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Summary 

 

This paper is part of ongoing research on the use of Geographical Information 

Technologies (GITs) as decision support tools in road infrastructure maintenance 

in Uganda. It discusses the gaps in the use of GITs in the road infrastructure 

maintenance process of Uganda and the limitations experienced while enhancing 

the use of these technologies. Road maintenance organizations using GITs are 

often faced with the need and desire to solve similar and cross-cutting technical 

problems that are repetitive in nature. However, their current institutional 

arrangements do not permit forging of lasting partnerships, use of standardized 

data and operating under a coordinated GIS infrastructure. They also lack 

common and standardized datasets to address key state-wide and local 

maintenance requirements. Challenges to coordinating how geospatial data are 

acquired and utilized are the norm in Uganda. Similarly, collection of duplicate 

data sets at the local and national levels is a common scenario. We finally identify 

the limitations to use of GITs in the sector as; lack of infrastructure to support 

utilization of geographic datasets, unavailability of and limited accessibility to 

geographic data, lack of geospatial capacity at individual and organizational levels 

and the digital divide. Above all, there are no policies for accessibility and 

standard use of GITs.  
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1.  Introduction  

 

The understanding of geographic technologies and effective use of geographical 

information and their advantages is critical to the planning and decision making 

process for asset management departments. A road network and its well being for 

example are very important for the economic development of the nation. Road 

Infrastructure Maintenance (RIM) is therefore a prerequisite for the management 

of roads. Geographic information collected, managed and analyzed using 

Geographical Information Technologies (GITs) is very useful in decision making 

for RIM. GITs are commonly referred to as ICT tools used in the collection, 

management, maintenance, manipulation and presentation of geographic data and 

or information (Ehrensperger et al., 2007). The use of these technologies is known 

to simplify decision making to a non technical level and to support the 

stakeholders in sustainable-oriented decision making. However, these 

technologies are underutilized for RIM in Uganda.  

 

Uganda is beyond the first appearances of GIT, when only highly qualified 

professionals could handle them. Today, advances in technology are tremendous 

(Ehrensperger et al., 2007). A wide range of GIS is available ranging from high 

cost server based to low cost user-friendly desktop software. The sector has noted 

the increase in the availability of spatial data. The spatial and temporal resolution 

of remote sensing data has impressively increased, and more data are now freely 

available. The most outstanding advancement has probably been the development 

of web GIS which has opened up new opportunities such as access to real time 

maps, cheap and frequent data updates and worldwide sharing of spatial 

information. Through graphic representation and spatial analysis, the use of GITs 

helps to make RIM processes understandable to decision makers and lay persons 

(Ehrensperger et al., 2007). 

 

Use of GITs is increasingly shifting from reference tools to dynamic decision 

making tools. This shift has been triggered by, among other factors, emergency 

situations such as the World Trade Centre (WTC) attacks of September 11 200l 

(Teresa M. Harrison et al., 2007). This attach became a catalyst for change in the 

use of GITs for almost all relevant disciplines transportation inclusive. This paper 

outlines the RIM organization in Uganda, the actors involved as well as their 

roles. It discusses the gaps that have been identified in the use of GITs for RIM in 

Uganda and the limitations associated with enforcing the use of these 

technologies.  

 

2.  Geographical Information Technologies – The Problem 

 

Geo Information Technologies (GIT) are a set of specialized Information and 

Communications Technologies (ICT) which help to collect, manage and analyse 

data about the resources, landscape features, and socio economic characteristics of 

an area in both space and time (Ehrensperger et al., 2007). They provide an 

important feature for communication, dissemination and knowledge sharing on 

account of their capability to facilitate display and visualise spatial data. More 
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recently, it has become clear that GIS, together with Global positioning systems 

(GPS), aerial photography, remote sensing techniques, and other spatially related 

tools for decision making, comprise a larger array of complementary tools that can 

be grouped together under the more comprehensive rubric of “geographic 

information technologies” (GIT) (Teresa M. Harrison et al., 2007).  According to 

(Ehrensperger et al., 2007), GIT include four basic spatial tools, namely, 

Geographical Information Systems (GIS), Global Positioning Systems (GPS), 

Remote Sensing (RS) and web-based tools such as Google earth which provide 

new ways of sharing information and visualizing near real time data. GIS 

facilitates storage, management and analysis of geographically referenced data, 

integrating common database operations with unique means of visualization and 

the geographic analysis potential of maps. GPS are satellite based positioning 

systems for capturing locations of sample points such as road junctions, potholes 

or larger features (land marks) on the road. These landmarks may later be used to 

reference satellite images or other spatial data layers. Remote Sensing on the other 

hand is the sensing of the earth’s surface from satellites and airplanes by making 

use of the properties of electromagnetic waves emitted, reflected or diffracted by 

the sensed objects. It provides images of the earth’s surface that can be used to 

identify especially different types of land cover. The advantages associated with 

the use of GITs include; improved mapping, greater efficiency in retrieval of 

information, faster and more extensive access to the types of geographical 

information important to planning, improved analysis, better communication to 

the public, and faster access to information for various application processes 

(Ehrensperger, 2006). Uganda has not fully benefited from the above advantages 

and as  (Mazzi, 2007) observed this manifested in under utilization of GITs and 

spatial data in transport planning. However, it is important to note that efforts are 

now emerging to take advantage of the benefits of GITs. The desire to use GIS by 

the MoWT in the management of national and district roads as evidenced by the 

commissioning of a project known as Management Information Systems (MIS) 

for district roads in 2006 is one of such efforts. The MIS was intended to apply 

GIS for monitoring cross-cutting issues such as gender, occupational health, 

HIV/Aids and environment in the Road Sector. To date, the MIS is still being 

applied mainly for capturing and reporting various attributes for road 

maintenance. Similarly, the Uganda National Roads Authority (UNRA), an 

authority charged with the management of national roads, also uses GIS primarily 

for reporting purposes. Whereas it is the desire of UNRA and other institutions to 

utilize GIS in their activities, there is a general requirement that limits utilization 

of GITS. The limitation essentially originates from the inherent nature of GITS.  

The use of GITs rests on the ability to access core data sets and uniform or 

interoperable spatial reference system that can serve as foundation for the 

development of subsequent applications that depend on sharing geospatial  

information across regions and integrating geospatial information with other 

relevant data sets (Wehn de Montalvo, 2002) as cited by (Teresa M. Harrison et 

al., 2007). The major problem therefore is the underutilization of GITs in the Road 

Infrastructure Maintenance process of Uganda. The main objective is to identify 

the gaps in the use of GITs and limitations to enforcing their use for RIM in 

Uganda.  
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3.  Methodology 

 

This study covered Kampala and Jinja districts as the study area (see map below).  

 

 

 

Figure 1: Map of Uganda showing Kampala and Jinja areas 

 

The project adopted a multi-faceted approach. In this approach, the initial stage 

involved the identification of all stakeholders / actors in the road infrastructure 

maintenance sector. This was followed by a review of documentation describing 

the road maintenance process.  Key informant interviews using an interview guide 

were conducted with the road engineers, managers and GIS specialists in the 

identified organizations. Furthermore, other knowledgeable personnel involved in 

the road maintenance activities were also interviewed. In summary, a combination 

of expert and snowball sampling techniques were used to identify persons with 

knowledge and demonstrable experience and expertise in GITs. The sampling 

frame comprised of managers in road maintenance categories pinpointed in the 

paragraph above. The sample size was limited to 3 persons per organization and 

the result was that a total of 23 persons were interviewed across all the 

organisations.  In addition to the above methods, participant observations and field 

measures were triangularly employed to ensure complimentarily of findings. 

Finally, an independent mapping of the roads as a check to the existing geo 

databases was done. 

 

From a combination of interviews, document review and other techniques as 

outlined above, gaps in the use of GITs were derived. Later on during the 
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participant observation and field measure phases, these gaps were confirmed and 

this served as a basis for deriving limitations to enhancing their use. To 

understand the nature of the identified gaps and limitations further, it was 

considered necessary to evaluate the organizations and their processes. For this 

purpose therefore, more data pertaining to the following institutional aspects was 

collected; the organizational structure of RIM component, activities undertaken  in 

the maintenance process, actors involved in these activities, the goals and 

regulations that govern the activities, and the documents that are created during 

the maintenance process. The findings are documented in the following sections 

of the paper.  

 

4.  Findings 

 

4.1  Road maintenance Activities and Actors 

 

The Ministry of Works and Transport (MOWT), Uganda National Roads 

Authority (UNRA), consultants and contractors were identified as the key 

stakeholders in Road Infrastructure Maintenance. Local governments and donors 

also play a part in some circumstances. MOWT has the constitutional mandate to 

set policy, regulate, set standards, and provide technical guidance and monitoring 

to the construction industry. Uganda’s road network comprises about 78,000 km 

of road of which 21,000 km are national, 22,500 km are district, 4,500 km are 

urban and 30,000 km community access roads. The Uganda National Roads 

Authority (UNRA) is responsible for development and maintenance of national 

roads. The district and urban authorities are responsible for construction and 

maintenance of the district and urban roads respectively. All districts are staffed 

with engineers, planners and surveyors. In Kampala for example, Kampala City 

Council (KCC), a local government organization, is charged with the 

responsibility of maintaining district roads within the city. Depending on the size 

of road and the scope of works required, KCC normally decides whether or not to 

perform maintenance works using in house equipment and personnel or contract 

based road maintenance. In the latter method, a private contractor is often 

procured and hired to perform the works under direct or indirect supervision by 

KCC. Under indirect supervision, a private consultant company is assigned 

supervisory role on behalf of the client and this normally depends on the project 

size and availability of funds. The community access roads are a responsibility of 

the lower local governments and their maintenance is often community based.  

 

4.2  Gaps in GIT utilization 

 

The gaps and limitations to using GITs in RIM have been based on one guiding 

principle that organizational stand alone GIT usage is costly and time wasting. On 

the basis of this principle, the gaps identified have been grouped in four basic 

categories as discussed in the following section.  

 

(i) GITs are not integrated into the working procedures of any of the involved 

organizations. In order to build up the capacity and infrastructure in GITs, their 

use has to be incorporated in the ongoing practices of the organizations.  The 
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sustainability of GIT usage will be derived from their frequent use for planning, 

reporting and decision making of the routine and periodic maintenance activities. 

However, it is observed that GIT usage is on project basis and convenience. KCC 

for example is tasked with the responsibility of maintaining the roads within 

Kampala, however, the GIS data available with KCC to-date were obtained during 

the capacity building project in 2003. These have not been updated since then. 

Similarly, the use of satellite imagery by consultants is on project basis. All of the 

projects that use imagery have the specifications stipulated in the terms of 

reference and this ends at project level. However, there is an ongoing consultancy 

“Road Inventory Study” whose principal objective is to assist UNRA to establish 

a National Roads Databank and Asset Management System. These are to be used 

as a decision-making support tool for annual and multi-annual maintenance and 

investment work plans and reporting in general. The future sustainability of the 

system is fundamental and the strategy adopted by the consultant during the 

assignment is therefore directed at this objective. As such training of the Client’s 

staff and technology transfer are important, Uganda National Roads Authority 

Terms of Reference (UNRA-TOR, 2007) 

 

(ii) The current institutional arrangements are not inclined to lasting 

partnerships, standardized data and a coordinated GIS infrastructure. 
Considering that the involved organizations in the road maintenance process use 

similar datasets, it is a requirement that these datasets are standardized and that the 

relationship between the organizations is formal. However, as observed from the 

organizational structure of the RIM process, the organizations involved are not 

standalone. For instance, in one project the contractor reports to the consultant 

who also reports to UNRA who then finally reports to the ministry. However, this 

workflow is often organized for a particular project on an adhoc basis. In case the 

same consultant and contractor are to work together on another project, a different 

institutional arrangement may be defined. Once processes and institutional 

arrangements change as a result of changes in project reporting arrangements, the 

data format and standards change. In essence, it has become difficult to archive 

these data in a coordinated GIS infrastructure for RIM.  

 

(iii) Lack of data sharing and collaboration.  The emphasis on technical rather 

than institutional and data-related issues was earmarked by (Martin Ralphs and 

Wyatt, 1998) as one of the common problems that GIS applications encounter. 

Data sharing and collaboration is vital in avoiding duplication of efforts for the 

organizations involved in RIM. There is a number of fundamental datasets used in 

all GIS projects. Most of the data used in the management of such projects is 

shared among utility disciplines. These include water, power, telephone lines, land 

use, etc. However, there is lack of collaboration among the utility companies. 

Majority of the utility companies (NWSC, UEB, UMEME) for example have 

established GIS units through which collaboration would benefit the road sector 

and further the establishment of its GIS unit.((GAO), 2003) Argues that long 

standing challenges to data sharing and integration need to be addressed before the 

benefits of geographic information systems can be fully realized. The problems 

leading to this gap have been identified to include; insufficient knowledge of who 
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owns what data and the status of the data, differences in reference frames, data 

pricing irregularities, copyright and privacy policies, data quality aspects and 

technological issues related to incompatibility of software platforms. However, 

collaboration has been proved to allow for the pooling of resources and better use 

of synergies (Ehrensperger et al., 2007). This in turns leads to motivation among 

the technical staff as tasks become more diversified and interesting.  

 

(iv) There is lack of a common data foundation to address key national and 

local maintenance requirements. Initiatives for establishing a Spatial Data 

Infrastructure (SDI) - a framework for connecting all users of Geographical 

Information (GI) to the producers (or data) through an efficient infrastructure 

(Nebert, 2004) are not forthcoming in Uganda.  In Washington, (Startegic Plan 

Update, 2001), recognizes a similar gap which is stated as the lack of a common 

data foundation to address key statewide and local policy issues. This in turn has 

been found to deprive the organizations of geospatial data. It is widely recognized 

that collecting data multiple times for the same purpose is wasteful and inefficient. 

Geospatial data collected to meet the requirements of district roads for example is 

useful to UNRA in the management of national roads.  This is basically because 

some sections of national roads qualify as district roads. However, the use of these 

data for the two parties is only possible if the data meet a set of basic and 

consistent guidelines and protocols. In turn, this will require the existence of 

policies and standards governing data collection and management.  

 

4.3.  Limitations in GIT usage 

 

Basing on the same principle highlighted above, the limitations to enforcing the 

utilization of GITs in RIM have been categorized into five categories as discussed 

below.  

 

(i) Absence of policy on the standard use of GITs: One of the principal inputs for 

effective road management is well defined objectives such as would be stated in a 

policy framework. Usually, policies provide guidelines of use and set forth the 

principles that govern the use of the set technology. Absence of a policy that 

encourages the use of GITs in RIM and sets forth the standards to be followed is a 

fundamental limitation.  100% of the road contractors for instance argue that they 

have no reason to invest in GIT applications if their use has not been set as 

mandatory.  

 

(ii) Budget Limitations: Besides the costs of equipment and data collection, 

building GIT capacity and infrastructure also require a predefined budget.  Lack 

of durability of GIT based projects is often due to insufficient budgets for the 

involved activities. It has been the tradition that budgets and programs for road 

works in Uganda have been prepared on a historical basis. This implies that each 

year’s budget is based upon the previous year with an adjustment for inflation. It 

is a requirement that budgets be prepared basing on objective needs-based 

approaches to incorporate knowledge of the content, structure and condition of the 

roads being managed. The GIS project in KCC in 2003 is still referred to today for 
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its premature ending with no benefit realization simply due to budgetary 

limitations.  Just like any other technology, GIT usage requires ongoing improved 

capacity to handle the fast growing technology. This too requires a budget for 

training the responsible professionals Even though satellite imagery to-date is 

available at manageable costs, the images face a challenge of being old. The up to 

date imagery is quite costly to be procured by the organizations.  Likewise, the 

initial capital for GIS establishment is quite high even though the operational costs 

are manageable. All the contractors interviewed made it clear that their revenue is 

not worth the investment in these technologies. 

 

(iii) Lack of infrastructure to support use of geographic datasets: Effective use 

of geographic data requires that these data are collected, maintained and updated 

on a regular basis. Decision making for transport maintenance requires access to 

data from multiple sources. To this effect, sister organizations using similar 

datasets should be in a position to share these data when needed. The universally 

accepted frameworks for geographic data management in Uganda are still under 

developed. Data structures, formats, syntax, and terminology, which constitute 

semantic content or quality standards, do not exist. This coincides with (National 

Academy of Science, 2002) and (Kitty Hancock and Fletcher, 2004) that there is 

no universally accepted framework for geographic data management in Africa. 

The acceptable infrastructure requires efficient telecommunication infrastructures. 

At the moment, access to geographic data through the internet is limited and high 

connection cost and low bandwidth restrict data sharing 

 

(iv) Geospatial capacity at individual, organizational and societal levels: The 

professionals that work in the field of road maintenance have diverse 

responsibilities. However, the ministry has a department that is responsible for 

planning, designing, constructing, and maintaining the transportation 

infrastructure. The professionals charged with this task are majorly civil 

engineers, trained in the areas of design and construction. As a result, challenges 

to coordinating how geospatial data are acquired and used are the norm. 

Collecting duplicate data sets, at the local and national levels is a common 

scenario. However, parameters related to the inventory and condition of roads 

requires an input from geographic data. Decisions to repair given roads are 

dependent on them. This then requires that GIT professionals are a necessity in 

this department. However, in this case, these professionals are availed on project 

basis. This usually creates a gap at the close of the project living a lot to be 

desired. 

 

(v) Digital divide: The implementation of GITs and the related data conversion 

across the country is still uneven. The government organizations (MOWT, UNRA 

and KCC – Local Government) unlike private companies (the contractors and 

consultants)’ are ‘richer’, often donor funded. They are fast growing and 

experiencing a rapidly increasing demand for services. They are therefore often 

able to afford the funds to support the development of robust GITs. The consultant 
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and contractor communities change more slowly and generate less revenue. The 

significant upfront costs of staffing and implementing GITs (satellite imagery, 

data conversion, hardware & software, training, etc) have impeded the adoption of 

these more efficient and productive computerized systems in this category of 

stakeholders. This has resulted into the continued use of manual and hardcopy 

methods and materials in most of the spatial applications of these organizations. 

This we refer to as the digital divide between UNRA, the Ministry and the Local 

Government and the contractors and consultants. 

 

7.0  Conclusion 

 

The paper has discussed the gaps in the use and limitations to using GITs for RIM. 

These have so far been found to be both social and technical in nature. The gaps in 

using these technologies include; the lack of an integration of GITs in the 

organizations’ working  procedures, inadequate institutional arrangement that 

should allow for lasting partnerships, absence of standards for data and a 

coordinated GIS infrastructure, absence of data sharing and collaboration and the 

lack of a common data foundation at national and local levels. The limitations to 

enhancing the use of GITs in RIM include; the absence of a policy on standard use 

of GITs, budget constraints, inadequate geospatial capacity at all levels and the 

digital divide between the involved organizations. Apparently, research in the road 

maintenance sector is yet to tackle various ways in which GITs can be used to 

further their performance as decision support tools. A proposal for a rational 

algorithmic incorporation of GITs in RIM in Uganda will be presented at the 2nd 

Advanced Engineering Technologies’ (AET) conference in February 2010 in 

Kampala, Uganda.  
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