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Foreword to the Special Issue on
Urban Remote Sensing by Satellite

T HE MAJORITY of the world’s population lives in cities
or major urban areas. Densely populated urban areas are

ones in which the quality of human life and the state of the nat-
ural and physical environment are inextricably linked. While
city developments are often well-planned at the microscale (in-
dividual buildings and precincts), urban developments at the
macroscale are not, frequently resulting from creeping outward
growth (sprawl) and successive phases of randomized in-filling
of green spaces. In order to optimize the health and quality of life
of the population that lives in cities, there is a significant need
for new strategic planning policies that take account of both
local and regional land-use, as well as of short- and long-term
trends in urban development and environmental change. The
monitoring of the macroscale long-term changes to urban en-
vironments has been a difficult problem due to the lack of ap-
propriate tools and technologies. Now we have the possibility to
use space technology to understand and control the urban envi-
ronment. However, the analysis and interpretation of urban re-
mote sensed data, its integration with ancillary new technologies
(such as temporal geographical information systems, precision
navigation, mobile mapping technologies), and its exploitation
by strategic planning agencies are still poorly developed.

As a matter of fact, satellite remote sensing has so far not been
used extensively for analyzing and monitoring cities. There are
a number of reasons for this, such as the following:

• wide variability in the spectral characteristics of built sur-
faces;

• inadequate spatial resolution of satellite sensor systems;
• lack of adequate tools to integrate remote sensing data of

highly differing characteristics;
• complexity of the three-dimensional (3-D) structure of the

urban landscape and “builtscape”;
• inadequate techniques to understand patterns of land-use

and to analyze structural features in remotely sensed im-
agery.

However, there have been a number of recent important tech-
nological and methodological developments, which can over-
come these problems to a large extent. These recent develop-
ments are the main reason for this special issue, which includes
12 papers organized in three groups.

One of the key developments has been the operational deploy-
ment of very high resolution optical/infrared imaging sensors.
However, while very high resolution (VHR) imagery has much
potential in the urban context, analysis of imagery can no longer
rely on the traditional multispectral classification approach that

Digital Object Identifier 10.1109/TGRS.2003.816572

has been commonly used with lower resolution imagery over
rural areas in the past. Most types of urban land-cover in VHR
imagery are distinguishable on the basis of structure and mor-
phology requiring new analytical techniques. The first group of
papers of this special issue addresses these problems.

In particular, in the paper by Heroldet al., the spectral
resolutionrequirements foraccuratelymappingurbanland-cover
are examined. Airborne Visible Infrared Imaging Spectrometer
(AVIRIS) data were collected over a test area in the vicinity of
Santa Barbara, CA. Comparisons were made of the accuracy of
classifications of the urban land-cover using the four broadband
IKONOS channels convolved from the AVIRIS data, five narrow
bands in the same spectral region, and the four broadband
IKONOS channels plus two additional shortwave infrared
(SWIR) bands. The results clearly demonstrate the value of
narrowband information and SWIR information in accurately
discriminating urban land-cover types, and also highlight the
restrictions of current satellite sensor systems for urban land-
cover mapping. Similarly, the paper by Shackleford and Davis
examines the use of combined spectral and spatial information
derived from high-resolution IKONOS multispectral and pan-
sharpened imagery to classify urban and suburban land-cover.
Texture measures were investigated as a means to separate
spectrally similar classes. For situations in which texture
measures proved inadequate, a “length–width” spatial context
measure was developed, and a hierarchical fuzzy classification
approach was used. It initially determines membership values
in separate pairs of urban land-cover classes using the spectral
data plus an entropy texture measure and the length–width
spatial contextual measure. The results indicate the superiority
of the hierarchical fuzzy classification approach compared to the
maximum-likelihood classifier and illustrate the importance of
spatial information in urban class discrimination. The paper by
Sugumaranet al.focuses instead on the issue of monitoring and
preserving sensitive forests within urban areas. They use both a
maximum-likelihood classifier and a rule-based classifier, based
on the classification and regression tree (CART) algorithm,
to classify urban forest areas in 4-m resolution multispectral
IKONOS imagery and in 25-cm and 1-m resolution airborne
imagery of Columbia, MO. They use the very high resolution
images for the identification of eight different species of
oak trees in the urban area. Their results demonstrate the
utility of such imagery to separate urban tree species, but
also indicate that the choice of seasonality and illumination
condition of data acquisition is critical in optimizing the results.
Finally, the paper by Benediktssonet al.examines the use of
morphological features to provide urban area characterization
in IKONOS panchromatic data at 1-m spatial resolution. It
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shows that the use of these features, together with feature
reduction, provides an efficient way to improve classification
maps using very fine spatial resolution sensors.

A further useful development of satellite sensors with respect
to urban analysis has been the availability of remotely sensed
data from the radar part of the spectrum, also at high resolution.
This is the main topic of the second group of papers in this
special issue, and we have six papers relating to it.

In particular, the paper by Dekker examines the possibility to
discriminate among different urban environments in synthetic
aperture radar (SAR) images by means of texture measures.
The work compares texture measures and provides hints about
the most useful ones. As a result, the author states that texture
helps improving the results, but the accuracy values are still
not useful for map updating purposes in urban conglomerates.
The paper by Lombardoet al.focuses instead on multifrequency
polarimetric data segmentation in urban areas, and investigates
the efficiency of a new technique, based on a split–merge test,
that shows superior performance with respect to the polarimetric
test. The methodology is assessed by analyzing SIR-C data and
extracting different urban blocks. From a different pint of view,
the paper by Quartulli and Datcu examines a framework based
on a probabilistic description of the scene for interferometric
SAR (InSAR) data analysis in urban areas. The methodology
is applied to data at different spatial scales, from 25 m of the
Shuttle Radar Topography Mission to 2.5 m of an airborne SAR
sensor. The work shows a way to improve the understanding
of very complex InSAR scenes of urban or semiurban areas by
facing the problem in a hierarchical way. Finally, the paper by
Luckman and Grey focuses on the availability of height infor-
mation from SAR multibaseline coherence values. The authors
show that it is possible, at least to some extent, to exploit the
relationship between the coherence values (even for very long
baselines) and the height mean value. By this way it is pos-
sible to characterize the 3-D urban structure by inverting spatial
decorrelation measures from satellite sensors.

To understand in advance the possibility offered by these data,
we may need an efficient urban SAR simulator. The paper by
Franceschettiet al. introduces such a tool. The paper discusses
backscattering effects in an urban scene. It addresses in detail
the backscattering of a model set of dielectric buildings placed
over a random rough nonflat dielectric terrain. Interesting ap-
plications are also presented, such as defining parameters for
new SAR systems suited for urban area analysis or training su-
pervised feature extraction algorithms with artificial but precise
data. Using such data it is possible, as shown in the paper by
Dell’Acquaet al., to test new approaches to improve urban char-
acterization by means of SAR imagery using multitemporal and
multiangle datasets. The authors propose a neurofuzzy proce-
dure for multitemporal classification in order to improve the ac-
curacy in classification land-cover classes. They also success-
fully use a multiangle dataset to improve the characterization of
road networks in an urban area.

The third group of papers refers to the growing need for
environmental management in urban areas, which represents

an enormous scientific challenge. Currently, about 74% of
the world’s population in developed countries lives in urban
regions. Many of these areas are tectonically active or located
near the coast and/or within river floodplains, deltas, and alluvial
systems and are vulnerable to the associated risks—some of
which are actually increasing (e.g., due to the higher level of
“extreme” weather events arising from global climate change).
This can only be achieved by a significant improvement in
our ability to monitor urban areas, to gain greater insight
into environmental risks faced in urban areas, and to improve
long-term planning for improved environmental quality and
risk avoidance alongside sustainable development. To address
these problems, the paper by O’Haraet al.focuses on the
monitoring of urban growth in sensitive coastal environments by
the detection of long-term changes in land-use and land-cover
in Landsat images nine years apart. They develop spectral
profiles of known land-use and land-cover types from seasonal
vegetation “leaf-on” and “leaf-off” imagery for a test area
along the Mississippi Gulf Coast. Thematic-change logic rules
relating the “leaf-off” class to the “leaf-on” class are used to
produce improved classifications of land-cover in a particular
year. Comparisons of the Landsat data from different years
then lead to estimates of changes in land-cover over the
period 1991–2000. The results indicate that urban land-cover
increased by more than 36% in the test area over the period
concerned. The paper demonstrates the value of seasonal
imagery and rules based on seasonal changes in establishing
accurate land-cover classification in a particular year, and also
the value of satellite imagery acquired many years apart in
understanding regional growth in urbanization. Similarly, in
the paper by Greenhillet al., IKONOS-2 images are used to
derive the spatial distributions of landscape ecological metrics
within suburban areas. The obtained results indicate typical
ranges of the used metrics in environmentally sustainable
localities. It is demonstrated in the paper that the spatial
distributions of the metrics provide new insight into landscape
structure, which can be used in urban planning.
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