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Annex 4. Mapping Accessibility 

Protocol 

Protocol for mapping accessibility to show travel 

time required to transport agricultural commodities 

in the Southwest Region, Cameroon 

1.1 Introduction 
Accessibility is defined as the travel time required to move commodities from one location to 

another using either one, or a combination, of road, water, and air-based transportation1. 

The interest of this assignment was to map the time required to transport a commodity - 

cocoa - from the farmer to the main market, located in the Port of Douala. The importance of 

mapping accessibility derives from the need to understand economic costs that farmers have 

to face while transporting agricultural commodities to market. Farmers located in remote 

areas with bad accessibility will have higher transportation costs, and therefore may struggle 

to compete with farmers that have good accessibility and therefore lower transportation 

costs. Farmers may even be unable to extract their produce economically at all, and therefore 

be greatly disadvantaged in terms of livelihood opportunities. The relative cost of transport 

to the value of the commodity also determines to a large extent which commodities can 

economically be grown where, and delivered profitably to market.  

This information is important for land use and infrastructure planning for the following 

reasons: 

 Accessibility is an important factor that should be used for crop suitability studies; 

 Areas and population that have poor access to market can be mapped and identified, 

which is important when planning interventions for infrastructure development; 

 To identify potential sites for agricultural development based on good accessibility 

and therefore lowering transportation costs; 

                                                 

1
 Nelson A. 2008. Estimated travel time to the nearest city of 50,000 or more people in year 2000. Global 

Environment Monitoring Unit, Joint Research Centre of the European Commission. Ispra-Italy 
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 To identify natural areas such as forest reserves that could be at risk because they are 

easily accessible and potentially in danger for extraction of natural resources; 

 To help predicting the impacts of improving and building new roads on the overall 

economic cost of transportation. 

1.2 Methods 
Two geo-spatial based tools were used to map transport accessibility: 

1. The Path Distance tool; and 

2. The Network analysis tool.  

The Path Distance tool is used to calculate the travel ‘cost’ needed to travel over a raster grid 

that represents a ‘cost’ layer, called a friction surface. The Path Distance tool was applied to 

calculate the walking time needed to reach the nearest road from every location within the 

Southwest region. The Digital Elevation Model (DEM) was used to calculate the terrain slope, 

which was then used as a friction surface for this task, as walking time exclusively depends 

on travel distance and landscape geometry in terms of slope and elevation. A walking speed 

of 3 km/h was calculated for a flat, forest terrain, with walking speed decreasing 

exponentially as a function of the encountered slope, based on the Tobler’s Hiking function 

(Box 1). 

The second tool used was the Network analysis tool, which was applied on the road dataset 

to generate an interconnected layer that connects every mapped road. This layer was used to 

calculate travel time connecting commodity source to destination based on distance and 

transportation speed for each specific road type.  

The combination of these two output layers is a raster layer representing the total travel time 

needed to transport cocoa from any location in the Southwest Region to the Port of Douala. 
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Box 1: Tobler's Hiking Function
2
. 

 

  

                                                 

2
 Tobler Function Documentation: http://www.geodyssey.com/papers/tobler93.html  

𝑊 = 6 × 𝑒−3.5×|𝑆+0.05| 

Tobler’s Hiking function is an exponential function that converts terrain slope (in degrees) 

into a walking speed, which is used to model hiking speed over hilly terrains and therefore 

compute walking time from a source to a destination. The formula is as follows: 

where: 

W = walking speed (in km h
-1

) 

S = slope (in degrees) 

Over a flat terrain (slope = 0), this formula outputs a speed of 5 km h
-1

. 

 

http://www.geodyssey.com/papers/tobler93.html
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1.2.2 Methods to update Road Data on OpenStreetMap 

Database 

Step 1: Digitisation of roads visible on MapBox satellite imagery in Java OSM  

During digitisation, roads are manually categorised as ‘primary, secondary, tertiary, path, 

track...’, to the extent that they are visible on the image (Figure 1). Subsequently, the roads 

are uploaded to the OpenStreetMap (OSM)3 platform along with their attributes as shown in 

Figure 2. 

However, not every road is visible from the MapBox satellite imagery, for example small 

paths and tracks that might not visible from above due to the dense forest canopy cover.  

Figure 1: Step 1: Road digitisation on OSM 

 

 

                                                 

3
 https://www.openstreetmap.org/  

https://www.openstreetmap.org/
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Figure 2: Attributes of digitised roads 

  

 

Step 2: Upload of additional and not visible roads by GPS tracks 

The Java OSM tool can easily open GPS data (.gpx). The roads data collected from the field 

with GPS (by RFUK during participatory mapping) were therefore added in Java OSM (Figure 

3). These tracks must be checked prior to displaying on the OSM platform, in order to make 

sure they properly overlay with the image and other road data. It is also important to ensure 

that roads, tracks and paths are not duplicated in the resulting data set. 

Attributes 
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Figure 3: Additional tracks added from GPS data are visible in green 

 

Step 3: Road categorisation 

The first categorisation is made during the digitisation (‘primary, secondary, tertiary, path, 

track...’). The average speed attribute per transportation type is added in this step. Available 

transportation types are:  

- Foot 

- Motorbike 

- Car 

- Truck 

The average speed of travel for each type of transportation for each type of Highway4 is 

shown in the table below. 

Input dataset layers 

 Road Layer: road dataset with relevant attributes to define road type, average speed, 

driving direction. This layer was based on OSM5 data dated October 2015;  

 DEM: SRTM dataset, 30 metre resolution; 

 Tobler function: that treats slope as a barrier factor to model walking speed (Box 1). 

                                                 

4
 ‘Highway’ is used here in the OSM sense to describe different road types 

(http://wiki.openstreetmap.org/wiki/Key:highway)  

5
 https://www.openstreetmap.org/  

http://wiki.openstreetmap.org/wiki/Key:highway
https://www.openstreetmap.org/
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Table 1: Average speed per road type 

Road Type Transport type 
Speed Average 

(km/h) 

Primary 

Foot 5 

Motorbike 30 

Car 70 

Truck 60 

Secondary 

Foot 5 

Motorbike 25 - 30 

Car 60 

Truck 50 

Tertiary 

Foot 6 

Motorbike 25 

Car 50 – 55 

Truck 40 

Residential 

Foot 5 

Motorbike 30 

Car 30 – 40 

Truck 20 

Path / track 

Foot 4 

Motorbike 20 

Car 10 

Truck 7 

  

1.2.3 Results  

Figure 4 shows the time taken to walk from any place to the nearest road in Nguti. This is 

calculated as the output of the Path Distance Analysis. Note that these estimates will vary as 

the completed road maps become available. 

Figure 5 shows the accessibility map obtained in terms of transportation time needed to 

travel from any location in the Southwest Region to the Port of Douala in the Littoral Region 

of Cameroon.  
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Figure 4: Walking time to nearest Road in Nguti, output of the Path Distance Analysis 

 

Figure 5: Final result: total time to reach the Port of Douala from any location from within 

Cameroon’s Southwest Region 
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Assumptions 

 Model destination: Port of Douala, which is the main market for a commodity such 

as cocoa, no potential intermediary markets were taken into account, with the 

assumption that all of the commodity was directly sold in Douala; 

 Cost is modelled in terms of total time (economic cost will be implemented during 

Phase 3); 

 Average road speed used to generate these results is based on the road speed 

assumptions displayed in Table 2. These will be reviewed based on the speed data 

collected in November 2015 (refer to Next Steps below). Tagging highways with 

realistic ‘Average Speed’ in OSM is known6 to be difficult because average speed can 

change with traffic, season and weather. A practical solution will be sought to 

overcome this challenge. 

Table 2: Average Speed per Road Type 

Highway Type 

(OSM) 
Speed [km/h]  

Track 10  

Pedestrian 4  

Footway 4  

Path 8  

Residential 25  

Motorway 80  

Motorway link 40  

Primary 60  

Primary link 40  

Road 20  

Secondary 50  

Secondary link 40  

Service 20  

Tertiary 30  

Tertiary link 20  

Trunk 60  

Trunk link 40  

Unclassified 30  

 

  

                                                 

6
 See OSM Wiki - http://wiki.openstreetmap.org/wiki/Routing#Average_speed  

http://wiki.openstreetmap.org/wiki/Routing#Average_speed
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1.4 Next Steps  
The following next steps will be undertaken prior to Final Workshop in February 2016: 

1) Download latest version of available road dataset from OSM (January 2016);  

2) Adjust average road speed data (Table 2) by including GPS location points and 

related speeds data collected in the field in November 2015; 

3) Re-run the transport accessibility model to obtain a realistic output layer. 

1.5 Phase 3 - Proposed Activities  
1) Road Layer Protocol - Agree with Cameroonian Ministry of Transportation 

(MINT)7, Cameroon Ministry of Public Works (MINTP)8, Institut National de 

Cartographie9 and other relevant authorities on a protocol to be used when 

updating the existing road data on OSM or adding new roads and paths10. This 

includes relevant tags such as road types11, surface12 and average road speeds13, 

whenever possible. This data should be constantly updated and checked for 

consistency and correctness according to agreed protocols and should be made 

readily available for easy download. 

2) OSM and LoggingRoads integration - Use of LoggingRoads.org14 to make sure 

the road data on OSM is recent and updated. LoggingRoads.org extends the 

potentiality of OSM by adding a ‘year’ tag of each road, to indicate the year that 

the road has appeared on the system.  

3) Road layer preparation - When the final road layer that integrates new roads 

added using www.LoggingRoads.org becomes available on OSM, it will be 

download and prepare it for input into the transport model layer.  

4) Economic transport model - Complete the transport cost analysis to delineate 

an economic model to associate transport of cocoa with a standardised unit, 

namely cost per tonne kilometre (CFA/tonne/km or $/ton/km). Choice of means 

                                                 

7
 http://www.mint.gov.cm/fr/  

8
 http://www.mintp.cm/en/  

9
 http://www.inc-cameroun.cm/  

10
 http://wiki.openstreetmap.org/wiki/Key:highway#Paths  

11
 http://wiki.openstreetmap.org/wiki/Key:highway  

12
 http://wiki.openstreetmap.org/wiki/Key:surface  

13
 OSM Wiki describes many unresolved challenges re how best to capture and store data about average speeds - 

http://wiki.openstreetmap.org/wiki/Routing#Average_speed  

14
 http://loggingroads.org/  

http://www.mint.gov.cm/fr/
http://www.mintp.cm/en/
http://www.inc-cameroun.cm/
http://wiki.openstreetmap.org/wiki/Key:highway#Paths
http://wiki.openstreetmap.org/wiki/Key:highway
http://wiki.openstreetmap.org/wiki/Key:surface
http://loggingroads.org/
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of transport for each section of road greatly influences the cost of transport per 

tonne/km. 

5) Accessibility map - Adapt and improve the final accessibility map to enable it to 

translate travel time into an actual economic cost. Additionally, by using different 

road speeds depending on the state of road during the dry and the rainy seasons, 

two accessibility maps will be generated to accommodate these two realities.  

6) Upload on WRI’s Forest Atlas platform – Apply the economic transport model 

to the final accessibility maps and upload those onto the WRI Platform. 

 

 


