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The majority of roads in developing countries especially in sub-Saharan Africa remain unpaved. To optimise their
social impact, rural roads need to be complemented with convenient and affordable transport services that allow
residents to reach markets and basic services. Motorcycle taxis or boda bodas, have risen to be the most dominant
transport service in the rural areas of Uganda. Careful management of the vehicle operating costs (VOCs) is therefore
important to sustain this service in the rural areas. This study estimates the changes in VOCs for motorcycle taxis
with changes in the unpaved road condition. A 1·8% rise in operating costs is found when a road condition
deteriorates from very good to good; and a 7·7% increase when road condition deteriorates from good to fair
or poor.

1. Introduction
Transport provision in rural Uganda has focused on the pro-
vision of roads, mostly gravel and earth roads, with the aim of
enabling access to markets, and other social services. The tra-
ditional assumption governing the development of rural roads
is that investment on roads will spontaneously lead to the pro-
vision of transport services by the private sector as passenger
and freight operators benefit from lowered vehicle operating
costs (VOCs) and travel time savings. Most road development
projects in Uganda consider the benefits accrued from road
improvements in terms of the reduced transport costs to road
users, specifically savings on VOCs. This saving on VOC is
assumed to trickle down to the wider economy through
reduced travel times and transport fares. Various models have
been developed to aid decision making with regard to road
improvements. These models such as the roads economic
decision (RED), highways design and maintenance standards
(HDM III and HDM IV) relate a particular road condition
with its associated VOCs. Higher VOC due to sustained
deterioration of the road surface would imply that it is more
expensive to move people and goods around thus reducing the
amount of useful interaction between people and places further
apart (Abrantes, 2015). For rural sub-Saharan Africa, where
population density is usually low, reduced interaction between
people and places would exacerbate the exclusion from social
and civil activities, which in turn would lead to deeper poverty.

1.1 Background and significance
From the 1990s, motorcycle taxis – or boda bodas – have risen
to be the most dominant transport service in rural areas in
Uganda. Reducing the VOCs of boda bodas, therefore, is
important in sustaining this business in the rural areas and
optimise their social impact through the safe transportation of
people and goods to health centres, schools and markets. This
study estimates the changes in VOCs of boda bodas on selected
roads in Eastern Uganda from 2016 to 2018, with the aim of
comparing these estimates with the actual operating costs
incurred.

This has two-fold significance: first, articulating the impact of
delayed maintenance on the provision of and sustainability of
transport services in rural areas; second, articulating the need
for calibration of the evaluation models used to local con-
ditions and particular road types in order to obtain a more
accurate picture of the benefits that could accrue from road
improvement or maintenance works.

1.2 Problem statement
There has been an expansion of boda bodas in rural areas in
Uganda and together with the expansion of mobile phone ser-
vices, the availability of boda boda services in remote areas
give people the ability to summon transport when they need it.
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It is assumed that maintenance funding for unpaved gravel
roads in rural areas aims to strike a balance between the cost
of grading, re-gravelling or spot improvements and the benefits
to be gained from reduced road user costs. However, due to
low maintenance funding, many of the gravel roads in rural
areas are not adequately maintained to a fair-to-good con-
dition annually, leading to deterioration to poor or very poor
states. Even though models such as RED can estimate the
VOC for motorcycles at different road conditions, Ellis and
Hine (1998) note that most VOC data used to derive the
model relationships is been collected from established oper-
ators who keep good records that are inevitably located in the
major cities and who use the main network of primary and
secondary roads. They further note that far less is known
about the true operating costs of operators travelling on the
minor rural road network. No studies have been conducted to
determine the actual operating costs for boda bodas and how
these actual costs change with changing road conditions on
unpaved gravel roads in rural Uganda.

2. Rural transport services provision
in sub-Saharan Africa

Rural roads and transport are essential for supporting the
development of agriculture, the key economic activity in rural
sub-Saharan Africa. An adequate and connected rural trans-
port network needs to be complemented with several other fea-
tures to successfully provide access for all. Convenient and
affordable transport services that allow rural residents to reach
markets and basic services are also essential (SuM4All, 2017).
Despite financial support from donors to improve rural road
infrastructure, transport services in rural sub-Saharan Africa
are still poor, inadequate and for most of the rural population,
expensive. Ellis and Hine (1998) note that despite some road
access, the rural poor in Africa still suffer from high transport
costs and poor service availability with the subsequent impact
that this has on all features of economic and social well-being.
Porter (2013) also asserts that the lack of affordable rural
transport has knock on effects on accessing schools, clinics,
hospitals, markets and other social services. The poor service
availability of transport services in rural areas in sub-Saharan
Africa is in part due to the low population density of the rural
areas coupled with low incomes. This severely reduces the
effective demand for services because passenger and goods
transport fares are considerably in excess of what most rural
people can afford (Ellis and Hine, 1998). The different com-
ponents of this high road user cost include VOCs, travel time
delay, safety, comfort and convenience, and environmental
impacts (Chatti et al., 2012). This study focuses on the VOCs
of motorcycles. VOCs are the costs associated with owning,
operating and maintaining a vehicle and include fuel consump-
tion, oil and lubrication, tyre wear, repair and maintenance,
depreciation and license and insurance.

The state of the road network affects the VOCs. The majority
of roads in sub-Saharan Africa are poorly maintained and
approximately 53% remain unpaved (AfDB, 2014). VOCs can
be calculated for different types of vehicles. The typical modes
of transport used in rural contexts are minibuses, buses,
pickups, small and medium trucks, saloon cars (or sedans),
four-wheel drive vehicles, motorcycles, bicycles, donkeys,
animal carts, tractors and power tillers with trailers (Hine
et al., 2015). In the last 20 years, there has been a huge growth
of motorcycle taxis (boda bodas) in rural areas in sub-Saharan
Africa. The rise of boda bodas in rural areas today has been
fuelled by the availability of cheap motorcycles imported from
China (Porter, 2013). For the roads in the study area in
Eastern Uganda, for example, motorcycles make up about
85% of the traffic as shown in Table 1.

Boda bodas provide transport services between peoples’ homes
and the minibus, bus and truck stops where people and freight
loads are consolidated, typically up to 6 km (Hine et al.,
2015). In the study area, the boda bodas also transport people
or goods to neighbouring villages, a distance ranging from
15 to 30 km. In some cases, and during the rainy season, boda
bodas are the only form of public transport available. Despite
having the lowest VOCs of the motorised modes of transport
mentioned previously, riders still face high operating costs.
Therefore, in spite of the boda bodas dominance in rural trans-
port services in terms of availability, they are also the most
expensive means of transport per passenger or vehicle kilo-
metre; transport fares on boda bodas are more than double
that of the scarce public minibuses.

Research by Bishop et al. (2018) on the use of motorcycles
and three wheelers for rural transport conducted in select vil-
lages in the central and eastern regions of Uganda note that
after subtracting all expenses related to operating the motocyle
taxi, the average rider’s profit for a week was approximately
US$8·10. When higher VOCs are incurred, either the rider
earns less or passes this cost on to the passengers, who them-
selves have very low income. Nevertheless, they are the most
available means of transport for people in rural areas. Starkey
(2016) asserts that despite the high fares, rural people value
motorcycle taxis extremely highly, due to their great avail-
ability, dependability and timeliness as they provide reliable,
on-demand, point-to-point services. This, he says is also true
for pregnant women, older persons and vulnerable people.

It is therefore necessary to research into ways to reduce the
operating costs for boda bodas. This is under the assumption
that this will reduce transport fares, making their services more
accessible to the poorer rural population and therefore improve
their access to further markets, health and education services.
With the reduced operating costs and increased demand, other
motorcycle-based three-wheelers can be adopted to carry more
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produce and they would be more accessible to the elderly, dis-
abled and expectant mothers.

While this paper’s focus is on the relationship between road
condition and VOC of boda bodas on select unpaved roads in
Eastern Uganda, it is necessary to note that improving the
condition of rural roads is only one of the ways to reduce boda
boda VOCs. This can be complemented by, for example, subsi-
dising spare parts or tyres for boda boda riders in rural areas.
The effectiveness of any subsidy programme is dependent on
fair and effective regulation of the business.

3. Methodology
This study investigates the changes in VOC of boda bodas in
rural eastern Uganda with changes in the road condition. The
study further compares the VOC estimated using RED with
actual operating costs obtained from interviews with riders.

3.1 Scope
The study focuses on boda boda riders in three villages in
Eastern Uganda: Namwendwa; Bulopa and Nakabugu. These
are three of the ten villages assessed for socio-economic data
for the UKAid funded project: economic growth for effective
road asset management (GEM), through the research for com-
munity access program (ReCAP). The villages were chosen due
to the high number of boda bodas stationed there compared
with the other villages in the ReCAP study.

3.2 Road condition data
Road condition data were collected for five road links passing
through the three villages. All these links are gravel roads.
Road condition was assessed as per ReCAP project guidelines

where by 5 km road sections are assessed on gravel loss, usable
width, carriageway and side drain erosion, potholes, corruga-
tions, rutting and impassability. The severity and extent is
rated on a scale of 1–5 as noted in Table 2. The assessed
values of the severity and extent of various defects for each
road section are input into a schedule to compute the func-
tional index of the road. An average of the functional indices
of each 5 km section of a road gives the road’s functional
index. For this project, the functional index is used as a
measure of surface roughness and ride quality of the unpaved
road. Table 3 shows the rating of the road condition in relation
to the International Roughness Index (IRI) for the ReCAP
GEM project. Condition data for these roads collected as part
of the ReCAP project exists for 2016, 2017 and 2018.

3.3 Using RED model
The RED model was developed to improve the decision-
making process for the development and maintenance of low-
volume rural roads with traffic volumes between around 50
and 300 vehicles/d. The RED software is composed of a series
of Excel workbooks including two that calculate the VOCs.
This study will use the HDM-4 VOCs module which defines
the relationship between motorised and non-motorised vehicles
operating costs and speeds to road roughness, for a particular
country (Archondo-Callao, 2004). RED is suited to low
volume unpaved roads as it is customised to the characteristics
of unpaved roads such as the high uncertainty of the assess-
ment of traffic, road condition and the difficulty in determin-
ing the past and/or future grading frequency of the road.

This study will use RED to estimate the monthly VOCs of
boda bodas for fair-to-good road condition, for the condition

Table 1. Summary of traffic data for study roads in eastern Uganda in 2017

Name Link_ID Link name
Length:

km
Surface
type

Total motorised
traffic (including
motorcycles)

Total motorised
traffic (excluding
motorcycles)

Total
non-motorised

traffic

C780 C780_Link01 Iganga-Kitayungwa 50·041 Unpaved 1288 171 405
C780 C780_Link02 Kitayungwa-Kamuli 7·185 Unpaved 1288 171 405
C785 C785_Link01 Buwenge-Nakabugu 23·051 Unpaved 1288 171 405
C785 C785_Link02 Nakabugu-Kaliro 24·376 Unpaved 2032 115 463
C786 C786_Link01 Kaliro - Kamuli 45·284 Unpaved 1288 171 405

Source: Uganda National Roads Authority, Network Planning Department

Table 2. Defects rating criteria

1 2 3 4 5

Severity Slight Slight to warning Warning Warning to severe Severe
Extent (% of length) <5 5–10 10–25 25–50 >50

Adapted from: Schedule for Road Functionality Indices, AfCAP
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of the road as per the assessments of 2016, 2017 and 2018.
Using the responses from interviews with 14 boda boda riders,
the actual monthly VOCs will be calculated and compared
with the estimations.

4. Results and discussion

4.1 Overview of transport services by boda bodas
in selected villages

Responses on the boda boda business in Bulopa, Nakabugu
and Namwendwa were obtained from 14 riders with varying
years of experience, ranging from three to 23 years. Riders
reported that a litre of fuel was only sufficient for a journey of
approximately 30 km. On the selected roads (Table 1), boda
boda riders’ travel to other villages ranges from 11 to 42 km
away, carrying two passengers per journey as it is most cost
effective for them. They also occasionally carry small loads,
approximately 100 kg.

The socio-economic survey of the ReCAP GEM project col-
lected data related to the time taken to travel to a district
centre (DC) as well as the number of trips available to the DC.
This information was mined for the three villages to compute
estimations of the daily kilometers travelled and the daily
hours ridden, as shown in Table 4.

4.2 Road condition of study roads
The study roads have gradually deteriorated with time as
shown in Figure 1. In 2015, term maintenance contacts were
entered into for these roads for a period of 3 years. These con-
tracts ended by the end of 2017. This explains why the state of
all the roads under this study was in good-to-very-good

condition in 2016 and 2017. This has deteriorated to poor-to-
fair condition in 2018.

The roads are also located in a swampy area which means that
certain sections easily flood during the rainy seasons leading
to further deterioration as potholes and other defects are made
deeper and wider. In addition to this, this area of Eastern
Uganda is known for sugarcane cultivation. Large trucks
usually traverse the roads collecting harvested sugarcane from
the growers. During the rains, heavily loaded trucks usually
leave deep gulleys at weaker sections of the roads. When that
section floods, a boda boda rider cannot risk riding through
since he would not be able to predict which part of the road
under water is a deep gully or a pothole. In such circumstances,
the rider either carries his motorcycle across, or pays others to
do so. Even as the floodwaters recede from that section, it is
left very slippery such that the rider is forced to move very
slowly and brake very frequently. This usually leads to the use
of more fuel and the faster wearing of brake pads.

4.3 VOCs of boda bodas on the study roads
VOCs are calculated using the RED HDM-4 VOC schedule
used by the Uganda National Roads Authority (UNRA)
Network Planning Department. Table 5 shows the basic input
data used to compute the VOC.

The following variables in Table 5 are based on averages of
responses from the 14 boda boda riders interviewed: new
vehicle cost, fuel cost, lubricant cost, new tyre cost and service
life. The kilometres and hours driven per year are based on the
daily kilometres and hours ridden as mentioned in Section 4.1.
It is estimated the riders would work at least 5 d a week for 52
weeks in the year, thus a 260 workday year. The rest of the
variables are left as used by the UNRA Network Planning
department. The VOC computed based on this basic input
data is shown in Table 6.

4.3.1 Comparison of VOC in 2016, 2017 and 2018
Based on Table 3 in Section 3.2, the highest VOC for a
particular range of IRI is used to calculate the VOC on the
study roads. An annual VOC, based on the kilometres driven

Table 3. Qualitative rating against IRI

IRI Functional index % Qualitative rating

<5 >85 Very good
6–11 70–85 Good
11–15 50–70 Fair
15–19 30–50 Poor
19–25 <30 Very poor

Source: Workman et al. (2016)

Table 4. Average daily kilometers and hours travelled by boda boda

Nakabugu Namwendwa Bulopa

DC Kamuli Kamuli Kamuli
Distance to DC 26 15 24
Time to DC: min 50 30 40
Average daily number of trips to DC 5 8 5
Average daily kilometres travelled 260 240 240
Average hours ridden per day 8·3 8 6·7
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per year in Table 5, is calculated in order to compare the
actual costs reported by the boda boda riders interviewed.

Table 7 shows, as expected that the VOCs for the boda bodas
is estimated to have increased as the road deteriorated. There is
a 1·8% increase in VOCs from 2016 to 2017 ranges from nil to
$64 a year. From 2017 to 2018, the change in VOC ranges
from $64 to $448 a year, with an average of $281·6. This is a
7·7% increase in VOCs. With some studies reporting the earn-
ings of boda boda riders as $8·10 a week (Bishop et al., 2018),
these estimates in the increase in VOC would have a very sig-
nificant impact on the sustainability of this business. From
2016 to 2017, as the road condition deteriorated from very
good to good, the rider would have incurred costs equivalent

to 8 weeks’ worth of earnings. From 2017 to 2018, when the
road condition deteriorated from good to fair/poor, the rider
would have incurred costs equivalent to just under 34 weeks’
from the boda boda business. Some riders interviewed noted

Iganga-Kityungwa Kityungwa-Kamuli Buwenge-Nakabugu Nakabugu-Kaliro Kaliro-Kamuli
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Figure 1. Functional condition of study roads for 3 years. A full-colour version of this figure can be found on the ICE Virtual Library
(www.icevirtuallibrary.com)

Table 5. Basic input data to calculate VOC in RED

Motorcycle

Economic unit costs
New vehicle cost ($/vehicle) 1184
Fuel cost ($/litre for MT, $/MJ for NMT) 1·18
Lubricant cost ($/litre) 3·83
New tyre cost ($/tyre) 24·34
Maintenance labour cost ($/h) 1
Crew cost ($/h) 0
Interest rate: % 12

Utilisation and loading
Kilometres driven per year: km 64 000
Hours driven per year: h 1993
Service life (years) 4
Per cent of time for private use: % 10
Gross vehicle weight: t 0·2

Table 6. VOC computation for motorcycles in eastern Uganda

Code
(label) Name (label)

Motorcycle
($/veh-km)

BY-02 Terrain B/Type Y – Roughness 02 0·051
BY-03 Terrain B/Type Y – Roughness 03 0·052
BY-04 Terrain B/Type Y – Roughness 04 0·054
BY-05 Terrain B/Type Y – Roughness 05 0·056
BY-06 Terrain B/Type Y – Roughness 06 0·057
BY-07 Terrain B/Type Y – Roughness 07 0·057
BY-08 Terrain B/Type Y – Roughness 08 0·057
BY-09 Terrain B/Type Y – Roughness 09 0·056
BY-10 Terrain B/Type Y – Roughness 10 0·056
BY-11 Terrain B/Type Y – Roughness 11 0·055
BY-12 Terrain B/Type Y – Roughness 12 0·056
BY-13 Terrain B/Type Y – Roughness 13 0·056
BY-14 Terrain B/Type Y – Roughness 14 0·057
BY-15 Terrain B/Type Y – Roughness 15 0·058
BY-16 Terrain B/Type Y – Roughness 16 0·059
BY-17 Terrain B/Type Y – Roughness 17 0·061
BY-18 Terrain B/Type Y – Roughness 18 0·062
BY-19 Terrain B/Type Y – Roughness 19 0·064
BY-20 Terrain B/Type Y – Roughness 20 0·066
BY-21 Terrain B/Type Y – Roughness 21 0·067
BY-22 Terrain B/Type Y – Roughness 22 0·069
BY-23 Terrain B/Type Y – Roughness 23 0·071
BY-24 Terrain B/Type Y – Roughness 24 0·073
BY-25 Terrain B/Type Y – Roughness 25 0·074

Terrain B, rolling; Type Y, gravel
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that their colleagues had left the business for farming or
moved to larger towns such as Jinja due to the increasing cost
of the boda boda business.

4.3.2 Actual annual costs of running a boda boda in
Eastern Uganda in 2018

Table 8 is based on data from interviews with 14 boda boda
riders. About half of the riders interviewed noted that
they bought their motorcycles brand new at approximately
$1184·21, while the other half bought second-hand motor-
cycles at $657·89. Most of the riders with new motorcycles
noted that they prefer to sell off their motorcycle after one
year and buy another one. This they said ensures that they
keep their maintenance costs low. Riders with second-hand
motorcycles tended to ride the same vehicle for up to 2 years
before buying another one.

The actual cost per year from Table 8 is $32·99 higher than the
average estimate from RED in Table 7. The same values for all
the economic units except ‘service and other repairs’ were used
as the basic input data for the RED model. Any other costs
incurred are based on how the rider uses his motorcycle that
may have an effect on fuel efficiency and the wearing of other
parts such as the brake calipers and wheel bearings.
Parameters related to these effects are catered for in the RED
model through the calibration data. The difference in the
actual VOC obtained from Table 8 and that obtained from
RED in Table 7, therefore underscores the need to calibrate
the model to the different classes of the unpaved network,

rather than basing on data that is usually obtained from estab-
lished operators in bigger towns and cities.

5. Conclusion
This study set out to estimate the changes in VOCs for boda
bodas with changes in the road condition; and to compare
these estimates with actual costs incurred. The condition of
gravel roads is known to undergo very quick deterioration in
the absence of any maintenance works. This was evidenced by
the steep deterioration of the study roads from 2017 to 2018
when the term maintenance contacts had ceased. The study
clearly shows that changes in the road condition of gravel
roads affects the VOC of boda bodas operating in Eastern
Uganda. The increase in VOCs is even starker with deterio-
ration from good to fair or poor, as was the case from 2017 to
2018. This highlights the need for continuous maintenance of
the gravel roads through grading, spot improvements and other
routine maintenance.

Furthermore, the difference between the actual costs incurred
by boda boda riders in 2018 and the estimate from RED
underscores the need to calibrate models used to local con-
ditions for different areas even in the same country.

Although this study focused on the relationship between road
condition and VOC for motorcycle taxis (boda bodas), it is
necessary to reiterate that road improvement needs to be com-
plemented with effective regulation of the business as well as
other subsidy programmes in order to improve boda bodas as

Table 7. VOCs for boda bodas on study roads

Road link name

Annual VOCs

2016 2017 2018

($/veh-km) Annual ($) ($/veh-km) Annual ($) ($/veh-km) Annual ($)

Iganga-Kitayungwa 0·057 3648 0·058 3712 0·064 4096
Kitayungwa-Kamuli 0·057 3648 0·057 3648 0·058 3712
Buwenge-Nakabugu 0·056 3584 0·057 3648 0·064 4096
Nakabugu-Kaliro 0·056 3584 0·057 3648 0·058 3712
Kaliro - Kamuli 0·057 3648 0·057 3648 0·064 4096
Average Annual VOC 3622·40 3660·8 3942·40

Table 8. Actual VOC for boda bodas in Eastern Uganda

Economic unit Cost: USD Frequency Cost per year: USD

New motorcycle 1184·21 4 year life span 592·11a

Fuel 1·18 Every 30 km 2526·31
Lubricant 3·82 Weekly 198·42
Tires 48·68 Every 8 weeks 316·45
Service and other repairs 6·58 Weekly 342·11
Total 3975·39

aBased on double declining balance depreciation
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an essential provider of transport services in the rural areas of
sub-Saharan Africa.

6. Research paper relevance
With motorcycle taxis (boda bodas) making up over 85% of
traffic in many rural areas in Uganda and providing crucial
transport services to local residents, findings from this study
underscore the need for central and local governments to provide
supportive frameworks that would ensure the sustainability,
affordability and safety of the boda boda business. In addition,
models used by the national or district road agencies to aid
investment decisions such as the RED, need to be calibrated to
local conditions in order to reflect a more accurate relationship
between the road condition and its impact on VOCs.
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