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warming, urban heat islands, and urban energy
demands is crucial for urban planners and energy
providers, specially for semiarid urban environments ‘
where summertime cooling demands'are excessive.
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further. justified ‘because anticipated greater urbang
growth rates are expected in future decades relative to =
other ecological zones.
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warming, urban heat islands, and urban energy ' "
demands is crucial for urban planners and energy
providers, specially for semiarid urban environments
where summertime cooling demands are excessive.
Our emphasis on semiarid ‘urban environments s,
further. justified ‘because anticipated greater urbang
growth rates are expected in future decades relative to

other ecological zones. E

—

We focus on the rapidly expanding Phoenix (PHX) and %
Tucson (TUC) metropolitan areas in AZ. ’
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Rooftop solar photovoltaic (PV) panels model
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Energy balance equation solved to determine the sensible heat flux H

from the rooftop PV panels to the atmosphere:
(1- apy )SWy, + LWy — LW, + LW — LW, = EPV@

roof




Rooftop solar photovoltaic (PV) panels model

-

SWg,

___5_

LWy,

Energy balance equation solved to determine the sensible heat flux H
from the rooftop PV panels to the atmosphere:

d-o,y)S W;ky + LW}ky — LW}, + LW/

roof

- LWI;LV = EPV

The radiative contributions to the surface energy balance of the roof are modifie
ing to the following expressions:

In BEP+BEM a si
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WRF-simulations

 The twelve WRF (V3.4.1) simulations were performed with
four two-way nested domains with a grid spacing of 27, 9, 3,
and 1 km respectively. The number of vertical sigma
pressure levels was 40 (14 levels in the lowest ~1.5 km).

e The simulations were conducted with the NCEP Final
Analyses data (number ds083.2) covering a 10-day EHD
period from 00 LT July 10 to 23 LT July 19, 20009.

e The US Geological Survey 30m 2006 NLCD set was used to
represent modern-day LULC within the Noah-LSM for the
urban domain. Three different urban classes describes the
morphology of the cities: COI, HIR, and LIR.

 The multilayer building energy parameterization (BEP+BEM)
was applied to the fraction of grid cells with built cover
(sf_urban_physics=3).
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CI) Numerical domains

135x 115 domain 1
(27 km)

201 x 183 domain 2
(9 km)

390 x 321 domain 3
(3 km)

615 x 555 domain 4
(1 km)

130°% 120°W 1107w 100°% 0w
Terrain height {at intervals of 250 m)

Urban stations for WRF-model evaluation

b) Phoenix metropolitan area c) Tucson metropolitan area
32.60°N —§

32,20°N

32.00°N

31.80°N

31.8C°N
1132°W 112.8°W 11247 112,07 111.6% 111.2°% 111,50 111.30°W  111,10%  110,90°W  110.70%  110.50°W
1: Low Intensity Residential (Green)
2: High Intensity Residential {Yellow)
3. Commercial or Industrial {Red)




WRF-simulations

% of the roof covered with % of the roof covered
highly reflective membranes | with PV panels

WRF-simulations

CTRL_AC 0 0
CTRL_AC_ALBO0.25 25 0
CTRL_AC_ALBO.5 50 0
CTRL_AC_ALBO0.75 75 0
CTRL_AC_ALB1.0 100 0
CTRL_AC_FPVO0.25 0 25
CTRL_AC_FPVO0.5 0 50
CTRL_AC_FPV0.75 0 75
CTRL_AC_FPV1.0 0 100
CTRL_AC_FPVO0.25 ALB0.75 75  (hybrid scenario) 25
CTRL_AC_FPV0.5_ALBO.5 50 (hybrid scenario) 50
CTRL_AC_FPV0.75_ALB0.25 25 (hybrid scenario) 75
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CTRL_AC-simulation

2m-air temperature (Urban Stations)
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Modeled mean 2m-air temperature differences (°C) averaged for
the entire 10-day EHD period
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Modeled mean 2m-air temperature differences (°C) averaged for
the entire 10-day EHD period
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Diurnal cycle of modeled AC (MW/km? of urban land) electricity consumption
averaged for the entire 10-day EHD period and across the Phoenix (continuous
curves) and Tucson (dashed curves) metropolitan areas
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Diurnal cycle of modeled AC (MW/km? of urban land) electricity consumption
averaged for the entire 10-day EHD period and across the Phoenix (continuous
curves) and Tucson (dashed curves) metropolitan areas
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Modeled Planetary Boundary Layer height reduction [m]
averaged for the entire 10-day EHD
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Modeled Planetary Boundary Layer height reduction [m]
averaged for the entire 10-day EHD (hybrid scenarios)
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Conclusions

e Large-scale deployment of cool roofs and rooftop
PV panels reduce near-surface air temperature and
cooling energy demand on a city scale.

 During the day, cool roofs are more effective at
cooling than rooftop PV panels, but PV panels are
more efficient at reducing nocturnal urban heat
island.

implications for air quali
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Modeled mean 2m-air temperature differences (°C) averaged for
the entire 10-day EHD period
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Modeled mean 2m-air temperature differences (°C) averaged for
the entire 10-day EHD period (hybrid scenarios)
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Modeled mean 2m-air temperature differences (°C) averaged for
the entire 10-day EHD period (hybrid scenarios)
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Diurnal cycle of modeled 2m-air temperature (°C) differences
averaged for the entire 10-day EHD period
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