
Remote Sensing of Urban Areas for Climate Change Science
Karen C. Seto & Peter Christensen

West Coast town in USA

The spatial organization of urban areas – the footprint and height of buildings, the width 

and length of streets, where we live versus where we work, the walkability and scale of a 

neighborhood, the relative proximity of urban amenities, the type and diversity of urban 

green space – affects urban energy use and greenhouse gas emissions. In addition, urban 

land use, urban design, and urban form affect the carbon cycle through the expansion of 

urban areas and the loss of carbon stocks. Given anticipated trends in urban growth, an 

expected increase in global urban population of 2.7 billion by 2050 (UN Population Division 

2010), there are enormous opportunities to shape the built environment and urban land 

use practices. At the same time, it is clear that urban areas and urban spatial planning will 

need to be components of climate change mitigation and adaptation. Specifically, we need 

to decompose the “urban black box” and better understand the links between the spatiality 

of urban areas, energy use and emissions, and opportunities for climate change mitigation. 

Most of the current discussions about urban carbon emissions 
mitigation focus on three components: energy efficiency, energy 
conservation, and carbon sinks. For example, increasing fuel 
efficiency for 2 billion cars from 30 to 60 mpg could save 14 Giga 
tonnes Carbon (GtC) per year, equivalent to one “stabilization 
wedge” (Pacala and Socolow 2004). The same amount of carbon 
emissions could be saved by decreasing car travel by half for 2 
billion 30 mpg cars, from 10,000 to 5,000 miles per year (Pacala 
and Socolow 2004). “Green buildings” could reduce energy 
consumption through building design, siting, and materials use 

(Lockwood 2006). Urban vegetation can also play an important 
role in carbon sequestration and emissions. Urban trees in the 
conterminous United States sequester approximately 22.8 million 
tonnes of Carbon (tC) per year (Nowak and Crane 2002), and 
there is growing interest in understanding how urban tree cover 
mitigates the urban heat island effect. There is also potential for 
turfgrass, or lawn, to be a net carbon sink depending on how they 
are managed with fertilizers, irrigation, mowing and leaf-blowing 
(Townsend-Small and Czimczik 2010a, 2010b). Although the 
measures required to achieve these goals may be difficult politically, 
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in principle we know the range of energy and emissions savings if 
we drove less, drove in more efficient cars, and lived and worked 
in more energy efficient buildings. 
 A larger challenge facing the urbanization and global 
environmental change community is to understand the 
relationships between urban form and function, and energy use 
and carbon emissions. Missing from the current literature are 
scientific assessments that decompose urban areas into different 
spatial patterns and evaluates their impacts on greenhouse gas 
emissions. Yet, these types of analyses are urgently needed by 
urban planners and local decision-makers who are recognizing 
that planning and zoning at the local level have affects on mobility 
and transportation choices, energy consumption, and ultimately, 
climate change. Around the world, more than 100 cities have 
established local climate change action plans. Most of these plans 
set targets for reducing greenhouse gas emissions by a future date. 
For example, Sydney, Australia, has set a greenhouse gas emissions 
target for 2030 that is 70 percent below the 2006 levels (City of 
Sydney 2007). Equally ambitious, the Paris Climate Plan seeks to 
reduce greenhouse gas emissions by 75 percent below the 2004 
levels by 2050 (City of Paris 2007). Across the plans, there is a 
commonality of a multi-sector, multi-scale approach to reaching 
reduction targets: improved transportation options, renewable and 
green energy production, more efficient buildings, reducing waste 
and pollution, mass-transit fleets with zero emissions, increasing 
urban vegetation cover, etc. What is missing from most plans is a 
clear link between urban land-use patterns beyond the individual 
parcel or building scale, and energy use or emissions. 
 Our understanding of the relationship between urban  
areas and the carbon cycle has advanced significantly in the last 
two decades. Empirical studies have quantified the impact of 
urban areas on two primary components of the carbon cycle: the 
loss of carbon stocks through expansion of urban areas and the 
increase in carbon emissions through energy use. Key findings 
conclude that:
n The spatial pattern of urban land use, urban growth, and 

urban form affect transportation choices, energy use, and  
carbon emissions (NRC 2009; Marshall 2008). 

n There is significant variation in urban carbon emissions per 
capita, but on average, urban carbon emissions per capita are 
lower than national per capita averages (Dodman 2009).

n Urban land-use affects adjacent forest soil carbon pools 
even in stands not directly affected by urban land expansion 
(Pouyat et al. 2001).

n Understanding the factors that determine the trajectory of 
sinks in urban areas is a key research question for the coming 
decades (Pataki et al. 2006).

 However, very little is known about urban land use dynamics 
across a typology of urban areas – especially small and medium-
sized cities – around the world, and their impacts on vegetation 
and carbon stocks, energy use, and emissions. Consequently, local 
planners and decision-makers lack scientific information about 
the potential climate impacts of different urban land-use patterns, 
urban growth scenarios, and the design and development of urban 
areas across multiple spatial scales. 
 Although there has been much progress in the use of remote 
sensing to study urban areas, urban growth, urban ecology and 
urban climate, there are still significant untapped opportunities 
in linking urban remote sensing to climate change science and 
research on greenhouse gas emissions. For example, the research 
community’s efforts at monitoring urban expansion with remote 
sensing have been focused primarily at large cities, but it is the 
smaller cities that will be expanding the greatest, where carbon 
stocks are most vulnerable, and where there are the greatest op-
portunities to shape urban form, urban infrastructure, and urban 
land-use patterns. Furthermore, satellite remote sensing offers 
opportunities to expand the urban lens beyond the extent of a 
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single city, linking global patterns of urbanization to the study of 
global environmental change (see Figure 1).
 Remote sensing offers unique perspectives to study the 
relationship between the urban system and climate change 
because it is: 1) inherently geographic and provides a synoptic 
view of the landscape; and 2) available at multiple spatial grains 
and spatial extent, therefore able to provide detailed information 
from an individual building to regional and continental patterns 
of urbanization. Here we identify linkages between the urban 
system and climate change, and the opportunities for remote 
sensing to increase our understanding of these relationships.
 1. Comprehensive imaging of the built environment. 
In the United States, the transportation sector accounts for  
one-quarter of the country’s total energy consumption, and the 
residential and commercial sectors combined account for 20  
percent. A more comprehensive remote sensing effort to detect all 
components of the built environment, including transportation 
networks (railroads, major highways, arterial roads), building 
types (commercial, industrial, residential), and 3-dimensional 
structure of buildings (height and footprint) would allow for 

greater understanding of the relationship between urban form, 
transportation choices, mobility patterns, energy use, and car-
bon emissions. 
 2. Multi-scale urban form dynamics beyond the pixel. 
Urban form impacts building energy use, transportation patterns, 
embodied energy, and heat island dynamics. While most 
conventional urban remote sensing analysis focuses on changes 
within individual pixels, a more comprehensive analysis of urban 
form will require increasing focus on the spatial configuration of 
urban pixels. The physical organization of urban areas is central 
to energy use, and this is where remote sensing can provide a 
significant contribution. This will require new thinking about 
classification, accuracy assessment, and modeling. 
 3. Urban climate change mitigation and adaptation 
planning. Currently, urban policymakers and cities are at the 
forefront of developing climate change adaptation and mitigation 
policies, with more than 100 cities worldwide developing climate 
adaptation plans and over 1,000 U.S. mayors signing climate 
change protection agreements. However, a majority of these 
efforts are not science-based or science-informed, and there is 

Figure 1  |  Multi-scaled analysis of the urban environment 
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much opportunity for remote sensing science to contribute to and 
help develop science-based mitigation and adaptation policies at 
the urban scale. 
 4. Distinguishing between urban carbon sink and 
source dynamics. While the use of remote sensing methods in 
carbon cycle science has historically focused on sequestration 
dynamics, satellite data also provides input to models of urban 
carbon emissions. Satellite data are currently being utilized to 
examine atmospheric pollutants within and around urban areas. 
In addition, there are opportunities to combine the study of 
urban land cover dynamics with analysis of key emissions factors 
such as infrastructure construction, building energy operations, 
commute patterns and locations of residence and employment. 
The integration of research on urban land cover change with 
studies of emissions is particularly important, since “urban energy 
use/emissions” has historically been defined exclusively as a 
population phenomenon, which ignores the importance of how 
humans and infrastructure are configured geographically. 
 5. Scale: understanding urban contributions to energy use 
and carbon dynamics from the individual building, to block, 
neighborhood, city, region, nation, and ultimately to the global 
system of urban centers. At each scale, different factors become 
important to determining the global climate problem and 
appropriate solutions to global climate change. By integrating 
research across scales, scientists can help to break down the divide 
between local planning, regional assessment, national policy, and 
international negotiation. 
 6. Understanding the impacts of climate change on urban 
areas. Urban infrastructure is particularly vulnerable to extreme 
climate events such as wind, snow, ice storms, hurricanes and 
heat waves. This will result in a growing exposure to risk and 
changing risk profile for those who live in urban areas that can 
be quantified with remote sensing. By combining satellite-
derived risk analysis with geographical models of climate-
induced migration, scientists can also examine regional and 
global patterns of urban climate adaptation. 
 7. Incorporating the third dimension. Urban settlements 
either build out or build up. Thus far, the vertical dimension of 
urban areas has not been widely analyzed with remote sensing. 
Adding this third dimension will provide a critical component 
of urban form and a clearer understanding of the relationships 
between density, mobility, and efficiency. 
 8. Change over time. With more than 30 years of the 
Landsat data archive, we can measure historical urban form 

and evaluate the role of government policies and incentives in 
shaping carbon intensive land uses. These analyses can be used to 
understand historical drivers and to simulate potential patterns of 
urban expansion and changes in energy use and carbon stocks. 
 Given the vast and growing inventory of remote sensing data 
available from government and industry sources, there is an exciting 
opportunity to develop a more comprehensive understanding of 
urban systems and their relationships with energy use, emissions, 
and carbon dynamics. Perhaps even more important, there is an 
urgent need to further our understanding so that remote sensing 
can be a relevant and timely tool to help inform policy-making.
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