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  What Is Happening to Urban Thermal Environments?
Over half of the world’s population and more than 80% of the US population now resides in urban areas. Megacities, defined as cities with 
a population of over 10 million, cover less than 0.2% of the Earth’s land area.  However, 1 in 10 people lives in a megacity. Urban regions are 
often warmer than their surroundings (Fig. 1), especially at night, because of heat-absorbing surface materials, lack of evapotranspiration 
from vegetation, and anthropogenic heat release (AHR). Urban regions are increasingly threatened by the combination of this urban 
heat island (UHI) effect, poor air quality and climate change. More than half of the energy used in urban areas is ultimately converted to 
anthropogenic waste heat and released to the urban canopy, contributing to the growth of UHIs. Increasing urban energy consumption 
also increases concentrations of near surface ozone and other pollutants.  Heat already accounts for more premature deaths each year 
than most other weather disasters combined; mortality and morbidity costs alone from a single individual heat event at a single location 
have been estimated to exceed $1B. Beyond these acute health risks, heat poses additional challenges for a wide range of social, ecological, 
energy and technological systems. Extreme cold, like extreme heat, poses similar challenges for urban areas.

For the most fortunate, heat is an inconvenience. For others, it is a source of daily stress, increasing their energy bills, making working 
outdoors harder and more dangerous, and forcing difficult tradeoffs between finances and quality of life. For the least fortunate, heat is 
catastrophic. It catalyzes cycles of poverty, eviction, and homelessness, presents imminent danger to those who cannot find shelter, and 
in more than 5,000 cases per year in the US, leads to premature death. Further exacerbating the risks: many infrastructure systems that 
deliver essential services like electricity, water, and transportation are more likely to fail under extreme heat conditions, which can lead 
to cascading disasters that overwhelm emergency response and healthcare systems. As temperatures continue to rise, particularly within 
cities, there is a clear need for improved management and mitigation of this significant and underappreciated threat. Unless significant 
mitigation strategies are implemented, it is projected that the number of days with triple digit temperatures in many urban regions within 
the US will significantly increase by 2100 (Fig. 2).
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  Are Marginalized Urban Populations 
Impacted Disproportionately?
The urban environment concentrates and amplifies the 
tradeoffs between economic development and environmental 
hazards.  Urban areas associated with communities of color 
and lower household incomes are also most susceptible to 
the combined effects of urban heat, climate change, and 
lack of resiliency.  In particular, racial and ethnic minority 
and low-income residents have been disproportionately 
exposed to thermally-related disparities for decades due 
to a combination of seasonal, weather, and anthropogenic 
factors. Cities are characterized by contiguous landscapes 
of heat-retaining materials, lack of vegetation, and waste 
heat that further exacerbate such inequities.  Studies have 
found clear spatial evidence that marginalized groups often 
live in the most thermally-oppressive parts of a city (Fig. 
3). Historical and racially-discriminatory practices called 
“redlining” (identifying communities of color and poverty on 
maps to preserve certain mortgage and insurance practices) 
have led to heat-vulnerable communities within cities. 

  How Will JusTUrE Address These Challenges?
We propose a forward-thinking and high impact effort to engineer cities for thermal justice that operates on the premise that all communities 
and their inhabitants should be protected from thermal stressors that disproportionately impact poorer, marginalized communities. In 
applying for a National Science Foundation (NSF) Engineering Research Center (ERC) award, we plan to establish multi-tiered approaches 
to eliminate spatio-temporal temperature and air quality variations in an equitable manner, while transforming excessive urban heat into 
usable forms. These goals will be achieved through five inter-related thrusts, focusing on adaptive mitigation approaches, sensor networks, 
multiscale modeling and control, reducing energy poverty and thermal justice, and thermal resilience management.

 Thrust 1: Mitigation 
 Thrust 2: Sensor Networks
 Thrust 3: Modeling
 Thrust 4: Model-based Control
 Thrust 5: Impact Assessment

 
Our approach is a dramatic shift from mitigation to urban thermal control. But more importantly, the framework is motivated and guided 
by societal inequities that place large segments of our population at risk simply because of their zip code. It will result in the development 
of a new paradigm for urban planning and management, based on the integration of observations, modeling, and test-bed demonstrations 
of new technologies. The Center will also teach K-12, college and graduate students about the urban heat mitigation challenge.  With an 
inclusive approach that integrates the technical, social and urban planning aspects of urban heat islands, we will develop an interdisciplinary, 
culturally aware and diverse workforce.
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What is the NSF ERC Program ?
The ERC program supports multi-disciplinary convergent research that will lead to strong 
societal impact. Each ERC, which typically involves multiple educational institutions in 
partnership with various stakeholders has interacting foundational components that go 
beyond the research project, including engineering workforce development at all participant 
stages, a culture of diversity and inclusion where all participants gain mutual benefit, and 
value creation within an innovation ecosystem that will outlast the lifetime of the ERC. 
ERCs are generally funded for ten years, with an initial award for the first five years and 
second award based on performance and review of a renewal proposal.
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