
Figure 4. Time series of historical (2011-2020) 
and current (2021) temperatures in June in 
major cities.
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Methods

Objectives & Motivation

Figure 1. Modeling domain (d01=4km) and 
locations of major cities (1km).

Figure 2. Average 2m-temperatures (left three columns) in the 
western U.S. during different episodes and their differences 
(right three columns). Units are ºC.

City
UHII (ºC)** T_veg (ºC) * R

HW* Non-HW* HW Non-HW HW Non-HW

SLC 0.79 1.23 26.10 22.18 0.82 0.74

LA -2.33 -1.18 24.91 21.19 0.31 0.14

POR 2.10 2.06 22.36 15.78 0.90 0.91

LV 1.53 1.36 33.33 28.99 0.82 0.81

SEA 1.64 1.56 20.73 14.65 0.80 0.78

BOI 1.93 1.88 23.33 20.78 0.74 0.76

SF 0.80 0.43 14.34 12.40 -0.81 -0.76

SAC 1.13 0.67 29.03 21.14 0.70 0.73

• The ocean breeze mitigates the urban heat islands effects in coastal 
cities such as Los Angeles and San Francisco.

• Heatwaves intensify urban heat island intensity by 0.05 ºC (Boise)-
0.46 ºC (Sacramento).

• Heatwaves mitigate the urban heat island effects in Salt Lake City.

Weather Research and Forecasting (WRF)

• 4km coarse domain with 1km nested 

domain

• 31 vertical layers

• NAM 12km NCEP inputs

• NLCD and NUDAPT for land use

Urban Heat Island Intensity

• Linear regression fitting

• T_urban = K × Fraction_urban + T_veg

Figure 3. Diurnal temperature 
differences in the western U.S. during 
study episodes. 

Figure 5. Nighttime temperatures during 
heatwaves/non-heatwaves periods.

Table 1. Urban heat islands intensity (UHII) during heatwave episodes in major cities.

• Model performances are validated. The main bias are from 
diurnal profiles.

• Multiple heatwaves that occurred in June originated from eastern 
(early), southern (middle) and northwestern (late) areas.

• Heatwaves caused average temperatures to increase by 5-10 ºC.
• Heatwaves had stronger impacts during the nighttime (>15 ºC). 

Diurnal differences were reduced.
• Portland had a maximum of more than 20 ºC increment during 

heatwaves.

An extreme heatwave attacked Western North

America in 2021 summertime, which caused

some of the highest temperatures ever recorded

in the western U.S. This natural hazard was

widely reported due to its severe health

impacts. However, no study comprehensively

and quantitatively analyzed this event yet. This

research provides a validated modeling study

of this extreme event and its associated effects

on urban heat islands in major cities in the

western U.S. This work includes details of

model configurations and evaluations,

synoptical analysis of heatwaves, estimations

of the spatiotemporal dynamic of weather

parameters from mesoscales to microscales and

quantitatively investigate of the urban heat

island intensity and associated effects of

heatwaves.

Results & Conclusions

REFERENCES

•Philip, S. Y.; Kew, S. F.; van Oldenborgh, G. J.; Anslow, F. S.; Seneviratne, S. I.; Vautard, R.; Coumou, D.; Ebi, K. L.; Arrighi, J.; Singh, R., Rapid attribution analysis of the 
extraordinary heatwave on the Pacific Coast of the US and Canada June 2021. Earth System Dynamics Discussions 2021, 1-34.
•Li, H.; Zhou, Y.; Wang, X.; Zhou, X.; Zhang, H.; Sodoudi, S., Quantifying urban heat island intensity and its physical mechanism using WRF/UCM. Science of the total environment 
2019, 650, 3110-3119.
•This study is supported by the National Science Foundation (NSF) CAREER Chemical, Bioengineering, Environmental, and Transport Systems (CBET) (2048423) and the NIH 
National Institute of Environmental Health Sciences (NIEHS) (R01ES028346)


