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Background – Africa Urbanization 
Trends

Mitigating implications of rapid unplanned 
growth

https://ealloraparto.it/etiopia-la-vita-spezzata-di-una-ragazza-di-k
oshekoshe/

https://theconversation.com/ethiopias-future-is-tied-to-water-a-vital-yet-threaten
ed-resource-in-a-changing-climate-121844

23% of sub-Saharan Africa’s urban 
population living in slums or informal 
settlements as of 2018 https://unstats.un.org/sdgs/report/2019/goal-11/



Background – Multi-Tier Urban 
Mapping

Characterizing urbanization/LCLUC patterns AND heterogenous urban landscapes!



Background – SDG Monitoring
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Background – Project Goals

Overarching goals: 
• Create multi-tier spatial products to better 

characterize spatial heterogeneity of urban 
landscapes in three rapidly developing 
African countries

• Identify hotspots of urbanization-driven 
LCLUC and better dissect within city 
functional land uses and change patterns

• Contribute to the comprehension of SDG 
Indicator 11.3.1 (and others) and build on 
methods to improve its role within large 
extent urbanization monitoring efforts.

Angel et al. 2016



30m resolution 
land use maps

(2016-2020)

Africa Urbanization Patterns & Hotspots



30m resolution 
land use maps

(2016-2020)

Africa Urbanization Patterns & Hotspots
Tool#1: Landsat/Sentinel time series 
viewer

Tool#2: Google Earth 
Pro

Tool#3: TimeSync 
Plus

Tier-1 Land Cover / Land Use classes Tier-2 Land cover classes

Land Cover (over pixel per year):
- Barren
- Grass/herb
- Impervious
- Shrub
- Tree
- Water

Land Use (over pixel neighborhood per 3-year epoch):
- Agriculture
- Bare
- Developed
- Forest
- Rangeland

- Grassland
- Shrubland
- Woodland

- Wetland
- Water

Land Cover (over pixel per year):
- Barren
- Impervious_Building
- Impervious_Pavement
- Short vegetation
- Tall vegetation
- Wetland
- Water

Reference data generation



30m resolution 
land use maps

(2016-2020)

Africa Urbanization Patterns & Hotspots
Tool#1: Landsat/Sentinel time series 
viewer

Tool#2: Google Earth 
Pro

Tool#3: TimeSync 
Plus

Tier-1 Land Cover / Land Use classes Tier-2 Land cover classes

Land Cover (over pixel per year):
- Barren
- Grass/herb
- Impervious
- Shrub
- Tree
- Water

Land Use (over pixel neighborhood per 3-year epoch):
- Agriculture
- Bare
- Developed
- Forest
- Rangeland

- Grassland
- Shrubland
- Woodland

- Wetland
- Water

Land Cover (over pixel per year):
- Barren
- Impervious_Building
- Impervious_Pavement
- Short vegetation
- Tall vegetation
- Wetland
- Water

Reference data generation



30m resolution 
land use maps

(2016-2020)

Predictor Sets
Landsat 8
Sentinel 1
VIIRS Nightlight
Topography
Bioclimatic

Africa Urbanization Patterns & Hotspots



30m resolution 
land use maps

(2016-2020)

Predictor Sets
Landsat 8
Sentinel 1
VIIRS Nightlight
Topography
Bioclimatic

Africa Urbanization Patterns & Hotspots

• Random Forest Classifier 
• Extracted features (total of 113): 

▪ Min/mean/max of 
Landsat/Sentinel1/Sentinel2 bands and 
derived spectral indices over year

▪ Zonal statistics for median of yearly data
▪ 8 GLCM Texture metrics with 2 or 4 window 

sizes

• Features finalized through iterative process 
after clustering on their correlation

Calculate features 
correlation

Cluster features 
and create 

dendrogram

Extract a set of 
random features as 

cluster 
representatives at a 

given threshold

Train the Random 
Forest classifier and 

Calculate test 
accuracy 

Pick the best X 
models

Finalize model by 
visual inspection 

of generated maps

R
erun selection / 

change thresholdMap accuracy 
assessment



Nigeria, 
2019

South Africa, 
2019

Ethiopia, 
2019

Map accuracy assessment for Ethiopia model (other countries 
comparable):

30m resolution 
land use maps

(2016-2020)

Predictor Sets
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Djikstra et al. 2018

Angel et al. 2016
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Land Consumption Rate = 
0.15
Pop Growth Rate = 0.024
SDG 11.3.1 Ratio = 6.3
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Africa Urbanization Patterns & Hotspots

• Examined metrics by population size classes to identify urban 
agglomerations with the highest SDG 11.3.1 values in each class

• Evaluated different patterns between size classes as well as 
across the different countries

• Investigated impacts of spatial resolution on urbanization 
metrics when using our approach. 
▪ overall increase in the mean 11.3.1 value for small cities 

when using coarser resolution land use data 
▪ decrease in the mean values for larger cities when using 

coarser resolution land use data



Urban 
Delineations & 

Change

Identify Hotspots 
of Urbanization

30m resolution 
land use maps

(2016-2020)

Africa Urbanization Patterns & Hotspots

• Pair our findings with ground data to aid in the allocation of 
planning and development efforts

Name LCRPGR LCR PGR

Bahir Dar 7.33 0.197 0.027

Mekelle 3.63 0.196 0.054

Adama 3.46 0.161 0.047

Jijiga 3.07 0.113 0.037

Debre Markos 2.86 0.199 0.070

Debre Berhan 2.62 0.141 0.054

Hawassa 2.32 0.099 0.043

Jimma 2.24 0.127 0.057

Dilla 2.12 0.152 0.072

LCRPGR is the ratio of Land Consumption Rate to 
Population Growth Rate, LCR is Land 
Consumption Rate , PGR is Population Growth 
Rate, and DA is Developed Area
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Thank You Project 
Team!

QUESTIONS?

jody.vogeler@colostate.edu
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