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Source: 
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poster, 
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Map visualization with 
Discrete Global Grids

Sahr et al., 2003.
Birch et al., 2007.
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MODIS 1km urban

727,000 sq. km
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Global Rural Urban Mapping 
Project (GRUMP)

3,524,000 sq. km
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Urban expansion and conservation

1) How do urban settlements impact 
protected areas at global and 
regional scales?

2) How will this relationship change as 
cities expand throughout the 
century?



World Database of 
Protected Areas 2007 Strict                (7.6) 

Unprotected  (121)      
Sustainable      (5.5)
Unclassified     (3.8)
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Modeling urban expansion

• Simple, both conceptually and 
computationally

• Embraces a wide range of demographic 
and economic futures

• Global in scope, medium spatial 
resolution, decadal time-steps
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Main Findings

• MODIS 500m is the most appropriate map for 
conservation applications.

• 20,000+ sq. km of inholdings or incursions in protected 
areas globally as of 2000, mostly in Europe.

• Urban area may triple by 2100 to nearly 2 million sq km, 
with the bulk of that increase in Africa & Asia.

• 50,000+ additional sq. km of urban land may encroach 
on protected areas through 2100, most in Africa & Asia.
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Future Directions

Map fusion vs. map selection
Assess the urban inholdings and incursions 
Improve the urban expansion model

Model urban density with GDP
Improve spatial allocation algorithm
Assess model output using Landsat maps
Allow protected areas to ‘resist’ incursion
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Landsat Google

Error Vector (simulated)Madrid, Spain



Landsat Google

Error Vector (simulated)Warsaw, Poland



Mean geodetic error is 29.4 
meters (N = 436); accurate 
enough to validate Landsat. 

There are no significant 
differences in the regional 

distribution of errors.
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Omissions Shape Size

VMAP0 3 2 3

GLC00 3 2 2

HYDE 2 2 2

IMPSA 1 1 2

MOD500 1 1 1

MOD1K 2 2 2

GRUMP 2 2 3

Assessment Results
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n = a + b + c + d Validation Data
Presence Absence

Review Data Presence a b

Absence c d

Map Agreement Statistics

Sensitivity
(1-Omission)

Specificity
(1-Commission)

Overall map 
accuracy (OMA)

or, sensitivity + specificity - 1
True Skill Statistic

Normalized Mutual 
Information

Cohen’s Kappa

Contingency Table



Map agreement distributions (n=120)
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Methods for six Global Urban Maps
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Inter-map correlations across all 15 map pairs
by region, five resolutions





City-scale comparisons
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