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Motivation

AThe world population is increasingly becoming urban
projected at 70% by 2050

AUrban land transformation is permanent

ABuilt environment alters surface fluxes of heat, water, and
carbon with effects on climate, weather, water, carbon and
energy cycles

AGlobally, urbanization still poorly characterized, with little
Information on:

Arates of expansion of built environment
Ahorizontal expansion versus increase in density

Aeffect of urbanization on biophysical properties (changes in
Impervious versus vegetation fractions)



Goal: 1o develop a scalable, physicallpsed methodology for
characterization of urban expansion using Landsaérvations from 1990
to present over North America, with the potential of adapting the
methodology globally
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Objectives

ADevelop an urban land cover change detection S
approach that will be adaptable to, and informed gy ¥t 4 1
the high spectral heterogeneity of urban areas (g i :
across different geographic, environmental and o
sociceconomic regions; -y

changes brought on by urbanization by
distinguishing between the builp and vegetation
fractions components of urban areas, and the effs:#
of these fractions on albedo;

Aldentify hotspots of urban growth to understand QU|ckb|rd .
where the most rapid land cover changes are taking
place and what land covers are being replaced.



Linear Spectral Mixture Models

The integrated radiance of a spectrally heterogeneous surface can be described as a

linear combination of spectral endmember radiances. (7,8, 1, 2)

R(}) = fiEi(A) + f2E2()) + £3E3())

Spectral endmembers can be inferred from the apexes of a spectral mixing space defined by the
Principal Components of a multispectral image (5, 8, 3, 4).

If the number of spectral endmembers (E) is less than the number of spectral bands (\,...\ ),
the model is overdetermined and the endmember fractions (f) for each pixel can be estimated
by inverting a linear mixture model to minimize the misfit € between model & data. (1, 8,6, 3, 4)
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The Landsat ETM+ Global Mixing Space

* 30 Environments 3D Visible/IR mixing space

Ice  End View Vegetation

Vegetation Side View

* 27,000 square kilometers
* 30,000,000 spectra

* 3 dimensions contain
>98% spectral variance.
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Urban Spectral Diversity and Heterogeneity

Urban ETM+

Global ETM+ Urban Cores

End View

The composite urban mixing
space strongly resembles the
composite global mixing space:

Same endmembers & topology

Strongly linear mixing of dark
surface (shadow) with vegetation _ ;
and high albedo substrates _ Side View

Heterogeneous internal structure

10x10 km urban cores almost as
diverse as full mixing space -
But different cities occupy
different regions w/in space.

Top View

Most spectrally pure pixels at the
periphery of the space are
associated with urban periphery
and surrouding land covers.

Small (2008)






