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Abstract

The rising temperatures in urban area due to heat island phenomena have posed problems for people residing
or working in these areas, and various proposals have been put forth to mitigate it. When mitigation measures
are proposed as a part of new building plans, their validity can be enhanced if people understand how such
measures bring about quantitative improvement in the outdoor environment. The Comprehensive Assessment
System for Building Environment Efficiency (CASBEE) recommends a survey of current thermal
environmental conditions and the evaluation of appropriate mitigation effects on the basis of computational
fluid dynamics (CFD) studies. Combining CASBEE recommendations with CFD methods has resulted in
development of a numerical urban climate simulator known as “Appias.” This system can confirm the
effectiveness of various measures and predict the outdoor thermal environment under those measures.  Appias
comprises the following different numerical models: Appias-Meso for meso-scale meteorological phenomena,
Appias-M for urban-scale, and Appias-E for building-scale considerations. In this paper, the outlines of each
numerical models are explained and some proposed mitigation solutions and their expected effects predicted by
Appias are described.
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Schematic Framework for Appias (Temperature and Wind
Velocity Vector Results for Shinagawa Area in Summer).
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Fig. 2 BHEHT & xF% & L 7= Appias-MesoD #-5A% 1
Appias-Meso Grid System for Kanto Region.
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Fig. 3 BEHHG OKIE, JEEH~Z hLopAi (5KF)
Temperature and Wind Velocity Vector for Kanto Region at 5:00.
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Building Shapes within Appias-M’s Domain.
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Imaginary Shapes Obtained by Urban Canopy Model.
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Shape of Buildings for Appias-M.
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Surface Temperature Distributions in Shinagawa Area at 8:00, 11:00, 14:00.
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Fig. 7 #IAF v/ E—NOIRFESA[C]
Temperature Distributions within Tree Canopy.



KRIKLEARTZERTH No. 73 fE#ifixife 7 /v [Appias (7 v BT R) | OBI%E

LI HNEDO TR EAT - 1222, Fig. 6IZfRATREIN 2 3,
160mPY J5 D fk 2 4 i 15m,  BEGE 0 10m D A % 10mfH
T C256AME % 72 IRBE 2B E L7z, Mheid Esmm b
15MORNCTFAET %, FkHiEE (1I800mIX G, HLEX
SHOFANRGRIAG D B & KIROIRE A E R E S5,
HFHE ISR NN IZ T 27 7L Mt & L7z, fEiEk
D EI500MTH D, G TILAKE G MBI 10m
DE A MR, $RTE 7 AN B/ ME I Lm D AR 55 [ fa Ak -
Z VY, BT EE0T16 X 112 X 35=62,72045, A AL T
BE L, ELISOTRITHIR O M) 70 5 R0 KIF O
A&BT—2 &R\,

TR 2 TR E W I PNIRFE /04 D 5 B, 1307, 215,
SIF D43 & Fig. TIWoRT, £72, fkdm st & AL
120mOFEHN &, FERIBOM D ik A D Z N DB FT T
O, HE15m&, BENTHICHY T 5E I1L5MTOR
R & FERHEE o B 28k % Fig. 8127,

A i 3sheE o B SHER I & 0, HiFmmiE g 255 (Fig.
7a) , HiE1EMEUR THI4E (Fig. 8) DIREZEHNFEHIN
ATHEL D, EEBGES S T, SNSRI &
STLAEDOKHAL T4 L 5, HFORVWKRER LR
I, &SR RPN A R O 2R 1 & 0.4 R
ETH2 (Fig. 8) . KHIRLHEHITITABIC L 2MAZHF
DAFIFEERL RV DIE, KIROK NI E 2
FHRL, BEENMETT27-0TH5.

RPN IR O U 2 B> 72 AR 520 o fighir T, BRI
X oW HEAFL, B TTLUE (7272 UEETESIE B & &
DIBNET D), W TO5E (HmAEIER) Th D,
KRNI TIX, BENOBSHEERE Koy 7 22D
AZ{LZ | L TV 20T, BEOEBEDEEHENCE
DY FERE LTHARD L RSOHAGR L o,

3.2 KMz SRD#EOLEE R

WIZ, KT RIS 2 H 2 BEEORIREZ TH L
TP ZoRT, T 2 TR MEREEE &R ik A
U CHENTREI R 2 il L 72 354, BLIRICxE L CRURDS
EORE TN DI OWTTRIET/e o1z, fRNTFEIRO
HpHIx, PrBEFLE L2 HPE1.88km, FL1.58km,
B ST00MDFEIKL T 5, MENT I G EEIRN O£ 7 LK
ZFig. 9T~

BIMLCITEMIT & CRaEfizk & R L, B LiIEEvE
D DFERIE TEWEDE L Z U B, BERIZEEE Y
THRNEDO X AL R E Lz, FFmEmIIETT A
TV ML Uz, —HREEgE, BoR ek
bR FICEET 2, MFmIEL UIA v —a v T
77 a sy 7w RO RS A EE L,

RS 13K ST AN R L 20m D B A E M FR,  $ATE
7N B/ M IR Lm O R Rk - % VS, B S
94 X 79X 37=274,762, 55, K> MR 70 5 2RI RIF O
ST —F AT 21T > 72,

Fig. 10a, bo>FR MR FE /0 Ah & L4~ % &, 1E MR m iR
B DOB0CH B IRAKMEEEZIZ38CT L2 b, FI22BK

"

804 — -fi’_“\'l ..F"‘}’
70% ! \\ //-
60% —— O\ | [ | \,_,../
e ——#en —— iR
50% | =it C H#h_E1.5m |- ——#tst ——— 1 F11.5m
— AR — BAEG

i £ 1.5m

——HEA
i‘li!J'__H.Sl:n -7

— AR

—— iR
— —— ki s
— AR

28

26

0 4 8 12 16 20 240 4 8 12 16 20 24
B Bz

() KR H 21k
Daily Changes of Temperature.

40%

0 4 8 12 16 20 240 4 8 12 16 20 24
Bl B

(a) FHRHZEL D A2k
Daily Changes of Relative Humidity.

Fig.8 HZ{LOFHHEHFR
Computed Daily Changes at Different Heights.

L Wh= [

Fig. 9 KBz BAaMR %54 LizeT VN
Computational Model for Nakanoshima Area.

(]
1]

TLTW?, AERICEBREREREEILE BRI -T
48CBAC~IBER T L TWDH DR DD,

WO F1.5mOKES A (Fig. 10c) 12X D &, &k
JIRe L) ETlE325CTH Y, FZBNDORIR33.5T
F 0B 1 ERIEMEOEIEAER S TWD, £
FOORMZ OO, HEHFHEOBEY LD, FE@ELO
HOEAL SO (B ZITHES) OFR, [KIENE
T micdh 5, —HiEk# OFig. 10dTiX, 34°CH
ITOFEIRIFIETEIRT D, F MR EOXIEZ2
A TR 5 &, BRD33C~34CTh - -KIEMN,
R2C~3BC LR, KIEREOKIRK FRAHE LN TV,

Z D& D IR LR R hRk b 21T o T
b, [JIRE T IXE A UERETHD L WO REBE LN,



KMHEATFZERTH No. 73 EfE#i iRt T v [Appias (7 v BT R) | OR%

e *..
= 1 . 1 Ll =
B g\ D e r

2
0

(c) BILLOSIR[C] « FolE~2 h/vopfi (M1 F1.5m)
Current Air Temperature and Wind Velocity Vectors.

(d) W L OKIR[C] » B~ 7 sy (i 121.5m)
Air Temperature and Wind Velocity Vectors after Humidification.

5.0
EIR  #940°C
0.0

(b) YRR DR AR L /310 [C]
Surface Temperature after Humidification.

1.0

Fig. 10 KBk BEAMIK 0 R kic X 2 2R 8ALH, 12iF)
Effect of Entire Humidification of Blocks by Green-Roof and Wet Pavement on Temperature in Nakanoshima Area.

3.3 FEEHEICHEIT B RRMONRF A
iz, HOFHEEMICBWTRATED, £t —
N7 A T R R AT OB BT R 24T 72 - 126 AR
T KIG L 72 D WX I0ME T, B SK42mOFE T
ELT, o PERNC B B OSBRSS FHE ST
W5, FHEITE T O TH 5,

Fig. 1LIZMRATRI SR & e D IEIR &, BT EDRERM
KR Z R, B S DB RN, SMEOR
e bR, FrEiEimE Eo—E B B, 5]
WA HS ORI L TH D, FIEEYOR FIXHiEL
HYTRWEOa 7Y — MIZ, BENEA Y TROE
DHEEY, HTAF_EHTT AL Lz, BEUEYORR
VXFHEERY & [ —C, BEIIWIET D CIRWVEDALC SR
JVIZRE LTz, #HIEmIZETRWEADOT A7 7 /L MMtk
LRE LTz,

SR BRI & U PE360m X B AL360m X F & 700mIZEEE L
oo BHRASTIIACE T ISR IB EESM O E 225 I, SR
7 N e/ NGB Lm O AR5 R s - % F S, B8 i8S
72X 72X 37=191,8085, KB DA 70 B ZRHE REFOK
G5 — 2 & AT 21172 > 72,

Fig. 12alcFmIRE /54 DR EAE RO 5 L 12RO fE %
AT, IMEET AT 7oL M DI OB X

5HET, 50CH HBC~KTEDEEIE FRFREIND,
72, FEHE L7251 ClE50°CH» H540°C~FI10E DR EE
BTFARAEND, FEERICRE LRMITFR13E, BEmikk
I3EREE ORMEREK Il -7,

Fig. 12biZ, RIRFZNIZ I 5 1 E15mORIR & R~ 2
NV DS E R, GBI O B O IR &L & ks
TR BB ATV ARE TIE, 33.5°CH 533°CITHI0.5HE D
RIEE T RRO b5, 2RO K SHHITIZIEEHNIC
[RESINDHDOD, B REMDPEDNMBNTND Z
ENTRE NI, —FF T, @O R GRENT-FT T,
KBRS 5% D )7 7333 5°CLL D FEIR S 2RRE < e o T
%o AT D 7= D DR EAEHIC &> T, B
0D OHBEFR O BER I Z b= dTH D,

Z ORI, K[IBOK T ELRIENME T 2% % AR
FIZRTHT, B— b7 A T FEEFXIROEIEE TR
ZDENHED,

{tl

4. FEO

t— R7 A 72 FEEFIHREIN O3 Reffest &, Tt
DRINABREEOTHIE BRI E LT, BEMTREET LV
[Appias (7 v &7 Z) | ORFEZITR->1=, RETIL
OWEZE LI TIZRT,



KA ZEIT#  No. 73 BfE#lHisme T /L [Appias (7 v E7 Z) | OBI%E

Fig. 11

B : §153°C HE : $50C 5.0

/ M a5
e
el I40.0
|II
4 50

! 7
0.0
5.0

EE{ : ﬁss’ci N

(a) FERESM[C]

5.0
4.0

(b) SIE[C], E#~Z haofn (#1_k1.5m)

FHEEY OF TV (B2 5 o BifX)

TERRRERBAR 2 L, A SRR RN A Y
Computational Models: without (left) and with (right) Mitigation Measures.

Je  ARRRFEEER A L, A ¢ SRR AT

WM  9933C @ : 1940C
Fe o RRRIREREA 2R L, A BRRIRER A Y
TEANGIR - 32.4°C, TR : 54%, Jalf) - SW, JEGE : 1.5m/s, [ELEE H4535Wim?, H#EL H 4142W/im?
Surface Temperature Distributions: without (left) and with (right) Mitigation Measures.
Inflow: 32.4°C, 54%, 1.5m/s(SW), Solar Radiation: 535W/m? (direct), 142W/m?(diffuse).

RS

Air Temperature and Wind Velocity Vector Distributions: without (Left) and with (Right) Mitigation Measures

Fig. 12

FHEEMIC BT 285 — b7 A T FRERUREANT O 2 371

Assessment of Heat Island Mitigation Measures Applied for A Building Plan

1) Appiasi¥, Appias-Meso, Appias-M, Appias-E® 3 >
DFFITET VTR ENTNT, R E L5850
A= MTR CTEREN D, £z, a8 (1
FHRAAT 4 7)) THZET, RENOGHK LA
N DBLG E TR 2 F KD,

2)  Appias-Mesoi, ¥R CE T RIS EE L 52 5
BRI O KGR R A3 G & L, FEEM - #oKE P

3)

4)

EARE LIZRGET )V CHR S LW S, i msE
ik, LHFIAXSICE SO TR,
Appias-MIE, # AN OKIR A, B OE O FH 72
EaRRg L U, R - FFFKERNS 2 RE LTz
THET L THRESN TS, Bk 522 ey
R EHT XY/ =TT HERT D,
Appias-ElZ, HFXNO A, e — 7 A F R
IR R AT O R A Hi & LI L€ T VT



KRIKLEARTZERTH No. 73 fE#ifixife 7 /v [Appias (7 v BT R) | OBI%E

5, [Hx OBYIARIZFAVORIEIZ L W HH &SN D,
FEIRESIL, P—F LA —IC L A3 EEREY
BERGAEE U CBUATe, FBIARIC X 222009725
B, ENSORBIZLDBHADREZR D,

& 7= AppiasZz W T EHT BN L W LR O R &2 4572,

5) BIRICE2MHADROMEREZ B & LI 21772
VY, B HIEESE O H SIS K0 R4, KB XD
FENIRBIRIC L 0 F04ERIBME T2 HR
RENT,

6) KM ZBEDZNGE L, SICREER SO
R B Z i L7235 8 O 217720, 2R TH
1EOKBE FAF L ERTRINT,

7)) FHEFOBRYIC LT, KRe— T A T2 NEM
KRBT A M L7256 O R T A B & LTt
TIE, BREOREIREKITE~108, XIR3K0.5
JER T 2ENRENT, 2D XKD IR E EEN
R HT, AR OAIMEE TR Z 2 FR KD,

O IR T REET L [Appias (7 v BT
A) ko T, RBEAT—AE, E—= R TA TR
FRFHR BT OB RAERICE D £ T, HEOBIREE 5
& LERABRIED FRINWRETH D, £z, IFEHSE
LTWBZERKEICH LT, Appias-MZ HIU T B ETER.O
THE LT F 7 28— 2 M L BREIE O TR 4 1778
S>TW5D,

SE X

1) B BERE CBHERAE Y X7, 5E38EIEER
By URTY UL TBBEREE S M - #h2) , pp. 19-22,
(2008.7)

2) [RETe— T AT FERBE (CERI9FEAL -
E-BI - T EsHiJ7) | (2008.5)

3) AABEES  b— T A 70 R EBEE - FRT-4f 08
DT a LS, AL, p. 30, (2007.8)

4 HLOE— T ATy R-ERITIEE E RN
?, HEUHTR, (2004.6.19)

5) HGCERERTHEEAR R © SR - HETERE B35 D A
KZ A, (2007.9)

6) =IHEZEM ;B LA BE LI EEETO S v R a
MR OFEMEE, HAREFRFIBEZER Y VR
L THETHZEf O - @R & B oDOTE ], pp. 55-62,
(2006.9)

7)) PREAEE, BAR] : oY iE s LToRIZEMo
HEhE, AARBEYSEISEER S VAR YT A THH
ZEE DR - R &R DIE | |, pp. 43-48, (2006.9)

8) (M) MERKE - Hx 1L ¥ —HKHE .
http://www.ibec.or.jp/CASBEE

9) (B =—7 v Fz— . ARABRERE () ¥—=

10

L& — 3, (2008.6)

10) Kao, C. J. and Yamada. T : Use of the CAPTEX Data for
Evaluations of a Long-range Transport Numerical Model
with a Four-dimensional Data Assimilation Technique,
Mon. Weather Rev., Vol. 116, pp. 293-306, (1988)

11) Yamada. T : Simulations of Nocturnal Drainage Flows
by a g?l Turbulence Closure Model., J. Atmos. Sci., Vol.
40, pp. 91-106, (1983)

12) [E-EHEEE © B #5m A v > = (BEE) |, (2001)

13) [E bFtE R ¢ EEEUE R SR 3R A v 2T
—#, (2001)

14) RGN, AREEe - SEUEMMEEICE 2WEE Y ©
FIBEE I O BB ARAT, B ARG R 3R G SR
No. 504, pp. 63—70, (1998.2)

15) Mellor G. L. and Yamada T. : Development of a
turbulence closure model for geophysical fluid problems,
Rev. Geophys. and Space Phys. Vol. 20, No. 4, pp.
851-875, (1982)

16) Nakanishi, M. : Improvement of the Mellor-Yamada
turbulence closure model based on Large-Eddy
simulation data, Boundary Layer Meteor. Vol. 99, pp.
349-378, (2001)

17) BERRER, IRk, AR 8 L i st g s
ETIORREEZORGE, B THEY AT T LG
4E, pp. 85-90, (2008.12)

18) =S 27 L8« AREA IITTifE[X], (2008)

19) IR, FREAT, S, A A= CanopyE TV
EHIGA AT ¢ BT AT K 2B MU A B D o Rl
DAOTH], BEFSRKSFPE D-1, pp. 929-930
(2001.9)

20) SOAME=, /INEILE, BITYE(E, 45  CFDZFH
L7ZBIARD 7 — ARy b R OBEMHT, HE:
L REAFMLED-1, pp. 689-690, (2005.9)

21) HARZEY2RE W ATEES - RS, L,
(2004.9)

22) RGN, KRG, R)IESE  BAVRETE O 7=
D OFAETWET NV ORFRFE-BARIZ L 2WHB RO
EBT M-, BARRECAS RS PINR S FALEED-1,
pp. 927-928, (2008.9)

23) MJIZEE  BEEY O — T A 7 FxHe-&—
N7 A Z v RREROFM-, £ 5735, HEHEAKEK
IR L EB T2, Vol. 32, No. 36, pp. 20-21,
(2008.11)

24) RSN, REFEER : v/ vE—27 v 2 Huich
A T o N— 2 PRIROBEEY I 2 L — g v,
JA T %435, Vol. 34, No. 2, pp. 151-152, (2009.4)

ABHXPTHEALEZBRT—2 DHFEES
Z09LDEE 1118 . ZO9LDE1L12E (Er V)



	概要
	1. はじめに
	２. 「Appias（アッピアス）」の概要
	３. 解析事例
	４. まとめ



