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Background

More than 50% of the world’ s population
currently lives in cities, and that number is
projected to increase to 70% by year 2050.

Heat island effect will directly endanger
the health of urban residents.

eat stress associated with climate
change is projected to a large reduction in
workplace productivity.
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Objective

> |nvestigate the urban heat island intensity
under current and future climate scenarios
for three climate regions in the US and
southern Canada.

> quantify the effectiveness of several
mitigation strategies (street vegetation,
green roof, cool roof and bright pavement)

> estimate aggdregated temperature reduction
potential of these strategies using a UHI
mitigation wedge approach.



Method

Objective: Compute climatological mean

temperatures and the UHI intensity

Climate scenarios: Current climate,RCP4.5,RCP8.5
: 33 years (1972-2004) of data in the current

climate and the last 30 years (2071-2100) of data in

the two future scenarios

Region: 57 cities(US and southern Canada)
(temperate climate, continental climate and
dry climate)



Method

. Albedo Mitigation strategy method
Model simulations - -
CTR WHT  Cool roofs Street vegetation ~ Green roofs Reflective pavement
Current (1972-2004)  default (.88 onle simulations.  two-endmember  offline attribution  offline attribution
RCP4.5(2005-2100)  (0.18-0.37) offline attribution  interpolation

RCP 8.5 (2003-2100)

Table 1. The simulations run and the methods used to
assess the temperature mitigation strategies. The
online simulation method calculated the mitigation
potential of cool roofs as the difference between the
WHT and CTR simulations (WHT - CTR). The offline
attribution and two-endmember interpolation methods
used diagnostic data from the CTR simulations.



Method

Model:Community Earth System Model
(CESM)
Community Land Model (CLM)

Cool roof: the average prescribed roof
areal fraction in CLM 4.0 is 48.8 %

Street vegetation: § T=-V X ATg,

anthropogenic heat contribution

Urban canyon effect



Results and discussion

Offline UHI diagnhostics

(a) -, (e) .

Fig 1. Attribution of summer
mean UHI intensity during

2071-2100 under the RCP 4.5

scenario for the control (CTR)
i run. (a, b, ¢, d)
daytime; (e, f, g, h) nighttime.

a

(b) -

AT (K]

(a, e) dry climate; (b, f)
continental climate; (c, 9)
temperate climate; (d, h) all
selected cities. The radiative
forcing term results mostly
from albedo differences
between urban and rural land
in the daytime and from small
differences in surface

| — SR o s emissivity at night. Error bars
are 1 standard error.

AT {K]
- ki




Results and discussion

Future UHI| under RCP scenarios

Fig 3. Urban heat island
intensity from the
control (CTR; a,
b) and white roof (WHT;
c, d) simulations. (a, c)
daytime; (b, d) nighttime.
| Red, dreen, and blues
o o bars denote dry,
continental, and
temperate climate
zonhes, respectively.
Error bars are 1
standard
error.

Current RCP 4.5 RCPAS Current RCP 4.5 RCPES




Results and discussion

Cool roof

Temperature reduction: 6.b
0.3K(RCP4.5)

Reason:the higher albedo(0.88)
previous studies (0.3-0.9).

define AT using radiative surface
temperature rather than screen-height
air temperature.

analysis and results are restricted to
midday hours (13:00 local time) and
summer months.



Results and discussion

Street vegetation

Vegetation:25%-45%
Assumption: adapt to local soil moisture
Result;

1.3 = 0.2K (temperate, RCP4.5)
0.3 = 0.1K (dry, RCP4.5)
1.1 £ 0.1K (temperate, RCP8.h)

0.3 = 0.1K (temperate, RCP8.5)
Problem:
anthropogenic heat contribution
street vegetation composition




Results and discussion

Green roof

Assumption: plant water-conserving native grass
on the roofs

the albedo of green roofs (0.20) is lower than the

average
default roof value (0.29)

Result:1.6x 0.2K (RCP4.5, RCP8.5)

a major factor in determining the mitigation
potential .



Results and discussion

White oasis effect

Oasis effect :surface cooling by
evaporation

typically results in a stable inversion air
layer

White oasis effect

implementation of cool roofs may
decrease the dispersion capacity of
urban air



Results and discussion

Mitigation wedges
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Fig 5. A UHI strategy
consisting of three mitigation
weddes under the RCP4.5
scenario. (a) cool roof, street
vegetation, and reflective
pavement; (b) green roof,
street vegetation, and
reflective

pavement. The horizontal line
marks the mean midday rural
surface temperature of all 57
cities in the current climate
conditions, and other
temperatures are mean
values relative to this rural
background.




Results and discussion

Mitigation wedges

Cool roof,Green roof

Wedge strategy: b0% cool roof,50% green roof,
100% street vegetation, and 100% reflective
pavement

Agdregated potential:h./K




Results and discussion

Mitigation wedges

solar photovoltaics

Futuristic electricity conversion
efficiency:25%

Albedo:0.33

Wedge strategy: 100% solar PV roof,
100% street vegetation, and 100%
reflective pavement

Agdregated potential:2.8K



Conclusion

> Our modeling analyses favor cool roofs as the
preferred
method for urban heat mitigation in comparison to
green
roofs, street vegetation, and reflective pavement.

> Favor cool roofs as the preferred method for urban
heat mitigation.

» UHI mitigation wedge strategy consisting of 50%cool
roof, b0%green roof,street vegetation, and reflective
pavement has the potential to reduce the urban
daytime surface temperature by b./K in the summer
from the unmitigated urban scenario.
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