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Urban Climate System

Balance of incoming and outgoing energy fluxes: Surface energy budgets of urban
areas and their more rural surroundings differ because of variability in (1) land
cover and surface characteristics, and (2) level of human activity (e.g., how we use

energy).



Urban Climate System
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Twin Forcing Agents

IPCC, AR5



Twin Forcing Agents

Relative thermal impact of Urban to GHG-induced near-surface warming (°C/°C)
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Georgescu et al.. (2014), PNAS.



Twin Forcing Agents

Relative thermal impact of Urban to GHG-induced near-surface warming (°C/°C)
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Georgescu et al.. (2014), PNAS.



Twin Forcing Agents

Key Limitations

1. Assumed linear sum of urban + GHGs (i.e., not
interactive)

2. Impacts are diurnally averaged
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Individual and Total Impacts of GHGs and Urbanization

15:00 LMST (Day) 03:00 LMST (Night)

CESM RCP 8.5

GFDL RCP 8.5

The sum of the effects of climate change, urban expansion and their interaction.

Krayenhoff, E. S., et al. (2018),
Nature Climate Change.



Individual and Total Impacts of GHGs and Urbanization
03:00 LMST

CESM
RCP 8.5
Dynamic interaction (
) between effects of climate
change and urban expansion.
GFDL
RCP 8.5

Krayenhoff, E. S., et al. (2018),
Nature Climate Change.



Individual and Total Impacts of GHGs and Urbanization

Krayenhoff, E. S., et al. (2018),
Nature Climate Change.
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Extending to Health Outcomes

Occurrence and magnitude of hot days that exceed the National Climate Assessment
(NCA) region average contemporary (2000-2009) 951" percentile 1500 LMST temp.

Contemporary
(WREF driven
w/Reanalysis)

Future (WRF
driven w/CESM
RCP8.5 + Urban)

Future (WRF
driven w/GFDL
RCP8.5 + Urban)

Note:

« Widening and “reddening” indicated broadening of regionally heat waves.
« Sensitivity to GCM forcing.

Broadbent et al. (2019), fo be submitted.
Not for public dissemination.



Effects on heat exposure

Projected (2090 — 2100) change in person-hours relative to 2000-2010)

extremely

hot very hot hot

2090-2099 (CESM RCP 8.5) [no adapt
2090-2099 (CESM RCP 8.5) [full adapt

Broadbent et al. (2019), fo be submitted.
Not for public dissemination.




Effects on heat exposure

Design of urban spaces

Surface temperature images
photographed in study playgrounds
using Infrared Thermography:

(A) Slide and black/green rubber
ground surface in sun (71°C on
slide; 82°C on rubber) and under salil
(blue/green);

(B) playground steps in sun. Photos
taken at 1045 h LST (Vanos et al.,
2016, Land. Urban Planning)



Local Perspective

Broadbent, A., et al. (2019), In Revision,
ERL.
Not for public dissemination.



Local Perspective

Impact of cool roof deployment

« Cool roof efficacy
increases for all cities
with future urban
expansion + CC.

« Cool roof efficacy
increases most for
Phoenix.

Broadbent, A., et al. (2019), In Revision,
ERL.
Not for public dissemination.



Concluding Remarks

[0 What are the key knowledge gaps and critical research needs toward sustainable
urban settlements, from the physical and social sciences and arts, including architecture
and urban design?

» Scaling from local to regional;

 Integrating impacts under a desired outcomes framework, which is locally

defined? Avoided building electricity use

consistent thermal
rooftop resistivity

Average and

[0 Discuss effective mechanisms for strengthening the science-policy interface and
adopting best practice to address current and future urban sustainability challenges in
both countries.

» Are city-level climate adaptation plans research dependent?

Uludere et al. (2019), Env. Res. Lett.
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Four 10-year regional climate model (WRF) simulations

Code Climate scenario Urban development
scenario

Base case 2000-2009 2000
bc Climate change 2090-2099 2000
bu Urban development 2000-2009 2100
bcu Climate change + 2090-2099 2100

Urban development
Temperature (T), as an example:

T (bcu) = Base case + Effect of Climate Change + Effect of Urban development +
Effect of interactions

T(bcu)= TH) + T(bc)—T)g{) + T(bu) — T(b) +
Effect of interactions

Rearranging:
Effect of interactions = [T(bcu) - T(bc)] — [T(bu) — T(b)]

Urban'effect Urban' effect
(2090-2099) (2000-2009)



T,

TIMPERVIOUS TPERVIOUS

2010 2100

URBAN EXPANSION = T ecrvious [2100] =Tperyious [2010]

T,

TivperVIOUS

URBAN DENSIFICATION = Tyervious [2100] =Tyeervious [2010]



