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Urban impacts on weather and climate

Increase in urban extent +
changes in surface properties +
anthropogenic activities

Urbanization causes localized
warming (urban heat island),

drying (urban dry island), cloud

formation and precipitation
over and downwind of cities,
enhanced air pollution, etc.

Urban growth and
densification may lead to
further feedbacks to the

Sea breeze
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= Impacts on weather and climate
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Urban representation in Earth system models

Mostly slabs or no urban

*= Urban areas are rarely represented in
global models

= We assume that urban land fraction is
small and won’t impact broader climate

* The few global models with urban
representation are too simple

Hertwig et al., 2020 EESM PI Meeting 2024



Urban representation in Earth system models

Mostly slabs or no urban

*= Urban areas are rarely represented in
global models

= We assume that urban land fraction is
small and won’t impact broader climate

* The few global models with urban
representation are too simple

E3SM: DOE’s Energy Exascale

Earth System Model

Urban canopy structure in E3SM
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Poor surface constraints for urban areas

= |n E3SM, the world is divided
into 33 regions, each with
unique values for urban
radiative, thermal, and
morphological parameters
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Poor surface constraints for urban areas

= |n E3SM, the world is divided
into 33 regions, each with
unique values for urban
radiative, thermal, and
morphological parameters
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Black-Sky Albedo (BSA)
of urban roofs in ELM

Actual variability, as seen from
satellites, is much higher than
what is represented in the
model.
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* Would strongly impact
simulations of cross-sample
variability in urban climate
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No vegetation within urban areas

Urban canopy structure in E3SM

Atmospheric Forcing
T
I=:>.Hann - atm> qam}
Paﬁli 2 Saz‘m = La”)}
F 3
< Roof e H,E,LT,ST,T

E s

Canopy Air Space

—_— ° — H
Tmm < Ti:B < Tmax Hsymm.*‘.*‘ T; 25> Uy H_yf;.:h;-g.“.“
1
+ Conduction ;
+ Convection ; )
e | Sunlit Shaded
* Radiation = "
e - 1 Wall H Wall
+ Ventilation amprwrd mere H .
: E J, prvid
imprvrd Epﬁ'w*a’
R.uupmrd Floor @ prvid
Impervious Pervious
Canyon Floor
w

Modified from Ching et al., 2014 EESM Pl Meeting 2024



No vegetation within urban areas

Urban canopy structure in E3SM

Atmospheric Forcing
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Overview of DOE Early Career Project

Objective 1: Develop a new urban Objective 2: Isolate the role of urban evolutionon  Objective 3: Examine urban feedbacks to
parameterization for E3SM surface climate from continental to coastal scales the atmosphere and their impacts on U.S.

= Explicitly represent urban vegetation
and its interactions with climate

= Global spatially continuous urban
surface dataset
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= Spatiotemporally varying
estimates of urbanization

= Examine urban impacts on
surface climate across scales
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coastal weather extremes

Urban state

Past
™ Added between past and present
B Expected to be added in the future

= |solate feedback from CONUS to e
urban coastal scales

= Urban impacts on coastal weather
extremes



Developing a global urban surface dataset for E3SM

] Combine high-resolution satellite-derived products with
E3SM urban surface constraints global segmentatlon results for bwldmgs and roads
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Representing urban vegetation in E3SM
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" |ncorporating urban vegetation and its
interactions into E3SM

= Associated development of global 1 km
urban vegetation properties e
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Ongoing and Future Work
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