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Map visualization with
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Sahr et al., 2003.
Birch et al., 2007.
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276,000 sqg. km

Vector Map Level Zero

Potere and Schneider, 2008.
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Global Landcover 2000

Potere and Schneider, 2008.
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MODIS 500m urban

Potere and Schneider, 2008.



727,000 sg. km

MODIS 1km urban

Potere and Schneider, 2008.



3,524,000 sg. km

Global Rural Urban Mapping
Project (GRUMP)

Potere and Schneider, 2008.
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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?



. Unprotected (121) Unclassified (3.8)
Sustainable  (5.5)

World Database of _
Protected Areas 2007 . Strict (7.6)
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Modeling urban expansion

e Simple, both conceptually and
computationally

« Embraces a wide range of demographic
and economic futures

e Global Iin scope, medium spatial
resolution, decadal time-steps
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Cumulative protected area ‘losses’

2000-2100, three storylines
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Cumulative protected area ‘losses’
2000-2100, three storylines
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Urban area 2000-2100,
B2 storyline (moderate)
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Urban area 2000-2100,
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Protected area losses, B2 (mod.)
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Main Findings

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

e 20,000+ sg. 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.

e 50,000+ additional sg. 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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GDP versus urban density (n=120)
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Assessment Results

Omissions  Shape Size
VMAPO 3 2 3
GLCOO 3 2 2
HYDE 2 2 2
IMPSA 1 1 2
MOD500 1 1 1
MOD1K 2 2 2
GRUMP 2 2 3
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Map Agreement Statistics Overall map
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Map agreement distributions (n=120)
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Map agreement distributions (n=120)
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Cartogram
of total urban area,
by world-region

relative fraction of urban land within each continent

relative size of total urban area
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Methods

Primarily image-based Combination Map-based
MOD500 MOD1K GLOBC GLCo0 IMPSA LSCAN HYDE3 GRUMP VMAPO
Imagery
High Res. Various®
Medium Res. Landsat Landsat Landsat | Landsat” GeoCover®
MODIS MODIS MERIS SPOTA4-
Coarse Res. | soom. 01 1km,'01  300m.'05 VGT 2001
Night Lights 1996-97 1994-95 | 2000-01° 1994-95
Census & Maps
Census Us ® UNT UN'T
Maps / Charts X X X X X X
City Gazetters X X X
Road Vectors X X
Global Maps
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Methods for six Global Urban Maps

Population Primarily Image-Based Combination Map-Based
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Tme— Map Descriptions & Legends
The Worla Bank and the U. of Connecticut p p g
{UConn) praducan maps of 120 eiles using
irca-2000 Landsat Imagery and unsupervised
classification techniques. Here, the 28.5 meter-
resolution maps of Urban and non-urban areas i i i i "
are aggregaled 1o 30 arc-second plrels The maps are in a geographic projection, . at 30" arc-second
[ApPProx. one &q. km at e equatar) and shaded resolul_]on (approx. 1 sq. km at the eqt_.lator}, onented north-up, and
accoraing to ihe percent of urban Iang within co-registered to eachother. The graticules within the maps (grid
each [ieL. lines) are spaced at 0.25 degrees (15 arc-minues). Although the
Percent Urban Land . true distance of their horizontal spacing vares by latitude, their
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collections of maps and navigational charts year of observations from the MODIS satelite Metherlands Environmental Assessment
from the 1250s through the late 1950s at instrumant (2001}, nighilime lighis Imagery Agency at 2.5 arc-minute resclutlon using a
1:1,000,000 scale. VMAPD was also the Dasis (199€-87)_ and varows maps and chars. Tha COMBNEoN of CaNsUS Data (UN), VMARD,
for the Digiized Chart of the Warld. Hers, BU t2am used medium resalutian Landsat 3LC-2000, and Lanoscan.
urtan polygons are rasterized, and displayed at maps of varkous ciies to calibrate their model.
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{2000}, righttime Bghts Imagery (1994-95), and {1994-35), census data, maps and charts, ciy callorated nightime lights data (2000-01) and
VMARD. gazetlesrs, and Vestor map level zan. Lannscan 2005 The NEDC used US
Impervious surface mags. fram e National
Land Cover Database to calibrate their
regression.
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produced from circa-1930 and circa-2000 Nalional Geophysical Data Center using a full Informasion Sclence Team at Cak Ridge
Landsat Imagery by a large group of analysts. year of data from the Defense Meteorological Mational Lab {DOE) wsing a combination af high
using unsUDEniEad CiassNcation tchniques. Satellite Frogram Cperational Line Scanner. and mesum 125, IMagery. GesCover LC, cenls
Because of gaps In e Landsat archive ang Digital number (DN} values from 0-62 Inglicate data (US), maps and chars, city gazestesrs,
cloud cower, GeoCover LC ks not a global how frequently the cloud-ree obesernvations road vectors, WMAPR, and MCDIS LC.
dataset. Only 72 of the 120 cRies have circa- showed evigence of stable human-produced 8
2000 GeoCover LT CoVErags. Ignts. TNese maps dispiay uncallbrated Human Po . a
. ) pulation
nignttime Nights Gata from 2001 (715 s2nsar). {per 30° arc-seceond cell) 2
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U.Conn. Landsat

The Worla Bank and the U. of Connecticut
[UConn) producad mape af 120 cities using
clre3-2000 Landsat Imagery and unsupervised
classification techniques. Here, the 28.5 meter-
resolution maps of Urban and non-urban areas
are aggregated o 30° arc-second pleels
[approx. one £q. &M 3 e equator) and shaded
accorging to the percent of urban lang within
=ach pleel.

co-registered to eachother.

Map Descriptions & Legends
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Inter-map correlations across all 15 map pairs
by region, five resolutions






City-scale comparisons
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City Name

(Population 2000, x1000) Regional Omission Rates

VMAFO
GLCOO0
HYDE3
IMPSA
MODS500
MOD1K
GRUMP

Zhengshou, China (2.070) 0 East Asia (56%) (9/16)
Yulin, China (1,558) <h 0
Leshan, China (1,373) <5
Yiyang, China (1,343) 0 <h
Ulan Bator, Mongolia (738) <bH
Changzhi, China (594) 0
Anging, China (566) 0
Chinju, Korea (287) 0
Chonan, Korea (114) <5
Baku, Azerbaijan (1,936) =5 W. Asia (63%) (5/8)
Sanaa, Yemen (1,653) =h
Yerevan, Armenia (1,407) 0
Malata, Turkey (437) 0
Zugdidi, Georgia (105) <5
Gorgan, lran (189) 0 SC Asia (6%) (1/16)
Cebu, Philippines (719) <5 SE Asia (8%) (1/12)
Vallendupar, Columbia (274) 0 Latin Am. (19%) (3/16)
llheus, Brazil (162) ()]
Jequie, Brazil (130) 0 <5
Banjul, Gambia (3599) <5 S5 Africa (17%) (2/12)
Kigali, Rwanda (351) =5 0
Fort Sudan, Sudan (384) <h 0 =5 | N. Africa (25%) (2/8)
Tebessa, Algerna (163) <h
Fukuoka, Japan (1,341) <5 ODC + Europe (3%) (1/32)
Total Omissions| 8 18 1 0 0 1 2
Omission Rate (120 cities) T% 15% 1% 0% 0% 1% 2%

VMAFO
GLCO0
HYDE3
IMPSA
MODS500
MOD1K
GRUMP
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Why do
protected
areas matter?

How do urban
and protected
areas interact?

* Prevent large, permanent biodiversity losses
* Provide ecosystem services
* Improve human health and well-being

» Direct urban incursions on protected areas

» Alterations in local-to-regional ecosystems
(climate, biodiversity, pollution, etc.)



Why do
protected
areas matter?

How do urban
and protected
areas interact?

Why is urban
expansion a
concern?

* Prevent large, permanent biodiversity losses
* Provide ecosystem services
* Improve human health and well-being

» Direct urban incursions on protected areas

» Alterations in local-to-regional ecosystems
(climate, biodiversity, pollution, etc.)

= Two billion new urbanites through 2030
= Most expansion in developing countries
* Declining urban densities
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