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�`CN-BEMÆ^ºàÑpB­sh���B�°u¤3
��ÎÏ�^�pq�°�W±;°iONkË©�;�

�ONs\N¥`à-f¿;à­�zôª��«¬�l

m¢£­�Nk�°f¿;ò6Þ��¶÷N�e�¥u

¤3�ÀºÑpÎÏ�^�pq°­µ­eB­e®Z÷

âÜ��¯komB­u)Ò¶-`°±�¸²�³à�

k$àÙeÁu²¡u�´l�ekÊ6w°��ØnW

±kË©�e­�âÜ�ìæ¥`w��Ù;|µ� 2m
��Ne SET*hºà��pq¼B`ª�¶�­�

WBGTe�~ëG�kÑpÎÏ�^�pq 
 
728ûvüý�

,vw0�ô-k¥BWRF-CM-BEM-HBMs}p^Þ
·äston`�eÀº[[�[02sÅÑqÀº[[_

d01`d02`d03e3t�ñ»¥`s° §XlS�s}p
Àº�ªmBqkÀº[[ealÍ�^_`d01·60D
60`d02·81D81`d03·81D81s`alÍ�Ù¸_`d01
h4.5km`d02h1.5km`d03h0.5kmkÆ�sÇ�mnìò
�hÇ�Ñp}�sñ»¥Bq WRF�^e$à�f
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Meso Scale Atmosphere
WRF

CM

BEM

Urban Canopy Atmosphere

Urban Buildings

(temp., wind velocity,
cloud effects, etc.)

(temp., wind velocity, 
humidity, etc.)

HBM
Human Body Heat Budget
(blood flow, sweat, breathe, etc.)

Surface Meteorological
Elements

WBGT(þ)

SET*(þ)

WRF-CM-BEM-HBM

(sensible and latent 
anthropogenic heat) 

Urban Canopy 
Parameter

Initial & Boundary 
Conditions

Air Conditioning
Systems Parameter

 

[01� WRF-CM-BEM-HBMe���

�

JK

d01 60L60 d03 81L81

d02 81L81

Type-1 Type-3 Type-0Type-2
�

[02� [[ÝkÄ·�Ù 

;º8,vwTV»$àcdtç¼½�`¾8,vwà-¿q

Type-18�¥HÀ|[`Type-28ÁÂÃ=Ô�ÄÀ|[`Type-

38ÅÃ�ÄÀ|[`Type-08�eve/0|[N�

 
/01� �WRFs�,p�8���f¿�

Setting
 Initial &
Boundary
Conditions
(time-varying)

Atmosphere
Soil (moist. & temp.)

Sea (SST)

-NOAA / NCEP / FNL (Global final analysis data)

  Resolution: 1deg.(horizontal), 4 depth levels, 6hour

Land Use and
Land Cover

(LULC)

For d01 & d02
  -GSI LULC data
    Resolution: 10-100m(horizontal),17category
For d03
  -GSI Digital Map 5000(Land Use)
    Resolution:10m(horizontal),15category
 -Digital Building Polygon Data

Topographic -GSI elevation and slope data
 Resolution: 50m(horizontal)

GSI: the Geospatial Information Authority of Japan

Item

Boundary
Conditions
(Geographical

data )

 
 

/02� WRFs�,pHÒ¯ÊËÌXeñ»�
Physics Option Adapted Option

Longwave Radiation RRTM scheme 10)

Shortwave Radiation Dudhia scheme 11)

Microphysics Lin et al. scheme 12)

Cumulus Parameterization
( only for domain-I )

Kain-Fritsch scheme 13)

Planetary Boundary Layer Mellor-Yamada-Janjic (Eta) TKE scheme 14)

Surface Layer Monin Obukhov (Janjic Eta) scheme 14)

Land Surface Model Noah Land Surface Model 8)

Urban Canopy Parameterization
(only for urban grids in domain-III)

CM-BEM 6)
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/0L� CM-BEMs�,pÃ®V³Äñ»;Type-18�¥HÀ|[s�,pñ»ëN�

Part
Thermal Conductivity

(Wm-1K-1)
Volumetric Heat Capacity

(�106 Jm-3K-1)
Albedo

( - )
Emissivity

( - )

0.477 (composite) 1.600 (composite) 0.20 0.97

0.026 (composite) 0.051 (composite) - -

0.673 (composite) 1.790 (composite) 0.20 0.97

0.87

Air Conditioning
Systemsb

(cooling operation)

a Energy Conservation Center of Japan (2005) 15)

b Kikegawa et al.(2006) 16)  c The 1st layer is placed at the outside surface, whereas the layer with the maximum number at the indoor surface.

 -Areal fraction on the wallsM0.33
 -Transmittance of solar radiation: 0.5 (with blinds)

 -System1(33%): Natural-gas-driven absorption type hot and chilled water generators (rated COP = 0.97)
   with water-cooled cooling towers placed on the rooftops of the buildings.
 -System2(67%): Electric air-source heat-pumps  (rated COP = 2.58) with air-cooled heat exchangers placed at each
  storey of the buildings.                                            -Target room temperature : 26°C

Materiala

Roof
(Thickness 0.301m)

(Layer spacing =
0.301m / 16 layers)a

lightweight concrete/concrete/rock-wool board
(except 5th layer)c

Insulation (air-gap/styrene-foam)(5th layer)c

tile/mortar/concrete/sealed-air-gap/plaster-board
Wall

(0.225m /16 layers)a

Window (glass)
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Case1SCase3_2030½�eW|�~²³°^�~`­®
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/0X� kÀº²³°eñ»�

Ground (-) Wall (-) Roof (-)

Case0
0900 LST 1 Aug.  -  0900

LST 10 Aug. 2010 on 0.00 0.00

Case1 on 0.00 0.00
Case2 off 0.00 0.00

0.40Type-1

0.49Type-2,3

Vegetaion Areal FractionAnthropogenic
Heating

Computaion PeriodCase Name

Case3

0900 LST 1 Aug.  -  0900
LST 10 Aug. 2030s

on 0.30 0.60

0.16*

 

*klñx�øksñ»q�Æs_lñx�lmeÞ�ÅÑq 
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STUDY ON MEASURES FOR ADAPTAION TO FUTURE URBAN WARMING 
IN NAGOYA URBAN AREA USING PSEUDO GLOBAL WARMING METHOD 

 
Shohei AOKI, Yukihiro KIKEGAWA, Hiroaki KONDO, Tomohiko IHARA,  

Yuya TAKANE, Masayuki HARA and Sachiho ADACHI 
 

The integrated simulation system of urban weather, building energy and human body heat budget models 
was applied to Nagoya urban area to simulate the presaent thermal environment and to project its future 
change in 2030s by use of the pseudo global warming method. The effects of measures for adaptaion to 
future urban warming were also estimated through numerical simulations. As a result, summertime 
surface air temperature in Nagoya city was projected to increase by about 1ºC in 2030s. This wariming 
was also predicted to be counterbalanced with the measure of anthropogenic heat reduction. On the other 
hand, urban greening measure was estimated to have less effect in warming alleviation but larger 
influence to improve human thermal comfot indicating the decreases in SET* by 0.2-0.5ºC and WBGT of 
up to 0.4ºC in Ngoya city. 
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