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Heat Hazards

• U.S. cities are now 0.5–4.0°C warmer during 

the day and 1.0–2.5°C warmer at night 

compared to rural areas. 

• Cities are more vulnerable to heat waves 

because of preexisting urban heat island (UHI) 

effect. 

• From the year 1999 to 2017, heat waves 

caused more than 7,500 deaths in the United 

States, greater than death tolls resulted from 

any other natural hazards.
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Zhang & Ayyub (2018) Urban Heat Projections in a Changing Climate: Washington, DC, 
Case Study. ASCE-ASME Journal of Risk and Uncertainty in Engineering Systems, Part A: Civil 
Engineering, 4(4): 04018032.
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Heatwaves at DC

Zhang & Ayyub (2020) Projecting Heat Waves Temporally and Spatially for Local Adaptations 
in a Changing Climate: Washington D.C. as a Case Study. Natural Hazards, 103: 731–750.

A heat wave is defined as at least six consecutive days 
in which maximum temperatures exceed the local 90th 
percentile of the control period from 1961 to 1990.

Mean amplitude of heat waves may grow by 5.7°C, and 
frequency and duration may triple by 2100 under RCP 
8.5. 

Annual duration may increase to two months by 2100 
under RCP 8.5.



Strategy Heat wave 
amplitude

Warm spell 
duration

Benefit-cost 
ratio

Elevating roof albedo 
from 0.3 to 0.6

0.6–0.8°C 6–9 days 6.4

Raising pavement albedo 
from 0.15 to 0.3

0–0.1°C 0–2 days 2.0

Raising pavement albedo 
from 0.15 to 0.45

0–0.2°C 0–3 days 4.1

Replacing with 50% 
green roofs

0.5–0.7°C 5–8 days 1.9

Replacing with 100% 
green roofs

0.9–1.3°C 9–13 days 2.0

Sensitivity Heat wave 
amplitude

Warm spell 
duration

Elevating per 0.15 of roof albedo 0.40–0.43°C 2.8–5.2 days

Raising per 0.15 of pavement 
albedo

0.07–0.11°C 0.7–1.4 days

Increasing per 0.25 of green roof 
fraction

0.22–0.28°C 2.3–2.9 days 

Adaptation Strategies for DC

Zhang and Ayyub (2020) Electricity System Assessment and Adaptation to Rising 
Temperatures in a Changing Climate with Washington Metro Area as a Case Study. 
Journal of Infrastructure Systems, 26(2): 04020017. 
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Facts

• Washington-Baltimore-Chesapeake Bay region: the fourth largest 
combined statistical area in the US, with a population of 
9,973,383 in 2020 and home of the nation’s capital

• 8 of the top 20 richest counties in the United States (Forbes, 
2021), it also has a large underserved population living in the 
inner cities of Baltimore MD (20.3%) and Washington, DC 
(16.5%) according to the US Census Bureau statistics

• According to EPA’s Environmental Justice Index Screen (EPA, 
2022), Washington, DC and Baltimore, MD rank in the 95–100 
percentile range for the following indicators: fine particulate 
matter, ozone, air toxics cancer and respiratory risk, traffic 
proximity, and hazardous waste proximity. 

• The racial minority and disadvantaged communities in the region 
thus suffer one of the worst environmental injustices in the 
nation



Goals
• Advance fundamental knowledge and 

deepen scientific understanding of how human 
and natural systems work and interact with 
each other in cities.

• Innovative observations for advancing climate, 
weather, and air quality analysis and prediction 

• Improve the integration and modeling of 
human and natural systems 

• Deploy a community-driven climate resilience 
and adaptation community response process





Over-searching Science Question

1. How does climate model (WRF-Weather Research and Forecast) perform 
to capture extreme heat wave events for Baltimore and Washington DC 
metropolitan Area?

2. What are synoptic scale and local scale phenomena during extreme heat 
wave events ?

3. How is human comfort varies during extreme heat wave and normal day?  

4. What is the role of  urbanization in exaggerating near surface and vertical 
profiles?



➢ BEP is a multiple layer urban scheme that takes into account effects of radiation shadowing 

and trapping and modified version of the turbulent length due to presence of buildings.

➢ BEM It takes into account natural ventilation, heat generated by equipments and 

occupants, the convective heat through the walls, and the radiation through the windows.

uWRF-A High Resolution City Scale Model



d01

d02

d03

WRF Domain  and Topography 

(m)
Land use land cover for d03

Urban fraction for d03 Topography (m) and Urban cover for d03

a. b.

c. d.

uWRF- modeling 

features

a. WRF-Domain d01,d02,d03 and 

9km,3km,1km.

b. Zoom in to d03 (1km) 

consisting of  BMA and WDC  

metropolitan Area. Numbers 

are the location of  weather 

stations

c. NLCD 2023 urban fractions.  

VERY-homogeneous

d. Topography between 50-250m 

for in the metropolitan regions
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uWRF- Model Evalution.
1040F 1040F 1040F12th dayJuly-16



Peak at July-16



Model-Evaluations (Statistics)

S.No. Station

Name

RMSE

T2(0C)

MAE

T2(0C)

R2

T2

RMSE

RH2(%)

MAE

RH(%)

R2

(RH2)

RMSE

WS(m/s)

MAE

WS(m/s)

R2

(WS)

1 KMTN 2.08 1.59 0.68 14.05 10.65 0.46 2.14 1.52 0.33
2 KBWI 2.75 2.19 0.72 15.18 11.36 0.53 1.37 1.05 0.38
3 DCA 2.52 1.99 0.72 13.12 10.33 0.54 2.36 2.02 0.25
4 KADW 2.53 1.90 0.76 13.78 10.63 0.58 2.18 1.84 0.33
5 KCGS 2.40 1.80 0.65 13.53 10.32 0.53 1.39 1.15 0.30
6 C8838 2.21 1.77 0.71 14.04 11.34 0.52 1.00 0.83 0.39

7 KIAD 2.57 1.95 0.71 12.77 9.81 0.57 1.57 1.27 0.29



July 16

July 18 July 19
uWRF-Model 

Evaluation

▪ July 16-peak heat wave day 

when max T2 reached 400C-

1040F. 

▪ Close resemblance to 

observation for potential 

temperature, however wind 

speed on peak HWD is 

simulated higher between 0-

500m.

▪ Wind speed shows higher 

deviations on July 16, 

however July 18-19 shows 

change in wind direction 

increasing vertical wind shear 

a tendency to convection 

activity 



Temperature (0C) 

m/s m/sMin Max Min Max

July 15 July 16

July 17 July 18

▪ The minimum 

temperature delineates 

urban coverage whereas 

both minimum and 

maximum temperature 

shows the impact of  

coastal region. 

▪ High wind speed is 

simulated around the 

coastal region. There is 

a change in wind 

direction between the 

HWD and Non HWD. 

July 18 is a non-heat 

wave day and 

anticipated to be at the 

transition to reach the 

equilibrium condition.



▪ Top panel shows scatter plot for AC-Demand Vs. Temperature and AC-Demand Vs. Heat Index(HI) In 

summary 10C increase of  HI is 125 MW-h greater than 10C increase of  temperature. 

▪ Below panel shows peak AC demand for 15 days of  simulation peaking at HWD July-16 at 11 GW-h (including 

both BMA and DCMA). The right bottom shows three urban categories daily AC-demand for both HWD and 

a non-HWD for both metropolitan region.

AC Demand Vs. Temperature and Heat Index for both BMA and 

DCMA



Land use land cover for d03 (run1) Land use land cover for d03 (run2)Land use land cover for d03 (run3)

CONCLUDING 

SLIDE: Sensitivity

▪ The finer 1km domain urban 

coverage is control (run1) with 

3 urban category using 

multilayer urban physics, 

NoAH LSM with 1 urban 

category with no urban physics 

(run2) and covering the urban 

by forest land cover in run3.

▪ The diurnal average for 15 

days for run1-run2 (T2) 

demonstrating the impact of  

multilayer and run1-run3 for 

Urban Heat Island (UHI) 

intensities.

▪ THANK YOU.



Discussion
Commissioner Erica Green



Questions & Answers
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