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(Background)

Rearranging table on the effect of urban heat island mitigation technology
by Cool Roof Committee of Architectural Institute of Japan
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(Background)

Evaluation tool for the effect of private benefit

by Prof. Kondo (Tokyo City University)
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(Background) . )
Evaluation tool for the effect of public benefit
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Evaluation process of
heat island measures effect

Macro-classification
of urban heat island
measure technology:
Surface cover, Exhaust
heat, Ventilation

Main parameter for
each system
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(Surface heat budget)
Calculation result of Sensible heat flux

and surface temperature at 13:00 averaged in summer
(weather condition: 18 July to 15 September, 2005 at Osaka)
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(Surface heat budget)

Examples of surface heat budget studies
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(Surface heat budget)
Surface heat budget model
R=V+IE+ A4

A=A/Az(T -T )

R Net radiation (W/m?2) \/ Sensible heat flux (W/m?2)

IE: Latent heat flux (W/m?2) A: Conduction heat flux (W/m?)

0 Solar reflectance (Albedo) S | : Solar radiation (W/m?2)

L | : Long wave radiation (W/m?) & : Emissivity (=1.0)

0 : Stefan—Boltzmann constant (=5.67%108W/m2K#)

«: Convection heat transfer coefficient (=4.2v+6.2W/m2K) v: wind velocity (m/s)
T Surface temperature (C) T : Air temperature (C)

} latent heat (=2 512kd/kg) é Evaporative efficiency (-)

C : Specific heat of air (=1.0kd/kgK) X Saturated absolute humldlty (kg/kg)
X Absolute humidity of air (kg/kg) A thermal conductivity (W/mK)

A = Distance from surface to first layer (m) T, Temperature in the first layer (C)



(Surface boundary layer heat budget)

Structure of General Mesoscale Weather

Simulation Model
300075000 m

Three —-dimensional hydrodynamics model

207200 m
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surface

(Urban canopy model)



(Surface boundary layer heat budget)
Outline of upper weather observation

Sea breeze  (Cooperation of Kobe Univ., Osaka City Univ. and Osaka Uni)
N 84 m
o/ m 57 m 45 m 42.5 m
Three points in
LLARIS: LI LLONCEL
I About 8 km I About 9 km I About 4 ka
Nanko Namba Aramoto  Ishikiri
(Coastal industrial area) (Central urban area) (Sub urban area)
Sea | Land (Urban)
(Osaka bay) | (Osaka plain)

® : Observation point of wind velocity and direction, air O - Observation point of

temperature and relative humidity air temperature



(Surface boundary layer heat budget)
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(Surface boundary layer heat budget)

Surface boundary layer model
Sensible heat flux V (W/m?2)

V = ac (HO _ Ha )

o: convection heat transfer coefficient 6, upper potentiz
of surface boundary layer (W/m2K) , temperature

0, upper potential temperature (K)

6,: surface potential temperature (K) Sensible heat flux
from surface air to
, . upper air
Convection heat transfer coefficient
of surface boundary I2ayer Sensible heat flu
C k U and anthropogenic »24—
o = P / ? heat release

c 6, : surface potential
Fm Fh temperature

C,: specific heat of air (=1.0kd/kgK), y: density of air (=1.2kg/m?)
k. karman constant (=0.35), u_: upper wind velocity (m/s),
F_, F,: Integral value of universal function (-)



(Surface boundary layer heat budget)

Estimation results of Convection heat transfer coefficient and quantity of air
temperature rise in the case of additional thermal road of 10W,/m?
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(Air temperature reduction)

Surface heat budget on various urban
heat island measures technology

Parameter of surface heat budget

Asphalt |Concrete [Green roof Cool .roof Cool roof [Water keeping |Water keeping |Water keeping
- white |- gray asphalt concrete block
Albedo (-) 0.044 0.357 0.15 0.74 0.34 0.37 0.153 0.23]
Evaporative efficiency (-) 0 0 0.14 0 0 0.084 0.029 0.03]
Thermal conductivity (W/mK) 0.84 1.59 0.6 1.59 1.59 0.879 0.99 0.6]
Thermal capacity (J/rT3K) 700000 10000p 2900000 100000 10000pD 1500000 500000 30000
55 _ Asphalt 400 - Asphalt
/\/\ Concrete 350 . Concrete
Cool roof - gray Cool roof - gray
50 A Water keeping asphalt 300 ,/‘/ \ Woa(')cerroli)eeping asphalt
S / Water keeping block ,é\ / Y\ Water keeping block
0845 GIUCII fOOf %250 / == ¢ \\ Glc::ll luuf
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240 € % 1o //’ /—{/'7\ \\\ Cool roof - white
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(Air temperature reduction)

Estimation results of air temperature reduction

Sensible heat flux reduction averaged in daytime and nighttime based on surface heat

budget model (averaged in each hour from 1 to 31 August 2006, at Osaka)

The difference with concrete in the case of roof, the difference with asphalt in the case of road

W/ |Green roof Cool _roof Cool roof|Water keeping|Water keeping |Water keeping
- white |- gray |asphalt concrete block
daytime| 34.5 92.6 0.73 30.1 11.2 11.0
nighttime¢ 4.21 0.58 0.00 2.57 1.02 1.10

Air temperature reduction averaged in daytime and nighttime at Nanko (Coastal)

(averaged in each hour from 1 to 31 August 2006, at Osaka)

o Cool rooflCool roof/Water keeping |Water keeping|Water keeping
C Green roof :
- white |- gray |asphalt concrete block
daytime| 0.42 1.19 0.01 0.38 0.14 0.13
nighttim¢ 0.08 0.01 0.00 0.05 0.02 0.02

Air temperature reduction averaged in daytime and nighttime at Namba (Central urban)

(averaged in each hour from 1 to 31 August 2006, at Osaka)

o Cool roof{Cool roof/Water keeping |Water keeping|Water keeping
C Green roof :
- white |- gray |asphalt concrete block
daytime| 0.48 1.37 0.01 0.43 0.16 0.15
nighttim¢ 0.07 0.01 0.00 0.04 0.02 0.02



Evaluation tool for the effect of public benefit

Cool roof and Green roof calculator

1. Setting of Solar reflectance and Evaporative coefficient

present condition

s after measures

change quantity

Solar reflectance (Albedo) 0.25 0.75 0.5
Evaporative efficiency 0 0 0
2 . Calculation of surface temperatuie) (
present conditions after measures | surfacetemperature decrease
At 13:00 on typical summer day 49.0 36.5 12.5
At 21:00 on typical summer day 26.6 26.5 0.0

3. Calculation of sensible heat flux (\ﬁb/m

present condition

s after measures

sensible heat flux decrease

At 13:00 on typical summer day

367

110

256

At 21:00 on typical summer day

-19

-19

0

4 . EStlmatlon Of decrease Of alr temperalttﬂtf@ethatall roofs which occupied 60% of the object area change)

surface temperature decrease

sensible heat flux decrease

air temperature decrease

At 13:00 on typical summer day

12.5

256

1.86

At 21:00 on typical summer day

0.0

0

0.00

5. Calculation of SET*°C)

present condition

s after measures

SET* decrease

SET* at 13:00 on typical summer dayQ)
in the case that albedo of humanis 0.3

446

46.8

-2.2

SET* at 13:00 on typical summer dayQ)
in the case that albedo of humanis 0.6

42.2

42.9

-0.7




Conclusions

* Methods based on the surface-boundary layer model
are used for estimating the coefficient of heat
transfer from surface air to upper air by convection.

* The change in the surface air temperature with the
release of additional sensible heat flux into the
surface air is estimated using the convection heat
transfer coefficient.

 Urban heat island mitigation strategies are
implemented, and their effectiveness is evaluated by
estimating the decrease in the surface air
temperature in the night — and daytime.




