 30]. Dry season 
and cloud-free images were used since they make conducting 
the analyses easier. The satellite images cover 185-185 km 
with a spatial resolution of 30 m, i.e., a single pixel in the 
image represents 30-30m on the ground. The acquisition 
dates of the satellite images slightly differ within and 
between years, though the acquisition was carried out within 
the months of December, January, and February. ERDAS 
Imagine and ArcGIS 10.4 software’s were used during 
image processing and classification as well a production of 
the final LULCC maps. The land use and land cover change 
analyses followed standard procedures (Figure 1). Ground 
control points (GCPs) were also acquired from field 
surveying using a handheld GPS. The GCPs data were used 
for image classification accuracy assessment. 

2.3. Image Processing  

To obtain urban green space information for the five 
decades (1975, 1985, 1995, 2005 and 2015) the Landsat and 
spot images were used. The images were rectified and 
georeferenced to the Universal Transverse Mercator (UTM) 
37N coordinate system by using the Earth Resource Data 
Analysis System (ERDAS) Imagine system (Version 10.1). 
The major image processing steps undertaken were layer 
stacking, re-sampling, and image enhancement of the image 
dataset, which are of utmost importance for LULC analyses.  

Layer stacking is a technique to build a new multi-band or 
multispectral image file from geo-referenced images of 
various pixel sizes, extents, and projection system. Secondly, 
the re-sampling operations were conducted to reduce 
positional inaccuracies which stem from the geometric 
instability of the satellites during the data acquisition [41]. 
The coordinates of each output pixel were used to calculate  
a new value of close-by pixel values in the input map using 
the nearest neighbour re-sampling method [42]. Image 
enhancement makes raw image readily interpretable for a 
particular application [40]. False colour composite, edge 
enhancement and linear stretching were applied for the 
improvement of image interpretability [40, 43]. After all the 
images were corrected in the same way, the corrected 
satellite images were also clipped by the boundary of the 
study area using in ArcGIS V.10.5 spatial analysis tools and 
images were ready for classification purpose. 

A total of five land use and land cover classes were 
identified in all images representing the years under 
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investigation in a consistent manner. These include 
agricultural land, built-up area, green space, and vacant/open 
land and water bodies (Table 1).  

Table 1.  Land cover classification of the study area 

Land cover class Description 

Agricultural 
(crop) Land 

It is the systematic and controlled use of land for 
rearing of livestock and crop production, growing 
at lower elevations with vegetation height less 
than 1 meter 

Built-up area 
It is an area of urban which includes Impervious 
Pavement (road, concert, roadways) and 
Impervious Buildings in the urban environment 

Green space 

Green space (land that is partly or completely 
covered with grass, trees, shrubs, or other 
vegetation). Green space includes parks, 
community gardens, forest (plantation and 
natural), green corridors, green areas, 
institutional compounds and cemeteries and 
religious yards 

Vacant land/ bare 
land 

Remnant parcels that are typically small in size, 
often irregular in shape, and that have not been 
developed in the past; Parcels with physical 
limitations, such as steep slope or flood hazard, 
and thus unavoidable or a reserve parcel held for 
future expansion or relocation 

Water Bodies It is part of the earth's surface covered with 
water(such as a river, streams and lake) 

Source: Compiled by Author 

Supervised classification was used in order to extract five 
different land use classes on the clipped image for this 
research. The areas of interest were derived from a literature 
review, Google Earth online viewer, general area knowledge, 
and using ground control points (GCPs) and field visits. In 
order to verify the classification result, 320 ground control 
points (GCPs) or samples were collected from the field using 
handheld Garmin Global Positioning System (GPS-12) and 
the knowledge of the study area was used. The GCPs points 
were subsequently overlaid using Arc GIS 10.4 on the 
satellite images. Areas of interest (training polygons) were 
made up using the displayed GCPs on Arc map viewer in 
ArcGIS software to define the digital signature for 
supervised classification. 

For training points, more than 35 samples per LULC class 
(175 samples) were randomly assigned [40]. After 
accomplishing the selection of training points, the actual 
supervised classification was carried out using the Maximum 
Likelihood classifier algorithm in ERDAS Imagine 10.3 
software version. As [44], describe the Maximum 
Likelihood classifier uses a parametric statistical approach to 
prepare the probability density distribution functions for 
each individual class. This classifier considers not only the 
cluster centre, but also its shape, size, and orientations [40]. 
After accomplishing the selection of training points, the 
actual supervised classification was carried out using the 
Maximum Likelihood classifier algorithm (equation 3) in 
ERDAS Imagine 10.3 software version. 

D = ln(ac) – [0.5 ln(|covc|)] – [0.5(X-Mc)T (Covc -1)(XMc)] 
(1) 

Where: D = weighted distance (likelihood); c = a 
particular class; X = the measurement vector of the candidate 
pixel; Mc = the mean vector of the sample of class c; ac = 
percent probability that any candidate pixel is a member of 
class c (defaults to 1.0); Covc = the covariance matrix of  
the pixels in the sample of class c; |Covc|= determinant of 
Covariance (matrix algebra) Covc-1 = inverse of Cov 
(matrix algebra) ln = natural logarithm function; T = 
transposition function (matrix algebra).  

As [42], describe the Maximum Likelihood classifier 
using a parametric statistical approach to prepare the 
probability density distribution functions for each individual 
class. This classifier considers not only the cluster centre, but 
also its shape, size, and orientations [40]. The assumption of 
most Maximum Likelihood classifiers is that the statistics of 
the clusters have a ‘normal’ (Gaussian) distribution [30]. The 
collected ground control points (GCPs) data were stored in 
Excel and converted to shapefiles using Arc GIS 10.4 
Software and used for LULC classification, analysis, and 
accuracy assessments in Arc GIS 10.4 Version software.  

2.4. Accuracy Assessment 

Image classification is based on samples of the classes. 
Hence, the quality should be checked and quantified [4]. A 
total of 220 GCPs was used, to verify and assess the accuracy 
of the final classification. Accuracy assessment is a measure 
of similarity of an estimate of the true value [42]. Accuracy 
was determined by superimposing the points on the 
classified image and obtaining the kappa coefficient.  

According to [45], the recommended standard of accuracy 
in the identification of the LU/LCC mapping from the 
remote sensor data should be 85% - 90%. The other 
information in accuracy assessment is a kappa coefficient 
(Kc) which is an estimate of the overall agreement between 
image data and the reference (ground truth) data. According 
to [46] and [47], kappa values are classified into three groups: 
a value greater than 0.80 strong agreements, a value between 
0.40-0.80 represents a moderate/good agreement and a value 
below 0.4 represents a poor agreement. Therefore, kappa 
coefficient is calculated using the following formula. 

 Kc = Po−Pe
1−Pe

                 (2) 

Where Kc = Kappa coefficient, Po = the proportion of 
correctly classified cases, Pe = the proportion of correctly 
classified cases expected by chance.  

2.5. Data Analysis 

Geospatial analysis tool was used to analyse, present and 
interpret the spatial pattern of green spaces in the case study 
area. A one-way analysis of variance (ANOVA) was used to 
test the difference between the means of three case study 
areas spatial pattern changes of green space. Differences 
were deemed significant at P (0.05). Analyses were 
performed using the Statistical Package for Social Sciences 



 American Journal of Geographic Information System 2018, 7(1): 1-14 5 
 

 

(SPSS) version 21. Qualitative data was used to support the 
discussion of results. 

3. Result and Discussion 
3.1. Spatial Distribution of Green Space in Hawassa City 

(1975-2015) 

As shown in Figure 2, there was only one single urban 
centre clustered in the North-Western and South-Western 
with scattered development in 1975. The spatial coverage of 
green space was 1,522 hectares (28%) of land from the  
total area 5,024 hectares (Table 2). The spatial distribution  
of green spaces in 1975 analysis was more prevailing in  
the periphery of the city. Similarly, the Northern and 
North-Eastern parts of the city have large area coverage of 
green spaces (Figure 2). On the other hand, along with the 
Lakeshore of Hawassa, South, South-Western, and 
South-Eastern parts of the city have good green space 
coverage than other parts of the city. The detailed spatial 
distribution of green space in 1975 illustrated in Figure 2, 
while the temporal parts presented in Table 2. The spatial 
distribution of green space in 1985 shows a decreasing trend 
as compared to 1975. As illustrated in Table 2, the coverage 
of green space was 983 hectares (20%), this indicates that 
green space coverage decreased by 539 hectares (10.7%) 
from 1975. Similarly, the built-up area covered 2100 
hectares (42%), agricultural land 1077 hectares (21%), and 
open/vacant land 864 hectares (17%).  

An obvious trend observed from visual comparison of 
maps of 1975 and 1985 is the transformation of green spaces 
(decrease by 10.2%) into the built-up area (increase by 2.4%), 
agricultural land (increase by 2.1%) and open/vacant land 
(increase by 6.3%) in Hawassa city. Such changes were 
identified in North, North-Eastern, South-Eastern and central 
parts of the city. The green space cover experienced 
fragmentation and attrition, reflected by a decrease of total 
area by 11% within 10 years. Expansion of the city and 
agricultural practices and population growth are the main 
contributing factors for the drastic change of green spaces 
in 1985.  

3.1.1. Spatio-Temporal Changes of Green Space in 
1985-1995 Period 

As illustrated in Table 2, the spatial coverage of green 
space in 1985 was 983 hectares (20%). The spatial 
distribution was relatively concentrated at the edge of Lake 
Hawassa, central and South-East edges of the city. However, 
in 1995, the total area coverage of green space was 779 
hectares (16%) and its declines by 4% as compared to 1985. 
The coverage of green spaces evolved to become smaller 
patches/areas, as reflected by a continuous reduction in green 
space size and increase in patch number. They both indicated 
an acute problem of habitat degradation and urban 
encroachment.  

 

 

Source: Author from Satellite images 

Figure 2.  The spatial distribution of green space in Hawassa, 1975-2015, (a = 1975, b = 1985, c =1995, d = 2005, and e = 2015) 
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Table 2.  Area and proportion of Green space and other land use in Hawassa, 1975-2015 

Land use types 

Area Coverage in hectare (ha) and percentage (%) Inter-period change 

1975 1985 1995 2005 2015 1975-85 1985-95 1995-2005 2005-2015 1975-2015 

ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) 

Green space 1522 
(30) 

983 
(20) 

779 
(16) 

628 
(13) 

585 
(12) 539 (10.7) -204 (-4.1) -151 (-3.0) -43 (-0.9) -937 (-18.7) 

Agricultural Land 974 
(19) 

1077 
(21) 

1208 
(24) 

1157 
(23) 

512 
(10) 103 (2.1) 131 (2.6) -51 (-1.0) -645 (-12.8) -462 (-9.2) 

Built-up area 1981 
(39) 

2100 
(42) 

2444 
(49) 

2876 
(57) 

3529 
(70) 119 (2.4) 344 (6.6) 432 (8.6) 653 (13) 1548 (30.9) 

Vacant land 547 
(11) 

864 
(17) 

593 
(12) 363 (7) 398 (8) 317 (6.3) -271 (-5.4) -230 (-4.6) 35 (0.7) -149 (-3) 

Total 5024 
(100 

5024 
(100) 

5024 
(100) 

5024 
(100) 

5024 
(100)      

Source: Computed by Author data obtained from Satellite Image 

 

Source: Computed by Author data obtained from Satellite Image 

Figure 3.  Green space and other land use changes in Hawassa during 1975–2015 

Particularly, green spaces in the North and North-Eastern 
parts of the city were replaced by agricultural practices, and 
North-Western, South-Western, and central parts of the city 
has shifted into settlements (built-up area). In 1985 the 
coverage of agricultural land was 1077 hectares (21%), and 
the built-up area was 2100 hectares (42%). In 1995 
agriculture increased by 131 hectares (2.6%) and built-up 
area increased by 344 hectares (6.6%). However, along with 
the lake shore, South, South-Western, and South-Eastern 
parts of the city has better green space coverage. The 
parcels of green areas were becoming clear as the 
surrounding natural vegetation declined (Figure 3). The 
map showed that the urban area had grown to form a 
web-like distribution embracing occasional larger green 
pockets and more frequent smaller green islands. According 
to [48] during this time (1995) there was a massive drought 
across the country, including the study area. As a result, the 
natural environment was extensively affected by drought.  
In addition to the effect of drought, the expansion of 
agriculture and the built-up area also contributed to the 
reduction of green spaces across the study area [49].  

3.1.2. Spatial-temporal Changes of Green Space in 
1995-2005 Period 

Based on the analysis result of 1995 image, the majority 
of the green spaces and open land had been converted into 
other land use types such as urban settlement and 
agricultural land (Figure 2). Similarly, in 2005 the reduction 
and transformation of green spaces into other land use 
progressively continued, especially green spaces found 
along the lakeshore and central parts of the city which were 
completely replaced by settlement and other urban services. 
In 2005 the spatial coverage of green space was 628 
hectares (13%), it decreased by 3% as compared to the 1995 
areal coverage (Figure 3).  

In 2005 the spatial distributions of green space showed 
the slight difference from the overall green space 
distribution of the area. In the 2005 image analysis result, 
South, South-Western, and South-Eastern parts of the city 
had good green space coverage than other parts of the city. 
Similarly, in a linear approach along the lakeshore, there 
was also undisturbed green space. The other changes 
observed in 2005 were the reduction of agricultural land 
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and open/vacant land. In this year (2005) agricultural land 
decreased by 51 hectares (1.0%) and open/vacant land 
decreased by 230 hectares (4.6%) in 2005. However, in this 
year built-up area has shown very high incremental change; 
it increased by 432 hectares (8.6%) (Figure 3).  

3.1.3. Spatial-temporal Changes of Green Space in 
2005-2015 Period 

A comparison of data from 1975-2005 indicates that 
there was significant overall urban green space reduction in 
Hawassa city at different rates. The different rates of 
changes in urban green space and other land use were 
attributed to the expansion of agriculture and ongoing 
urbanisation process (Figure 2). In 2015, the area coverage 
of green space was 585 hectares (12%), this means it 
decreased by 43 hectares (0.9%) from 2005 In this year 
(2015) agricultural land showed a very high decreasing 
change; it decreased by 645 hectares (12.8%). Built-up area 
and open/vacant land increased by 653 hectares (13%) and 
35 hectares (0.7%) respectively (Figure 3). In 2015 the 
spatial distribution of green space was very dispersed across 
the city. Majority of the green spaces in South, 
South-Western, and South-Eastern parts of the city were 
replaced by open/vacant areas. However, green space along 
the lakeshore, South and South-Eastern parts of the city 
were maintained. In addition, the city administration was 
conducting some conserve and management activities on 
the existing forests and green spaces along the lakeshore of 
Hawassa (Figure 2). 

In general, as illustrated in Figure 3 and Table 2 green 
spaces showed downward trends in the last 40 years 
(1975-2015). Green space decreased from 1522 hectares 
(30%) in 1975 to 585 hectares (12%) in 2015; it decreased 
by 937 hectares (18.7%) in between 1975-2015. Similarly, 
the agricultural and vacant land showed an overall 
decreasing trend in the last 40 years in Hawassa city. 
Agriculture decreased by 462 hectares (9.2%) and vacant 
land also decreased by149 hectares (3%). However, built-up 
area showed a dramatic increasing trend, and it increased by 
1548 hectares (30.9%) in the last forty years (1975-2015).  

3.2. Spatial Distribution of Green Space in Wolayita 
Sodo Town (1975-2015)  

3.2.1. Spatial Distribution of Green Space in 1975-1985 
Period 

In 1975, green space had the highest percentage area 
coverage and largest patches over the total area of the 
landscape in Wolayita Sodo town. The total area coverage 
of green space was 1361 hectares (53%) in 1975. The 
spatial distribution of green space was more dense and 
undisturbed in North-Eastern and South-Western parts of 
the town (Figure 4). During this year (1975) the natural and 
human interference was very low (Figure 4). While the 
coverage of agricultural land was 362 hectares (14%), 
built-up area was 487 hectares (19%), and open/vacant land 
352 hectares (13.7%) (Table 3). 

 

Source: Author based on Satellite image 

Figure 4.  Spatial distribution of green space in Wolayita Sodo, 1975-2015, (a = 1975, b = 1985, c =1995, d = 2005, and e = 2015) 
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Table 3.  Area and proportion of Green space and other land use in W-Sodo, 1975-2015 

Land use 
types 

Area Coverage in hectare (ha) and percentage (%) Inter-period change 

1975 1985 1995 2005 2015 1975-85 1985-95 1995-2005 2005-2015 1975-2015 

Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) Ha (%) 

Green space 1361 
(53) 

912 
(36) 

612 
(24) 

840 
(33) 741 (29) -449 (-18) -300 (-12) 228 (8.9) -99 (-3.8) -620 (-24.2) 

Agricultural Land 362 
(14) 

528 
(21) 

662 
(26) 

486 
(19) 326 (13) 166 (6.5) 134 (5.2) -336 (-13) -160 (-6.3) -36 (-1.4) 

Built-up area 487 
(19) 

693 
(27) 

897 
(35) 

963 
(38) 1265 (49) 206 (8.1) 204 (8.0) 66 (2.6) 302 (11.7) 778 (30.4) 

Vacant land 352 
(13.7) 

429 
(17) 

391 
(15) 

273 
(11) 230 (9) 77 (3) -38 (-1.5) -118 (-4.6) -43 (-1.7) -122 (-4.8) 

Total 2562 
(100) 

2562 
(100) 

2562 
(100) 

2562 
(100) 

2562 
(100)      

Source: Computed by Author data obtained from Satellite Image 

 

Source: Computed by Author data obtained from Satellite Image 

Figure 5.  Green space and other land use changes in Wolayita Sodo during 1975–2015 

Whereas, in 1985, the spatial coverage of green space 
was 912 hectares (36%), agricultural land 528 hectares 
(21%), Built-up area 693 hectares (27%) and open/vacant 
land 429 hectares (17%) (Table 3). In this year (1985) the 
coverage of green space showed a decreasing trend, 
however, the remaining land use types were showed 
increasing trends. Thus, green space was decreased by 449 
hectares (18%), while agriculture, built-up area and the 
open/vacant land were increased by 166 hectares (6.5%), 
206 hectares (8.1%), and 77 hectares (3%) (Table 3). The 
spatial distribution of green space was concentrated in the 
North, North-Western, and North-Eastern parts of the town 
in 1985. However, green spaces in the South-Western, 
South-Eastern, Western and central parts of the town shifted 
into agricultural land, open area and settlements (Figure 4). 
On the other hand, the expansion of the town was also 
extended to the central parts of the town, and it causes the 
reduction of green spaces of the central parts of the town 
(Figure 4). 

3.2.2. Spatial Distribution of Greenspace in 1985-1995 
Period 

A study conducted by Shibru and Kifle (1998) revealed 
that the occurrence of massive drought in 1985 across the 
country including the case study area devastated green 
space and agricultural practices in the country. As a result, 
the coverage of green spaces was shifted into a vacant/open 
area with no vegetation. In 1995 the spatial coverage of 
green space was 612 hectares (24%), and it shows very high 
decreasing trend from 1985. As illustrated in Table 3, due to 
the expansion of agricultural land and town, the spatial 
coverage of green space and open/ vacant land decreased by 
300 hectares (12%) and 38 hectares (1.5%) respectively. 

Similarly, agriculture and built-up area showed an 
increasing trend by 134 hectares (5.2%) and 204 hectares 
(8.0%) respectively (Table 3). In 1995 green space in the 
Northern, North-West and North-Eastern parts of the town 
has good and undisturbed coverage. However, the spatial 
distribution of green spaces in the South-West and 
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South-Eastern parts s of the town shown a decreasing trend 
in 1995 as compared to 1985 (Figure 5). The transformation 
of green spaces into other land uses from 1975 to 1985 can 
be observed in Figure 4 and Table 3. Majority of the green 
spaces in South-Western and South-Eastern parts of the 
town was converted into agricultural land and built-up area 
or settlements. In between 1985 and 1995, the wider 
coverage of green areas was sub-divided into various 
smaller pieces of green areas. 

As illustrated in Figure 4, disintegrations of green spaces 
increased and resulted in a smaller parcel of green areas in 
the town. On the other hand, in 1995 vacant/open area was 
decreased by 38 hectares (1.5%) and shifted into 
agricultural land and built-up area. According to [50] report, 
in between 985-1995 there was a drought that all over the 
country including the study area, which caused have 
facilitated the expansion of open/vacant land. 

3.2.3. Spatial Distribution of Green Space in 1995-2005 
Period 

In order to rehabilitate the degraded land, the town 
administration conducted massive tree planting and 
implemented environmental conservation programmes in 
and around the town starting from 2003. Hence, in 2005 the 
spatial coverage of green space showed an increasing trend 
as compared to 1995. Overall green space increased from 
612 hectares (24%) in 1995 to 840 hectares (33%) in 2005. 
The Northern, Northeastern, North-Western, and 
South-Eastern parts of the town were covered by dense 
green spaces (Figure 4). On the other hand, agricultural land 
and open/vacant land decreased by 336 hectares (13%) and 
118 hectares (4.6%) (Figure 5). Most of the open/vacant 
land was converted into vegetation and grasses. While 
built-up area increased by 66 hectares (2.6%) and caused 
for the reduction of agricultural land in the town. 

3.2.4. Spatial Distribution of Green Space in 2005-2015 
Period 

In 2015 the spatial coverage of green spaces showed a 
decreasing trend as compared to 2005. Poor management 
and conservation activities and lack of attention were the 
main reasons for the reduction of green space in 2015. 
Especially, green spaces in the Northern and North-Eastern 
parts of the town showed a dispersed distribution (Figure 4). 
In 2015 the total area coverage of green space was 741 
hectares (29%), this means that it decreased by 99 hectares 
(3.8%). Similarly, agricultural land and open/vacant land 
also decreased by 160 hectares (6.3%) and 43 hectares 
(1.7%) respectively. While, built-up area increased by 302 
hectares (11.7%) and caused for the reduction of green 
space, open area and agricultural land in the town (Figure 5). 
In 2015 green space in the central and south-eastern parts of 
the town were extremely disintegrated and shifted into a 
built-up area and agricultural land. Hence, the expansion of 
built-up area has caused the reduction of green space across 
the town.  

In general, the spatio-temporal change of green space in 
the last forty (40) years (1975-2015) shown a decreasing 
trend. It decreased from 1361 hectares (53%) in 1975 to 741 
hectares (29%) in 2015. Thus, green space declined by 620 
hectares (24.2%). Agricultural land and vacant land also 
decreased by 36 hectares (1.4%) and 122 hectares (4.8%) 
respectively (Figure 5). However, built-up areas increased 
by 778 hectares (30.4%) in between 1975 and 2015. The 
main reasons for the reduction of green spaces were the 
expansion of agricultural land and built-up area, lack of 
continuous conservation, maintenance, and improper 
management of urban green spaces.  

3.3. Spatial Distribution of Green Space in Bodity Town 
(1975-2015)  

3.3.1. Spatial Distribution of Green Space in 1975-1985 
Period 

In 1975, a large area of the town was covered with 
different green spaces. These include; green vegetation, 
shrubs, forest and grassland. The southern and central parts 
of the town occupied by built-up and agricultural practices 
in 1975 (Figure 6). In Bodity town, the green area coverage 
was 298 hectares (48%) in 1975, built-up area 99 hectares 
(16%), agricultural land 133 hectares (22%) and 
vacant/open area 86 hectares (14%) from the total area (616 
hectares). However, as illustrated in Table 4 in 1985 the 
green space coverage was 227 hectares (37%).  

Whereas built-up area 152 hectares (25%), agricultural 
land 215 hectares (35%) and vacant land 22 hectares (4%). 
This means both green space and vacant land decreased by 
71 hectares (11.5%) and 64 hectares (10%) respectively. 
While built-up area and agricultural land increased by 8.6% 
and 13.3% respectively (Table 4). Because of human 
interference in 1985, the coverage of green space declined 
and shifted into agricultural land. In 1985 green space 
coverage declined by 12% as compared to the year 1975. In 
this year (1985), green space more concentrated in the 
North-West and South-Western parts of the town. However, 
other parts of the town had disintegrated and created smaller 
pieces of isolated green areas. 

3.3.2. Spatial Distribution of Green Space in 1985-1995 
Period 

In 1995, the coverage of green space was 140 hectares 
(23%) and it decreased by 8%. Whereas other land uses such 
as built-up area and agricultural land increased by 18% and 
11% respectively, but the vacant/open land was decreased 
by 11 percent. This indicates both green space and the open 
or vacant land was occupied by built-up area and 
agricultural land (Table 4). Green space was more 
concentrated in the South and South-Western parts of the 
town, but green spaces in the central and South-Eastern 
parts of the town were replaced by built-up area in 1995. 
This is mainly attributed to the expansion of built-up area 
and agricultural practices in the area. Green space cover 
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which previously formed a continuous patch in the town 
had obviously retreated. Built-up area replaced the central 
and South-Eastern parts of green vegetation, but some 
isolated green areas were left behind (Figure 6). 

3.3.3. Spatial Distribution of Green Space in 1995-2005 
Period 

In 2005, the Southern and North-Eastern parts of the 
town have relatively good green space coverage as 
compared to 1995. The newly emerging parcel of green 
areas (vegetation and green fields) is clearly shown in 
Figure 6. The green space coverage was 152 hectares (25%), 
agricultural land 149 hectares (24%), and built-up area 272 
hectares (44%) and open or vacant land 43 hectares (7%). 
Thus, overall green space increased by 12 hectares (2.3%), 

built-up area increased by 37 hectares (5.8%) and 
open/vacant land increased by 32 hectares (5.2%), however, 
agricultural land decreased by 81 hectares (13.3%). 

The distribution of occupants/residents were relatively 
more concentrated in the eastern parts of the town. As a 
result, the distribution of green space was dispersed. On the 
other hand, the western parts of the town have lower 
population pressure and have better green spaces. In 2005, 
many parcels of green space were cleared and left open for 
various purposes (institutions settlement, open market, and 
residential). In this year (2005), the coverage of open or 
vacant land was increased by 5.2% from the total area. The 
study gives an excellent example of human-induced land 
use change; it becomes clear with the increase of built-up 
area (Table 4). 

 

Source: Author based on Satellite images  

Figure 6.  Spatial distribution of green space in Bodity town, 1975-2015, (a = 1975, b = 1985, c =1995, d = 2005, and e = 2015) 

Table 4.  Temporal change of green space and other Land uses types in Bodity (1975-2015) 

Land use 
types 

Area coverage in hectare (ha) and percentage (%) Inter-period change 

1975 1985 1995 2005 2015 1975-85 1985-95 1995-2005 2005-2015 1975-2015 

ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) ha (%) 

Green 
space 298 (48) 227 (37) 140 (23) 152 (25) 182 (30) -71 (-11.5) -87 (-8) 12 (2.3) 30 (5) -116 (-18.8) 

Agricultural 
Land 133 (22) 215 (35) 230 (37) 149 (24) 93 (15) 82 (13.3) 69 (11) -81 (-13.3) -56 (-9) -40 (-6.5) 

Built-up 
area 99 (16) 152 (25) 235 (38) 272 (44) 304 (49) 53 (8.6) 93 (18) 37 (5.8) 32 (5) 205 (33.2) 

Vacant land 86 (14) 22 (4) 11 (2) 43 (7) 37 (6) -64 (-10) -75 (-12) 32 (5.2) -6 (-1) -49 (-7.9) 

Total 616 (100) 616 (100) 616 (100) 616 (100) 616 (10) 
     

Source: Computed by Author data obtained from Satellite Image 
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Source: Computed by Author data obtained from Satellite Image 

Figure 7.  Green space and other land use changes in Bodity during 1975–2015 

3.3.4. Spatial Distribution of Green Space in 2005-2015 
Period 

In 2005, the spatial coverage of green space was 25%, 
while in 2015 the spatial distribution increased by 5% 
(Figure 6). In 2015, the total area coverage of green space 
was 182 hectares (30%), it increases by 30 hectares (5%) 
(Figure 7). Additionally, agricultural land covered 93 
hectares (15%), built-up area and open/vacant land covered 
37 hectares (6%). In 2015, the spatial distribution analysis 
result showed that the built-up area has the highest area 
coverage of 304 hectares (49%). The distribution of green 
space in 2015 was more concentrated in the Northern, 
Southwest and edge of all the boundaries of the town. 
However, the majority of the eastern parts of the town was 
covered with the built-up area; while, agriculture was 
intensively practised in the North-Western parts of the town 
in 2005. 

The expansion of the town was more concentrated in the 
central and South-Eastern parts of the town and had low 
green space coverage. The Western parts of the town had 
relatively low inhabitants and have good green space 
coverage. The expansion of built-up /urban areas mainly is 
obtained from the conversion of other domain use, in 
particular, open areas and agricultural land. In between 
2005 and 2015, urban green space in the town 
administration showed an increasing trend, parts s 
particularly the periphery of the town become very green 
with plantation and other vegetation. 

This is because town administration started the expansion 
of town boundary in all directions. Therefore, during this 
time the town administration provided some funds as a 
compensation for the surrounding farmers for their land and 
plantation. As a result, the surrounding farmers were 
motivated to plant various trees so as to get compensation. 
This was the reason for the urban green space coverage of 
Bodity to increase in 2015 than 2005. The overall change of 
green space in Bodity town shows a decreasing trend, it 

decreased by 116 hectares (18.8%). Whereas, agricultural 
land and vacant (open area) also decreased by 40 hectares 
(6.5%) and 49 hectares (7.9%) respectively. On the other 
hand, built-up areas also increased 205 hectares (33.2%) 
throughout the forty (40) years.  

3.4. The Spatio-Temporal Variation of Green Space 
Change in the Study Area 

ANOVA was used in order to test the variation of changes 
in the pattern of spatial pattern of green spaces in each case 
study area. Thus based on Table 5, information the variation 
of changes in the spatial pattern of green space was extracted. 
Therefore, the ANOVA analysis results showed that there 
was a statistically significant (p = 0.003) difference in the 
spatial pattern changes of green space coverage among the 
three urban centres (Table 5). 

Table 5.  Temporal changes in green spaces from 1975-2015 

Years 

Area in hectare (ha) and percentage (%) 

Hawassa 
city 

Wolayita 
Sodo 

Bodity 
town Total 

Area % Area % Area % Area % 

1975 1522 30 1361 53 352 54 3235 31.432 
1985 983 20 912 36 298 48 2193 21.308 

1995 779 16 612 24 227 37 1618 15.721 
2005 628 13 1000 39 140 23 1768 17.178 
2015 585 12 741 28 152 25 1478 14.361 

Source: computed by author from satellite images data 

This is great to know the overall significant variation 
among urban centres, but it could not shows which of the 
specific urban centre differed. Multiple comparison tables 
(Tukey post-hoc test) was used to compare the variation of 
green space coverage among the three urban centres (Table 
5). The Tukey post-hoc test is generally the preferred test for 
conducting multiple comparisons between the case study 
areas. Therefore, there is a statistically significant difference 
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in spatial pattern changes between urban centres such as 
Hawassa and Bodity town (p = 0.007), as well as between 
Bodity and Wolayita Sodo town (p = 0.005) (Table 5). 
However, there were no differences between the spatial 
pattern changes of Hawassa city and Wolayita Sodo town  
(p = 0.974) (Table 5).  

4. Conclusions 
This study focused on analysing the spatio-temporal 

pattern of urban green spaces in southern Ethiopia during the 
last five decades (1975-2015) and identify major driving 
forces of the change of green spaces. The statistical result of 
this study showed that there is a spatial variation in the 
pattern of green space in the last decades (975-2015), it is 
depending on the hierarchy and development of the urban 
centres, population pressure and structure of the urban 
cities/towns. This study helps to show the trend of green 
space changes over time and identifies the main driving 
forces that contribute to the changes of green spaces. It also 
generated valuable and baseline information required for 
decision makers and planners to come up with appropriate 
planning for the development of green infrastructure. This 
study could be used as an educational tool to inform the 
common citizen about the degradation and loss of urban 
green spaces in the case study area as well as in the country.  

This study will provide a lesson to cities and towns 
elsewhere, especially in the emerging towns that the 
destruction or loss of urban green spaces should be treated as 
multi-dimensional problems. In addition, the findings of this 
study will play a significant role in motivating the interest of 
other scholars, professionals, policy analysts and other 
stakeholders in planning, development and management of 
green infrastructure and related studies. Based on the 
spatiotemporal change of urban green spaces, it could be 
concluded that urban greening policies and urban expansion, 
population pressure, illegal settlement and lack of awareness 
were the main driving forces. Moreover, policies and other 
legal frameworks relating to green space should be 
developed, and practically implemented in order to 
rehabilitate and improve the existing green spaces in and 
around the urban centres.  

ACKNOWLEDGMENTS 
We are grateful to the Pan-African University, African 

Union (AU), Addis Ababa, Ethiopia for the financial support 
for this study. We thank all the people who participated in 
this research. We are also indebted to experts from Bureau of 
Urban Development and Housing and Municipalities in 
Hawassa, Wolayita Sodo and Bodity town for allowing us to 
visit and carry out this study on the selected urban centres 
and for providing marvellous experiences. We acknowledge 
the three anonymous reviewers whose comments and 
suggestions greatly improved the manuscript. 

 

REFERENCES 
[1] Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. 

L., Wu, J. G., Bai, X. M. Global change and the ecology of 
cities. Science, 2008. 319, 756–760. 

[2] Parrish, D. D., and Zhu, T. Clean air for megacities. Science, 
2009. 326, 674–675. 

[3] United Nations Secretarial. World Population Prospects: The 
2002 Revision and World Urbanization Prospects: The 2003 
Revision. Retrieved 20 December 2003, from  
http://esa.un.org/unup (United Nations, 2012). 

[4] United Nations Population Division. World Urbanization 
Prospects: The 2014 Revision. New York: United Nations 
Department of Economic and Social Affairs, 2014. Available 
at http://esa.un.org/unpd/wup/ [accessed June 2016]. 

[5] United Nations. World urbanization prospects: The 2012 
revision. New York, NY: United Nations. 

[6] Jim, C.Y. and Chen, W.Y. Assessing the Ecosystem Service 
of Air Pollutant Removal by Urban Trees in Guangzhou 
(China). Journal of Environmental Management, 2008, 88, 
665-676.  

[7] Alberti, M. Advances in urban ecology integrating humans 
and ecological process in urban ecosystems, 2009. New York: 
Springer Science Business Media. 

[8] Kuang, W. H., Liu, J. Y., Zhang, Z. X., Lu, D. S., & Xiang, B. 
Spatio-temporal dynamics of impervious surface areas across 
China during the early 21st century. Chinese Science Bulletin, 
2013. 58(14), 1691–1701. 

[9] LAW Man Yee, Caroline. Dynamics of urban green spaces: 
assessing spatio-temporal changes in Shenzhen (China), 
2009. PhD thesis The University of Hong Kong, China. 

[10] Alberti, M. The effect of urban patterns on ecosystem 
function. International Regional Science Review, 2005, 28 (2): 
168-192. 

[11] Nilsson, K., Randrup, T.B. Proceedings of the Eleventh 
World Forestry Congress, Antalya, Turkey, 1997. 13–22 
October. 

[12] Pickett, S. T. A., Cadenasso, M. L., Grove, J. M., Boone, C. 
G., Groffman, P. M., Irwin, E. Urban ecological systems: 
Scientific foundations and a decade of progress. Journal of 
Environment Management, 2011, 92, 331–362. 

[13] Chiesura, A. The role of urban parks for the sustainable city. 
Landsc. Urban Plan. 2004, 68, 129–138.  

[14] Fangzheng Li, Fen Zhang, Xiong Li, Peng Wang, Junhui 
Liang, Yuting Mei, Wenwen Cheng and Yun Qian. 
Spatiotemporal Patterns of the Use of Urban Green Spaces 
and External Factors Contributing to Their Use in Central 
Beijing. International Journal of Environmental Research 
and Public Health, 2017, DOI: 10.3390/ijerph14030237. 

[15] Koohsari, M.J.; Mavoa, S.; Villanueva, K.; Sugiyama, T.; 
Badland, H.; Kaczynski, A.T.; Owen, N.; Giles-Corti, B. 
Public open space, physical activity, urban design and public 
health: Concepts, methods and research agenda. Health Pl. 
ace 2015, 33, 75–82.  



 American Journal of Geographic Information System 2018, 7(1): 1-14 13 
 

 

[16] Madureira, H.; Nunes, F.; Oliveira, J.V.; Cormier, L.; 
Madureira, T. Urban residents’ beliefs concerning green 
space benefits in four cities in France and Portugal. Urban For. 
Urban Green. 2015, 14, 56–64.  

[17] Jim, C.Y.; Chen, W.Y. Assessing the ecosystem service of air 
pollutant removal by urban trees in Guangzhou (China). J. 
Environ. Manag. 2008, 88, 665–676.  

[18] Kaplan, R., Kaplan, S. The Experience of Nature. Cambridge 
University Press, 1989 Cambridge. 

[19] Beatley, T. Green Urbanism: Learning from European Cities. 
Island Press, 2000, Washington, DC. 

[20] Fanhua Kong and Nobukazu Nakagoshi. Spatial-temporal 
gradient analysis of urban green spaces in Jinan, China, 
Landscape and Urban Planning. 2006, 78, 147–164. 

[21] Tongliga, B., Xueming, L., Jing, Z., Yingjia, Z. and Shenzhen, 
T. Assessing the Distribution of Urban Green Spaces and Its 
Anisotropic Cooling Distance on Urban Heat Island Pattern in 
Baotou, China. International Journal of Geo-Information, 
2016, 5, 12. 

[22] Attwell, K. Urban land resource and urban planting case 
studies from Denmark. Landscape Urban Plan. 2000, 52, 
145–163. 

[23] Conine, A., Xiang, W.N., Young, J., Whitley, D. Planning for 
multi-purpose greenways in Concord, North Carolina. 
Landscape Urban Plan. 2004, 68, 271–287. 

[24] Miller, R.W. Urban Forestry: Planning and Managing 
Urban Greenspaces, second ed. Prentice Hall, 1997. Inc., 
Upper Saddle River, New Jersey. 

[25] Gobster, P.H., Westphal, L.M. The human dimensions of 
urban greenways: planning for recreation and related 
experiences. Landscape Urban Plan. 2004 68, 147–165. 

[26] Geoghegan, J., Wainger, L.A., Bockstael, N.E. Spatial 
landscape indices in a hedonic framework: an ecological 
economics analysis using GIS. Ecol. Econ. 1997, 23, 
251–264. 

[27] Morancho, A.B. A hedonic valuation of urban green areas. 
Landscape Urban Plan. 2003, 66, 35–41. 

[28] Verlic, A.; Arnberger, A.; Japelj, A.; Simoncic, P.; Pirnat, J. 
Perceptions of recreational trail impacts on an urban forest 
walk: A controlled field experiment. Urban For. Urban 
Green. 2015, 14, 89–98.  

[29] Tan, Z.; Lau, K.K.L.; Ng, E. Urban tree design approaches for 
mitigating daytime urban heat island effects in a high-density 
urban environment. Energy Build. 2016, 114, 265–274.  

[30] Sisay Nune Hailemariam, Teshome Soromessa and Demel 
Teketay. Land Use and Land Cover Change in the Bale 
Mountain Eco-region of Ethiopia during 1985 to 2015, Land, 
2016, 5, 41; doi:10.3390/land5040041,  
www.mdpi.com/journal/land. 

[31] Iqbal, M.F.; Khan, I.A. Spatiotemporal land use land cover 
change analysis and erosion risk mapping of Azad Jammu and 
Kashmir, Pakistan. Egypt. J. Remote Sens. Space Sci. 2014, 
17, 209–229. 

[32] Teferi, E.; Bewket W.; Uhlenbrook, S.; Wenninger, J. 
Understanding recent land use and land cover dynamics in the 

source region of the upper Blue Nile, Ethiopia: Spatially 
explicit statistical modelling of systematic transitions. Agric. 
Ecosyst. Environ. 2013, 165, 98–117.  

[33] Bewket, W.; Abebe, S. Land-use and land-cover change and 
its environmental implications in a tropical highland 
watershed. Int. J. Environ. Stud. 2013, 70, 126–139. 

[34] Woody Biomass Inventory and Strategic Planning Project 
(WBISPP). A National Strategic Plan for the Biomass Energy 
Sector: Final Report; Ministry of Agriculture and Rural 
Development: Addis Ababa, Ethiopia, 2005; p. 201. 

[35] Hawassa City Administration. Socio-Economic and 
Geo-Spatial Data Analysis and Dissemination Core Work 
Process. Hawassa City Administration Socio-Economic 
Profile, 2016, Hawassa, Ethiopia. 

[36] Bethlehem Birhanu. Reducing Bodity Town Environmental 
Degradation; Annual Report Urban Sanitation, 
Beautification, Development and Parking Services Core 
Process, 2010, Bodity, Ethiopia. 

[37] CSA (Central Statistical Central Statistical Agency). 
Population projection statistics report, 2007, Retrieved April 
3, 2015, from http://www.csa.gov.et/.  

[38] World Bank Group. Fecal Sludge Management (FSM): 
Diagnostics for Service Delivery in Urban Areas Report of a 
FSM study in Hawassa, 2016, Hawassa, Ethiopia. 

[39] Bakker, W.H.; Gorte, B.G.H.; Janssen, L.L.E.; Pohl, C.; 
Prakash, A.; Reeves, C.V.; Weir, M.J.C.; Woldai, T. 
Principles of Remote Sensing; ITC: Enschede, The 
Netherlands, 2001; p. 180. 

[40] Jensen, J. R. Introductory Digital Image Processing: A 
Remote Sensing Perspective. 2nd New Jersey: 1996, Prentice 
Hall Englewood Cliff. 

[41] Thomas, I.L.; Benning, V.M.; Ching, N.P. Classification of 
Remotely Sensed Images; IOP Publishing Limited: Bristol, 
UK, 1987; p. 268. 

[42] ITC. ILWIS 3.0 Academic: User Guide; ITC: Enschede, The 
Netherlands, 2001; p. 530. 

[43] ShukWai So. Urban Green Space Accessibility and 
Environmental Justice: A GIS-Based Analysis in the City of 
Phoenix, Arizona. 2016, Master Thesis University of 
Southern California, Arizona. 

[44] Anderson James R., Ernest E. Hardy, John T. Roach, and 
Richard E. Witmer, A. Land Use and Land Cover 
Classification System for Use with Remote Sensor Data: 
Geological Survey Professional Paper 964. Edited by NJDEP, 
1976, OIRM, and BGIA.  

[45] Congalton, R.G.. Accuracy Assessment: a critical 
components of Land cover mapping, in gap analysis; A 
Landscape approaches to Biodiversity Planning, Scott, J.M. 
T.H. Tear, and F.W. Davis, Eds, American Society for 
Photogrammetry and remote Sensing, 1996, Bethesda, MD, 
pp119-131. 

[46] Ermias Aynekulu. Monitoring and Evaluating Land Use/Land 
Cover Change Using Participatory Geographic Information 
System (PGIS) Tools: A Case Study of Begasheka Watershed, 
2007, Tigray, Ethiopia. 

[47] Melaku B. Ethiopia's Environmental Policies, Strategies and 



14 Mikias Biazen Molla et al.:  The Spatio-Temporal Pattern of Urban Green Spaces in Southern Ethiopia  
 

 

Programs. Digest of Ethiopia's National Policies, Strategies 
and Programs. Addis Ababa: Forum for Social Studies (FSS), 
2008, 337-70.  

[48] Ministry of Urban Development and Construction (MUDC). 
Integrated Greenery based Landscape design Implementation 
Manual, Amharic Version, Urban Planning, Sanitation and 
Beautification Bureau, 2004, Addis Ababa, Ethiopia. 

[49] Shikur and Kifle. Environmental Management In Ethiopia: 
Have the National Conservation Plans Worked? 
Environmental Forum Publications Series, 1998, No. 1. 

[50] Yewoineshet H. City Government of Addis-Ababa Policy 
Study and Plan Commission on Green Frame and River 
Banks, 2007, Addis Ababa, Ethiopia.  

[51] Wolayita Sodo own Administration. Urban sanitation, 
beautification, green development and parking services, 
preliminary survey result, 2015, Wolayita Sodo, Ethiopia. 

 

 

 

 


	1. Introduction
	2. Materials and Methods
	3. Result and Discussion
	4. Conclusions
	ACKNOWLEDGMENTS

