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CM4FP 
GEOGRAPHIC 
ACCESSIBILITY 
ESTIMATES 

INTRODUCTION
This document outlines the approach taken to 
calculate the distance/time measures of geographic 
accessibility in the CM4FP project. To protect the 
anonymity of household survey respondents, 
while maximising the future analytical potential of 
its geographic data, CM4FP is providing relational 
distance and time metrics between households and 
family planning (FP) outlets in the study, in place of 
(displaced or transposed) GPS coordinates. 

Geographical accessibility deals with the spatial 
impedance between demand and supply, or the 
availability of certain services to a specific population 
group. It can be measured through distance and/or 
travel time between the location where demand is 
triggered (e.g., a household) and a service supply site 
(e.g., a FP outlet). The suitability of a geographical 
accessibility metric is based on the research question 
and the available spatial and attribute data.

Distance and travel time can be measured either to 
the nearest outlet or the utilized outlet if that attribute 
information is available. In addition, distance can be 
characterized by a Euclidean measure or along the 
least-cost path. 

• Euclidean distance is the straight-line distance 
representing the shortest distance, or the “as the 
crow flies” distance, between a household and an 
outlet without factoring elevation, road network, 
travel barriers and other variables that affect travel 
to an outlet. It is computationally inexpensive 
but assumes care seekers travel in a straight  
line between their household and service  
provision sites. 

• The least-cost path considers factors that affect 
travel and travel barriers, and permits modelling 
of both distance and travel time along that path.



2

Table 1 outlines the travel distance and time that were computed for CM4FP data  
in addition to the reported travel time collected during the survey.

TABLE 1. MODELS THAT WERE USED ON DIFFERENT LAYERS OF DATA IN THE CM4FP STUDY 

EUCLIDEAN 
MODEL

WALKING 
MODEL

BIKING 
MODEL

MOTORIZED 
MODEL

COMBINED 
MODEL REPORTED

Metric Distance Distance and travel time Time

Matched data1 with a transport 
mode and originating from 

home*
x x x x x x

All women** x x

*Proximity measures computed for matched households to all FP outlets including the nearest outlet per site. 
**Proximity measures computed for each household to all the FP outlets including the nearest outlet per site. 

1 Matched data refers to data from current FP users who identified the outlet from where their most recent FP method was obtained,  
   allowing a direct link between the outlet and household records in the dataset

Straight-line distance (Eq. 1) between each household 
and its nearest FP outlet was computed using the “Near 
function” of the Proximity toolbox in ArcMap version 
10.5 (ESRI Inc., Redlands, CA, USA) (https://www.esri.
com/en-us/arcgis/products/arcgis-desktop). In the 
same setup, the point distance function was used to 
compute Euclidean distance from each household 
to all the FP outlets. The computations were in a 
projected coordinate system  per study site

d (k,t)=     (k1-t1)
2 + (k2-t2)
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EQUATION 1. COMPUTING EUCLIDEAN DISTANCE

{k1, k2} and {t1, t2} are the coordinates of points [t] and [k], respectively 
while d (k, t) is the distance between these two points.

LEAST COST PATH  
DISTANCE AND TRAVEL TIME 
Both distance and travel time between households 
and the FP outlets, including the nearest facility and 
all other outlets were computed using the least-cost 
path algorithm accounting for factors that affect 
travel, travel barriers, mode of transport and travel 
speeds. The least cost path is the route between 
household and FP outlets that costs the least (in terms 
of travel time) for women seeking family planning 
services. The algorithm was based on the AccessMod 
software  implementation. AccessMod is a World 

Health Organization free and open-source standalone 
tool that models physical accessibility to existing 
health services, measures referral times and distances 
between health facilities, and identifies where planners 
might place new health facilities to achieve service 
coverage objectives. The data and model parameters 
used within AccessMod are detailed below.

1. DATA 

a. Geographic locations of FP outlets and residential 
households 

All the geographic locations of  FP outlets and 
residential households were mapped using Global 
Positioning System (GPS) enabled handheld devices. 
Locations were not recorded and distances were not 
calculated for community health workers (CHWs), 
and distance to matched outlet will be N/A (for 2 
cases in Kenya and 2 cases Nigeria) for any woman 
matching to a CHW in rounds 1 or 2. After mapping, all 
the GPS coordinates were validated by ensuring that 
the recorded GPS accuracy was acceptable and that 
points were acceptably consistent between readings, 
as applicable (such as outlet location between rounds 
or households within the same or adjacent apartment 
blocks). Invalid coordinates were substituted from 
among other available coordinates in the data where 
possible or were excluded from distance calculations. 
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b. Road network

Most women travel from their households to seek 
care along a road network as opposed to straight 
lines due to travel barriers, therefore a spatial layer 
of road network was assembled based on existing 
data sources ,  and updated them via high-resolution 
satellite imagery based on Google Earth.  The road 
network was classified based on OpenStreetMap 
(OSM) hierarchy per country.

c. Land use/cover

In areas with no road network and/or spaces between 
the road network, a 2020 land use/cover map derived 
from Sentinel-2 imagery  at 10-meter spatial resolution 
was used. The imagery comprised of 10 classes; water 
(water predominantly present throughout the year), 
trees (significant clustering of tall dense vegetation), 
grass (open areas covered in homogenous grasses), 
flooded vegetation (areas of any type of vegetation 
with obvious intermixing of water throughout most 
of the year), crops (human planted cereals, grasses, 
and crops not at tree height), shrubs (small clusters 
of plants or single plants dispersed on a landscape 
that shows exposed soil or rock), built areas (human 
made structures), bare ground (areas of rock or soil 
with very sparse to no vegetation for the entire year), 
snow/ice and clouds. 

d. Digital elevation model (DEM)

Slope impedes walking and bicycling speeds.  30 
meters spatial resolution tiles of the Shuttle Radar 
Topography Mission (STRM) DEM were used  across 
the different study sites.

2.  MODEL PARAMETRIZATION  

To model realistic travel time and distance, data is 
needed on mode of transport, associated speed and 
which outlet was utilized. Studies rarely collect such 
health-seeking behavior data, however individual data 
on the mode of transport and the location at which 
the journey was initiated and/or terminated were 
available from the CM4FP survey for a subset of 
cases (Table 1). The data collected included walking, 
bicycle, motorcycle, or vehicular transport modes 
with the journey starting from home or place of work 
to a specific FP outlet.  Four types of models were 
implemented:

1. Walking model - to account for women walking 
to a FP outlet. 

2. Bicycling model - to account for women travelling 
via bicycles to a FP outlet.

3. Motorized model - to account for those who either 
used a motorcycle or car, both public and private, 
to FP outlets.

4. Models i to iii were applied to matched data only 
where a mode of transport was specified by the 
respondent and the respondent reported starting 
her journey from home. To account for all women 
irrespective whether matched or not and mode of 
transport, a combined model was implemented 
(Table 2). The combined model allocated 
motorized speeds on higher class roads and lower  
bicycling and walking speeds on lower class roads 
and land use/cover
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W=6 exp[-3.5 |S+0.05|]

EQUATION 2. TOBLER’S HIKING FUNCTION

W is the adjusted speed and S is the slope of the terrain  
derived from the DEM

3. MODEL IMPLEMENTATION TO  
THE NEAREST FP OUTLET PER SITE

Least cost path travel time and distance were modelled 
using the AccessMod alpha version 5.7.8. First, the 
road network and land were spatially overlaid and 
merged to obtain a single raster dataset using the 
“merge land cover” module. Travel speeds based on a 
review of similar studies (Table 2) were then assigned 
to each road class and land cover type on the merged 
surface. Water bodies were regarded as a barrier 
except in the presence of a bridge (road intersecting 
a water body). The walking speeds were adjusted 
using Tobler’s  hiking function, an exponential function 
that describes how walking speeds vary with slope 
(Eq. 2). The bicycling speeds were adjusted based on 
bicycling power correction ,  that assumes increased 
speed due to a negative slope does not exceed twice 
the speed on flat surfaces. The “accessibility module” 
of AccessMod was then used to invoke the least cost 
path algorithm and compute accumulated travel time 
from each household to its nearest outlet per study 
site at 10 meters spatial resolution. 

TABLE 2. SPEEDS (KM/HR) ADOPTED IN THE COMPUTATION  
OF THE DISTANCES AND TRAVEL TIME ALONG THE LEAST COST PATH 

ROAD AND LAND COVER WALKING BICYCLING VEHICLE COMBINED MODEL

Tree Cover 3.5 7 5 3.5 Walking

Shrub Cover 4 8 10 4 Walking

Grassland 3.5 7 10 3.5 Walking

Cropland 4.5 9 5 4.5 Walking

Built Up Areas 5 11 20 5 Bicycling

Open Water and regularly 
flooded areas 0 0 0 0 Barrier

Primary road 5 11 70 70 Motorized

Secondary road 5 11 50 50 Motorized

County road 5 11 45 45 Motorized

4. MODEL IMPLEMENTATION FROM EACH 
HOUSEHOLD TO ALL FP OUTLETS PER SITE  

Travel time and distance from all the households to 
all the outlets were computed via the “referral analysis 
module” of AccessMod. The module facilitates the 
computation of travel times and distances along 
the least-cost path between a set of starting and 
destination locations. The starting locations were 
all households while the destination locations were 
all outlets per study site. The algorithm computes 
these spatial metrics between each pair of starting 
and destination locations through a double loop. 
One loop runs through all the starting locations while 
the second run through the destination locations.  
Specifically, the first household was selected, and 
travel time/distance computed along the least path 
from this household to all outlets based on previous 
defined speeds and merged landcover. The process 
was repeated until all households had been accounted 
for and their distances/times to all outlets computed.  
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5. CAVEATS AND ASSUMPTIONS

Several caveats should be noted when interpreting 
these proximity measures.

a. In the computation of the travel times and 
distances, we did not account for weather patterns 
and variations. Severe weather conditions such as 
flooding may impact accessibility to FP outlets, 
especially on non-tarmacked roads. 

b. We did not account for variations in speeds due 
to traffic jams, time of the day or other temporary 
factors. Therefore, these estimates represent an 
optimistic scenario where there are minimal traffic 
jams. However, sensitivity analyses focusing on 
walking mode which is unlikely to be affected by 
traffic was not statistically different with those who 
used motorized transport. Further, a majority of 
CM4FP’s linked FP users reported walking as their 
mode of transport and did not report any adverse 
event that affected their travel when accessing a 
FP outlet.

c. The speeds that we used in the models were 
derived from similar studies, however, individuals 
are unique and might walk, drive, cycle distinctively 
and therefore not be comparable with others.

d. The travel times and distance computed represents 
a one-way journey from a household to a FP outlet. 
To get the complete journey, the estimates should 
be doubled and adjusted for any waiting time at 
the FP outlet.

e. Handheld GPS receivers are subject to small, 
expected errors during field observations, such as 
those due to the satellite array or random errors 
over which the surveyor has no control. Likewise, 
GPS readings used for distance calculations 
include an inherent level of subjectivity (a reading 
may have been taken outside an outlet, towards 
the front or back of an outlet, etc.). As such all 
distance estimates have been rounded off to the 
nearest ten meters to avoid presenting a potentially 
misleading level of precision. 


