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Abstract 
Road network expansion and urban development have attracted scholars in 
the fields of regional and urban studies. The attraction has been necessitated 
by the rate at which the urban population is increasing, due to natural growth 
and migration. Governments in both developed and developing countries al-
locate a lot of funds to urban infrastructure, especially the roads sector, with 
the aim of promoting the smooth flow of goods and services within urban ar-
eas. This high investment has attracted scholars in various fields, including 
regional economists and infrastructure planning experts, aiming to establish 
the relationship between road infrastructure networks and development. 
Mostly, studies done in urban areas are related to road infrastructure expan-
sion in relation to land cover changes. In this study, a different exploratory 
route was taken, with the main purpose of comparing the road network dis-
tribution in relation to the actual spatial distribution of the urban landscape. 
In this context, the urban built-up areas were selected as a key indicator re-
lating to road network distribution and physical urban development. The 
Normalized Difference Built-up Index (NDBI) was used to estimate the spa-
tial distribution of urban physical growth. Other indicators of urban growth 
studied include utility distribution, land values, and investment attractive-
ness. From this study, it is clear that areas with high network connectivity 
have the highest values of NDBI and land values, together with the concen-
tration of electricity distribution transformers per km2, which is a sign of a 
high growth rate. Kerugoya municipality emerged as the urban area with the 
highest road connectivity index of 77.42%, while Bungoma had 22.22%. Ke-
rugoya has complete road network circuits of 24 compared to Bungoma’s 6. 
Similarly, Kerugoya recorded the highest figures of land values and NDBI in-
dicating high concentration of road network attracts developers. The study 
results can be used by policymakers to establish priority areas for road net-
work investment. 
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1. Introduction 

Urban areas are recording rapid expansion and managers are concerned about 
promotion of policies supporting compact growth. Road networks have been 
identified as a driving factor in the growth of urban areas as the two are com-
plementary. Consequently, roads form the backbone of sustainable urban de-
velopment (Wen, Zhang, & Deng, 2023). Development planners view road in-
frastructure as a growth catalyst (Gateri & K’Akumu, 2023). Roads can connect 
various development zones within urban settings while allowing smooth flow of 
goods and services and the general development of regions (Zhao, Zheng, Yuan, 
& Zhang, 2017). It is therefore absolutely necessary for urban managers to un-
derstand the spatial distribution of built-up areas which may be occasioned by 
infrastructure network including roads. An analysis of the extent of urban 
growth, which is part of physical development, is therefore essential for future 
resource allocation decisions (Khine, Maw, & Win, 2018). 

In Kenya, urban areas accommodate 29% of the entire population with a 
steady annual growth projected to be 4.23% (UN-Habitat, 2024). As per the 
(KNBS, 2024) entire population of the country is projected to be 51.5 million 
which implies 14.9 million Kenyans reside in urban areas which makes urban 
development an important research field. 

The study hypothesis is that road network informs development trends at a 
micro-region level and areas with good network records better growth indicators. 
This is premised on the finding of (Rodgrigue, 2024) which states road network 
organizes space. To test this hypothesis, two urban areas have been selected that 
is Bungoma and Kerugoya municipalities located in Bungoma and Kirinyaga 
counties respectively. The selected urban development indicators are road net-
work accessibility index, concentration of electricity distribution transformers, 
attractiveness, land values and urban built-up physical footprint. These indices 
are part of what is used by UN-Habitat to measure the growth of urban areas 
(UN-Habitat, 2004). Therefore, the objective of this analysis is to assess the im-
pact of road network concentration on other indicators of urban development. 

2. Literature Review  
2.1. Local Policies  

Historically, Kenya’s past and current government policy papers recommend 
investment in road infrastructure projects within urban areas which are desig-
nated as rural trade and production centers (Republic of Kenya, 1978; Republic 
of Kenya, 1986; Republic of Kenya, 1994; Vision 2030 Delivery Board, 2018). 
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Within the two municipalities, three agencies that are Kenya Highway Authority 
(KeNHA), Kenya Rural Roads Authority (KERA) and Kenya Urban Roads Au-
thority (KURA) have been established as the key implementing agencies of road 
infrastructure (Republic of Kenya, 2012). The county governments also develop 
and maintain some roads as per constitution of Kenya fourth schedule section 
two (Republic of Kenya, 2010). Transportation therefore is a key basis of capital 
formation and it will be important to assess how the network correlates with the 
indicators of urban development. This can be justified by two policy papers that 
is the National Spatial Plan (NSP) (Government of Kenya, 2016) and Vision 
2030 Vision 2030 (Vision 2030 Delivery Board, 2018), which defines infrastruc-
ture as the pillar of other development policy objectives. 

2.2. Urban Roads Improvement Projects in Kenya 

Extensive investment in road infrastructure in Kenya is to be majorly done by 
Kenya Urban Roads Authority (KURA) (Republic of Kenya, 2012) and County 
Governments (Republic of Kenya, 2010). World Bank has been in partnership 
with County Governments and Urban Development Department (UDD) and 
implemented road infrastructure projects at municipal level under Kenya Urban 
Support Programme (KUSP). Both the two municipalities under this study ben-
efited from KUSP whose objective was to improve infrastructure and was closed 
on 31st December 2023 (World Bank Group, 2024). Despite having a collabora-
tive approach to improve infrastructure, there is still disparity in road infra-
structure in various regions. The Road Sector Investment Programme (RSIP) has 
programmed roads which need to be developed in the entire country including 
the two study areas (Kenya Roads Board, 2021).  

2.3. Previous Studies  

Studies on urban road infrastructure are numerous with different focuses mostly 
defined by objective of the research and the spatial-temporal scale. The studies 
range from assessing role of road network in facilitating flow of goods and ser-
vices. For instance (Xiao, Liu, & Li, 2022), documented the impact of the Belt 
and Road Initiative on global stage in terms of information flow targeting to 
connect cities which were at the same economic growth scale. Focus on network 
studies has also been informed by urban processes including communication 
and other social interaction patterns (Derudder & Neal, 2018; Derruder, 2019; 
(Sun & Hou, 2020). There are also studies concentrating on traffic management 
and understanding the accident hot spots within the road network majorly in big 
cities that generate large volumes of traffic (Jibril, Aule, Garba, & Adewuyi, 
2023). Current studies and analysis of urban road networks focus on sustainabil-
ity by assessing vulnerability of road network during crisis occasioned by climate 
change as documented by (Roosta, Javadpoor, & Ebadi, 2022) and locational op-
timization of terminal infrastructure (Allate, 2019).  

In summary, existing literature indicates, there is a symbiotic relationship 
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between transport systems and urban development indicators. An empirical 
study by (Duranton & Turner, 2012) found that 10% increase in the highway has 
a spillover effect of 15% increase in employment. A Road network forms a basis 
on which motor vehicle and non-motorized modes of transport operates. 
(Padam & Signh, 2004) postulate that a good transport system is a symbol of 
good governance as it is one of the determinants of quality of life and an indica-
tor of sustainable urban development. Road network growth and structure can 
therefore be used to model economic growth behavior of a region especially if all 
development players are involved in the modelling process (Capello, 2000)  

In the Kenyan Context a quick web search clearly indicates studies on urban 
networks are mainly done in major urban areas. A recent study by (Gateri & 
K’Akumu, 2023) was done in the capital city of Nairobi focusing on impact of a 
new road segment on per-urban land use changes. Another search gives a case 
study of Kisumu, which investigates impact of new road projects on so-
cio-economic development in peri-urban areas of Kisumu Kenya and Accra 
Ghana (Khanani, Adugbila, Martinez, & Pfeffer, 2021) which are both big cities. 
It will be of great importance to have a study within two municipalities that are 
far away from the main cities.  

3. Study Area 

The case study areas are Bungoma and Kerugoya Municipalities located in 
Bungoma and Kirinyaga counties respectively. They are municipalities as per 
Urban areas classification criteria as specified by the legal framework (Republic 
of Kenya, Rev. 2019). Bungoma is located in Western Part of Kenya while Keru-
goya is found in Central Kenya on slopes of Mounts Elgon and Kenya respec-
tively. Geographical location of the study areas is in Figure 1.  
 

 
Figure 1. The study area. 
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Based on their geographic location the two studies areas have similar agro 
climatic conditions. This implies their hinterland is agriculturally rich and they 
offer market for residents who are mainly farmers. The studies areas also pro-
vide services such as banking, insurance and supplies to agro related enterprises. 
They offer social services such educational, religious, entertainment and hotel 
industry. The location of the two study areas makes them suitable candidates for 
a comparative study.  

4. Data and Methodology  

A study on urban networks can be informed by three approaches which include 
understanding the nodes, development density and accessibility index (Cheng, 
Bertolini, Clercq, & Kapoen, 2013). Accessibility index can be used to measure 
movement convenience and GIS software can simplify analytical work and visu-
alization of results for easy interpretation by non-experts (Ma, Wang, & Liu, 
2019). This study has applied both network analysis, GIS and remote sensing 
techniques to understand the growth pattern of two municipalities in relation to 
tarmac road distribution.  

Data Sources 

Spatial data for the study areas was extracted using municipal boundaries (County 
Government of Bungoma, 2020) and (County Government of Kirinyaga, 2020). 
Road network data was sourced from Kenya Roads Board database Road Inven-
tory and Condition Survey (RICS) (Kenya Roads Board, 2023). Electricity lines 
and transformer distribution data were sourced from (World Bank, 2023). The 
remotely sensed data was downloaded from the United States Geological Surveys 
(USGS) portal (USGS, 2024) by loading municipal boundaries to extract the area 
of interest. Only band 5 and 6 of Landsat 9 were downloaded and used to com-
pute Normalized Difference Built-Up Index (NDBI). The downloaded satellite 
image bands are shown in Table 1 below. 
 

Table 1. Satellite data bands. 

Location Date Captured Path/Row Band 
Wavelength 

(Micrometers) 
Resolution 
(meters) 

Source 

Bungoma 12th May 2024 170/060 5 (NIR) and 6 (SWIR1) 0.851 - 0.879 30 (USGS, 2024) 

Kerugoya 21st May 2024 168/060 5 (NIR) and 6 (SWIR1) 1.566 - 1.651 30 (USGS, 2024) 

 
Other indicators of urban development such as attractiveness and land values 

were gathered from key informants who were mainly from county lands de-
partment using a guided template. The data was collected on 17th May 2024 and 
22nd May 2024 for Kerugoya and Bungoma respectively. The two municipalities 
did not have distinct growth zones. The zones only existed in the minds of plan-
ners, for Bungoma participatory mapping was used to indicate the spatial dis-
tribution of the development zones. For Kirinyaga, the land use planner linked 
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the zones to point features and Thiessen polygons were generated to indicate the 
extent of zones around the point features using ArcMap GIS (ESRI, 2024). 

5. Methodology  
5.1. Data Processing  

The zoning map for Bungoma prepared by participatory mapping was scanned, 
georeferenced and digitized use ArcMap GIS to extract shape files. Zone names 
and development indicators attribute data were then populated. Paved roads 
were separated from the main GIS layer by clipping and snipping tool in ESRI 
ArcMap App. Various road segments were joined to form a complete one edge 
linking various zones.  

5.2. Connectivity Index 

The best informative approach to studying accessibility is by analyzing the 
transport network as an integrated entity and graph theory can be applied in 
measuring connectivity index (Daniel, Saravanan, & Mathew, 2020), (Sarkar, 
Sarkar, & Mondal, 2021). The assumption is all roads in a region combine to 
form road network system connecting central places. The graph theory was ap-
plied where road network distribution indicative maps were presented in the 
simplest format which is easily interpreted. The area of interest was the position 
of points (central places) and lines (connections) that is development nodes and 
road networks respectively (Rahman & Kumar, 2023; Jazdzewska, 2021). A 
well-connected region must have vertices/nodes that are linked together with 
several network lines (edges) (Rodrigue, 2020). To measure the number of com-
plete fundamental road circuits the Cyclomatic number will be calculated using 
Equation (1) and Equation (2) adopted from (Christopher Bull, 1984) and 
(Rodgrigue, 2024). 

Equation (1): Cyclomatic number calculation  

1CN E v= − +  

where CN = Cyclomatic Number; 
E = Number of Edges (Roads within the region); 
V = Number of Vertices (Nodes/central places in the region). 
To carry out a comparison between the two case studies, all areas which are 

not linked by transport network will be considered by calculating the alpha in-
dex using Equation (2).  

Equation (2): Alpha Index Calculation 

100
The Maximum possible value of cyclomatic number

CN 
α = × 

 
  

where α 0 100≥ < .  
Assumption: a network viewpoint emphasizes that behaviour of complex sys-

tem is shaped by strong interactions among residents and offers possibility 
within an abstracted, mathematically and well tractable framework (Stanislav 
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Sobolevsky et al., 2013).  

5.3. Normalized Difference Built-Up Index (NDBI) Computation 

Remote sensing approaches have simplified extraction of urban physical features 
(Jibril, Aule, Garba, & Adewuyi, 2023). Using this approach, NDBI algorithm 
can be used to separate residential and nonresidential areas from satellite images 
(Ukhnaa, Huo, & Gaudel, 2019). Urban areas which have a continuous built-up 
area records high reflective properties at spectral band 5 to 6 in Landsat 8 and 9. 
These bands were used to extract NDBI values which normally range from −1 to 
+1. Negative values of NDBI represent non-core urban built-up land cover while 
positive values are an indication of continuously built areas which are an indi-
cator of urban development (Mugambi, Njuguna, & Karanja, 2022). The formula 
indicated in Equation (3) was used to calculate the NDBI in ArcMap GIs raster 
calculator programmed in the map algebra tool (ESRI, 2021). 

Equation (3): NDBI Calculation 

( )
( )
Band6 Band5

NDBI
Band6 Band5

−
=

+
  

6. Results and Discussion  
6.1. Road Network Distribution 

Study results indicate Kerugoya municipality has the best road network connec-
tivity with CN value of 24. On the other hand, Bungoma municipality had CN 
value of 6. This implies the two municipalities had 24 and 6 complete funda-
mental circuits respectively. The Kerugoya complete circuits are around the 
Central Business District (CBD) zone, the southern part surrounding Kabatiro 
has the lowest connection. Only six nodes are not linked to a tarmac road that is 
Riagithiga, Kiamiciri, High Vision and Kabatiro denoted by development nodes 
15, 19, and 15 in Figure 2. Other nodes not connected to a tarmac road are 1, 10 
and 13. 

The overall connectivity that is alpha index is 22.22% for Bungoma and 
77.42% for Kerugoya respectively. Most of the tarmac roads in Bungoma do not 
have complete network circuits as indicated in Figure 2 hence the lower connec-
tivity index. For instance, the Mateka node denoted with number 15 is not fully 
connected due to the missing bridge. The road passing through Siritanyi is also 
not complete as it is partially constructed the residents have to use a longer path 
to access the Central Business District (CBD) making the trip more expensive. If 
the link is completed the trip will be 5 Kilometers shorter. This makes Siritanyi 
denoted as node 7 in Figure 2, less attractive to potential developer’s despite be-
ing close to the CBD. The Western part of Bungoma is totally disconnected from 
tarmac roads. Development node 12 which hosts one of the national technical 
training institutes that is Sang’alo is connected to the CBD by a road that is 
poorly maintained. This can discourage prospective students from selecting such 
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training institution. Consequently, Kutus located to the southern part of Keru-
goya municipality and hosts several learning institutions has a better network 
concentration. This infers that in Bungoma residents use untarmacked roads to 
move around the municipality. This is in contrast to Kerugoya which has a well 
woven network around its key development nodes of Kutus and Kerugoya CBD. 
The differences in the level of network quality are attributed to differences in po-
litical orientation of the municipality residents. Kirinyaga Municipality has had 
presence senior politicians and civil servants in government who have managed 
to bargain for more resources which have been used to improve their road net-
work. 
 

 
Figure 2. Road network distribution in Map A: Bungoma and Map B Kerugoya municipalities respectively. 
 

In summary, major connection links which were programmed in the invest-
ment plan (Kenya Roads Board, 2021) for improvement or reconstruction in 
Bungoma municipality have never been implemented. For instance, the main 
link to Kakamega through Sang’ala was allocated to a contractor who had not 
completed the work due to lack of funds. The main road within the municipality 
which should be maintained by Kenya National Highway Authority (Republic of 
Kenya, 2012) was improved by the county with resources that could have been 
used to improve the local network.  
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6.2. Other Urban Development Indicators 

The NDBI values were used to gauge urban development density, Kerugoya rec-
orded values ranging from 0.0 to 0.22 while Bungoma ranged from 0.00 to 0.15. 
This gives a clear indication that built-up areas are more compact in Kerugoya 
than Bungoma. The values were joined to form one class called built-up areas. 
There are two major development nodes for the two municipalities. Kerugoya 
Municipality major nodes are CBD marked zone 9 in the North and Kutus to the 
South as indicated in Figure 3. The other node is around Kutus which has a 
Public University. Bungoma municipality also has two major nodes one at the 
CBD marked zone A and another one at Kibabii labelled zone B which also hosts 
a public university as shown in Figure 4. The Kibabii node is not fully developed 
and also hosts two secondary schools that is Kibabii girls and Boys. 
 

 
Figure 3. Road network, development zones vs built-up areas in Kerugoya municipality. 
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Figure 4. Road network, development zones vs built-up areas in Bungoma municipality. 

 
The built-up areas are highly concentrated in places with a high intensity of 

tarmac roads, as shown in Figure 3 and Figure 4. Another indicator of urban 
development is the distribution of utilities, such as electricity-related infrastruc-
ture. Electricity step-down transformers, which serve as the basis for distributing 
power to households and supporting urban development activities, are utilized. 
The distribution pattern is connected to the major road network. The two de-
velopment nodes with the highest concentration of built-up areas in each mu-
nicipality also have the highest density of transformers per square kilometer, as 
summarized in Table 2 and Table 3.  

Kerugoya CBD which is development zone 9 has the highest transformer den-
sity four per Km2 and also recorded the highest land value of Khs.8 million. Ad-
ditionally, on a Likert scale of 1 to 5, with 1 being the highest score it was select-
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ed to be among the most the most attractive development zone to investors as 
shown in Table 2.  

 
Table 2. Kerugoya Urban development indicators. 

Zone Attractiveness Land Value Kshs (Millions) Transformer Density/Km2 

1 3 0.80 2.2 

2 1 3.00 1.7 

3 2 1.50 0.8 

4 2 0.60 1.0 

5 1 0.90 2.3 

6 1 1.50 1.3 

7 3 0.50 1.0 

8 1 1.50 2.3 

9 1 8.00 4.0 

10 3 1.00 2.3 

13 4 0.35 0.7 

14 4 1.00 1.2 

15 2 0.50 2.0 

16 1 0.90 0.6 

 
Table 3. Bungoma Urban development indicators. 

Zone Attractiveness Land Value Kshs (Millions) Transformer Density 

A 1 1.50 2.3 

B 3 0.60 0.9 

C 3 0.30 0.6 

D1 2 0.40 1.0 

D2 2 0.60 0.9 

D3 2 0.60 0.4 

D4 2 6.00 1.1 

D5 2 0.60 0.4 

E 3 0.20 3.1 

F 3 0.20 0.4 

 
For Bungoma, the CBD denoted as development zone A in Figure 4 has the 

highest attraction score of 1 and high land value of Kshs 1.5 million with a 
transformer density of 2.3 per Km2 (Table 3). The CBD also has the highest 
concentration of tarmac roads as indicated in Figure 4.  

7. Conclusion  

Road network is a key aspect of urban development for any region. From this 
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study, it can be concluded that areas which have a high road network connectiv-
ity index are preferred by developers and hence have high property values. This 
is because they allow easy circulation of goods and services and can be accessed 
at any time. Despite the fact that the road network plays a critical role in the de-
velopment of urban areas, other utilities such as electricity are also required for a 
fully functional settlement. The availability of roads forms the basis for the es-
tablishment of other activities, since they share the same space for installation. 
Social services, including educational institutions, can also stimulate growth. 
Kirinyaga and Kibabii universities have attracted development in the two mu-
nicipalities, hence increasing the rate of built-up areas. Political and senior civil 
servants can influence the allocation of resources, and in this case, Kirinyaga has 
benefited in this respect, hence enjoying a good road network. 
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