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1 Introduction




Heat Wave: Extreme Natural Hazard

» A period lasting for several days with air
temperature much higher than normal
condition

v’ Mortality risk increases 4.5% for every 1 °C
increase in air temperature and 0.5% for every

1 day increase 1n duration (Anderson and Bell,
2011)

v'Synergetic impact with UHI effect on micro-

climatogical conditions in urban areas (L1 and
Bou-Zeid, 2013)




Heat Waves in Beijing
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What Are Green Roofs?

Extensive Green Roof Intensive Green Roof

Source: Earth Pledge(2005)




R Site at Tsinghua




Motivations

» What are the city-scale impact of GRs on
the UHI effect, especially under heat
waves?

» How do GRs mitigate thermal stress under
heat waves?




Maedel
Setup and Evaluation




WRF-PUCM

Princeton ROof Model Princeton Urban Canopy Model
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(a) ,%01 VT N
Model Setup P o Ik
441 ( N cw?""
» Simulation period: E |l e
v July 4 —7,2010 (a HW period) = |
» (Grid settings:
v One-way nesting:
® 3 nested domains: 9 km, 3 km, ‘ |
1 km M-W: 110 1125 115 '.‘J:f_HNMQm’Zo P 25
® d03 covers the whole Beijing ©® - P
arca

v" Three different urban settings
> Simulation scenarios:

v' default scenario (DFT): §
all conventional roof coverage = ¥
v" green roof scenario (GR)  Covkes
® Varying GR coverage: g
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3 Impact on Micro-meteorological
Factors by GRs




Air Temperature
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» Green roofs decrease air temperature by as

much as 4 °C
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Air Humidity
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» Green roofs increase air humidity by as
much as 3 g kg’!




Wind Speed
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» Green roofs decrease wind speed by as
much as 2 m s




(b)

Latitude (°N)

UHI Effect
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» UHI intensity:
UHI
= T2prvan — T 2yrar

v' Urban grids:
® Landuse: urban and
built-up
® Area: disk
v’ Rural grids:
® Landuse: cropland
® Area: annulus




UHI Effect
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» Evident decrease i1s observed during daytime.
v'urban heat island = urban “cool island”




Regional Circulation
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Regional Circulation
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Regional Circulation
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Green Roof Fraction
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4 Mitigation Mechanism of GRs
. against the Thermal Stress




Heating Mechanism of Heat Waves

= T » According to
Miralles et al.(2014):
I : Curface 7b. st ABLETOMh v'soil moisture

Ep\l\ ) deficit=> higher

Soil moisture deficit

sensible heat

v’ more buoyancy =2
higher PBL = more
entrainment

o T——— v’ hotter and hotter!

A

>
Time




Surface Energy Budgets

(8) 0
» Changes in surface 2 gaey” /.
heating from sensible §» @ /" |
heat flux between Ss
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v’ Total turbulent fluxes ©= Hoat Flux
i H
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by more than 50%;  “ . Latent

sl Heat FlI
v More turbulent fluxes @
are dissipated as Oy .
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Boundary Layer Characteristics
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» PBL height: v
v’ Maximum height will |
decrease from 2000 m =~ —= st
to 1600 m. i

» Difference in @ :

v" Decreases propagate
to higher PBL as PBL | |
develops; - N

v' Maximum decrease |

can be 1.8 K. | -
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5 Concluding Remarks




Concluding Remarks

» WRF-PUCM demonstrates appealing ability in

capturing the micro-meteorological dynamics
in urban contexts.

» GRs prove encouraging effect in mitigating
UHI effect under heat wave scenarios.

» The mitigation against UHI relies in a two-way
cooling mechanism:
v’ Bottom: GRs alter the SEB by enhancing the

wetness condition and thus decrease the heating
from sensible heat;

v Top: GRs cause a shallower PBL that dampens the
heating from entrainment at the PBL top.




Thank You!
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How to 1dentify Heat Waves

» According to Meehl and Tebaldi (2004), a
heat wave period can be 1dentified by:

v’ Define T, and 7, as the 97.5% and 81% percentiles in
the maximum daily temperature series {7},
respectively;

v i min{l >T
v oavgT >T
v' length{T |T >T}>3

31



Multi-layer Heat Transfer Scheme

:: "l | .| 4-0a @Green’sfunction-basedsolution for
R — T=Twu  one layer:
< t t
Layer 1 2 3 Tt :Ti+J‘Q1dG1+J‘Q2dG2
Discrete model 0 0
oT ’ o ,
—> «—
- [ Qo=ky =k [0dG\+ [0,4C,
g, —» T(x.0) — 4 0 0
: : Key advantage:
. The ability to capture a more accurate
Analytical model temperature gradient between interfaces

of different media.
Wang, Z., Bou-Zeid, E., & Smith, J. A. (2011).




Multi-layer Heat Transfer Scheme

Ro Green’s function-based solution for
l one layer:

s 1, :Z+IQldGl+JQ2dG2
0 0

| sy i T 1 aT t .
0, =—ka—=—k[jQ1dG1 +JQ2dG2j
T2 ‘ ’ 0
Key advantage:
Gb The ability to capture a more accurate
Tp  temperature gradient between interfaces

of different media.




Multi-layer Heat Transfer Scheme
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Green’s function-based solution for
one layer:

1 :Z+ledG1+jQ2dG2
0 0

oT ’ o .
0, =—ka—=—k[jQ1dGl+jQ2dG2j
< 0 0

Key advantage:

The ability to capture a more accurate
temperature gradient between interfaces
of different media.




Hydrologic Module

Richards’ equation-based solution:
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Model Validation
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Surface Temperature
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Green Roofs significantly reduces surface temperature.
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Sensible Heat Flux
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Sensible heat flux can be greatly reduced by green roofs.
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