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Name of the dataset GRID3 NGA - Travel Time Friction Surface v1.0  

Name of the file GRID3_NGA_mix_travel_time_friction_surface_v1_0.tif 
GRID3_NGA_walk_travel_time_friction_surface_v1_0.tif 

Date of data release October 7, 2025 

File format Tiff 

Dataset version v1.0 

Abstract This document outlines the methodology and data sources used to produce the GRID3 
NGA - Travel Time Friction Surface v1.0 dataset.   
 
This operational dataset has not been fully validated by government officials or ministries.  

Dataset citation  Center for Integrated Earth System Information (CIESIN), Columbia University. 2025. 
GRID3 NGA - Travel Time Friction Surface v1.0. New York: Columbia University. 
https://doi.org/10.7916/tw5k-ys98. Accessed <DAY MONTH YEAR>. 

Terms of use Users are free to download, store, access, use, copy, adapt, transform, alter, arrange, build 
upon, distribute and transmit this work and any derivative works. Attribution of the source 
must be provided, and further distribution of this work or derived work must maintain the 
same terms of data use and license as set forth in this Terms of Use. 
 
Copyright 2024. The Trustees of Columbia University in the City of New York. 

Data license The data and accompanying document are licensed under a Creative Commons 
Attribution-ShareAlike 4.0 International, CC BY-SA 4.0 
(https://creativecommons.org/licenses/by-sa/4.0) and specified in legal code 
(https://creativecommons.org/licenses/by-sa/4.0/legalcode). 

Contacts and data 
queries 

The authors of this dataset appreciate feedback regarding the data, including 
suggestions, discovery of errors, difficulties in using the data, and format preferences. For 
dataset-related questions, please send an email to:  info@ciesin.columbia.edu 

 
 
 
 
 

1 



I.​ Input Data 
 
Multiple input data were used to create the GRID3 NGA - Travel Time Friction Surface v1.0, see table 1 
below. 
 
Table 1. Data inputs 
 

Name Data type/ 
format 

Release year Input data year 

Copernicus GLO-30 Digital Elevation Model (DEM) 
at 30 m resolution1 

raster 2019 2010-2015 

Annual mean river flow from Global HydroRIVERS 
Network2 

vector 2023 n.d. 

Land use/ land cover (LULC) from ESRI’s Living 
Atlas, using Sentinel-2 data, at 10 m resolution 

raster 2024 2024 
 

Rivers and water bodies from OpenStreetMap 
(OSM), downloaded in May 2025. 

vector 2025 varies 

GRID3 NGA - Roads v1.0  vector 2025 varies 

Travel time data table derived from the GRID3 NGA 
Roads v1.0 (see table 2) 

tabular 2025 varies 

 

II.​ Methodology 
 
The aim of this work is to generate two friction surfaces for modeling physical accessibility: one 
incorporating walking speed only, and another combining walking and motorized travel speeds. Motorized 
speeds are applied exclusively on roads that are present and passable by vehicles; in all other areas, 
walking speeds are used.  

 

Data Preprocessing 

All preprocessing steps were conducted in raster space at 30 m spatial resolution using the UTM Zone 
32N projected coordinate system. Vector inputs (e.g. roads, rivers) were rasterized to 30 m resolution. 
Raster inputs were resampled to 30 m where necessary.  

2 Data output licensed under MIT Open Source license https://opensource.org/license/MIT 

1 produced using Copernicus WorldDEM-30 © DLR e.V. 2010-2014 and © Airbus Defence and Space GmbH 
2014-2018 provided under COPERNICUS by the European Union and ESA; all rights reserved 

2 

https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://figshare.com/articles/dataset/Global_HydroRIVERS_River_Network_MAF_zip/22694146/2
https://figshare.com/articles/dataset/Global_HydroRIVERS_River_Network_MAF_zip/22694146/2
https://livingatlas.arcgis.com/landcoverexplorer/#mapCenter=31.20320%2C29.94069%2C11&mode=step&timeExtent=2017%2C2024&year=2024
https://livingatlas.arcgis.com/landcoverexplorer/#mapCenter=31.20320%2C29.94069%2C11&mode=step&timeExtent=2017%2C2024&year=2024
https://download.geofabrik.de/africa/nigeria.html
https://data.grid3.org/datasets/GRID3::grid3-nga-roads/about
https://opensource.org/license/MIT


Additional remarks in terms of data preprocessing include: 

●​ Slope values were derived from Copernicus GLO-30 DEM. Slope values were used to adjust for 
walking travel time. 

●​ Pixels classified as water in the land use/land cover (LULC) dataset were immediately treated as 
natural barriers. However, since these water-class pixels were sometimes spatially disjointed or 
incomplete, additional water features were incorporated from OSM. OSM waterway segments 
were spatially joined with segments from the Global HydroRIVERS River Network within a 
200-meter tolerance. Annual mean flow values from HydroRIVERS were assigned to the matched 
OSM segments, and only those with a flow greater than 30 m³/s were retained. These high-flow 
river segments were then classified as natural barriers by assigning a very high cost in the friction 
surface to represent inaccessibility. 

 

Travel time friction surface generation 

Land cover, road network, and natural barrier rasters were stacked into a single layer. Each pixel was 
assigned a baseline travel speed based on land cover or road type using a predefined travel speed table 
(see Table 2). For walking-only travel, speeds were adjusted for slope and elevation using Tobler’s hiking 
function.3 Natural barriers were assigned very high costs to reflect inaccessibility (i.e. 0.0001 kph). 

 
Table 2. Travel time based on feature class and type 
 

Feature class Feature type Walk speed(kph) Motorized vehicle 
speed(kph) 

Estimated speed  
method 

Road Motorway 4.5 80 GPS 

Road Trunk 4.5 80 GPS 

Road Primary 4.5 70 GPS 

Road Secondary 4.5 60 GPS 

Road Tertiary 4.5 50 GPS 

Road Unclassified 4.5 40 literature review 

Road Living street 4.5 20 literature review 

Road Residential 4.5 20 literature review 

Road Track 4.5 10 literature review 

3 Tobler, W. (1993). Three Presentations on Geographical Analysis and Modeling: Non-Isotropic Geographic Modeling; 
Speculations on the Geometry of Geography; and Global Spatial Analysis. NCGIA Technical Report 93-1, National Center 
for Geographic Information and Analysis, University of California, Santa Barbara. 
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Feature class Feature type Walk speed(kph) Motorized vehicle 
speed(kph) 

Estimated speed  
method 

Road Service 4.5 10 literature review 

Road Footway 4.5 - literature review 

Road Path 4.5 - literature review 

Road Pedestrian 4.5 - literature review 

Road Steps 4 - literature review 

Road Unknown 4 - literature review 

Land cover Rivers/waterways 0.0001 - literature review 

Land cover Water bodies 0.0001 - literature review 

Land cover Trees 3 - literature review 

Land cover Grass 4.5 - literature review 

Land cover Flooded 
vegetables 

2 - literature review 

Land cover Crops 2.5 - literature review 

Land cover Shrubs 3.6 - literature review 

Land cover Built areas 4.5 - literature review 

Land cover Bare ground 3 - literature review 

Land cover Snow/ices 1.6 - literature review 

Land cover Clouds 3 - literature review 

Land cover Rangeland 3.6 - literature review 

 

Data Processing Outputs 

Two friction surfaces were created based on travel modality: 

●​ Walking friction surface: Applies walking speeds across the entire surface, adjusted for slope 
and elevation. 

●​ Mixed-mode friction surface : Applies motorized speeds on roads and walking speeds in all other 
areas. 
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The unit of measurement in both surfaces is minutes per meter, representing the time required to 
traverse each cell. 

III.​ Dataset Description 
  
The  GRID3 NGA - Travel Time Friction Surface v1.0 dataset is a spatial data layer in tiff format. The 
datasets contain 2 layers:  
 

●​ GRID3_NGA_walk_travel_time_friction_surface_v1_0.tif  
●​ GRID3_NGA_mix_travel_time_friction_surface_v1_0.tif 

 
The resolution is 30 m. The unit of measurement in both surfaces is minutes per meter. The metadata file 
is included in xml format.  

IV.​ Known Data Limitations and Disclaimer  
 
CIESIN, Columbia University follow procedures designed to ensure that data disseminated by the project 
are of reasonable quality. If, despite these procedures, users encounter apparent errors or misstatements 
in the data, they should contact CIESIN, info@ciesin.columbia.edu. 
 
CIESIN, Columbia University and their sponsors do not guarantee the accuracy, reliability, or completeness 
of any data provided. We provide these data without warranty of any kind whatsoever, either expressed or 
implied, and shall not be liable for incidental, consequential, or special damages arising out of the use of 
any data provided. 
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