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Abstract: Railways are a crucial part of the African transport network and have a significant 
impact on the socio-economy and urban development. Previous studies have mainly consid-
ered the impacts of railways in Africa from the perspective of economy, politics, security, and 
natural environment with few attempts to consider land use. Based on Landsat remote 
sensing data for the 10 km buffer zone along the Ethiopian section of the Addis Aba-
ba–Djibouti Railway (ADR) in 2013, 2017, and 2021, we studied the land use change (LUC) in 
the area and explored its influencing factors using the ordinary least square model (OLS) and 
geographical weighted regression model (GWR). There were six key results. (1) Farmland, 
forest, grassland, and others (including sandy land and bare land) were the primary types of 
land use, but from 2013 to 2021, the area of built-up land and farmland increased, whereas 
the area of forest, grassland, and other land decreased. (2) There was a noticeable pattern in 
the degree of change in the area of built-up land, farmland, and forest as the buffer distance 
increased along the railway. This pattern indicated a gradual shift in land use and LUC gra-
dients. (3) The land use structure and its changes in the areas surrounding different stations 
displayed obvious differences. (4) The construction and operation of the ADR is one of the 
direct factors affecting landscape change along the railway. (5) The distance from the train 
station, whether the station provides a passenger service, the population size, and the dis-
tance from the central city had a positive effect on the expansion of built-up land surrounding 
the station. The factor of whether the station provides a freight service had a negative corre-
lation with the expansion of built-up land. Socio-economic factors have gradually replaced 
railway factors as the main driving force of the expansion of built-up land around the stations. 
(6) The effect strength of different factors on the expansion of built-up land varied in the areas 
surrounding different stations. 
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1  Introduction 

As a large-scale and regional infrastructure, a railway can influence the development of the 
surrounding area along the line and even the broader region from many perspectives. Rail-
ways contribute to the reduction of journey time, effectively shrinking the perceived dis-
tances between locations (Docherty, 2000). The building of railway lines, connecting cities 
with their neighboring areas, the rest of the country and even the rest of the world through 
high-speed travel, can have significant implications on the direction of urban evolution 
(Wang et al., 2022; Loo et al., 2023). The most direct impact of a railway on the area along 
the line and the larger region is to cause a change of accessibility, which will indirectly af-
fect the location preferences of individual consumers and producers, resulting in spatial 
flows of production factors, such as labor, capital, information, and technology. In turn, the 
changes in regional factors and spatial structure, such as population, employment, industrial 
development, land use, and the overall urban system, will be influenced by the presence and 
impact of railways (Li et al., 2013). Railways can promote economic and social links be-
tween cities and contribute to the development of regional economic integration (Wang et al., 
2011). From a geographical perspective, the impact of railways on social and economic de-
velopment is manifested as visible changes in the landscape of the affected regions. This 
includes the expansion of the urban built-up area, transformation of forest and farmland, 
demolition and reconstruction of buildings (Li et al., 2013), reduction of vegetation diversity, 
and the conversion of farmland to built-up land (Liu et al., 2020). Therefore, land use 
change (LUC) is often used as an important tool to study the impact of railways on regional 
socio-economic and urban development. 

The many studies of the impact of railways on land use have largely considered the fol-
lowing four aspects. The first is the spatiotemporal changes of land use along the railway 
and their influencing factors. Most studies have been based on satellite remote sensing im-
ages to analyze the spatiotemporal changes of land use in railway-impacted areas from mul-
tiple dimensions, including the changes of land use structure and the amplitude, speed, and 
direction of LUC (Han et al., 2019; Wang et al., 2019), and investigations of the factors in-
fluencing LUC by qualitative or quantitative methods. The second is the impact of railways 
on the regional ecology and landscape. Studies of the deterioration of land quality and its 
recovery (Jin et al., 2010; Tang et al., 2010), vegetation cover changes (Yang et al., 2021), 
soil and water conservation (Liu et al., 2017), and landscape degradation and restoration 
(Dong et al., 2018; Santos et al., 2020) have been conducted in response to concerns about 
the environmental impact of railway construction and operation. The third is the impact of 
railway stations on land development, such as their influence on land use intensity (Niu et 
al., 2021), mode of development (Rong et al., 2022), and land value (Debrezion et al., 2007) 
in surrounding areas. The fourth is the future-oriented regional land development model and 
strategy along the railway. Previous studies focused on areas including railway stations and 
the surrounding area, as well as the areas along the railway line and the hinterland areas out-
side the station area (Li, 2011). The core objective of these studies was to enhance the com-
prehensive benefits of land development by harnessing the advantages offered by railways 
(Eizaguirre-Iribar et al., 2020). 

The construction and development of railways can cause spatiotemporal changes of land 
use in nearby areas, such as the land along the railway line. From the perspective of the 
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railway infrastructure, the construction and operation of railways require a certain amount of 
temporary land use for activities such as construction staging areas, material storage, and 
access routes. Additionally, land is needed permanently for the main line and station yard 
(Jin et al., 2010). From a broader perspective, the impact of railways on land use can be 
considered a linear cutting process (Guo et al., 2015). The spatiotemporal changes in land 
use are manifested through changes in the scale of land use (e.g., the reduction of farmland 
and the increase of built-up land) and the structural changes of land use. For example, the 
location of the built-up land around the railway moves toward the railway line, the degree of 
change in the different types of land shows regular characteristics with the change in dis-
tance from the railway, and the landscape and ecological diversity also change (Liu et al., 
2020; He et al., 2021; Toffolo et al., 2021). In addition to the railway, there are other factors 
influencing the LUC in the areas surrounding railways. Empirical studies of railways in the 
Xinjiang region of China have shown that location conditions, population agglomerations, 
the level of economic development and continuous improvements in urban construction are 
the main factors responsible for changes in the structure of urban land use along railway 
lines (Zeng et al., 2012; Zibibula et al., 2012). The spatial location of railway stations also 
plays a significant role in determining the relationship between land use and population dis-
tribution (Li et al., 2022)  

The development of railways in Africa dates back to the 1850s. The earliest railway in 
Africa was constructed in Alexandria, Egypt, in 1852 and the network mileage increased 
significantly during the colonial period. In the more than half a century since most African 
countries achieved independence, railways have been further developed across the continent, 
with Jiang (2014) recording a total mileage of 83,209 km. Railways have subsequently 
played an important role in Africa’s social and economic development. An assessment of 
railway data in 43 sub-Saharan African countries over the period of 1960–2015 revealed a 
strong correlation between transport investment, represented by railways, and economic de-
velopment (Jedwab et al., 2019). A study of the Standard Gauge Railway (SGR) in Kenya 
also produced similar results. The SGR project has led to the creation of more than 46,000 
local jobs and driven significant growth in the building and construction sector as well as a 
steady increase in trade in Kenya (Githaiga and Bing, 2019). However, the limited extent of 
the railway network in Africa and the uneven regional distribution (Jedwab et al., 2019), 
coupled with the problems associated with the use of different gauges, disrepair of some 
railways, and poor operation and management (Jiang, 2014; Mukwena, 2018; Chen, 2021), 
have led to the insufficient volume and relatively poor connectivity of the railway network 
in Africa, which has limited the role of railways in driving Africa’s social and economic de-
velopment. In the context of the relative lack of early investment, professional personnel, 
operation and management capacity, and other railway development necessities, railway 
development is still a challenging task for some late-developing regions in Africa, and there 
are large differences in the levels of regional development achieved along railway lines 
(Zhao et al., 2023). 

Previous studies mainly investigated the effect of railways on the development of Africa 
in terms of the economy, politics, security, and the natural environment, but few attempts 
have been made from the perspective of land use, and it has therefore not been possible to 
objectively and comprehensively understand the real effect of railways on the social econo-
my and urban development in Africa, especially in areas close to railways. The few studies 
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of land use in railway-impacted areas in Africa have mainly focused on the ecological ef-
fects of railways, such as vegetation cover changes (Cilliers et al., 1998; Song et al., 2018), 
biodiversity (Mararakanye et al., 2017; Heneidy et al., 2021), and wildlife protection (Jiang, 
2020), while a comprehensive analysis of various types of LUC and urban development 
along railway lines has not been conducted. It is therefore necessary to explore the devel-
opment of African railways from the perspective of land use to objectively assess the re-
gional effects of railway development, which have important implications for economic de-
velopment, urban construction, ecological protection, and policy formulation in rail-
way-impacted areas. 

The Addis Ababa–Djibouti Railway (ADR) is the first standard electrified railway in East 
Africa, connecting Ethiopia and Djibouti. The 752.7 km railway has 21 stops, starting at 
Sebeta station in Ethiopia in the west and ending at Doraleh Port in Djibouti in the east. The 
Ethiopian section of the ADR is 690.7 km long with 17 stations, and the Djibouti section is 
62 km long with 4 stations (Baike, 2022). The ADR was built by Chinese companies, with 
work commencing in 2012. The Ethiopian section of the ADR opened to traffic in October 
2016, the Djibouti section opened in January 2017, and the whole railway officially opened 
for commercial operation in January 2018. The single travel time for passenger and freight 
between Ethiopia and Djibouti has been shortened from 7 days to 12 hours by the railway, 
which not only facilitates the transport of passengers and goods between the two countries, 
but also promotes regional economic and social development and the establishment of a 
railway economic corridor. However, some concern and criticism has also arisen, mainly due 
to the destruction of the natural environment along the railway, farmland occupation, and 
conflicts of interest with residents. The impact of the ADR on the region along the line needs 
to be evaluated comprehensively and objectively. 

In this study, we considered the entire Ethiopian section of the ADR (690.7 km) as an 
empirical case, analyzed the overall characteristics and regional spatial differences of LUC 
along the railway line using land use data for different years before and after the construc-
tion of the ADR, and explored the factors influencing LUC. This study was conducted with 
the aim of providing an objective understanding of the spatiotemporal changes in the region 
along the Ethiopian section of the ADR. Its findings will enable an accurate assessment of 
the impact of the railway on the development of the surrounding region, providing a refer-
ence for future planning, development, and environmental protection of the region along the 
railway line, and supporting policy formulation in relevant government departments in 
Ethiopia. Additionally, it holds particular relevance for examining land use along African 
railways, providing valuable insights and complementary perspectives. 

The rest of the paper is structured as follows. The second part is the materials and meth-
ods. The third part introduces the spatial analysis of LUC along the Ethiopian section of the 
ADR. The fourth part analyzes the influencing factors. The fifth part presents the conclu-
sions and a discussion of the results. 

2  Materials and methods 

2.1  Study area 

The Ethiopian section of the ADR is 690.7 km long with 17 stations, traversing the capital 
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city of Addis Ababa, the Oromia Region, Afar Region, Somali Region, and the Dire Dawa 
City, passing through regions with vast differences in social and economic development. 
This railway links the major cities of Ethiopia (Addis Ababa, Adama, and Dire Dawa) and 
runs through the Awash Valley, which is the most important agricultural area of Ethiopia. 
The area along the railway is characterized by complex and diverse landforms, including 
plateaus, valleys, plains, deserts, and semi-deserts. It has narrowed the spatial and temporal 
distances between cities in Ethiopia along the line, accelerated the flow of various develop-
ment elements (i.e., economic activities, infrastructure, social services, human resources, 
investments, and other factors that contribute to the overall development and advancement 
of a region), and promoted the integrated development of the region along the line. 

Schutz (1998) described the development areas that might benefit from railways, espe-
cially high-speed railways. He divided the area around a railway station into primary, sec-
ondary, and tertiary development zones based on their accessibility to and from the station. 
The primary development zone was within 5–10 minutes travel time on foot or by seamless 
transport where the population and enterprises can make full use of the spatiotemporal ad-
vantages of the railway. The secondary development zone was within 15 minutes travel time 
by complementary transport where the population and enterprises still experience the signif-
icant advantages of the railway. The tertiary development zone was beyond 15 minutes trav-
el time and further complementary transport was necessary to access the railway (Bharule et 
al., 2019). In this study, we argue that the railway is potentially important driver of LUC in 
the areas along the railway line. According to the actual development situation in the regions 
along the ADR, we selected a study area within the tertiary development zone along the 
Ethiopian section of the ADR (i.e., a 15 minutes drive was required to access a station). This 
corresponded to the 10 km buffer zone shown in Figure 1, which was considered likely to 
still be within the influence of the ADR.  

2.2  Data sources 

The data used in this study was mainly raster and vector data. The raster data was land use 
data based on a manual visual interpretation. The vector data included the administrative 
zoning data from the region, zone to woreda as well as the coordinates of the ADR and its 
stations. 

The original images used for the land use data classification were taken from the Landsat 
Operational Land Imager/Thermal Infrared Sensor (OLI/TIRS) data section of the U.S. Ge-
ological Survey (USGS) with a resolution of 30 m. Landsat series data has the advantages of 
multiple bands, a relatively high resolution, and is a small data set, which can classify im-
ages well. The classification of LUC in this study was completed by visual interpretation, 
which is a land use classification method based on remote sensing images, combined with a 
map annotation and manual identification by professionals. The precision of the results ob-
tained by this method was higher than that of open-source land categorization products. 

Considering the data accessibility and the development stage of the ADR, we selected 
2013, 2017, and 2021 for investigation. This interval of four years allowed us to examine the 
different stages of railway development, including construction, completion, and operation. 
Images from May to June for each year were taken to accurately distinguish between farm-
land and forest. The data sources used for this investigation are shown in Figure 2 and the 
details are provided in Table 1. 
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Figure 1  Location of the study area (Ethiopian section of the Addis Ababa–Djibouti Railway) 

 

 

Figure 2  The distribution and index of the Landsat remote sensing images 
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Table 1  The date and filename of Landsat remote sensing images 

  2013 2017 2021 

Date 

L 2013.06.08 2017.06.03 2021.05.29 

C1 2013.05.16 2017.06.12 2021.06.07 

C2 2013.05.16 2017.06.12 2021.06.07 

R1 2013.06.10 2017.06.05 2021.05.31 

R2 2013.06.10 2017.06.05 2021.05.31 

Filename 

L LC08_L2SP_168054_2013 
0608_20200912_02_T1 

LC08_L2SP_168054_2017 
0603_20200903_02_T1 

LC08_L2SP_168054_2021 
0529_20210608_02_T1 

C1 LC08_L2SP_167053_2013 
0516_20200913_02_T1 

LC08_L2SP_167053_2017 
0612_20200903_02_T1 

LC08_L2SP_167053_2021 
0607_20210615_02_T1 

C2 LC08_L2SP_167054_2013 
0516_20200912_02_T1 

LC08_L2SP_167054_2017 
0612_20200903_02_T1 

LC08_L2SP_167054_2021 
0607_20210615_02_T1 

R1 LC08_L2SP_166052_2013 
0610_20200912_02_T1 

LC08_L2SP_166052_2017 
0605_20200903_02_T1 

LC08_L2SP_166052_2021 
0531_20210608_02_T1 

R2 LC08_L2SP_166053_2013 
0610_20200912_02_T1 

LC08_L2SP_166053_2017 
0605_20200903_02_T1 

LC08_L2SP_166053_2021 
0531_20210608_02_T1 

 
The land use classification for the three 

years was obtained, as shown in Figure 3. 
In accordance with standard land use clas-
sification criteria and considering the spe-
cific conditions of the study area, the land 
use was divided into six types: built-up 
land, farmland, grassland, forest, water 
body, and other land. Built-up land mainly 
included urban and rural built-up spaces, 
such as buildings, infrastructure, and in-
dustrial land. Farmland was mainly land 
where crops were grown, with scattered trees. 
Grassland was mainly land dominated by 
herbs and shrubs that was suitable for ani-
mal husbandry. Forest was mainly land 
where bamboo and trees were growing, and 
included natural, secondary, and artificial 
forests. Water body mainly included rivers, 
lakes, reservoirs, pits, and land for water 
conservation facilities. Other land category 
mainly included sandy land and bare land. 

The administrative divisions of Ethiopia 
and the position of the ADR were obtained 
from the Open Street Map (OSM). The coordinates of stations were obtained from Wikipe-
dia because the data provided by OSM was not complete. ArcGIS 10.8 vectorized the final 
version of the station data. The vector data for the study area consisted of a 10 km buffer 
zone created along the entire ADR that was specifically tailored to align with Ethiopia’s ad-
ministrative boundary (Figure 3). To accurately analyze the spatial differentiation of dy-

 
Figure 3  Distribution of land use classification in the 
study area in different time periods 
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namic LUC in the 10 km buffer zone, a multi-ring buffer zone was established with intervals 
of 2 km for the entire railway line with reference to the common methods used in LUC re-
search along the trans-regional linear infrastructure, i.e., railways and expressways. To 
overcome the challenge of expressing the five 2 km buffer zones along the railway line 
clearly at the scale of the ADR, a local amplification approach was adopted with Addis Ab-
aba, as the city with the departure station, at the center. This approach provided a clear visu-
alization of the spatial distribution of the 2, 4, 6, 8, and 10 km buffer zones around Addis 
Ababa, as well as the land use patterns in different time periods (Figure 4). 

 

 

Figure 4  An enlarged map of the five buffer zones at 2 km intervals and the spatial distribution of land use 
along the railway line with Addis Ababa at the center in different time periods 

 

2.3  Methods 

2.3.1  Analysis of the changes in land use structure 

The comparison of land use ratios at different periods is a common method for analyzing the 
changes in land use structure. A land use transfer matrix is widely used to reflect the number, 
proportion, and relationships of land use conversions between different land use types 
(Padonou et al., 2017), and information entropy is used to reflect the complexity and diver-
sity of land use structure (Zhang et al., 2018). 

(1) Land use transfer matrix 
The land use transfer matrix can reflect the land use conversions that occur in different 

periods. Its expression is (Wu et al., 2015): 
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where S is the area of land use; n is the total number of land use types; and Sij is the area of 
land transferred from Class i to Class j. 

(2) Information entropy (IE) and equilibrium degree (ED) 
The IE can directly reflect the degree of land use balance in a study area. The higher the IE 

value, the more land use types are present, the smaller the differences in area between dif-
ferent types of land, and the more balanced the land use structure. The IE is calculated as 
follows (Zhong et al., 2016): 

 
( )

1
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n

i i
i

IE W W
=

= − ×∑  (2) 

where Wi is the area proportion of land use type i in the study area. 
There may be differences in land use types at different developmental stages in a study 

area. To compensate for the lack of comparability of IE, the ED was proposed to reflect the 
differences in regional land use homogeneity (Zhang et al., 2018). The ED was calculated as 
follows (Chen et al., 2001): 
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where H is the IE of land use structure in the study area and n is the number of land use types. 
The ED value is between 0 and 1, and the larger the value, the stronger the land use ho-
mogeneity. 

2.3.2  The land use dynamic degree (LDD) 

The LDD is often used to reflect the degree of change in the area of a particular type of land 
in different periods (Li et al., 2021), including the LDDs for a single land use type and 
comprehensive land use types.  

(1) The LDD of a single land use type 
The LDD of a single land use type was used to describe the change of a specific type of 

land in the study area within a particular period, and was calculated as follows (Li et al., 
2017): 
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where Si represents the LDD of a single land use type; Ui,a and Ui,b represent the area of a 
specific type of land at the beginning and end of the study, respectively; and T represents the 
time period (years). 

(2) The LDD of comprehensive land use types 
The LDD of comprehensive land use types was used to describe the overall change of 

various land use in the study area within a particular period, and was calculated as follows 
(Li et al., 2021): 
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where LC represents the LDD of comprehensive land use types in the study area, Ui repre-
sents the area of land use type i at the initial stage of the study; Vi represents the area of land 
use type i that was transformed into other types of land use within the research period; and T 
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represents the period (years). 

2.3.3  The landscape fragmentation index (LFI) 

The LFI is widely used to indicate the degree of fragmentation due to landscape segmenta-
tion and reflects the complexity of landscape spatial structure (Jaeger, 2000; De Montis et al., 
2017). To some extent, LFI can reflect the impact of human interference on the landscape. 
Human activities, such as railway construction and urban development, transform the natural 
landscape from a single, homogeneous and continuous whole to a complex, heterogeneous, 
and discontinuous patch mosaic, such as the fragmentation of forests, grassland, and other 
ecosystems. This will have a specific impact on flora and fauna along the railway. The LFI 
was calculated as follows: 

 Li=Ni /Ai   (6) 
where Li is the LFI of landscape i; Ni is the number of patches in landscape i; and Ai is the 
total area of landscape i. The larger the value of Li, the greater the degree of landscape 
fragmentation. 

3  Results 

3.1  Spatiotemporal changes of land use 

The spatiotemporal changes of land use in the 10 km buffer zone on both sides of the Ethio-
pian section of the ADR were analyzed in terms of both quantity and spatial distribution. 

3.1.1  Changes in land use structure 

Along the railway, farmland, forest, grassland, and other land (including sandy land and bare 
land) were the primary land use, accounting for more than 95% of the study area at each of 
the three time points. From 2013 to 2021, the area of built-up land and farmland continued 
to increase, the area of forest, grassland and other land continued to decrease, and the varia-
tion in the area of water body was minimal (Table 2). Using the absolute value of the change 
range to represent the intensity of LUC (Table 3), we found that the change ranges of 
built-up land, farmland, and forest were relatively large during the railway construction pe-
riod (2013–2017), but the change ranges of built-up land and farmland were larger during 
the railway operating period (2017–2021). From 2013 to 2021, built-up land was the land 
use type that increased the most, with the change rate displaying an increasing trend. 
 
Table 2  Proportion of land use types in different time periods 

Land use type 
2013 2017 2021 

Area (km2) Percentage (%) Area (km2) Percentage (%) Area (km2) Percentage (%) 

Built-up land   254.05   1.91   293.61   2.21  375.02   2.82 

Farmland  1980.16  14.91  2160.50  16.27 2250.52  16.94 

Forest  4857.70  36.57  4678.44  35.22 4592.27  34.57 

Grassland  3679.61  27.70  3639.53  27.40 3581.19  26.96 

Other land  2428.08  18.28  2427.51  18.28 2400.60  18.07 

Water body    83.21   0.63    83.22   0.63   83.22   0.63 

Total 13282.82  100 13282.82  100 13282.82  100 
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Table 3  Range of land use change in different time periods 

 2013–2017 2017–2021 2013–2021 

Built-up land 15.57% 27.73% 47.61% 

Farmland 9.11% 4.17% 13.65% 

Forest –3.69% –1.84% –5.46% 

Grassland –1.09% –1.60% –2.67% 

Other land –0.02% –1.11% –1.13% 

Water body 0.01% 0.00% 0.01% 
 

3.1.2  The land use dynamic degree and equilibrium degree of land use change 

The LDDs of single and comprehensive land use types were calculated according to Equa-
tions (4) and (5) to determine the degree of LUC, as shown in Figure 5 and Table 4. In 
2013–2017 and 2017–2021, the LDDs of forest, grassland, and other land were negative, 
indicating that their areas were continuously decreasing, while the LDDs of built-up land 
and farmland were positive, indicating that their areas were continuously increasing. The 
area of built-up land changed the most with a slow growth from 2013 to 2017 and a rapid 
growth from 2017 to 2021, indicating that the construction of urban built-up area in the 
study area was more obvious during the ADR operating period. The LDDs of comprehensive 
land use types in the two periods were 0.45% and 0.42% respectively, relatively low during 
the two periods, indicating that the speed of development in the regions along the railway 
decreased slightly over time and there were no substantial dynamic changes of all land use 
types overall. 

The IE and ED of land use were calculated using Equations (2) and (3) to study the ED of 
land use along the railway, with the results shown in Figure 6. The IE and ED of land use at 
the three time points increased slightly, indicating that the differences in the area of different 
land use types gradually decreased. The homogeneity of land use structure gradually in-
creased, although the change was relatively small. 

 

 
Figure 5  Land use dynamic degree (LDD) of single land use type in different periods 

 
Table 4  Land use dynamic degree (LDD) of comprehensive land use type in different periods 

Period 2013–2017 2017–2021 

LDD of comprehensive land use types (%) 0.45 0.42 
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Figure 6  Information entropy (IE) and equilibrium degree (ED) of land use in different years 

 

3.1.3  Direction of land use transfer 

We used the land use transfer matrix to analyze the changes in area and conversions of vari-
ous land uses along the ADR at different periods (Table 5). During the construction and op-
erating period, forest, farmland and grassland were the main land use types transferred to 
built-up land, while forest and grassland were the main land use types transferred to farm-
land. Other conversions also occurred but on a relatively small scale. 

The conversion during the whole period from 2013 to 2021 is shown in Table 5(c). The 
area of built-up land increased by 120.97 km2, mainly due to transfers from forest, farmland 
and grassland. The newly added built-up land was mainly located around Furi-Labu, Indode, 
and Dire Dawa stations. Railway construction needs a large amount of land for supporting 
facilities, such as stations, but the expansion of human settlements around stations and along 
the railway occupied other types of land. The area of farmland increased by 270.35 km2, 
mainly from forest and grassland. The newly added farmland was mainly distributed around 
Sirba Kunkur and Mieso stations. This was mainly due to land reclamation by agricultural 
development in the Awash Valley region. The forest decreased by 265.43 km2, mainly due to 
conversion into farmland and built-up land, followed by grassland. Most of the converted 
forest was located between Sirba Kunkur and Mieso stations, and the southeastern suburb of 
Addis Ababa. In addition to railway construction and urban expansion, agricultural devel-
opment was also responsible for a decrease in forest area. 

The area of grassland decreased by 98.43 km2, mainly due to conversion into farmland 
and built-up land. The grassland that was converted to farmland was mainly distributed in 
the west of Adama and the northwest of Metehara. The grassland that was converted to 
built-up land was mainly distributed west of Dire Dawa core city. Similarly to forests, the 
decrease in grassland was not only caused by railway construction and urban expansion, 
but also by agricultural development. The area of water body increased by 0.01 km2, 
mainly due to conversion into farmland. The newly added water bodies were mainly lo-
cated south of Adama, due to the development of irrigated agriculture in the region. The 
area of other land decreased by 27.47 km2, mainly due to conversion into forest and some 
built-up land. The area where most of the other land was converted to other land use types 
was mainly distributed around Harewa station. The increase in the water volume in the 
basin near Harewa may have driven the transformation of sandy land and bare land to for-
est in the valley area. 
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Table 5  Land use transfer matrix in different periods 
(a) 2013–2017 

 2017 (km2) 

 Land use type Built-up land Farmland Forest Grassland Other land Water body 

2013 (km2) 

Built-up land 254.05 0 0 0 0 0 

Farmland 8.66 1970.72 0.23 0.55 0 0.01 

Forest 23.50 152.14 4677.93 4.01 0.11 0 

Grassland 7.03 37.64 0.21 3634.73 0 0 

Other land 0.37 0 0.06 0.25 2427.40 0 

Water body 0 0 0 0 0 83.21 

(b) 2017–2021 

 2021 (km2) 

 Land use type Built-up land Farmland Forest Grassland Other land Water body 

2017 (km2) 

Built-up land 293.61 0 0 0 0 0 

Farmland 17.38 2142.16 0.97 0 0 0 

Forest 52.75 60.88 4564.62 0 0.18 0 

Grassland 10.62 47.48 0.04 3581.19 0.21 0 

Other land 0.65 0 26.64 0 2400.21 0 

Water body 0 0 0 0 0 83.22 

(c) 2013–2021 

 2021 (km2) 

 Land use type Built-up land Farmland Forest Grassland Other land Water body 

2013 (km2) 

Built-up land 254.05 0 0 0 0 0  

Farmland 26.04 1952.86 1.20 0.06 0 0.01  

Forest 76.29 213.03 4564.14 3.97 0.28 0  

Grassland 17.58 84.63 0.25 3577.16 0 0  

Other land 1.07 0 26.68 0 2400.33 0  

Water body 0 0 0 0 0 83.21  

 

3.2  The relationship between land use change and distance from the railway 

To analyze the LUC of regions with different distances from the railway, the 10 km buffer 
zone along the ADR was divided into five buffer zones at 2 km intervals. 

3.2.1  The degree of land use change in different buffer zones 

The LDDs of single and comprehensive land use types were calculated by Equations (4) and 
(5) to analyze the degree of change in the area of different land uses in the buffer zones at 
different distances from the ADR. The results are shown in Figure 7. 

In 2013–2017, 2017–2021 and 2013–2021, the areas of built-up land and farmland in 
each buffer zone increased. The degree of change in the area of built-up land first decreased 
and then fluctuated or gradually increased with increasing distance. The degree of change in 
the area of farmland gradually decreased with increasing distance. The areas of forest and 
grassland in each buffer zone decreased. The degree of change in the area of forest de-
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creased with increasing distance, while the degree of change in the area of grassland fluctu-
ated. The area of other land did not change significantly from 2013 to 2017, but gradually 
increased with increasing distance from 2017 to 2021. For water body, there was almost no 
noticeable change with increasing distance. Overall, the degree of change in the area of 
built-up land, farmland and forest displayed a certain regularity with increasing buffer dis-
tance, reflecting the variation in the gradient of land use along the railway. The closer the 
built-up land was to the railway within a certain distance, the greater the degree of change in 
its area; while the closer the farmland and forest were to the railway, the greater the degree 
of change in their areas. The LDD of built-up land in 2013–2017 and 2017–2021 changed 
significantly within the 6 km buffer zone and presented a different trend beyond 6 km, indi-
cating that 6 km may be the threshold distance for the noticeable impact of the railway on 
the area change of built-up land in the surrounding region. 

In 2013–2017, 2017–2021 and 2013–2021, the LDDs of comprehensive land use types in 
each buffer zone showed the effect of distance on LUC. The closer the buffer zone was to 
the railway, the higher the LDD of comprehensive land use types, the stronger the land de-
velopment, and the more significant the proportional areas of built-up land and farmland. 
Additionally, except for the 0–2 km buffer zone, the LDDs of comprehensive land use types 
in the other buffer zones decreased during the operating period. The decreasing trend of the 
LDD of comprehensive land use types with increasing distance was more significant in the 
operating period. This may be because during the construction period, the large-scale of en- 

 

 

Figure 7  Relationship between land use dynamic degrees of land use change and buffer distance in each period 
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gineering and construction work, large number of employees, and the need for support ser-
vices had a broad influence on land use. In contrast, at the early stage of railway operation, 
the driving effect of traffic distribution and regional development was relatively limited and 
its influence extended over a smaller range along the ADR. 

3.2.2  Comprehensive degree of land use in different buffer zones 

To investigate the degree of land use balance in different buffer zones, the IE and ED of land 
use in each buffer zone were calculated by Equations (2) and (3), with the results shown in 
Figure 8. From 2013 to 2021, the IE and ED of land use increased in all buffer zones, indi-
cating that the balance of the land use structure in each buffer zone gradually increased and 
the differences between the areas of different types of land use gradually decreased over 
time. In 2013 and 2017, the IE and ED of each buffer zone initially increased (within 0–4 
km) and then decreased (4–10 km) with increasing distance. The balance of land use struc-
ture was strongest in the 2–4 km buffer zone. In 2021, the IE and ED decreased gradually 
with increasing distance, and the balance of the land use structure was strongest in the 0–2 
km buffer zone.  

This pattern could be explained by the fact that with increasing distance from the center, 
the proportion of living environment space (e.g., built-up land and farmland) decreased, 
while the ratio of natural environment space (e.g., forest, grassland, other land, and water 
body) increased. This led to the further expansion of forest, which already accounted for a 
relatively high proportion of the land, and a decrease in the balance of land use structure. 
With the operation of the railway, there was an increase in development adjacent to the rail-
way. The proportion of built-up land continually increased over time, with the balance of the 
land use structure being highest in the 0–2 km buffer zone. This also shows that in the early 
stage of operation, the driving effect of ADR on urban development was mainly concentrat-
ed in a small area on both sides of the railway. 

 

 

Figure 8  Information entropy and equilibrium degree of land use in each buffer zone in different periods 
 

3.3  Regional differences in land use change 

To determine the regional differences in LUCs along the railway, the land use structure and 
LDD of the area around each station were analyzed. 

3.3.1  Land use structure around different stations 

To compare the land use structure around different stations along the Ethiopian section of 
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the ADR, we established buffer zones with a radius of 10 km around the stations based on 
the land use data in 2021. Among the 17 stations along the railway, more than half had only 
a small proportion of built-up land in the surrounding area (Figure 9). The interaction be-
tween these stations and the adjacent area was therefore limited, making it difficult for them 
to obtain the expected operating income through passenger and freight transportation and 
achieve sustainable development.  

There was a relatively high proportion of built-up land within the 10 km buffer zones of 
stations in the Addis Ababa Metropolitan Area, Adama, and Dire Dawa; however, it was still 
much lower than the average around most other stations. From Addis Ababa to Dire Dawa, 
there was a high proportion of farmland around most stations. East of Dire Dawa, there was a 
high proportion of grassland and other land and a low percentage of built-up land and farm-
land. In general, the areas around the stations outside Addis Ababa, Adama, and Dire Dawa 
were still dominated by agriculture with little urbanization and industrial development. 

 

 
Figure 9  Land use structure of the buffer zones with a radius of 10 km around the stations along the Ethiopian 
section of the Addis Ababa–Djibouti Railway in 2021 

 

3.3.2  Changes in the area of built-up land around different stations 

To further explore the regional differences in LUCs around the stations, we calculated the 
LDD of built-up land within the buffer zones around each station from 2013 to 2021. Addi-
tionally, we created a Boston Matrix using the proportion of built-up land in the buffer zones 
of each station in 2021 (Figure 10). Based on the average proportion of land use types and 
LDD values, the 17 stations could be divided into four types: high proportion-high change, 
high proportion-low change, low proportion-high change, and low proportion-low change. 
There were five high-high stations, including the three stations in Addis Ababa Metropolitan 
Area (Sebeta, Furi-Labu, Indode), and Adama and Dire Dawa. There was only one high-low 
station (Bishoftu) and one low-high station (Metehara). The remaining nine stations were 
classed as low-low: Feto, Awash, Sirba Kunkur, Mieso, Bike, Harewa, Adigala, Aysha, and 
Dewale. 

More than half of the stations were therefore classed as low-low in terms of changes in 
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the area of built-up land, most of which were very low. These stations were typically located 
in small and medium-sized towns, with the railway’s impact on changes in built-up land be-
ing minimal. High-high stations were all located in the regional central cities with urban 
development surrounding them, and the extent of built-up land significantly increased over 
time since the construction of the ADR. This indicates that the major changes in built-up 
land along the ADR were mainly concentrated in the capital and important regional central 
cities. In contrast, the changes in other regions were relatively small.  

 

 

Figure 10  Proportion of built-up land in 2021 and land use dynamic degree (LDD) of built-up land from 2013 
to 2021 of the buffer zones with a radius of 10 km around the stations along the Ethiopian section of the Addis 
Ababa–Djibouti Railway 
Note: “Others” includes Feto, Awash, Sirba Kunkur, Mieso, Bike, Harewa, Adigala, Aysha, and Dewale. 

 

3.4  The landscape pattern of land use 

It is generally believed that the linear cutting of traffic routes through the land cover will 
lead to landscape fragmentation along the routes. The most direct manifestation of landscape 
fragmentation in land use is the process of fragmentation and dispersion of land patches that 
were initially distributed as a whole. To investigate the disturbance to the natural landscape 
by the construction and operation of the ADR, we used ArcGIS to quantify the area and 
number of landscape patches for different land use types in 2013, 2017 and 2021 (Figure 11), 
and the LFI of the whole buffer zone along the ADR was calculated by Equation (6) (Figure 12). 

The LFI of built-up land declined as the area of built-up land increased, reflecting a stable 
state with continuous urban development. The LFI of farmland continued to decline. The 
area of farmland continually increased and the number of patches initially increased and 
then decreased, reflecting the process of farmland being developed and integrated along the 
railway. The LFI of forest and grassland continued to increase, while the area decreased and 
the number of patches initially increased and then decreased, reflecting the increasing dis-
turbance to natural vegetation caused by human activities, such as agriculture and urban de-
velopment. The LFI of other land and water body did not change significantly, indicating 
that the disturbance by human activities was within the normal range. 
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The construction and operation of the ADR and other development activities have 
changed the original stable landscape pattern along the railway. In some areas, the land use 
pattern that was dominated by grassland and forest was disrupted. Other types of land use 
then increased and the landscape pattern along the railway was diversified. The construction 
and operation of the ADR are direct factors affecting landscape change. The regional migra-
tion and land development caused by the railway have further promoted the recombination 
of land uses along the railway, finally leading to a substantial change in landscape patterns 
in some areas. 

 

 

Figure 11  Change in land area and number of landscape patches in the Ethiopian section of the Addis Aba-
ba–Djibouti Railway 
 

 

Figure 12  Landscape fragmentation index of different land use types in the Ethiopian section of the Addis Aba-
ba–Djibouti Railway 

4  Factors influencing land use change 

The most significant LUC phenomenon observed along the Ethiopian section of the ADR 
was the expansion of built-up land, which was also the main manifestation of human activi-
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ties at the spatial level. It is generally believed that the expansion of built-up land is affected 
by many factors, such as the natural environment and social economy. We conducted a re-
gression analysis to further explore the correlation between different influencing factors and 
the expansion of built-up land in the study area. 

4.1  Research unit and variable selection 

It was found that the significant areas of LUC along the Ethiopian section of the ADR were 
mainly concentrated around the railway stations, with little changes in land use types in the 
areas away from the stations. Therefore, we focused on the areas within a radius of 10 km 
around railway stations and used a 3 km × 3 km grid as the spatial unit to calculate the ex-
pansion of built-up land around railway stations and to determine the influencing factors. The 
influencing factors were selected from three dimensions: railway, natural environment, and 
social economic factors. Considering the comprehensiveness of the index and the availability 
of data, we selected eight influencing factors as explanatory variables, as shown in Table 6. 
 
Table 6  The influencing factors of built-up land expansion in the area around stations 

Variable type Variable category Variable Data source 

Dependent 
variable Built-up land expansion The proportion of built-up land  

in the space unit Land use data 

Explanatory 
variable 

Railway factor 

Distance from the train station Railway station geolocation by 
Open Street Map 

Distance from railway line Railway line shapefile by Open 
Street Map 

Whether nearby station provides 
passenger service Operation strategy of ADR from 

the ADR Operation and Mainte-
nance Project Company  Whether nearby station provides 

freight service 

Natural environmental 
factor 

Slope DEM 

Vegetation coverage Landsat-OLI 

Social economic factor 
Population size LandScan  

Distance from the central city Central city geolocation 

Note: We identified several typical central cities in Ethiopia along the ADR by the size of urban space and population, 
including Addis Ababa, Bishoftu, Adama and Dire Dawa. 

 

4.2  Construction of a model for analysis 

A multiple linear regression model (MLR) and geographical weighted regression model 
(GWR) were applied for a quantitative analysis of the influencing factors. The MLR was 
used to determine the influencing factors and their effects on the changes of built-up land 
along the railway at the overall level, while the latter analyzed the spatial heterogeneity of 
the effect of factors on the change of built-up land by introducing geospatial characteristics. 
To ensure a significant amplitude of change of built-up land in the study area, we selected 
the data from the initial and final years (2013 and 2021) for a regression analysis, and com-
pared the influence coefficient and significance of the statistical results to determine the ef-
fect of each factor on the expansion of built-up land. 

(1) The MLR model 
The MLR model used in this study was the ordinary least squares (OLS), which was cal-
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culated as follows: 
 0  i iY Xα α ε= + +  (7) 

where Y is the proportion of built-up land, Xi is the index of influential factor i, αi is the in-
fluence coefficient corresponding to Xi, α0 is the constant term of the regression model, and ε 
is the residual term. If αi > 0, the larger the value, the stronger the positive influence of Xi on 
the expansion of built-up land. If αi <0, the smaller the value, the stronger the negative in-
fluence of Xi on the expansion of built-up land. If αi approaches 0, Xi has no significant ef-
fect on the expansion of built-up land.  

(2) The GWR model 
Based on the MLR, the GWR model was used to assess the presence of spatial heteroge-

neity in the impacts of the influencing factors, so as to identify the effects of these factors on 
the expansion of built-up land around different stations more accurately. The GWR was cal-
culated as follows: 

 
( ) ( ) [ ] [ ]0

1

 , , , 1, , 1,
p

i ki i i ki i i i
k

Y u v X u v k p i nβ β ε
=

= + + ∈ ∈∑  (8) 

where i represents the space unit i; ui and vi represent the X and Y coordinates of space unit i, 
respectively; and Xki is the factor index corresponding to explanatory variable k on space 
unit i. Therefore, βki represents the influence coefficient obtained by the regression estima-
tion of explanatory variable k on space unit i;  
β0 is the constant term of the regression model; and εi is the residual term. The spatial 

weight matrix represented by β is as follows: 

 ( ) ( ) 1ˆ , T T
i i i iu v X W X X W Yβ

−
=  (9) 

where Wi represents the space weight around space unit i, which is the weight matrix ob-
tained based on the different function algorithms, and the function selected in the weight 
matrix will directly affect the estimation result obtained from formula (8). Following the 
experiments, the Adaptive Gaussian weight function was adopted as the weighting scheme.  

4.3  Regression analysis results 

(1) Regression results 
The regression results are shown in Table 7, in which the fitting coefficient (R2) of the 

GWR was generally higher than that of the OLS, indicating that the effects of some factors 
had significant spatial heterogeneity. The fitting degree of the regression results in 2021 was 
generally higher than that in 2013, indicating that with the construction and operation of the 
ADR, the expansion of built-up land surrounding the stations was closely related to the in-
fluencing factors. 

(2) Regression result of OLS 
The OLS results are shown in Table 8. The distance from the train station, whether the 

nearby station provides a passenger service, whether the nearby station provides a freight 
service, the population size, and the distance from the central city had the most significant 
impacts on the expansion of built-up land surrounding the ADR stations. In contrast, the in-
fluence coefficient of slope and vegetation coverage failed the significance test, indicating 
that natural environmental factors had little influence on the expansion of built-up land. In  
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Table 7  Fitting degree comparison between OLS Model and GWR Model in 2013 and 2021 

 
2013 2021 

OLS GWR OLS GWR 
–2 log-likelihood –1207.75 –1496.56 –1139.96 –1361.77 

Classic AIC –1187.75 –1410.23 –1119.96 –1279.05 
AICc –1187.35 –1402.87 –1119.56 –1272.30 

BIC/MDL –1144.44 –1223.28 –1076.64 –1099.90 
CV 0.0073 14384.42 0.0081 141.19 
R2 0.5681 0.7417 0.7490 0.8309 

Adjusted R2 0.5611 0.7207 0.7449 0.8177 
 

addition, the distance from the railway line did not pass the significance test, which further 
proved that the expansion of built-up land was mainly related to the presence of the railway 
stations, and had little relationship with the railway line. 

Among the factors with a significant influence, the shorter the distance from the railway 
station and the central city, and the larger the population size when the nearby station pro-
vided a passenger service, the greater the probability of the expansion of built-up land 
around the station. The factor of whether a nearby station provided a freight service had a 
negative correlation with the expansion of built-up land, and the probability of the expansion 
of built-up land was relatively low around the freight station. 

Comparing the influence coefficients of 2013 and 2021, it was found that the influence 
coefficients of railway factors gradually approached 0 over time, while the influence coeffi-
cients of social and economic development factors, such as population size and distance 
from the central city, were stable at a high level or increased. This shows that social eco-
nomic factors gradually replaced railway factors as the main driving force for the expansion 
of built-up land around the stations over time. 

 
Table 8  Estimation results of influencing factors of built-up land expansion based on OLS 

  2013 2021  2013 2021 

Distance from the train station –0.0737** –0.0487* Vegetation coverage –0.0586** –0.0056 
  (0.0444) (0.0821)   (0.0421) (0.7959) 
Distance from railway line 0.0082 –0.0238 Population size 0.6386*** 0.7895*** 
  (0.8198) (0.3843)   (0.0000) (0.0000) 
Whether nearby station provides 
passenger service 0.1653*** 0.0831*** Distance from the central city –0.2083*** –0.1314*** 

  (0.0000) (0.0020)   (0.0000) (0.0000) 
Whether nearby station provides 
freight service –0.1587*** –0.0641** Constant 0.0000 –0.0000 

  (0.0000) (0.0170)   (1.0000) (1.0000) 
Slope 0.0140 0.0309    

  (0.6293) (0.1627)    

Note: The coefficient in brackets represents the standard deviation of the influencing factor, with * representing p < 
0.10, ** representing p < 0.05, and *** representing p < 0.01. 

 
(3) The GWR results 
The GWR model used the same influencing factors as the OLS model. Based on the OLS 

analysis, we extracted factors with a significant influence for a visual analysis. The regres-
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sion coefficient of the GWR model was different in different areas, reflecting the difference 
in the effect strength of different factors in different areas. 

(i) The spatial differentiation of the impact of distance from the train station on the ex-
pansion of built-up land in the surrounding areas 

There were differences in the correlations between the distance from the station and the 
expansion of built-up land in the areas surrounding the different stations along the Ethiopian 
section of ADR (Figure 13). To the west of Feto Station, the negative correlation decreased 
over time, i.e., the farther away from the station, the less significant the expansion of 
built-up land. There were no significant correlations in the areas around Bishoftu, Modjo, 
and Adama stations, and in the areas around the three stations in the Addis Ababa Metropol-
itan Area. To the east of Feto station and in the area around Dire Dawa station there was a 
positive correlation that increased over time, i.e., the farther away from the station, the more 
significant the expansion of built-up land, while the correlation was not significant in the 
area around other stations. 

To the west of Feto station, Bishoftu, Modjo and Adama stations were spatially connected 
to the built-up areas of the cities where they were located, and the built-up areas of the cities 
were within a 10 km radius of the stations. Therefore, the farther away from the station, and 
the closer to the edge of the built-up areas of the cities, the lower the intensity of the expan-
sion of built-up land. In Addis Ababa Metropolitan Area, the development of the area around 
the three stations was influenced not only by the presence of the stations but also by the 
metropolitan city center. Under the combined influence of both factors, there appears to be 
no discernible correlation between the expansion of built-up land surrounding the Sebeta,  

 

 
Figure 13  Spatial distribution of the distance from the train station in the GWR Model 
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Furi-Labu, and Indode stations and their respective distances. 
In Dire Dawa, east of Feto, the station was on the edge of the city, 9.5 km from the city 

center. The 10 km radius around Dire Dawa station just covered the area from the city edge 
to the city center. On the side away from the city center, there were no large areas of built-up 
land. On the side facing the city center, the farther away from the station (i.e., the closer to 
the city center), the more significant the expansion of built-up land. 

(ii) The spatial differentiation of the impact of population size on the expansion of 
built-up land in the surrounding areas 

There was a relatively significant positive correlation between population size and the 
expansion of built-up land in the areas surrounding most stations along the Ethiopian section 
of ADR (Figure 14). The growth of population in the area around stations will lead to a 
growth in demand for residential space. In Ethiopia, urban residential space is dominated 
by low-rise residential buildings, owner-occupied housing, and informal housing. There-
fore, the growth of residential space and the construction of urban amenities will further 
lead to the expansion of built-up land. Approximately 20,000 local workers were em-
ployed on the project during the construction of the ADR, and 4,000 direct jobs were cre-
ated during its operation. The population growth in the area around the stations was not 
only due to the natural growth of the population in the region, employment growth, and 
agglomeration driven by the ADR, but also due to other factors, including the outflow of 
population from the central area, employment created by the ADR’s ancillary industries, 
and rural-urban migration. 

 

 

Figure 14  Spatial distribution of the population size in the GWR Model 
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(iii) The spatial differentiation of the impact of distance from the central city on the ex-
pansion of built-up land in the surrounding areas 

There was a local negative correlation between the distance from the central city and the 
intensity of the expansion of built-up land (Figure 15). To the west of Feto station, there was 
a strong negative correlation, i.e., the farther away from the central city, the lower the inten-
sity of the expansion of built-up land. To the east of Feto station, there was no significant 
correlation between the distance from the central city and the intensity of the expansion of 
built-up land. 

To the west of Feto, the cities where the stations were located were mostly large and me-
dium-sized cities (e.g., Addis Ababa, Adama, and Bishoftu), which possessed greater func-
tionality and relatively higher attractiveness for development elements, even more so than 
the railway stations. The farther the area was from the urban center, the lower its agglomera-
tion ability for population, capital, and enterprises, and the expansion of built-up land tended 
to be relatively slow. 

To the east of Feto, Dire Dawa was the only medium-sized city with a regional influence, 
and the cities where each station were located, or were near, were mostly small towns, which 
was apparent from the land use structure around each station in Figure 10. The function of 
these small towns was relatively simple with limited attraction to the surrounding develop-
ment elements. There was no significant difference in the agglomeration ability of develop-
ment elements between the areas near and far from small towns. Most stations were also 
outside the radiation range of Dire Dawa City. Therefore, the distance from the central city 
had a weak correlation with the intensity of the expansion of built-up land in these areas. 

 

 
Figure 15  Spatial distribution of the distance from the central city in the GWR Model 
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5  Conclusions and discussion 

5.1  Conclusions 

Based on remote sensing images of 10 km buffer zones on both sides of the Ethiopian section 
of the ADR in 2013, 2017, and 2021, we analyzed the LUC in the area along the railway and 
its influencing factors. The specific conclusions were as follows.  

(1) Along the railway, farmland, forest, grassland, and other land (including sandy land 
and bare land) were the primary land use, accounting for more than 95% of the study area. 
From 2013 to 2021, the areas of built-up land and farmland continued to increase, while the 
areas of forest, grassland and other land continued to decrease. Built-up land expanded the 
most with an increasing rate of change, indicating that there was more urban construction in 
the study area during the operating period than the construction period of the railway. Forest, 
farmland and grassland were the land use types most commonly transferred to built-up land, 
while forest and grassland were the land use types most commonly transferred to farmland. 

(2) The degree of change in the area of built-up land, farmland and forest had a certain 
regularity as the buffer distance increased, indicating a gradient in the variation of LUC 
along the railway. The closer the built-up land to the railway within a certain distance, the 
greater the degree of change in its area, and the closer the farmland and forest to the railway, 
the greater the degree of change in their areas. The LDD of built-up land changed signifi-
cantly within the 6 km buffer zone but presented a different trend beyond 6 km, indicating 
that 6 km may be the threshold distance for the noticeable impact of the railway on the area 
change of built-up land in the surrounding region. The closer the buffer zone to the railway, 
the higher the LDD of comprehensive land use, the more likely the land to be developed, and 
the more significant the proportions of built-up land and farmland. 

(3) The land use structure and its changes in the areas surrounding the different stations 
had obvious differences. The proportion of built-up land within the 10 km buffer zones of 
stations in the Addis Ababa Metropolitan Area, Adama and Dire Dawa was relatively high, 
while it was much lower in the areas surrounding the other stations, which were still dom-
inated by agriculture with little urbanization and industrial development. More than half of 
the stations were classed as low-low in terms of built-up land and were typically located in 
small and medium-sized towns. The high-high stations were all located in the regional 
central cities. The changes of built-up land along the railway were mainly concentrated in the 
capital and regional central cities.  

(4) The construction and operation of the ADR was one of the direct factors affecting the 
landscape change along the railway. Regional migration and land development further 
promoted the recombination of land use along the railway, finally leading to substantial 
changes in landscape patterns. 

(5) Based on an OLS analysis, the distance from the train station, whether the nearby 
station provides a passenger service, the population size and the distance from the central 
city had positive effects on the expansion of built-up land surrounding the stations. The 
factors of whether a nearby station provides a freight service had a negative correlation, 
slope, vegetation coverage, and distance from the railway line had little influence. Over time, 
social economic factors gradually replaced railway factors as the main driving force for the 
expansion of built-up land around the stations. 
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(6) Based on a GWR analysis, the effect strength of different factors on the expansion of 
built-up land was found to vary in the areas surrounding the different stations. There were 
different correlations between the distance from the station and the expansion of built-up 
land. In the areas around Bishoftu, Modjo and Adama stations, there was a significant neg-
ative correlation. In the area around Dire Dawa station, there was a positive correlation that 
increased over time. In the areas around the other stations, there were no significant corre-
lations. There was a relatively significant positive correlation between the population size 
and the expansion of built-up land in the areas surrounding most stations. There was a local 
negative correlation between the distance from the central city and the expansion of built-up 
land in the area to the west of Feto station. 

5.2  Discussion 

The impact of the ADR on regional development along the railway has been the focus of 
many studies since its construction. This study objectively determined the LUC in the area 
along the railway and identified the factors influencing LUC. Since 2013, the land use 
structure along the ADR has changed considerably. The railway was one of the driving fac-
tors but its driving effect weakened over time compared with other social and economic 
factors. The ADR has driven the urbanization process in the area along the railway; however, 
the degree of change in the area of built-up land in most small and medium-sized towns 
along the railway was quite low, and was only relatively obvious in the regional central cit-
ies. This shows that the urbanization along the railway was mainly concentrated in the re-
gional central cities. This was likely due to the differences in economic development along 
the railway, but may also be related to the differentiated operation of the ADR in its current 
stage of activity. 

Due to the limitations of market demand, infrastructure, and operational capacity, the 
ADR is not yet fully operational (Figure 16). The efficiency of the railway is therefore not 
fully developed, leading to an unbalanced flow of regional development elements. For 
example, the section from Sebeta to Adama stations is double-tracked, while the section 
from Adama to Nagad stations in Djibouti is single-tracked (Railway Technology, 2020). In 
terms of passenger transport, short-distance intercity trains are being operated between 
Furi-Labu and Adama stations, with one pair of trains in the morning and one in the after-
noon. The Furi-Labu to Nagad section is open to international long-distance express trains 
on alternate days. Of the 17 stations in Ethiopia, only ten currently offer passenger or freight 
services, with most of these located in Addis Ababa, Adama, Dire Dawa and the border areas. 
The stations established in other small towns have a limited capacity to provide passenger  

 

 
Figure 16  Operation strategy of the Ethiopian section of the Addis Ababa–Djibouti Railway 
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and freight services. The distribution of people and goods relying on ADR mainly occurs at 
specific stations, which explains the regional differences in the changes in the area of 
built-up land to some extent. At present, the model of railway-oriented development has only 
been realized in the capital and regional central cities in Ethiopia. It is likely to still take a 
long time in other less developed areas before the railway will be fully operational and 
therefore able to drive local development. 

There is great hope that Africa will enter the railway age. As part of the Agenda 2063 
strategic framework for the socio-economic transformation of Africa, the concept of an 
integrated high-speed rail network in Africa was endorsed by the heads of African countries 
at the 24th African Union Summit in 2013 (UIC, 2020). In Ethiopia, the railway network has 
been identified as one of the flagship programs in the Growth and Transformation Plan I and 
II (GTP Ⅰ and GTP Ⅱ) to facilitate the development of corridors and connect the country to 
neighboring countries. To harness the full potential of the driving effect of railways in Africa, 
it is crucial to understand the LUC along the railway and its influencing factors, which may 
help to formulate or adjust further development strategies and plans. The opportunity for 
railway-driven development has been created in Ethiopia. The challenge for achieving 
widespread and inclusive economic growth is how to connect large cities and small and me-
dium-sized towns to the ADR, and to ensure that the new infrastructure and opportunities 
bring benefits through policy tools, regional participation, and consultation.  

This study did have some limitations. First, the acquisition of land use data was based on 
a visual interpretation assisted by Google high-resolution images. Although high-resolution 
satellite images for the months when conditions enabled an easy identification of land use 
were selected, there was still the potential for identification errors. Second, there was a limit 
to the volume of data available for the quantitative analysis of influencing factors, due to the 
lack of availability of social and economic data for areas along the railway. Additionally, the 
study could be extended to the micro level. For example, an empirical study of LUC and its 
influencing factors could be conducted in the areas around specific stations, with the accu-
rate identification of land use types and attributes, including the exact functions, land 
ownership, and land valuations. This would enable the formulation of a land development 
plan, the optimization of urban spatial layout, and the improvement of land use efficiency. 
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