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Abstract
Cities are constantly changing and authorities face immense challenges in obtaining accurate and timely data to effectively manage
urban areas. This is particularly problematic in the developing world where municipal records are often unavailable or not
updated. Spaceborne earth observation (EO) has great potential for providing up-to-date spatial information about urban areas.
This article reviews the application of EO for supporting urban planning. In particular, the article overviews case studies where EO
was used to derive products and indicators required by urban planners. The review concludes that EO has sufficiently matured in
recent years but that a shift from the current focus on purely science-driven EO applications to the provision of useful information
for day-to-day decision-making and urban sustainability monitoring is clearly needed.
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Introduction

Cities are places of economic growth and wealth creation, yet
poverty, inequality, and environmental degradation are still
pervasive challenges, particularly in developing countries
(UN-HABITAT 2009; United Nations Environmental Pro-
gramme [UNEP] 2011). These challenges hinder the achieve-
ment of sustainable development and the mitigation of
climate change (Heldens, Esch, and Taubenböck 2012). By
2030, countries in the southern hemisphere are expected to
have more people living in their urban areas than in rural areas,
which will put enormous pressure on the carrying capacity of
existing cities (UN-HABITAT 2010; Taubenböck and Esch
2011). In many developing nations, urbanization is largely a
result of rural–urban migration (World Commission on Envi-
ronment, and Development [WCED] 1987) often leading to
poor urban planning characterized by poor governance (Klos-
terman 1995, 2001) and poor access to essential services
(UN-HABITAT 2009). Cities are constantly changing, thereby
exerting immense pressure on city managers to make urban
areas more liveable. Local authorities have a responsibility to
provide accurate and timely spatial information for the moni-
toring and management of urban areas (Nichol et al. 2007). The
synoptic and repetitive view that earth observation (EO) pro-
vides has been advocated as a solution for providing timely and
accurate spatial data for monitoring cities (Hall 2010; Santos
et al. 2011).

Patino and Duque (2012) reviewed the application of satel-
lite remote sensing in urban and regional science. They focused
on social problems with a spatial dimension, whereas Cowen

and Jensen (1998) concentrated on the technical requirements
of EO sensors for urban environments. Miller and Small
(2003) highlighted the potential of EO in environmental
research and policy. These studies demonstrate the vast poten-
tial of EO in supporting urban research and policy develop-
ment. In this article, we overview EO applications in urban
planning with an emphasis on urban sustainability and demon-
strate how EO can support decisions relating to sustainable
urban planning in cities of the developing world. The article
starts off with a brief history of EO followed by a discussion
of its suitability for supporting urban planning. A review of var-
ious applications of EO in urban environments is provided
next. The article concludes with a discussion on recent EO
developments and expected future trends and the likely impact
that this will have for monitoring urban sustainability.

History of EO

EO refers to the collection, processing, modeling, and disse-
mination of data about the status as well as changes in the
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earth’s natural and built environments (Kooistra 2012). EO
gained importance due to the dramatic impact that modern
human civilization is having on the earth, the need to mini-
mize the negative impacts of development, and the opportuni-
ties EO provides to improve human well-being (Taubenböck
and Esch 2011). Common EO instruments include remote
sensing satellites, global positioning system (GPS) stations,
cameras mounted on aeroplanes (Campbell 2011), and other
in situ measurements and instruments such as weather stations
(Kooistra 2012). EO has its modern beginnings with the dis-
covery of infrared light and photography in the early eight-
eenth century (Bayhan 2011). In the early 1900s, the first
aerial photographs were taken from aeroplanes, and this prac-
tice was refined in World War I for military reconnaissance
(Campbell 2011). In the 1960s and 1970s, there was a shift
from aerial photography to earth-orbiting satellites culminat-
ing in the launch of Landsat 1, the first earth-orbiting satellite
specifically designed for the observation of the earth’s surface
land areas (Hall 2010). Subsequent EO satellites include Sat-
ellite Pour l’Observation de la Terre (SPOT) 1 (1986), IKO-
NOS (1999), Quickbird (2001), SPOT 5 (2008), RapidEye
(2008), GeoEye (2008), and more recently, Landsat 8
(2013) and SPOT 6 (2013). Google Inc’s launch of Keyhole
for Google Earth in 2005 sparked a geospatial revolution, sig-
nificantly increasing the public’s awareness of satellite ima-
gery (Satellite Imaging Cooperation 2013).

The proliferation of EO data has also been aided by
improvements in image-processing techniques to extract use-
ful information (Schaepman 2007; Whiteside, Boggs, and
Maier 2011). There are many methodologies for extracting
information from images, including statistical, neural, and
fuzzy classifiers (Weng 2012). Processing techniques have
also shifted from pixel-based approaches to geographic
object–based image analysis (GEOBIA; Hay and Castilla
2008; Addink, Van Coillie, and De Jong 2012), especially for
very-high-resolution (VHR) imagery. Storage of EO data has
changed from analogue to digital, culminating in the develop-
ment of data warehouses that have increased public access to
such data (Liu and Weng 2012). Nichol et al. (2007) point out
that the practice of EO now has a multitude of superlatives
(multispectral, hyperspectral, and GEOBIA), showing that it
is maturing and gaining importance and significance in deci-
sion making, particularly for planning in hyperchanging
environments. According to Lein (2009), errors in the analysis
and display of EO data have limited the application of the
technology in day-to-day decision and policy making. How-
ever, recent improvements in EO data (in particular the prolif-
eration of commercial satellites providing VHR imagery) and
advances in remote sensing techniques (e.g., GEOBIA, classi-
fication trees, support vector machines, random forests, and
feature recognition) have enabled researchers to reduce errors
in EO data and produce higher-quality maps with thematic
accuracies exceeding 90 percent. As a result, the use of EO
in professional planning is increasing (Addink, Van Coillie,
and De Jong 2012; Erener 2012; Lein 2009; De Maeyer,
Sotiaux, and Wolff 2010), and it is likely that this trend will

continue as planners gain experience and confidence in the
technology.

Why Apply EO?

EO data are increasingly being used in research owing to its
advantages over in situ data collection methods such as field
surveys (Barr and Ford 2010; Vintrou et al. 2012). EO provides
a unique synoptic view from space or air, thereby enabling
scientists and planners alike to customize the spatial boundaries
of their studies (Miller and Small 2003; Hall 2010). The Center
for International Earth Science Information Network (CIESIN
2010) maintains that EO uses a common algorithm, resulting in
consistent and objective data. This enables intercountry com-
parisons that would be difficult, if not impossible, with
national, regional, or local data sets (Skidmore et al. 1997).
Hence, it is possible to draw conclusions by comparing the
same phenomena in different countries, cities, regions, or even
continents during the same period (Liu et al. 2012). Another
feature of EO data is its capacity for routine, periodic, and
unobtrusive updating (Esch et al. 2010). Moreover, EO has the
capability to describe, classify, and measure critical physical
properties that would be prohibitively expensive (Cowen and
Jensen 1998), time-consuming (Sherbinin et al. 2002), or
impossible to obtain in situ or from aggregating other sources
(Barr and Ford 2010). EO consequently provides a quick way
of developing spatial databases (Miller and Small 2003). These
distinctive characteristics of EO have led to the establishment
of international research institutes, such as CIESIN, the
National Aeronautics and Space Administration (NASA), the
German Aerospace Center, the Canada Center for Remote Sen-
sing (CCRS), and the South African National Space Agency
(SANSA) among others, to advance the use of EO by identify-
ing new urban remote sensing applications for policy develop-
ment and management (CIESIN 2010; Esch et al. 2010;
Guindon and Zhang 2005; SANSA 2014).

Advanced cadastral and land ownership databases are often
not available in cities of the developing world. By contrast,
many cities in developed countries such as the United States
have systems in place through which planners can easily access
information such as property boundaries, ownership, tax, and
type (land use) superimposed on orthophotos soil types, topo-
graphy, and vegetation-related data (National Academy of
Sciences 2003). In most developing countries, municipal
records are often unable to keep pace with the high rate of urba-
nization and informal urban development (Repetti, Soutter, and
Musy 2005). EO not only provides a quick synoptic view of
urban areas but also allows planners to cross-check or comple-
ment other data sources such as censuses or field surveys,
thereby improving the validity and reliability of research
results (Baud et al. 2010). This has increased the use of EO and
related geographic information systems (GIS), spatial decision
support systems (SDSS), and planning support systems (PSS)
for urban planning (Klosterman 2008). EO data also make
these systems more effective through the provision of multi-
temporal data which enables manifold spatiotemporal analyses
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(Esch et al. 2010). Various independent layers of information
can be derived from EO data, making it a one-stop source of
data (Taubenböck and Esch 2011). The value of EO for rapid
data collection may be of less value in developed countries
where comprehensive GIS databases of urban areas exist (and
are kept updated), but many developing countries do not have
any GIS databases. Where they do exist, the rate of develop-
ment is often too high for authorities to cost-effectively main-
tain databases using traditional methods (Musakwa and Van
Niekerk 2013).

EO Applications in Urban Planning

A search on Scopus, the largest database of peer-reviewed jour-
nal articles (Weng 2012), revealed that the number of published
items on EO and urban planning increased significantly over
the past two decades. Figure 1 shows a 500 percent increase
between 2000 and 2005. This is mainly attributable to recent
technological advances that have made the high-resolution and
VHR imagery needed for urban monitoring (Weng 2012) com-
mercially viable (Liu et al. 2012). This surge in publications
also coincided with rapid urbanization in developing countries
(UN-HABITAT 2010) and the emergence of new methodolo-
gies and techniques (e.g., GEOBIA), which enable the extrac-
tion of better-quality data from VHR satellite imagery (Santos
et al. 2011). It is clear that EO has emerged as a cost-effective
way for supplying much-needed data for urban monitoring, cli-
mate change mitigation, and disaster management (Heldens,
Esch, and Taubenböck 2012).

The Scopus search also revealed that the application of
EO has been dominated by earth and planetary sciences
(25 percent), engineering (22 percent), and computer sciences
(22 percent), while limited publications were found within
environmental (6 percent) and social (9 percent) sciences. Most
urban planning applications were in the latter two domains.
There is a well-documented gap between social science and
EO application as a result of the imperfect coupling of EO and
social data (Hall 2010). Esch et al. (2010) and Hall (2010)

predict that, given the increased availability and quality of data,
more use will be made of EO for urban planning in the future.
Current applications of EO for urban planning are dominated
by Asian (36 percent), North American (33 percent), and Eur-
opean (29 percent) counties with few applications in Africa (2
percent) where it is probably needed the most, given the rapid
rates of urbanization (Figure 2).

EO has been used in various aspects of urban monitoring.
Examples include measuring physical properties, population,
quality-of-life studies, analysis of land use cover change, build-
ing analysis, transportation studies and monitoring growth, and
urban sprawl. These applications are discussed in more detail in
the following sections.

Measurement of Physical Properties

EO has been applied in monitoring the urban environment by
providing scientifically verifiable measurements of physical
properties and their changes which are crucial to achieving
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Figure 1. Annual publications on ‘‘earth observation’’ or ‘‘remote sensing’’ and ‘‘urban’’ indexed in Scopus from 1972 to 2010. Search conducted
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sustainable urban development (CIESIN 2010). These include
air quality (Zhang et al. 2008), vegetation cover studies
(Mathieu, Freeman, and Aryal 2007), and the impacts of urban
structure on microclimate (Christensen 2010). Schwarz (2010)
and Keramitsoglou et al. (2011) employed moderate resolution
imaging spectroradiometer (MODIS) data to demonstrate the
urban heat island effect, whereas Santana (2007) derived leaf
water content (LWC) and surface temperature from Landsat
data to aid sustainable landscape design. A Landsat-derived
normalized difference vegetation index (NDVI) was used by
Weng, Lu, and Schubring (2004) to measure vegetation abun-
dance in urban areas.

Environmental issues have become an increasingly impor-
tant component in urban planning (Pickett et al. 2013). The GIS
data that are traditionally used in urban planning are often not
adequate for environmental monitoring as they tend to focus on
the built environment and often exclude biophysical variables
(e.g., changes in vegetation cover/density, impervious surfaces,
and water quality). EO is an ideal tool for supplementing GIS
databases with such environmental data and has a critical role
to play in monitoring ecological services. Examples where EO
has been employed for environmental monitoring in urban
areas include Lakes and Kim (2012) who applied hyperspectral
imagery to develop urban ecosystem services indicators, while
Lein (2009) demonstrated how VHR satellite imagery can
facilitate environmental monitoring in cities. The potential of
EO in providing insights into how urban development is
impacting climate change is also widely acknowledged (Miller
and Small 2003).

Population and Quality-of-life Studies

EO has been shown to be useful in population studies and
for estimating population size between censuses (Almedia
et al. 2011; Levin and Duke 2012). The latter is particularly
helpful in countries with high rates of population growth
and urbanization or where censuses are infrequent (Baud
et al. 2010). Such estimates are dependent on conditions
such as knowledge of average household size and the avail-
ability of high-resolution spatial and multispectral imagery
to differentiate informal building structures (Ural, Hussain,
and Shan 2011). EO is also applicable in quality-of-life
studies (Toure et al. 2012). In Athens-Clarke County in
Georgia, for example, a high NDVI obtained from Landsat
data correlated positively with high income, whereas in
Detroit a high NDVI strongly correlated with severe social
decay (Lo and Faber 1997). When Toure et al. (2012) com-
pared Kompsat imagery with income data, they found that
access to water supply is closely related to income. Satellite
imagery has also been used in South Africa to support var-
ious socioeconomic studies including supporting informal
settlement upgrading and settlement enumeration (SANSA
2014). Remote sensing can thus be used to identify and
infer causal relationships which, in turn, aid decisions per-
taining to sustainable urban development.

Land Use and Land Cover Classification

EO data have been extensively used for land use and land cover
mapping in urban areas (Wang, Cheng, and Chen 2011). Land
cover refers to the physical surface of the earth, for example,
vegetation, soils, and anthropogenic features such as buildings
(Council for Scientific and Industrial Research [CSIR] 2010;
Heldens, Esch, and Taubenböck 2012). Conversely, land use
is the human activity associated with land cover, such as resi-
dential or commercial use. Mapping of urban land use often
requires VHR imagery (Department of Rural Development and
Land Reform 2009; Weng 2012). Land uses such as recreation,
mixed uses, office space, and community facilities are difficult
to infer from land cover data, and they require image interpre-
tation and field visits to confirm classification efforts (Depart-
ment of Rural Development and Land Reform 2009; CSIR
2010; Zhang, Zhang, and Lin 2012).

Information on land use and land cover is required by plan-
ners for site selection, zoning regulation, resource allocation,
monitoring the state of the environment, and urban growth
management (Cowen and Jensen 1998). Land use and land
cover maps are important for monitoring sustainability trajec-
tories as land use change and cover transition can be employed
as sustainability indicators (Musakwa and Van Niekerk 2013).
For example, satellite images have been used to determine the
rate of agricultural conversion in rural areas (Schneider, Friedl,
and Potere 2010) as well as the transformation of natural envir-
onments to urban uses (Yang et al. 2009). In the United States,
the National Resources Inventory (NRI) applies EO techniques
to develop a national catalogue of land cover changes every
five years. This catalogue is useful for assisting environmental
conservation and sustainable urban planning (US Department
of Agriculture 2013).

It has been demonstrated that high rates of land use and land
cover change as a result of urban growth lead to increased
motorized transport (Victoria Transport Policy Institute
2010), higher energy consumption (Urban Land Institute
2010), loss of agricultural land (Comber, Brunsdon, and Green
2006), loss of biodiversity (Stuckenberg, Munch, and Van Nie-
kerk 2013; Yang et al. 2009), and an increase in water pollution
(Zhang, Wu, and Shen 2011). These changes pose severe
threats to the realization of urban sustainability and can ulti-
mately contribute to climate change (Renetzeder et al. 2010;
Heldens, Esch, and Taubenböck 2012). Although EO is often
used for urban land use change analyses, more research is
needed in using EO data for developing meaningful informa-
tion such as mixed use, community, and government uses
(Musakwa and Van Niekerk 2013). As a result, researchers and
planners often have to interpret raw (unprocessed) imagery
such as those provided by Google Maps and Google Earth
Street View to extract the information necessary for urban
planning.

EO of impervious surfaces, defined as anthropogenic fea-
tures that water cannot infiltrate (e.g., rooftops and parking
lots), have attracted increasing attention in recent planning lit-
erature (Weng 2012; Zhang, Zhang, and Lin 2012). Impervious
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surfaces are increasingly being recognized as key indicators of
land use sustainability (Santos et al. 2011), global environmen-
tal change, and human–environment interaction (Schneider,
Friedl, and Potere 2010). Municipal authorities, researchers,
and nongovernmental authorities often map impervious sur-
faces as a measure of urban sustainability and for assessing
flood-risk vulnerability (Nichol et al. 2007; Schwarz, Lauten-
bach, and Seppelt 2011). Various EO methods, including
pixel-based (Whiteside, Boggs, and Maier 2011), artificial
neural networks (Taubenböck and Esch 2011), image fusion
(Beger et al. 2011), expert systems (Weng 2012), and object-
based classification methods (Doxani, Karantzalos, and Strati
2012; Myburgh and Van Niekerk 2013) have been used to map
impervious surfaces from satellite imagery (Heldens, Esch, and
Taubenböck 2012). Qi et al. (2012) employed RADARSAT-2
polarimetric Synthetic Aperture Radar (SAR) data and
observed that these data improved the accuracy of land cover
and land use classification in urban areas. These types of data
and extraction techniques have opened new possibilities for the
use of EO in urban planning.

Although land use and land cover classification have been
extensively researched, relatively little has been done on deriv-
ing measures of land use mix (Song and Knaap 2004; Song and
Rodriguez 2005; NEAT GIS Protocols 2010) from land use
data. Guindon and Zhang (2005), Zhang, Guindon, and Sun
(2010), and Musakwa and Van Niekerk (2013) identified EO’s
key role in urban sustainability studies, particularly as a source
of land use mix data (L. D. Frank, Anderson, and Schmid 2004;
L. D. Frank et al. 2006) which is integral to the monitoring of
urban sustainability (Song and Rodriguez 2005; L. Frank et al.
2010; L. D. Frank et al. 2010; Urban Land Institute 2010; Vic-
toria Transport Policy Institute 2010).

Analysis of Urban Built-up Areas

Because buildings are an integral feature of urban areas, local
authorities require area-wide and up-to-date inventories of
buildings to monitor urbanization (Wei, Zhao, and Song
2004). EO data are a cost- and time-effective alternative to con-
ventional methods for obtaining buildings data (Taubenböck
et al. 2010), and it allows planners to monitor changes in the
number (Mudau 2010), size and area (footprint; Erener
2012), density, layout (Geiss et al. 2011), height (Wurm, Tau-
benböck, and Roth 2009), and volume (Taubenböck and Esch
2011) of buildings. Despite satellite imagery being valuable
in developing a buildings and structures database, there is not
uniform approach to extracting building information from such
imagery and none of the existing extraction methods have been
effective in all scenarios (Santos et al. 2011). Extraction of
buildings is a challenging task, even from VHR satellite ima-
gery. This is mainly due to building obstructions and the het-
erogeneity of target features (Nichol et al. 2007). However,
with the availability of light detection and ranging (LiDAR)
data (Weng 2012), building information can be extracted with
higher accuracy (Taubenböck and Esch 2011). Data fusion of
LiDAR data and VHR satellite imagery has yielded better-

quality information compared to using a single data source.
Beger et al. (2011) used LiDAR and orthorectified aerial photo-
graphs to automate railroad extraction, while Wang, Zen, and
Lerhbass (2012) employed LiDAR data and aerial images to
detect building footprints. Data fusion is indispensable because
it is highly unlikely that one EO sensor can provide all the nec-
essary information for urban monitoring. Many metropolitan
municipalities are consequently collecting LiDAR data for sup-
porting various decisions including those related to zoning
applications and for automatically collecting information on
building shapes, volume, and density (City of Johannesburg
2014).

Transportation Studies

Motor vehicles are at the center of the sustainability debate as
they are major contributors to greenhouse gas (GHG) emissions
(Urban Land Institute 2010). Studies on vehicle movement
include traffic counts, parking availability, road conditions,
congestion, and road networks which are crucial to providing
meaningful information (Cowen and Jensen 1998). EO can pro-
vide only limited information since most data on transporta-
tion, such as traffic counts, requires a very high temporal
resolution (National Academy of Sciences [NAS] 2003).
LiDAR data are a possible solution as it can provide informa-
tion on traffic volumes, motor vehicle classifications, and
queue sizes (Schwach, Morris, and Michalopoulos 2009),
although such data are often only available for some cities and
are usually not captured at high frequencies. More accessible
data, such as Landsat imagery, have been used to derive sus-
tainable transportation indicators such as road network connec-
tivity, transportation sustainability assessments (Guindon and
Zhang 2007), and for determining the impacts of land use pat-
terns on sustainable transportation (Urban Land Institute 2010;
Victoria Transport Policy Institute 2010; Litman 2010).

A number of studies have concentrated on the development
of semiautomated and automated techniques for extracting
roads from satellite imagery. For example, Nobrega, O’Hara,
and Quintanilha (2008) devised a semiautomated GEOBIA
technique to satisfactorily extract road features in informal set-
tlements in Sao Paulo, Brazil, while Yuan et al. (2009) used a
local excitatory global inhibitory oscillator network (LEGION)
to automatically extract road networks from satellite imagery.
Although various methods exist for extracting road networks,
none are successful in a variety of contexts (Sobrino et al.
2012). Multisource data fusion ably improves the classification
of roads from satellite imagery (Jin and Davis 2005). More
research on automated road extraction is urgently needed as
much resources are spent on capturing road data employing
in situ methods or by using visual image interpretation
(Nobrega, O’Hara, and Quintanilha 2008; Yuan et al. 2009).

Monitoring Urban Growth and Sprawl

Urban sprawl often has adverse environmental and socioeco-
nomic effects like consumption of natural ecosystems by urban
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uses, increases in transport costs as well as infrastructure costs
(Le Néchet 2012), and local authorities find it difficult to mon-
itor rapid changes. EO has become a vital source of data on
urban growth because of its high temporal resolution. For
example, Landsat images were applied in demarcating the
urban boundaries of Orlando, Florida (Sims and Mesev
2011), while on a broader scale Schneider, Friedl, and Potere
(2010) used MODIS data to map the urban extents for 140 cit-
ies. Other studies applied high-resolution nighttime light satel-
lite imagery (Townsend and Bruce 2010) and the US Defense
Meteorological Satellite Program’s operational line scan sys-
tem (Sutton and Costanza 2002) to delineate urban extents.
However, the use of nighttime lights was found to overestimate
urban areas due to overglow while underestimating such areas
when there are power outages, a common occurrence in sub-
Saharan Africa (Sutton and Costanza 2002).

Several other indicators addressing various aspects of urban
morphology have been derived using EO. These include Shan-
non’s entropy (Jat, Garg, and Khare 2008), a shape and path
index (Esch et al. 2010) and the degree of goodness of fit
(Bhatta, Saraswati, and Bandyopadhyay 2010) which was used
to determine the direction, extent, pattern, rate, and concentra-
tion of urban sprawl. It is clear from the literature (Anselin
et al. 2000; Tsai 2005; Gerundo and Grimaldi 2011; Le Néchet
2012; Anselin 2012) that more spatial metrics and statistics
(such as Moran statistics) that capture various aspects and rela-
tionships of urban growth are needed for urban planning.

Integrating EO into Monitoring Urban Sustainability

EO can supply much-needed data for urban planning, particu-
larly in hyperchanging environments. To advance EO applica-
tion in urban planning, there is a need to move from purely
science-driven approaches of extracting data to the provision
of practical information for precisely defined urban sustain-
ability applications that entail coordinated user needs for
day-to-day decision making (Taubenböck and Esch 2011).
Hoalst-Pullen and Patterson (2011) emphasize that there is a
disconnection between academic research on EO applications
in urban planning and the actual adoption and use of remote
sensing technologies as well as data by professional urban
planners. Consequently, cities must become laboratories
where EO is applied in decision making and where informa-
tion is shared, published, and transferred to expand and
improve the body of knowledge and ultimately to promote
sound decision making.

Concerning the specific literature on ‘‘EO and urban sus-
tainability,’’ a Scopus search returned only five items while a
combined search on Scopus and Science Direct revealed only
five key authors on this subject. Most notable are Guindon and
Zhang (2005, 2007) who applied satellite remote sensing to
survey transport-related sustainability indicators. They con-
cluded that EO significantly improves sustainability assess-
ments done on census data, mainly by providing spatial data
on land use and land use mix, urban form as well as a historical
perspective on spatial growth. Other key researchers include

Esch et al. (2010) who demonstrated how the increasing avail-
ability of EO data can add value for a wide variety of applica-
tions in urban sustainability studies.

Limitations and Outlook for EO in Urban
Planning

The past decade has witnessed significant progress in the appli-
cation of EO in urban environments (Nichol et al. 2007; Weng
2012). Still, urban remote sensing is riddled with technical and
nontechnical challenges (Table 1). The nontechnical limitations
include financial constraints (Hoalst-Pullen and Patterson 2011),
many inhibiting institutional, political, organizational and
human factors, along with license management issues (NAS
2003). Technical limitations include the spectral (Heiden et al.
2012), geometric (NAS 2003), textural (Klemas 2012), and con-
textual complexities (Miller and Small 2003) of urban areas,
which make it difficult to extract target features. Weng (2012)
points out a need to improve the temporal resolution required for
urban mapping. Similarly, EO data for air pollution studies are
still very coarse (low resolution) and in many cases it is unsuita-
ble for detailed urban analyses (Nichol et al. 2007). Hopefully,
new initiatives such as the scheduled launch of a dedicated
spaceborne sensor for monitoring air pollution in 2017 (Chance
et al. 2013) will address the lack of such data.

Many local governments have cited financial constraints as
a hindrance to the adoption of remote sensing technology
(Klosterman 2001). This is compounded by institutional, polit-
ical, and organizational factors (Göçmen and Ventura 2010). It
has been noted that it often takes time to convince political
structures, particularly in local government, to support the use
of EO. However, it is hoped that the demonstrated capabilities
of EO will reduce political and institutional intransigence.
Licensing also complicates the use of satellite imagery (NAS
2003). When government agencies or practitioners purchase
satellite imagery it often comes with various licensing restric-
tions which is counterproductive and may create confusion.
This acts as a deterrent to use the data. The lack of trained per-
sonnel has also been cited as a key reason why EO is not used
by urban planners (Aneja et al. 2011). Lein (2009) proposes the
use of ‘‘machine intelligence’’ to bridge the gap between
advances in EO research and application in local governments.
Machine intelligence would serve as a means to supply ‘‘exper-
tise’’ in an automated form to assist an organization’s need to
address a problem where ‘‘in-house’’ expertise in unavailable.
Similarly, the NAS (2003) acknowledges that the successful
adoption of remote sensing technologies in urban planning
depends on having a strong champion to convince policy and
decision makers of the utility of remote sensing.

Despite these limitations, the future of urban remote sensing
looks promising for a variety of reasons. The advent of LiDAR
data, very high spatial resolution sensors (Ni 2012), EO data
warehouses (Liu et al. 2012), and spaceborne hyperspectral
images (Weng 2012) have extended the frontiers of urban
remote sensing. This coincides with the emergence of
advanced algorithms such as image fusion (Wang, Zen, and
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Lerhbass 2012) to extract data from satellite imagery, thus
opening new possibilities for urban remote sensing applications
(Kumar and Misra 2007; Almedia et al. 2011). Moreover, with
the advent of publicly accessible EO data from Google Earth,
Microsoft’s Virtual Earth, and Streetmaps, it has become com-
mon and socialized, thus reducing nontechnical barriers to it.
New tools are also being developed specifically for planning-
related applications. A prime example is the Google Earth–
based three-dimensional (3D) modeling tool that Isikdag and
Zlatanova (2010) developed for supporting urban renewal
projects.

Furthermore, advances in technology, greater computational
power, and the integration of EO with GIS all bode well for
expanded application of EO in urban planning (Drummond and
French 2008). The launch of more sensors means the relative
price of remote sensing data will continue to decline (Liu
et al. 2012; Patino and Duque 2012). EO also allows for consis-
tent unobtrusive updating of information (CIESIN 2010) which
can be used for a wide variety of applications. Consequently,
EO now provides unparalleled continuous, up-to-date, low-
cost data collection for large areas of the globe. EO can also
benefit from use of other in situ EOs and other forms of remote
sensing.

Several urban sustainability studies have demonstrated that
in situ observations using cell phone signals, street maps,
crowdsourcing, and social media as well as remote sensing
using unmanned aerial vehicles (UAVs) or drones provide use-
ful information to augment satellite imagery (Calabrese et al.
2011). Calabrese et al. (2011) have, for example, developed a
system for real-time monitoring of urban vehicular traffic and

pedestrians using cell phone signals. Similarly, Bulatov et al.
(2011) used UAVs for developing georeferenced 3D urban ter-
rain models. Data from UAVs and cell phone signals can
enhance urban planners’ knowledge on urban sustainability
when used in conjunction with the EO data. The coupling of
EO data with other in situ observations plays an important role
in the promotion of smart cities, since it supplies much need
information on the dynamic changes in the city landscape. A
smart city is characterized by information and communication
technology (ICT) infrastructures, facilitating an urban system,
which is increasingly smart, interconnected, and sustainable
(Giffinger, Haindlmaier, and Kramar 2010). Detailed and up-
to-date EO data enables urban mangers to make better deci-
sions, predict future problems, and put preventative measures
in place (Debnath et al. 2014).

Crowdsourcing, a mechanism for leveraging the collective
intelligence of online users toward productive intelligence, has
also been applied in urban planning (Brabham 2009). For
example, Studiolab (2012) developed Mobile-cityscapes, a
crowdsourcing mobile platform for knowledge on urban sus-
tainability. Mobile-cityscapes merges features from process-
based urban design, locative media art, and spatial practice
theory. It uses GPS technology as a collaborative, participatory,
and creative medium. Similarly, the use of cell phone applica-
tions (apps) technology has increasingly influenced urban plan-
ning decisions particularly those relating to urban traffic. The
use of cell phone apps facilitates provision of real-time traffic
information such as accident incidents, vehicle navigation, and
traffic flow. Google, Samsung, Ericsson, and Apple have
designed GPS-enabled mobile apps to capture traffic data,

Table 1. Strengths and Weaknesses of Earth Observation in Urban Planning.

Strengths Weaknesses

Launch of more sensors resulting in increased data availability, a constant stream of
data and reduction of costs. Moreover, increased public awareness of remotely
sensed data from platforms such as Google Earth and Bing Maps has increased
the use of remotely sensed data in decision making

Limited technological base as well as lack of trained
personnel

Processing techniques of remotely sensed data and technological advances have
vastly improved the geometric and thematic classification of urban areas. This has
opened up new possibilities in urban planning applications

High costs of data especially VHR images

Synoptic view and nonobtrusive nature of EO data would be difficult and
cumbersome to obtain from other research methods

A single satellite image or remotely sensed data source
does not provide all the information

EO techniques allow for normalization and standardization of data, which enable
comparisons, consistency, and reliability of results

Licensing issues

Normalized and standardized EO indicators also enable transferability of the
methodology and development of place-independent (universal) planning sup-
port systems or models

Political, organizational, and institutional constraints

Simple integration of EO data with a GIS enables interoperability. Moreover,
multiple remotely sensed data sources can be fused which produces data rich in
quality and information.

Spectral, geometric, textural and contextual complexities
make it difficult to extract urban features.

EO data and GIS analysis enables spatial, visual, quantitative, and temporal analysis.
This enables identification of ‘‘hot spots’’ and ‘‘cold spots’’ of critical importance
to decision making

EO data often require some ground truthing

EO-derived urban planning data can be used for other urban applications such as
disaster management and population estimates for informal settlements

Source: Klosterman (2001); Göçmen and Ventura (2010); Heiden et al. (2012).
Note: VHR ¼ very high resolution; EO ¼ earth observation; GIS ¼ geographic information systems.
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which has huge potential for use by planners (Tao et al. 2012).
Similarly, the emergence of social media which encompass sta-
tistical and deliberative technologies such as blogs, forums,
wikis, open-source software, social networking sites, media
sharing sites, creative commons licensing, online polls, user-
populated maps, and prediction markets (Planning Pool 2012)
have an important role in the planning process. Social media
(e.g., Facebook and Twitter) enable public sharing and partic-
ipation which can lead to new ideas on urban sustainability.
Urban planners have to embrace these new technologies as they
have huge potential in facilitating the comprehension of urban
changes and complexities.

Conclusion and the Way Forward

The application of EO for addressing urban sustainability
issues has gained significant momentum during the last
decade. This trend is likely to continue, given the availability
of novel techniques such as GEOBIA, data fusion, and artifi-
cial neural networks and new technologies such as mobile
apps, crowdsourcing, social media, and use of UAVs. How-
ever, there remains a disconnect between academic research
on EO applications in urban planning and the actual adoption
and use of remotely sensed technologies as well as data by
professional urban planners. A shift from science-driven
approaches to precisely defined user-orientated applications
of EO for monitoring urban sustainability is urgently needed.
Evidently, there is need for more research on obtaining urban
sustainability indicators from EO and its application in urban
planning. This is particularly important in the developing
world, where high population growth and urbanization rates
will increasingly put pressure on urban and regional planners
and local authorities to provide essential services while ensur-
ing environmental sustainability.
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