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Resilience of human settlements to climate
change needs the convergence of urban
planning and urban climate science
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Abstract

The impact of climate extremes upon human settlements is expected to accelerate. There are distinct global trends
for a continued rise in urban dwellers and associated infrastructure. This growth is occurring amidst the increasing
risk of extreme heat, rainfall, and flooding. Therefore, it is critical that the urban development and architectural com-
munities recognize climate impacts are expected to be experienced globally, but the cities and urban regions they
help create are far more vulnerable to these extremes than nonurban regions. Designing resilient human settlements
responding to climate change needs an integrated framework. The critical elements at play are climate extremes, eco-
nomic growth, human mobility, and livability. Heightened public awareness of extreme weather crises and demands
for a more moral climate landscape has promoted the discussion of urban climate change ethics. With the growing
urgency for considering environmental justice, we need to consider a transparent, data-driven geospatial design
approach that strives to balance environmental justice, climate, and economic development needs. Communities can
greatly manage their vulnerabilities under climate extremes and enhance their resilience through appropriate design
and planning towards long-term stability. A holistic picture of urban climate science is thus needed to be adopted by
urban designers and planners as a principle to guide urban development strategy and environmental regulation in

the context of a growingly interdependent world.
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Urban areas have a higher vulnerability to climate
extremes because of the preponderance of the human
settlements, economic infrastructure, and the economic
drivers at play. Climate extremes are manifested through
high impact weather events, and there has been a spate
of increasing costs associated with flooding, wildfires,
winter storms, and heat stress (WMO, 2021). On average,
disasters cost $ 200 million per day globally, and the eco-
nomic losses have increased by sevenfold considering the
1970s- 2010s period.
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These extremes are not geographically restricted, as
was noted, for instance, with the series of widespread
destructive floods and wildfires that spanned the land-
scapes and cities across southern California USA, many
cities in Europe, and China through July 2021. The recent
spate of extreme weather events and weather-related
crises such as heat waves, wildfires, drought, and water
shortages are notable because of their frequency and
intensity and the large populations affected by them.

One of the notable findings of the IPCC (Intergov-
ernmental Panel on Climate Change) sixth assessment
report released in August 2021 is that “climate change
is already affecting many weather and climate extremes”.
Urbanization plays an essential role in enhancing haz-
ards, and cities are causing increase in heat (Myrup,
1969) and rainfall changes (Liu and Niyogi, 2019). The
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combination of the changing largescale climatic forc-
ings and the more localized urban feedback creates a
potent environment for severe weather and hydrological
extremes. This, combined with the hazard exposure that
the cities have with socioeconomic infrastructure, makes
the urban settlement and climatic interactions inevitably
interlinked. The IPCC summary finding quoted above
is important because cities and humans often do not
perceive long-term climates rather, it is the day-to-day
weather events and extremes.

From the urban planning perspective, three impor-
tant features contributing to the variances of the urban
environment have been identified. These features are
urban-rural gradient, landscape configuration, and
anthropogenic heat release (Yue et al., 2012). The fre-
quency of landscape disturbances is also an emergent
feature, especially considering the large-scale wildfire,
has also been spiraling upwards since the 1970s with
climate warming and dramatic urbanization (Yue et al,
2021). Recently, a model-based assessment of urban
impacts has been developed for extreme flood-producing
storms, detecting contrasting roles of cities and climate
warming in determining the space-time variability of the
storms over western Europe. It highlights the interac-
tive impacts of cities and climate warming and their role
in dynamically modifying the intensity and position of
moisture convergence in a changing climate (Yang et al.,
2021). Similarly, studies such as Yang et al. (2016) have
shown that the compact versus sprawling city growth can
have a variable impact on the regional heatwaves in the
future climate.

The impact of climate extremes upon human settle-
ments is expected to accelerate. There have been global
trends for a continued rise in urban dwellers and asso-
ciated infrastructure. This growth is occurring amidst
the increasing risk of extreme heat, rainfall, and flood-
ing. The impacts would likely become even more cata-
strophic if landscape architecture and urban design
continues in a “business as usual” manner without con-
sideration of these growing epicenters of vulnerability.
Therefore, it is critical that the urban development and
architectural communities recognize climate impacts are
expected to be experienced globally, and that the cities
and urban regions they help create, are far more vulner-
able to these extremes than nonurban regions. Cities cre-
ate their own climate, such as the urban heat island, and
have localized pollution, adding environmental stress to
the atmosphere, exacerbating the warming effect seen on
a regional scale. With the increasing intensity and fre-
quency of urban flooding incidents caused by hurricanes
or storms, legacy cities with many brownfields, vacant
lands, and outdated infrastructure will also need to deal
with growing risks of flood-related contamination (Nair
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et al,, 2019; Zhu & Newman, 2021). The urban disas-
ter caused by an increasing number of extreme weather
episodes is an international challenge and a significant
source of fatalities, property loss, social disruption and
inequality. Bridging the silos within climate science and
urban science communities and reducing the gap between
research and practice can make it possible to achieve a
resilient urban environment. This required connection
needs to be addressed as an integrated system to deal with
the pressing issue of extreme weather on growing urban
neighborhoods.

Extreme weather is coupled with the extensive exploi-
tation of natural resources as well as (formal and infor-
mal) human settlements sprawl in this increasingly
urbanized world. The solutions that the city often con-
siders are embedded in the well-known debates around
density versus sprawl, monocentric versus polymorphic
cities, and on the climate end: the issues of mitigation and
adaptation. Moreover, the burden of climate hazards has
fallen disproportionately on poorer and less resourceful
individuals and communities in the city locales. There is
increasing evidence illustrating that people and cities do
not uniformly benefit from the level and degree of pro-
tection from hazards. The distributional impact of natu-
ral catastrophes or extreme weather events is historically,
racially, and economically stacked against certain popula-
tions and communities that are often more vulnerable to
shocks (Mansury et al., 2021).

Urban growth has essentially changed the urban fiber
with growing income differentials and rising social struc-
tural gaps. Searching for the appropriate equilibrium
between urban development and environmental/ climate
justice is an emerging and pressing issue in its unprece-
dented uneven socioeconomic and environmental trans-
formation. At the same time, there is a large knowledge
gap between climate scientists, urban planners, and the
architectural community. Specifically, spatial inequality
of limited resources (such as access to water, air, energy,
and land) has been formed across various social groups,
exacerbated by the community’s unequal exposure to the
increasing climate hazards. In other words, large cities
across the world are experiencing dramatic spatial and
social reconfiguration, differentiation and polarization,
which give rise to different environmental benefits based
on people’s economic status with worsening of extreme
weather.

Meanwhile, income inequality has dramatically risen
within urban areas, causing an imbalanced community
system to cope with climate change. With the global
economic system moving towards a market-based,
entrepreneurial state, economically rewarding activities
are encouraged, admired, and pursued by government
agencies and individuals. Hence, the well-being of the



Ye and Niyogi Computational Urban Science (2022) 2:6

marginalized and disadvantaged people is not adequately
addressed under extreme weather. Heightened public
awareness of extreme weather crises and demands for a
more moral climate landscape has promoted the discus-
sion of ethics and urban climate change issues. Work-
ing together with the urban planning, architecture, and
urban climate community can help address the challenge
of uneven development and environmental stress, cli-
mate change adaptation and mitigation in this continued
dynamic urban system.

Increases in extreme weather events (such as heat
waves, wildfires, droughts, flooding, and hurricanes) are
just the most apparent threats due to climate hazards
and global warming. The impacts due to pandemics or
the health toll due to air quality exposure are still emerg-
ing. Averting catastrophic climate change is possible and
has risen in the domestic and international agenda. As
a result, integrating climate science and urban science
should be a priority for developing a resilient society, and
an infrastructure that supports resilience. Climate change
is not just an environmental issue but a public policy
issue, which is closely associated with environmen-
tal equity and fairness across urban social hierarchies.
Minority groups and low-income populations as well as
marginalized regions, bear adverse health and environ-
mental impacts from the climate hazard. Such situations
contribute to a feedback loop to continued warming and
accumulated climate injustice.

Empowering the public and various stakeholders to
actively combat climate change is vital to ensure sustain-
able urban development. Communicating the extreme
weather risk is challenging because it involves collecting
a large volume of climate and urban literature, cross-
checking the information from different sources, and fol-
lowing the rapidly growing new studies in both climate
and urban research. Such scientific knowledge scatters in
many places such as academic papers, news articles, and
online resources. The volume of the past studies is enor-
mous, and resources related to climate change emerge
at a rapid pace. Furthermore, many entities and rela-
tions regarding climate change and urban dynamics are
not publicly available or not easily searchable, requiring
domain knowledge in ontology and knowledge graph
building. The different information sources could also
contradict each other, leading to confusion in knowledge
understanding. Hence, collecting, digesting and keeping
the knowledge updated is a daunting task, preventing the
urban designers/planners, stakeholders, decision-mak-
ers from understanding the broad situation of extreme
weather, answering the specific questions related to their
major concerns, and being informed to make actions.

In summary, designing resilient human settlements
responding to climate change needs an integrated

Page 3 of 4

framework. The critical elements at play are climate
extremes, economic growth, human mobility, and liv-
ability. Heightened public awareness of extreme weather
crises and demands for a more moral climate landscape
has promoted the discussion of urban climate change
ethics. With the growing urgency for considering envi-
ronmental justice, we need to consider a transparent,
data-driven geospatial design approach that strives to
balance environmental justice, climate, and economic
development needs. Communities can greatly diminish
their vulnerabilities under climate extremes and enhance
their resilience through appropriate design and planning
towards long-term stability. For instance, an Al (Artificial
Intelligence)-driven platform for flood resilience design
and planning has been conceptualized to integrate mul-
tiple disciplines (architectural design, landscape architec-
ture, urban planning, geography, and computer science)
to examine the climate resilient issues ranging from
micro to macro scales (Ye et al., 2021). Al facilities novel
methods of urban data acquisition and data fusion, using
IoT (Internet of things), mobile phones, and crowdsourc-
ing (Kaginalkar et al., 2021).

Climate science has typically been viewed as a global
and large-scale assessment primarily involving geophysi-
cal aspects, while urban science is at a much more local
scale involving social and human systems. The interface
now emerging with urban climate is where a confluence
of geophysics and urban social science needs to occur.
For example, by modeling one of the deadliest floods
(mid-July 2021 with more than 200 fatalities) in European
history, Yang et al. (2021) found that the rainfall anoma-
lies caused by urban conditions are more obvious with
climate warming compared to previous scenarios.

Urban areas are at an economic advantage compared to
rural regions but are more vulnerable to climate impacts.
This feature suggests that it is not the access to funds
which is the limiting factor — it is the lack of a framework
and a definition of a sustainable urban system that is
likely the weak link. As Gonzalez and Niyogi (2021) state,
“The urban climate era has evolved from its initial focus
on urban heat island assessments and boundary layer
feedbacks to being a critical component of the weather,
air quality, and broader earth system modeling and
assessment framework. Beyond the models and research
endeavors, the societal need for more localized, decision-
relevant information has exponentially increased and
is expected to grow in the coming decade”. We are now
at a critical point for the climate scientists, urban scien-
tists, and city leaders to work together to reimagine the
immediate future. Averting catastrophic climate change
has risen on the domestic and international agenda, and
it presents an opportunity for the integration of climate
science and urban science to have significantly more
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influence over landscape architecture, urban planning,
policy debates, and decision-making. Linking the issues
of extreme weather and climate change to the problem of
development is more likely to achieve the win-win goal
than treating climate change separately from dramatic
urbanization. As pointed out by Yang et al. (2021), “The
role of cities has not been adequately considered in the
attribution analysis of weather extremes. Future adapta-
tion and mitigation strategies to climate change need to
consider the emerging urban-rural contrasts in the expo-
sure and vulnerability of hydrometeorological extremes’.
A holistic picture of urban climate science is thus
needed to be adopted by urban designers and planners
as a principle to guide urban development strategy and
environmental regulation in the context of a growingly
interdependent world. For instance, a ‘fit for the purpose’
multi-technology framework can be developed to help
decision-makers and citizens to action in real-time in
emerging smart cities.
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