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ARTICLE INFO ABSTRACT

Article history:

Urbanization is one of the most important components of global environmental change, yet most of what we
know about urban areas is at the local scale. Remote sensing of urban expansion across large areas provides
information on the spatial and temporal patterns of growth that are essential for understanding differences in
socioeconomic and political factors that spur different forms of development, as well the social, environmental,
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and climatic impacts that result. However, mapping urban expansion globally is challenging: urban areas have
a small footprint compared to other land cover types, their features are small, they are heterogeneous in both
material composition and configuration, and the form and rates of new development are often highly variable
across locations. Here we demonstrate a methodology for monitoring urban land expansion at continental to
global scales using Moderate Resolution Imaging Spectroradiometer (MODIS) data. The new method focuses
on resolving the spectral and temporal ambiguities between urban/non-urban land and stable/changed areas
by: (1) spatially constraining the study extent to known locations of urban land; (2) integrating multi-
temporal data from multiple satellite data sources to classify c. 2010 urban extent; and (3) mapping newly
built areas (2000-2010) within the 2010 urban land extent using a multi-temporal composite change detection
approach based on MODIS 250 m annual maximum enhanced vegetation index (EVI). We test the method in
15 countries in East-Southeast Asia experiencing different rates and manifestations of urban expansion. A
two-tiered accuracy assessment shows that the approach characterizes urban change across a variety of
socioeconomic/political and ecological/climatic conditions with good accuracy (70-91% overall accuracy by
country, 69-89% by biome). The 250 m EVI data not only improve the classification results, but are capable of
distinguishing between change and no-change areas in urban areas. Over 80% of the error in the change detection
can be related to definitional issues or error propagation, rather than algorithm error. As such, these methods
hold great potential for routine monitoring of urban change, as well as for providing a consistent and up-to-
date dataset on urban extent and expansion for a rapidly evolving region.

© 2014 Published by Elsevier Inc.

1. Introduction

The demographic transformation toward an urban world has
pushed urbanization - population growth as well as the expansion of
built-up areas - to the forefront of environmental and development
agendas. The consequences of urbanization are largely contingent on
the size, location, and configuration of development (Weng, 2001;
Zhou et al., 2004), with many environmental impacts exacerbated
when new growth is expansive and/or fragmented in form (Alberti,
2005). A meta-analysis of urban expansion indicates that local- to
regional-scale studies are geographically biased, leaving even many
large cities unstudied (Seto, Fragkias, Giineralp, & Reilly, 2011). Detailed
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maps on regional- to global-scale changes in urban land do not exist.
Previous efforts have been sample-based (Angel et al., 2005;
Schneider & Woodcock, 2008; Taubenbdck, Esch, Felbier, Wiesner, &
Roth, 2012), have focused on one country (Homer, Huang, Yang,
Wylie, & Coan, 2004; Wang et al., 2012), or have drawn conclusions
from datasets with substantial temporal and spatial mismatch or
variability in how cities are defined (Seto, Sanchez-Rodriguez, &
Fragkias, 2010). Routine monitoring of urban expansion across large
areas could therefore provide the spatial information on patterns of
urban growth that are essential for understanding differences in socio-
economic and political factors that spur different forms of development,
as well the social and environmental impacts that result (World Bank,
2014).

Several global maps of c¢. 2000 urban areas have been produced in
the past decade (Bhaduri, Bright, Coleman, & Dobson, 2002; CIESIN,
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Fig. 1. Maps of the East Asia region illustrating (a) the study area extent defined by known locations of urban land, and (b) Olson's biome designation, used to delineate areas of similar
ecoclimatic characteristics for data processing.
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