PLOS CLIMATE

Check for
updates

G OPEN ACCESS

Citation: Nazarian N, Bechtel B, Mills G, Hart MA,
Middel A, Krayenhoff ES, et al. (2024) Integration
of urban climate research within the global climate
change discourse. PLOS Clim 3(8): e0000473.
https://doi.org/10.1371/journal.pcim.0000473

Editor: Jamie Males, PLOS Climate, UNITED
KINGDOM OF GREAT BRITAIN AND NORTHERN
IRELAND

Published: August 26, 2024

Copyright: © 2024 Nazarian et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Funding: The author(s) received no specific
funding for this work.

Competing interests: | have read the journal’s
policy and the authors of this manuscript have the
following competing interests: Benjamin Bechtel is
a member of the PLOS Climate editorial board.

OPINION
Integration of urban climate research within
the global climate change discourse

Negin Nazarian'>**, Benjamin Bechtel®*, Gerald Mills®, Melissa Anne Hart®?>%®,
Ariane Middel®’, E. Scott Krayenhoff®, Gaby S. Langendijk®°, Lei Zhao ',
Andy Pitman®®, Winston Chow'"2

1 School of Built Environment, University of New South Wales, Sydney, New South Wales, Australia,2 ARC
Centre of Excellence for Climate Extremes, Sydney, New South Wales, Australia, 3 ARC Centre of
Excellence for 21st Century Weather, Sydney, New South Wales, Australia, 4 Bochum Urban Climate Lab,
Ruhr University Bochum, Bochum, Germany, 5 School of Geography, University College Dublin, Dublin,
Ireland, 6 Climate Change Research Centre, University of New South Wales, Sydney, New South Wales,
Australia, 7 School of Arts, Media and Engineering, Arizona State University, Tempe, Arizona, United States
of America, 8 School of Environmental Sciences, University of Guelph, Guelph, Ontario, Canada, 9 Climate
Adaptation and Disaster Risk Department, Deltares, Delft, The Netherlands, 10 Department of Civil and
Environmental Engineering, University of lllinois at Urbana-Champaign, Urbana, lllinois, United States of
America, 11 College of Integrative Studies, Singapore Management University, Singapore, Singapore,

12 Urban Institute, Singapore Management University, Singapore, Singapore

* nenazarian @ gmail.com

Global climate science needs to address a fundamental challenge: the mismatch between the
scales of anthropogenic processes driving change and the resulting climate impacts. While pro-
jected climate changes and impacts are global in extent, the drivers of this change, and the
exposure to its impacts, are concentrated in densely populated urban areas. Despite occupying
only 1-3% of the land, urban areas are home to most of the world’s population and responsible
for ~70% of current greenhouse gas emissions [1]. By 2050, an additional 2.5 billion people are
expected to live in urban areas, with up to 90% of this growth anticipated in the Global South
with increased rates of vulnerability. The importance of cities in our climate change dialogue
will therefore not diminish but rather become increasingly more significant.

Despite the vital role of cities, urban-scale climates are poorly represented in global climate
science (both in observations and models). Urban climate research has also been traditionally
underrepresented in the assessments of the physical basis of climate, with the inclusion of cities
not being formalized until the 5th Assessment Report of the Intergovernmental Panel on Cli-
mate Change (IPCC), which emphasized adaptation and mitigation. This has several conse-
quences. First, a rich body of existing knowledge on urban climates is ignored, particularly in
IPCC science assessments. Second, there has been little incentive to measure and understand
climate processes at urban scales, which further undermines the accuracy of current climate
assessments. Third, urban policies to mitigate and adapt to climate change may not account
for unique climate consequences in cities. This limits our ability to develop effective strategies
for climate adaptation and mitigation, posing additional risks to the future resilience of
societies.

There is a unique opportunity to remedy this situation with the planned Special Report on
Climate Change and Cities as part of the IPCC’s 7th Assessment Cycle. This marks the first
time the IPCC has dedicated a coordinated effort focused on cities. This initiative is timely,
addressing stakeholder demand for policy-relevant information in urban areas and consider-
ing two developments in urban climate science research. First, there is evidence that cities not
only create distinctive climates but also impact regional climates and extreme events beyond
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their physical boundaries. The contribution of urbanization to urban temperature, for exam-
ple, can equal or exceed the global climate change signal in many cities [2]. Urbanization simi-
larly exacerbates heatwaves, alters the water cycle, and generates increased precipitation over
and downwind of some cities. These regional effects, on par with those of non-urban land
cover change, underscore the role of cities in exacerbating climate hazards in compounding
ways that are not yet systematically quantified [3].

Second, advances in climate modeling at various scales have achieved higher resolutions,
making omitting urban areas increasingly problematic. While models at a ~50 km resolution
or coarser might justify focusing on broader-scale processes, finer resolution simulations suffer
from significant biases if urban areas are neglected. This is especially the case for kilometer-
scale simulations that many major modeling centers are now attempting.

Opver the last 35 years, an active interdisciplinary Urban Climate Research community has
acquired substantial knowledge and understanding of urban modifications to micro- to meso-
scale climates. At their most recent tri-annual gathering, the 11™ International Conference on
Urban Climate (ICUC11) held at the University of New South Wales in 2023, 640 experts gath-
ered to discuss the latest developments in urban climate science. This community plays a piv-
otal role in integrating the physical understanding of urban climate processes in global climate
change discussions.

One of the most prominent discussions at ICUCI11 centered around strategies to enhance
our community’s active involvement in shaping present and future global initiatives, includ-
ing, but not limited to, IPCC reports. Our commentary reflects on these discussions, declaring
and underscoring the collective commitment of the urban climate community to achieving a
broader impact in climate change discourse (Fig 1).
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Fig 1. The urban climate community at the 11th International Conference on Urban Climate, UNSW Sydney (Australia), August 2023.
https://doi.org/10.1371/journal.pcim.0000473.9001
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It is paramount that the Urban Climate community engages in strategic and coordinated
planning to meet this historic opportunity provided by the IPCC Special Report on Climate
Change and Cities and the 7th Assessment Report (AR7). To do so, three pivotal aspects
should be addressed and strengthened:

o Prioritize urban-scale technological advancements: There is a pressing need to improve
the capabilities of high-resolution global and regional climate models and better under-
stand global climate interactions with city-scale processes. Capturing these interactions
requires a range of observations across scales, from novel remote sensing platforms to
fine-scale IoT sensor platforms, in addition to improved modelling capabilities. It is par-
ticularly important to better capture urban dynamics across spatial and temporal scales in
larger (regional to global) climate models and further develop a hierarchy of approaches
(at different spatial and temporal scales) to quantify the two-way interactions between cit-
ies and climate change.

Facilitate cross-disciplinary and cross-scale synergies: The evolving focus on the impact of
climate change on urban communities necessitates integrating urban climate research into
broader-scale climate assessments. The impact of climate change on cities, as well as the
impact of cities on climate change, can no longer be assessed in isolation. There is a strong
need for synergistic approaches that go beyond disciplinary focuses and put urban climate
research into the context of not only climate impact assessments but also applications (such
as climate services) and policies that can be taken up by city governance.

Increase urban climate visibility and presence: Streamlining the process for integrating
urban climate research into IPCC assessments requires a stronger presence of urban climate
experts across all three IPCC working groups in various capacities, including as scoping
experts, authors, and expert reviewers. Furthermore, integration of our work requires not
only better communication of aggregated knowledge in urban climate research (synthesized
from various case studies in different cities and climatic contexts) but also better integration
in the global sustainability context.

To inform various steps of this process, the urban climate community has a responsibility
to identify and address the most critical research gaps that are relevant to the nexus of cit-
ies and climate change. This covers research areas including, but not limited to: urban climate
modeling across scales (including urban representation in the next generation of high-resolu-
tion global and regional climate models as well as climate projections at the city scale), urban
climate observations (including remote sensing, in situ, and urban climate informatics), urban
climate hazards and their compounding impacts (such as heat, air quality, flood), urban green-
house gas emissions, urban climate justice, as well as integrated urban climate services devel-
oped across global case studies.

Equally important is synthesizing and aggregating existing urban climate knowledge in var-
ious subfields in ways that are robust, comprehensive, and accessible to IPCC authors with
expertise in various climate disciplines. This synthesis could focus on developing urban typolo-
gies that codify settlements based on urban form, structure, metabolism, and networks, and
their implications on climate adaptation and mitigation. For these syntheses to be effective,
they should be achieved with urban stakeholders from diverse topical, career stages, and geo-
graphic representations that contribute to aggregating and synthesizing state-of-the-art
knowledge.

Our community pledges to champion robust knowledge synthesis, inclusive representation,
and active engagement, aiming to shape the global discourse on climate change and urban
environments for a sustainable future.
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