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OVERVIEW 
 

In developing countries, policymakers view spatial equity in the distribution of transport infrastructure as crucial for 
balancing economic opportunities across regions, as well as improving export capacity of domestic industry. Many 
authors attribute poor transportation infrastructure as a key constraint in rural investment and productivity growth 
in these regions (Poulton et al, 2006;  Crawford et al,  2003; Kelly et al, 2003). In many of the agrarian countries in sub 
Saharan Africa , development of basic transport infrastructure is crucial not only for development, but for attaining 
nutritional security. Agricultural productivity in some rural regions remains below the required needs of the popula-
tion, and in other areas, surplus production goes to waste without any means of transportation to markets (Jayne et 
al, 2010).   Thus, improving transport infrastructure is viewed as necessary for improving the flow of goods across 
the country and fostering agricultural productivity growth and economic development.  

Despite the acknowledgement by governments and development researchers of the importance of transport infra-
structure, the sector remains largely undeveloped in many countries. It is generally acknowledged that the public sec-
tor is the largest actor in this field, as the establishment and maintenance of roads, highways, and bridges requires 
large upfront expenditures by government. However, investment of this type entails significant risk.  Governments 
need to know how best to allocate scarce resources on upgrading transport infrastructure in a spatially optimal way, 
so that the highest returns to infrastructure investments are realized, in terms of economic growth and increased on-
farm productivity and profitability. 

The government of Malawi is pursuing an export led agricultural growth strategy, and therefore improving transport 
quality between major urban areas, as well as between rural areas and ports of trade or market centers, is a key pri-
ority (DTIS, 2014). For this reason, being able to assess travel distances, times, and costs for major commerce routes 
is an important first step. Despite this, there exists a lack of basic data relating to the geographic and economic as-
pects of road travel in many of these countries. The purpose of this technical brief is to describe the procedure taken 
for the estimation of transportation costs for use in the development of a spatially disaggregated, market level model 
of the Malawian agricultural sector, which is being done as part of BioSight’s ongoing work on the sustainable intensi-
fication of agriculture in Africa, south of the Sahara.  Modelling exercises such as these require estimation of the mar-
keting margins of agricultural inputs and outputs traded across regions. The transport cost makes up a significant 
component of the marketing margin. High quality data on transport costs is therefore crucial for the parameterization 
and application of market models such as these. This technical brief describes a procedure for estimating transport 
distances, times, and costs between three major urban areas in south, central, and north Malawi. The difficulties 
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around obtaining reliable spatial data and how to use these to develop and assess specific transport routes are dis-
cussed.  

 

METHODS 
 

The distance between two locations could be defined in many ways and measured using different units (e.g. kilome-
ters, hours, dollars). The Euclidean distance is commonly used to measure the distance between two locations. It cal-
culates the straight line distance between to two locations which in theory representing the shortest separation be-
tween them. Although it could measure the spatial proximity in some cases, it often does not reflect the true spatial 
relationship in a real world such as if there are obstacle between two locations. The cost-distance and path-distance 
are introduced and used in this study. The cost distance measure the travel time from one location to another with 
the consideration of road connections, road types and conditions. The path distance as indicated in the name, simu-
lates the media travelled on the road and calculates the actual path distance when media is moving from the starting 
point to the end point. All possible paths that connect the starting and ending locations are assessed. The route with 
the least cost is picked and used as the route in the present study. The least cost path is defined as the path between 
two locations that required the least travel time. The physical length of the path measured in kilometers will be calcu-
lated and used as the path distance. The coverage of roads and road types together with elevation/slope are taken 
into account in the procedure of least path calculation.  

 

2.1 Input data 

2.1.1 Road network 

Road infrastructure data can be acquired from multiple sources including World Bank, Open Street Maps (OSM), 
Google map, and local collaborators. The stamp time of the data and the quality of the data are largely varied. After 
examination of these road infrastructure data, a harmonize process is designed and performed in order to develop a 
road network data in a fairly complete coverage in Malawi. Besides the spatial coverage, the missing attributes and 
descriptions of the road segments are also filled with the assistance of OSM data and the World Bank data. A round of 
visual checks and comparison with Google base map is performed by overlaid with Google Earth base maps in order 
to confirm the quality of the input data. The road attributes include road types, classes, conditions, and pavement 
types. The road attributes can be found in Table 1.  

2.1.2 Slope 

The slope and aspect can affect travel time and path distance and need to be considered in the simulation process in 
the model. Using the equation derived from Van Wagtendonk and Benedict (1980), the travel speed over sloping ter-
rain (v) can be defined as a function of travel speed over flat terrain (v0) and a friction factor (k): 

𝑣𝑣 = 𝑣𝑣0 ⋅ 𝑒𝑒−𝑘𝑘⋅𝑠𝑠 

Where 𝑠𝑠 is the gradient.1 For our analysis, we use friction factor (k) of 4.61. The slope was calculated from SRTM 90 
meter Digital Elevation Model (DEM) using the Slope Analyst tool in ArcGIS desktop. (Figure 1) 

                                                           
1 This formulation is attributed to van Wagtendonk and Benedict (1980). 
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Table 1. The Attributes of the Road Segments (example) 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.3 City locations 

The spatial location of the three cities Blantyre (South), Lilongwe (Central), and Mzuzu (North) are acquired from 
Global Rural Urban Mapping Project (GRUMP).  The raw data are in feature point format and are converted to shape 
files for the next step. The city location are snapped to the closest major road to simplify the off-road estimation in the 
cities.  

2.2 Calculating the travel time and path distance between two city pairs 

The travel time is determined using a cost distance function to measure the travel time in hours between the pair of 
cities. The function identifies the least-cost path between the two cities and calculate the accumulated travel costs 
(measured in time in this case) of movement on the identified path. The distance of the path is then calculated with a 
consideration of the slope and elevation.  

The least cost function is built on a raster based algorithm with a requirement that all input data have to be gridded 
into cells/pixels. All the input data including road data, locations of the cities, and slope data are rasterized into 1km 
pixels and projected into Albers projection which is an equal area projection using kilometers as the unit. The next 
step is to construct the friction surface where each pixel contains the estimated time that required to cross that pixel. 
Depending on the road types and designed travel speed, cost of travel time on individual 1km pixel is calculated and 
assigned to the each of corresponding pixel. The road condition and paved materials are also considered when decid-
ing the costs. The cost to travel from one pixel to the next one is dependent on the spatial orientation and how the 
cells are connected. When moving from one pixel to one of the four neighbor pixels that sharing a side, the cost to 
move across them is calculated as the average of the costs between two pixels. If the movement is diagonal, the cost of 
travel is square root of 2 times the average between the two pixels. Based on this rule, the program will attempt to 
identify the lowest cost cell and add it to an output list. It is an iterative process that begins with the starting city and 

ROAD  
ID 

Road 
Types 

Road Width 
(m) Pavement Condition 

409 Tertiary 5.5 Unpaved Very Poor 
204 Tertiary 5.5 Unpaved Poor 
409 Tertiary 5.5 Unpaved Very Poor 
409 Tertiary 5.5 Unpaved Very Poor 
763 Primary 6 Unpaved Very Poor 
1170 Primary 8 Paved Good 
409 Tertiary 5.5 Unpaved Poor 
409 Tertiary 5.5 Unpaved Poor 
182 Primary 6 Unpaved Very Poor 
192 Primary 6 Unpaved Poor 

409 Second-
ary 5.5 Unpaved Good 

409 Second-
ary 5.5 Unpaved Good 

409 Tertiary 5.5 Unpaved Poor 
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end with the destination city. The accumulated costs for all the possible path that connect the two cities are calculated 
and stored. A comparison of the accumulated costs of all possible path is then performed and the path with the lowest 
cost will be stored as the final output of the program and the corresponding cost will be used to represent the travel 
time cost between the two cities. The distance of the path is then calculated in the path distance function with the 
consideration of vertical factors.  

The program is applied to each pair of the cities, namely, Blantyre and Lilongwe, Blantyre and Mzuzu, and Lilongwe 
and Mzuzu. The physical path distance, travel time, and identified least cost routes between cities are displayed in 
Table 2.   

Lastly, using the nationally representative value of unit hauling freight costs (measured in per ton-km travel cost in 
U.S. dollars) the unit transportation cost of U.S. dollars between two cities are also calculated. Tchale and Keyser 
(2010) use a value of domestic transport cost for Malawi of 18 MWK per ton-km. This takes a value of 0.0252 USD 
using the 2016 exchange rate of 1 MWK/0.0014 USD.  This was calculated for the 2007/2008 period based on esti-
mates from transport experts and private freight operators. Table 4 reports the resulting estimated transport costs 
for our three city pairs in USD this domestic transport cost rate.  

  

Table 2: Travel Times, Road Distances and Transport Costs between Major Urban Centers in Malawi 

 

 

 

 

 

 

 
 

SUMMARY 
 

This technical brief described a method to estimate travel times using a limited spatial dataset for Malawi. The meth-
ods described how to estimate travel distances between three major urban areas in the south, central, and north re-
gions. In developing countries, there exist limited geospatial or transport data. This study calculated travel times and 
distances using data from Open Street Maps and the World Bank, and presents a method for identifying the least dis-
tance route between major urban areas, and estimating their travel times based on road attributes. The estimated 
transport cost was then calculated assuming a fixed hauling rate per ton-km obtained for the study region. The model 
has less requirements for input data and can potentially be expanded for additional travel routes, including between 
rural areas, urban areas, and ports (sea, air, or rail) used to exchange goods with neighboring countries or interna-
tionally.  

City Blantyre Lilongwe Mzuzu 

Blantyre - 
3.8 hours 
296.2 km 
7.46 USD 

7.5 hours 
587.1 km 

14.79 USD 

Lilongwe 
3.8 hours 
296.2 km 
7.46 USD 

- 
4.5 hours 
353.5 km 
8.91 USD 

Mzuzu 
7.5 hours 
587.1 km 
14.79 USD 

4.5 hours 
353.5 km 
8.91 USD 

- 
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Previous work on transportation infrastructure in Malawi suggest that both the public and private sectors influence 
the hauling cost between urban areas and between rural areas and points of trade.  Lall et al (2009) find that differ-
ences in the quality of feeder roads connecting small villages to the main road network have a major bearing on 
freight transport costs. However, market structure in the trucking industry was also found to be an important compo-
nent in transport costs. Using the method outlined in this brief, the influence of road quality and freight hauling rates 
on the transport cost and marketing margins of basic commodities in developing countries can be determined.  

This technical brief was written to aid in the estimation of transport costs for regions in sub Saharan Africa with low 
quality transport infrastructure. The work was done as part of BioSight’s ongoing research on sustainable intensifica-
tion in this region. In addition to model parameterization, the work can help inform policy makers and researchers on 
the influence of road attributes and hauling rates on transport costs and marketing margins between rural and urban 
areas in these regions.  

 

 Figure 1: Topology of Malawi 
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Figure 2: Cities and Roads between Mzuzu, Lilongwe, and Blantyre 
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