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ABSTRACT 

Devolution paved way for inclusive public governance in Kenya leading to creation of new 

administrative regions. This was meant to provide equal opportunities and benefits for the rural 

area inhabitants. However, the design and spatial organisation of these regions limits access to 

services and public participation. Using some newly created administrative regions, this study 

sought to find an alternative way of restructuring the current administrative units to address 

issues of non-inclusivity by including demographic and spatial characteristics for each unit. The 

objective of the study was to minimize distance and population distribution variations. 

Methodology used was based on the concept of regionalization and Origin-Destination Problem 

Cost matrix spatial algorithm. The model produced improved regions as new seats with reduced 

distances and their distribution based on optimum distances. Use of GIS based techniques 

enhanced visualisation and the development of various simulation scenarios which were used in 

comparative evaluation of optimization problem. The study showed a need to restructure the 

current administrative ward regions through merging and agglomeration to get possible 

regional population uniformity and minimum impedances.  

Key words: devolution, optimization problem, administrative regions, GIS, simulation 

Correspondence to: Dickson Kinoti, Department of Arts and Humanities, Chuka University. E -

mail: kinotikibetu@yahoo.com 

INTRODUCTION 

DOI: 10.33803/JASETD.2017.2-1.2

mailto:kinotikibetu@yahoo.com


Journal of Applied Sciences, Engineering and Technology 

for Development JASETD, Volume 1, Issue 1, June, 2017

2

Design and structure of administrative regions in any country influence the levels of governance 

and socio-economic development that could be attained. With clamor for expansion of political 

democratic space and autonomy within independent states, the creation of semi autonomous 

units within or without has been influenced by issues of unshared national benefits and unequal 

regional developments. According to Kim and Chung (2001), regionalization can be used as a 

strategy that aims at dividing the country into small areas and grouping small areas into larger 

areas to promote state development and national planning. Such an approach has been applied by 

Papafragkaki.A and Photis Y (2014) to analyse the spatial organisation patterns of the new 

administrative units in Greece (Figure 1). 

  Map A: Assigning municipalities to prefecture      Map B: Newly created Prefectural boundaries  

 Figure 1: Greece Prefectural boundaries (From Papafragkaki.A &Photis Y., 2014) 

As population and urbanisation increase globally, creation of appropriate administrative units is 

of importance in the provision of public services and equal opportunities for citizens (Armstrong 

et al, 1991; Bozkaya et al, 2003; Papafragkaki A. & Photis Y., 2014).  

Decentralization is growing in interest as an important form of governance in both developed and 

developing states (Dasgupta & Victoria, 2007; Ekpo, 2008; Wagana et al, 2015).  The reasons 

for decentralisation vary considerably from issues to do with inefficient public service delivery 

by the central governments, to need for accountability of government to its citizens and  even 
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improvement in service delivery to the public (World bank,2003; Sujarwoto, 2012; Olatona & 

Olomola, 2015; Grindle, 2007).  

Globally, unequal distribution of public resources and political space dominate the succession 

movements. In Kenya, issues of regional imbalance in distribution of public resources and 

political representation lead to the amendment and adoption of a new constitution in 2010 

creating a more decentralized system of governance (Mwenda, 2010; Ndegwa, 2002; Ndung’u, 

2014). Before the promulgation of the new constitution in 2010, the country was organised into 

eight administrative regions as provinces which were later defragmented into forty seven semi 

autonomous decentralized counties. Devolution entrenched in the 2010 constitution is form of 

large-scale political, fiscal, and administrative decentralization (Wangari, 2014; Kobia & 

Bagaka, 2014; Kenya School of Government, 2015). 

With the implementation of the new constitution in 2013, two levels of democratic governance 

were created with the central government headed by the president and the devolved governments 

by governors (Constitution of Kenya, 2010; Mukabi et al, 2015). These reforms abolished local 

authority boundaries through merging of wards into bigger and few ward administrative regions. 

Although these reforms have increased political space at the local level, gaps in development, 

social control and spatial coverage are key issues arising from the devolved administration. With 

the implementation of devolution, the architectural structuring of local level administrative wards 

especially the counties present a spatial identity problem as the value of place is ignored in 

determining access to devolved benefits by most local communities.  

The problem has been the approach adopted in creating the new local units which does not 

consider scientific principles, social attachments and spatial variations of adjoining regions.  

To redesign the case study’s administrative units, the area of influence, number of services 

offered and the seat of each unit were analysed using GIS based techniques. This study used an 

administrative regionalization approach based on Origin-Destination Cost matrix algorithm and 

location-allocation model to determine effective service areas and check if there existed spatial 

congruency in the newly created units. In order to apply the fore said framework and Origin-

Destination cost algorithm, the following assumptions were made: (i) That each administrative 
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unit should have one service center as its headquarters; (ii) That center seat represents the social 

values and place identity of the local communities; (iii) That population in each unit reflects the 

demand for that region; and (iv) That service provision is dependent on the distance traveled to 

the center seat. 

In evaluating service optimization problem for administrative regions, overall distance traveled 

to reach the center seat and the maximum number of people served in each region was 

considered. This study undertaken to create new and properly reconstituted administrative 

regions based on minimum travel distance and uniform demographic as well as number of 

services provided. Several studies using location-allocation model have been done in different 

areas such as; planning of public facilities (Yeh A., & M. H. Chow., 1996), Electoral districting 

(Ricca F., A. Scozzari, & B. Simeone., 2008; Photis, Y. N., 2012; Li, Z. et al., 2007), Delineating 

administrative regions (Lolonis, P., & M. P. Armstrong, 1993; Kim D., &H. Chung., 2001) to 

measuring urban concentration (Tsompanoglou, S., &Y. N. Photis., 2013) among others. 

Lacking are studies which have attempted to examine the problem of service optimization for 

devolved units especially in under privileged regions in developing countries. Locally, research 

has not been undertaken on GIS based evaluation of service optimization problem for devolved 

units in Eastern Kenya region.  

MATERIALS AND METHODOLOGY 

 Data and Materials 

Data and materials utilized in the analysis are summarized in Table 1. Demographic 

characteristics of each county were gotten as Population data from the Kenya National Bureau of 

Statistics (KNBS, 2009) census report.  

Table1: Summary of data used, its characteristics and analysis 

Data  Data Type    Source Analysis Done 

Population Attribute Kenya National Bureau of 

Statistics 2009 Census 

 Classification 

County Polygon Kenya Open Data, Esri shape files Clipping 
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Boundary 

County 

Seats 

Point Goggle Earth, Arc GIS Living 

Atlas 

 Extraction 

Road  

Networks 

Line WFP database Intersection 

Public 

Service 

Descriptive   County Integrated Development 

Plan  

 Content Analysis 

County boundaries were clipped as polygon geometry data from existing shape files in Arc GIS 

to delineate administrative units as demarcated regions. County headquarters as new 

administrative regional seats were retrieved as geographic coordinates from Google earth virtual 

globe and mapped as point data. To analyze accessibility, road networks in each county were 

intersected as line geometry data with the county boundary to get all the existing roads in each 

administrative unit. Another important spatial data was that of critical public services available in 

each newly created county as a determinant of service provision. Public services considered 

important included hospitals, institutions of high learning and main good. These were mapped as 

spatial data from the existing county integrated development and strategic plans.  

Development of Evaluation criteria 

Since the problem was optimization of service provision, three criterion factors of distance, 

demography and public service delivery were employed. Because counties were created through 

merging of administrative districts, the new county seats needed to be accessible from all border 

edges by a large portion of jurisdictional population and that optimal distance needed to define 

service area range. Similarly, it is important that population standard deviations between 

administrative regions be minimized through uniform population distribution. For service 

provision to be effective, spatial characteristics of each unit like roads networks and terrain as 

well as services available in each region were examined. 

Scenario modeling methods and approaches 

A combination of situational analysis and location-allocation methods were used. In this case a 

criterion for analysing the current situation was based on population and distance to access 
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existing county seats. To model the problem of service optimization, minimum impedance and 

maximum coverage were used to delineate optimal service areas and administrative regional 

seats. To effectively model an optimal solution, several scenarios were developed and compared 

to the present organizational structure.  

Evaluation Methodology 

Maximum, Mean and Minimum values of distance and population variables were calculated for 

all the three conditions. In each case, weights computed using GIS were multiplied by the 

corresponding maximum, minimum, average and standard deviation values for the distance and 

population variables. Since the objective was to minimize impedance (distance) between the 

facilities (county seats) and demand nodes (market centers), new weights were assigned for the 

distance parameter as 0.25 (25%) for the mean value, 0.45 (45%) for the maximum value, 

0.15(15%) for the minimum value and 0.1 (10%) for the standard deviation. Similarly, 

population was reassigned new weights based on the objective of attaining optimal population as 

0.2 (20%) for the standard deviation, 0.3 (30%) for the mean and 0.35 (35%) for the minimum 

value, 0.25 (25%) for the maximum. The calculated values for distance and population were then 

compared to the values of the existing regions for all the three conditions examined in this case. 

Case study: Eastern Kenya region 

Eastern Kenya region forms the second largest administrative area by size after the former Rift 

valley province. The area has more regional inequalities like marginalized communities, poverty 

prevalence, varied geophysical and socio-ecological landscapes as well as disparities in service 

delivery. The region has eight counties with variable and disproportionate spatial location of 

devolved unit’s headquarters and population distribution in each unit (Figure.3). 

 Development of Evaluation Criteria (Distance, Population and Devolved Public Service) 

Choice of the Case study Area 

6

Scenario modeling using Origin-Destination Cost matrix algorithm and Location and Allocation 

model 

 Scenario Evaluation based on conditional Criteria 

  Acquisition of Data and Materials relevant to the study 



Journal of Applied Sciences, Engineering and Technology 

for Development JASETD, Volume 1, Issue 1, June, 2017

7

       Figure 2:  A flow chart of summarized methodology approach used in the study 

Figure 3: Map of Eastern Kenya Region with respective Counties    

It is one of the regions earmarked to benefit from major national transformative infrastructural 

developments like the LAPSSET project, Isiolo International Airport and Interstate Kenya-

Ethiopia highway connection. It is on these premises that the region’s eight counties were 

selected as case study to understand the challenges of efficient devolved public service delivery. 

For purpose of analysing the status of the eight counties, population variation and separating 

distance between the county seat and other towns, maximum, minimum and mean values as well 

as the standard deviations of each county’s population and distances were used (Table.2)  
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Table.2: Summary statistics of the 8 counties Population and distances 

Optimization Problem analysis with Location-allocation model 

To evaluate the optimization problem, different approaches were adopted where in one method 

the current county seat and boundaries were maintained and in another they were modified. 

 In both cases distances, population and the kind of public service offered were considered 

important indicator elements. Simulation was done using origin-Destination cost matrix and 

location-allocation models where two scenarios were considered for condition. Origin-

Destination cost matrix algorithm was used to identify towns that could be serviced efficiently 

within a specific distance from their respective county headquarters. In this case all eight county 

seats for the eight counties in the eastern Kenya region were loaded as source of services (origin) 

and the 373 towns as demand nodes (Destination).Distance was used to calculate OD cost matrix 

instead of drive time given the number of service areas considered and the variable geomorphic 

terrain of the case study. The same conditions were analysed using location-allocation model and 

the two analytical results compared. 

_Condition 1 

All the county seats were loaded as origin (Si=8) and all market centers (Mi=373) as 

destinations. County boundaries were loaded as line barriers to help maintain their existing 

spatial geometries. The problem was to minimize distance with the solution being to retain the 

existing eight counties and their seats in the case study. Impedance cut off value was taken as the 

maximum distance that could be traveled to the county seat.  

_Condition 2 

Eastern Kenya Region  Maximum 

Minimum 

   Average Standard Deviation 

Distance (Kilometers) 335 97 171.12 73.90 

Population (Persons) 427,801 126,642 255,197.12 100,229.26 
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In this case, the problem to maximise coverage was used to examine the spatial extend in the 

area served by county seats applying an impedance cut off value as  value for the minimum 

population for each service area . All the county seats and market centers were retained as they 

were. 

_Condition 3 

In this scenario, candidate county seats with essential public services like good road networks, 

referral hospital, a university or a middle level college were selected as candidate facilities. 

Spatial distribution of services across the counties and affordability in terms of their accessibility 

from the seat were given prominence. The candidate county seats had to meet the following 

conditions for them to be selected: [i] C i > 0; Where C i is the number of referral hospitals, [ii] 

R i >2; Where one of the roads should be at least a class B category road, and [iii] E i >1; 

Where a candidate county should have one university or middle level college. 

RESULTS AND DISCUSSION 

Three scenarios were analyzed as cases where the weights computed were multiplied by the 

corresponding maximum, minimum, average and standard deviation values for the distance and 

population variables in each case scenario (Table.3).  

 Condition One:  Minimization of Access distance 

In the first case, the objective was to minimize impedance between the seat and corresponding 

demand nodes using express highway referred as class B road (Figure.4).  Two scenarios were 

examined and the results showed significant variations in maximum and minimum values of 

population and distance at 1% and 60% respectively in the first scenario and a 30% and 10 % in 

the second scenario. The overall percentage variations stood at 54 % for maximum distances and 

25% for minimum distance respectively. Since the aim was to compute optimal (minimum) 

traveling distance to the county seats from any location in the county, minimum impedance cut 

off value of 95km was used for the maximum distance. This is because distance traveled to seek 

service was considered important. 
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Table 3: Calculated distance and Population weighted variables 

Condit

ion ♯1 

Varia

ble 

Maximum 

Weight Initial       

Computed 

Minimum 

Weight Initial       

Computed  

   Mean 

Weight Initial       

Computed 

Std. Dev 

Weight Initial       

Computed 

Scenar

io    A 

Dist 

0.

99 

335 331.6

5 0.

4 

91 36.4 

0.

32 

171.1

2 

54.7

5 0.

35 

73.9 25.8

6 

Pop 427,8

01 

423,5

22 

126,6

42 

50,6

56 

255,1

97 

81,6

63 

100,2

29 

35,0

80 

Scenar

io 

B 

Dist 0.

45 

335 150.7

5 

0.

15 

91 13.6

5 

0.

25 

171.1

2 

42.7

8 

0.

1 

73.9 7.39 

Pop 0.

25 

427,8

01 

106,9

50 

0.

35 

126,6

42 

44,3

24 

0.

3 

255,1

97 

76,5

59 

0.

2 

100,2

29 

20,0

45 

Figure 4: Map showing spatial distribution of Demand Centers in relation to County Seat using 

Class B type road 
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Condition Two: Maximization of population coverage 

In this case the aim was to maximise coverage in terms of optimal population that could be 

allocated to one service area. It was found that public service provision and general 

administrative functions were concentrated within a distance of 6 kilometers from the respective 

county headquarters. To address the problem of maximizing coverage, an impedance cut off 

value of 126,642 persons was used in scenario one with standard deviation taken as a measure of 

optimal population. Scenario one yielded 81 percent decrease in maximum weighted Population 

and a 95 percent in standard deviation respectively (Table4). The results were then compared to 

original values where a 30 percent variation in standard deviation was observed translating to 

optimal population threshold served efficiently (Figure 5). 

Table 4: Computed weights for population and distance variables 

Condit

ion ♯2 

Varia

ble 

Maximum 

Weight Initial       

Computed 

Minimum 

Weight    Initial       

Computed   

   Mean 

Weight Initial       

Computed 

Std. Dev 

Weight Initial       

Computed 

Scenar

io    A 

Dist 

0.1

9 

335 63.65 

0.0 

91 0 

0.0

4 

171.1

2 

6.84 

0.0

5 

73.9 3.69 

Pop 427,8

01 

81,28

2 

126,6

42 

0 255,1

97 

10,2

07 

100,2

29 

5,01

1 

Scenar

io 

B 

Dist 0.4

5 

335 150.7

5 

0.1

5 

91 13.6

5 

0.2

5 

171.1

2 

42.7

8 

0.1 73.9 7.39 

Pop 0.2

5 

427,8

01 

106,9

50 

0.3

5 

91 31.8

5 

0.3 255,1

97 

76,5

59 

0.2 100,2

29 

20,0

45 
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 Figure 5: Map showing Optimal and Efficient Public Service Delivery Areal range 

Condition Three: Candidate regional seat with essential Public services 

Results of the third condition showed greatest improvement compared to the other two due to 

reduced demand nodes from the initial 373 to 280. Similarly, county seats were reduced to four 

candidate facilities due to the fact that these met the conditions outlined where the selected seat 

had to have at least a college and a referral hospital within its vicinity and was served by a class 

B road. These conditions were rated most important services. Scenario A produced weighted 

values of 0.85, 0.42, 0.23 and 0.28 respectively a slight improvement from the previous weighted 

values (Table.5). Comparing scenario A with the existing situation, an improvement of 5% was 

registered in comparison to the previously analysed conditions one and two respectively 

(Figure.6). 
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Table 5: Weighted values calculated from population and distance variables 

Condit

ion ♯3 

Varia

ble 

Maximum 

Weight Initial       

Computed 

Minimum 

Weight Initial       

Computed  

   Mean 

Weight Initial       

Computed 

Std. Dev 

Weight Initial       

Computed 

Scenar

io    A 

Dist 

0.

85 

335 284.7

5 0.

42 

91 38.2

2 0.

23 

171.1

2 

39.3

5 0.

28 

73.9 22.9

0 

Pop 427,8

01 

363,6

30 

126,6

42 

53,1

89 

255,1

97 

58,6

95 

100,2

29 

28,0

64 

Scenar

io 

B 

Dist 0.

45 

335 150.7

5 

0.

15 

91 13.65 0.

25 

171.1

2 

42.7

8 

0.

1 

73.9 7.39 

Pop 0.

25 

427,8

01 

106,9

50 

0.

35 

91 31.85 0.

3 

255,1

97 

76,5

59 

0.

2 

100,2

29 

20,0

45 

Figure 6: Map showing the new optimal county seats in relation to the current ones 
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CONCLUSION 

Based on the objective of reducing distance and attainment of population uniformity for the 

newly created sub regions, location-allocation and OD cost matrix algorithm was applied for all 

three conditions used in the case study where different approaches of restructuring the current 

county regions were considered. The concept of regionalization and Origin-Destination Problem 

Cost matrix spatial algorithm applied in this study proved important in delineating   seats with 

reduced distances, basic public services and optimal population thresholds. Therefore modifying 

the service area according to predefined criteria produces effective county regions which service 

the electorates efficiently. Use of GIS based modeling techniques enhanced visualisation and 

development of various simulation scenarios used in the comparative evaluation of optimization 

problem for the case study. The study showed the need to restructure the current administrative 

county regions through merging and agglomeration of existing locations to achieve maximum 

spatial coverage and minimum impedances where impedance cut off values reflect the actual 

surface limitations such as distances, population density and road networks for each spatial unit. 

GIS provide framework methodologies for evaluating different problems encountered in spatial 

planning field especially modeling of fuzziness in administrative service optimization. Further 

research is needed to demonstrate how the spatial road coverage density index per county is 

influencing service delivery and socio-economic transformations of devolved units. 
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