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Dandou et al. 2005 ; De Ridder 2006 ; Liu et al.
2006). 199041 # 5 P 2 ARE L 7c i1 EE 7
VRERTH o7, BERIFHRNIFETVNERE
BoTWw3, L DAYETNVTIE, FRETET IV
ZRIHT 2 2 L1 & > TEH ORI E T KRS
NTwz MER7 7 v 7 ZAWERHRENLESED
ROPLHIHD TS & U@ 720).
3RICA Y T IV EBOIZET KRR DL &
U CHRERFORFEReE (4K TholemBEndbl
51 % (Takano 1977). MR/ X — % O JREE
BREFEELE— R T AT RDRAI = AL ZHMT 5
&, PHMTo o BB TR R & U IR I e
WZofzefmzonTnd, LarLians, WFFEsE
DEAFE B SN TR Wicd, TORBEIFHED
IR EIS N TWwiewn, 197064, 80z — 7 A
7Y RHETHWON TV 3 RTTETNVDE L I,
HRA OB ET AN EEN T, Tiabbifl
KA ERR[DMED 7 4 — FXy 73 FFEI N THIRL
Doz, —7H, 1990FERLIEED A Y 27 —vET
VT, ZNSDEENFEREINL LI Tk,
Seaman et al. (1989) X XY A7 —)E 7 )L MM4
WHERKOVIAE LB ME 2 52, £ bv4 R
BUABENLY I 2 v—y a3 r®2{To7. O
W&V, AVRT—VETIVREH OKRGEEFE O
M2 b E 2 HEIGEWE CHRTE 287 3y —< >
AEFFo TS 2 EPfER Sz, Kimura and Ta-
kahashi (1991) |3EEESCEH & v o 7o e 2 gk
HIrORIEES NI 7 T v 7 ADHRINEEIE 211
S 7 Z w7 Ak A7 Kimura (1989) O A & — A
PROSDAYAr—VETNVICEAL: (B5KX).
S5, WE AL — A REHE S Bg#HO
FETEEUL IR e U CHBvEHEE 3 % ik (R
B 2V TALP R~ v 72ERL, €TV
ARHEBI ORI 2 ML & &7z, Kimura and Takaha-
shi (1991) 1k Z OEHRRE T VAR VT, RO
YIiav—vay, @HERFHICELLZY T2 —
va v, HMEBHICR LS S A TR ZE D
Wiy 2 ab—va ryETY, R HWEORE &
ANLHRO#R %2 & =mAICFEAM L 72 (55 6 ).
Kimura and Takahashi (1991) iR Tk 5EsE
RO D, 2Ok, HLDET NI TSHICS
nTwa,

HHDOE— 747 FPEHRIE, EPRAKOHEE

2008 4 H

Ax
—_— 7, — 00—, U ———————————————
) H=K.d86/dz
—e 7, —O— 6, 4y —/—/—————————
T H=A Hi+AzH:+AsHs
| i
S Ruy Hi #Eyy S Rz H: £Es IS Rus Hs £Es
e l tv"j -"'-'1"-"7 l T 31 t -l_v_“ J—_ »VT—_ g
T Oo 28 22D
(Cii,B1) (Ciz,82) (Cya,83)
fe— A, A, A; —

H5 FE— R HIKRE LD 7 7 v 7 ZDFHEX
F—2A. Al, A2, A3iZEnZThotil
WEIE TN D 2EE, HI, H2,
H3xzhZhotRECBITE7 7y
7 A H3HF¥H 7 7v7 X,
Kimura and Takahashi (1991) X b,

w
a

30

A’l_ without anthropogenic
i heating
e without land-use and
I~4
7

n
(4]
T

anthropogenic heating

Atmospheric temperature (°C)

Ootemachi, Grass surface z=1.5m
' .

18 0 6 12 18 24
Time (Local Solar Time)

F6M HRcBUsH ERIROHZE ., B
B o4l H36 H OBLANE DA, EiR
BFFEEE (GRS — ) DR, —&
P T IEE S — 2 5 A THEZIRE L
TG E ORER, BHRIIEEET — 205 A
THEE R B Zs UERTH O R H % Hiic 2
2125 E 0%, Kimura and Takaha-
shi (1991) X9,

N
(=]

-
N

mED 5, HEVwiFEARERILL TWwd L DOER»DH
% (Shepherd 2005). HA DG, HifgLuEkES 1
DFEENK E W2 DRI B JIT T B =R
T5ZEFE L, 2O XD erh, BEE (1998) &7
AT AT =% % RT3 f#TIC &L D R CTEZED
TROREARBEENEIMEMICS 2 Z L 2SI L
7. LinLadis, EPRKOBRICERL-HEY
Tal—¥a UIIROBIZZFENITES L id kv, BT
CEOBFRICOWTIE, Kanda et al. (2001) =
Yamada (1999) 28X Y A7 —)VETFTNVEHNWT, #

15



232 HiSAEE 7 ) > 7SO 7 & SO FE

%7

MRS W/ \
(RN
NI I A Wl R
W H\“\ s AN
A NS (3N
W 1A 1
7Y V1

m i o fii
\ 4 b 577/ ] |

RIS B 1 WM

L

15 Re A HANA

S

AT Y

———

5ms!

() frREG. ZOKRMIIRTEIINERNAE, (M) BAEOY S 2 —va ViR, ~7 b

Vi B, KEI3ESE. Kanda ef al. (2001) XV,

RO OB NZED HBIGHINZET 2 LD
BRENBUEER 21T Tws BT, REKizo
WX, Baik e al. (2001) DX 5 2B LER
Rozoff et al. (2003) = Niyogi et al. (2006) D X >
IR REE DFPNH S 2 FERHZL >,

4.2 AVAT—LVETNVANOETI v/ E—FT

WV DEA

INETHNALTCEI LS % (#H) [KKETLVT
I, HBTHORIRIZHE L 7 VAR Lo IR H N Z
A= TEREINTE 2, ZOFEREETH L5, ®
R D HIZE 2 KR 3~ 2 & v o RES b RS T
% (Kimura and Takahashi 1991 ; Kusaka et a/.
2001 ; Zehnder 2002 ; Kusaka and Kimura 2004a ;
Kusaka and Hayami 2006). Z O X 9 7[5 % ok
570, I, EHOMMRIRE LD YRS T
AT TARLIHHF ¥/ E—ET DK INL T
%. Uno et al. (1989) % Brown and Williams
(1998) 1, EHSFEALILR T ANV F —O TS
RICEMIRTHEZEA L, H2 Oy~ EERRE T
WD T FENR Z LT 7T OVICHD Afz, Ca et
al. (2002), Martilli et al. (2002), Kondo et al.
(2005) IF 2D XD B hFEMB Mz T, BRMAE -
12 DEETH - EFETHIHYSZ B S fiT & BN % 51
Tk, REFLHEOE 2 &EOBYDOE
ZhE % € T VICEID Az, 2O8 A4 7DET IV

16

X, LEWEEX Y  E—ETFLDOTFuY 0o, %
EEHFXy  E—FEFN (Bb2WIETHICEEx v/
E—ETN) LRI TWS, $E—RITOSE DL
fEAfERER (4)-(6) 1FLT.

ou 1 0

= o fam

+f(v—uvg) (4)

3_2>_ caay u*+v*

%z%%([(mm %)* caay u?~+v*

—f (u—ug) (5)
20 1 9 20\ . Q
= ol rm ) 0 )

ZZT, cak a FEYNCEIUCET 587 2= (&
Vg e R\, m3a>y bo—LRY 2 —AHNT
OFHEDED 2EE, QIIANTHHAEZERT 2, &
DIATODET NI, HEENIZD 2HZ OEYOE N
F TIFFR L TWwiwniz DEXH O 2 KR 16 %
HHT 5 Z i Tcahwny, HXEYo FSiEE2 R
FFICHEBTE 2 2 MRS TWwS (Kondo ef al.
2005 ; Ohashi et al. 2007).

— 75, Best (1998) HiE*+v / E—E T LD
—DTH 2 Big Leaf EF VD85 X —% ZEHIHIC

\\9{/;?{‘// 55. 4.



HiREE 7 ) > 7WIROI D HH & S OFE 233

WET LB BT F Y/ E—ETVEREL .
Masson (2000) % Kusaka et /. (2001) &, #Sri
OMMEIR =2 RE T 2 L OV BHENLHBHTOF v/ € —
ETNVEREFEL 2 (B 8 X). Masson (2000) <
Kusaka et al. (2001) OFWHF v/ E—F TV,
i v/ € —JE % $RE TR U2 v o HEE
fiFr / E—E7V (BrwIFHICHExy /E—%F
TI) EFEENT WS,

Kusaka et al. (2001) &, FiRET IV, HEF v
JE—ETIN, LEF v ) E—T TN O KK RTT
v, HRFOKRE EREREOLEDHEAT 7 v 7 X &
Vo TR QB DRSS, F v/ E—ETNVTH
S, FRETVTEROSW W L &RLTe, 20
HOm SR OGRS BE & D HRIc XY, HEx v/
E—ETNVDNT 5 =< YANLEET VTEL, F
WETIVEIDBEWI ERRE N, Z DK,
Lemonsu and Masson (2002), Kusaka and Kimura
(2004a) FHEF ¥ / E—FETIVE XY ET NV AHE
AL, ZOFERE—TAT Py ab—vary
OHBEEERZA LS ¥ 2 2R L, BFE, Kusa-
ka et al. (2001), Kusaka and Kimura (2004a, b)
DET VG, RKETHEFORXY AT7—NVET NV
WRF (Skamarock et al. 2005) WZARBEHEI NS <
DR THHEE N TV S,

Kusaka and Kimura (2004b) & Kusaka and
Kimura (2004a) TRAFE L7 V2 HwTEt—1}
T4 7 N OBERENT AT 7z, 589 RIEH BRI
X3 2 HEORBIFIE, Thbb ATHR, BEED

WA, RZEERIT X 2 TGS D REFIRh S 0 I S ER 0D
WRTHZ, 3OOMBIREBREORENDLLNZR

FUDLIE & 72 2R S E I > T 2 Eby
5. —7%, Uno et al. (1989), Martilli (2002), To-
kairin ef al. (2006) 1%, XV ETNEZEET VD
BWEETNVERWT, 8PN X 25RO 4R EEE
ThERLEEOE =174 7> P U TEEZRZE
ZREZLTCWE e %®RLI, %7z, Ohashi et al.
(2007) ¥, AVETNOY I alb—ya ViEREE
Az L ¢, Kondo et al. (2005) THIFSNIz%
E* v E—E5)E Kikegawa et al. (2003) TPHH
FENTCENVZAINF —ETNVOREEY AT A (8B10
) Z=@h» Lz, ZOFE, R CIIHERRANED
Sl%E 1 2CERSETWE Ew) Z %KL, AL
PFADOHPTY L VD UGERANEETH S Z L2
SMZL, o o—HOWFFEE, AV ETAANE

2008 4 H

TA TA
- - t
T
Tr He

Z|- - - "

B

—

Ts e T

gt

FIX HHFy/ -7 VoMK, Tk
WE, HIEZBEHRT 7y 7 A 2EKT 5.
WZF0 G, BIixEYEm, R
FERHE, Cld¥ v/ E—220, AKX
K[ETNVOERTE (BRYv~v) 2ER
T35, MAFORWH I, & CEE
SN HoOHEBEEAFEETHY, 2
NBKKETNVICZFES NS, Kusa-
ka et al. (2001) % —FRekiE].

— 1.0 : :
Q
=
O]
£ o5
50 4 -
= S
g ~\~\~ //_/
~. g
2 o0 i e
o s
3 S
— ~,
S =
<5} -0.5 ~
Q
=
()
= -1.0 T i T T
12 18 0 6 12
Time [LST]

O ATLHEEL & ESTH O MIMRhR A ] - &
B IIFTRE, KIHRGIEETRRr — X
COx NTHESE 2 RF L - R — 2 Cl
DFE (NTHHC L 25B &), —
PRI R — A Cle ATHEE 2 B
FLUBREZ60%I1C LIz FEB 7 — A C2
D7 (AOMHEPEEEREIC X 2 KR -
HAREBEWT 2), MEMRIERT —R
Cle N THEE R BRZS U B EE T O Ut
BRI HEEE 7 — 2 C3D#E (ADED
F & U TGS EIRERIC X 2 [iR HA55
ZET 2), Kusaka and Kimura
(2004b) XY,

Fyv / E—ETNVOMFE, EHIKIEFENVZALVF—F
T EDEED, HHERY I 2V —yYaryOiEER
E &R B2 TRL, AA=ZALWMRICHLTHE

17



234 BT ) > IHRORD 5 & SBoRE

THDHILRRBRL T
5. i, BESHRET
1, ZOL5EEET IV

N 7
Waste heat
- - (sensible and latent heats)
AR >

\( Exterior unit (Heat-pump exterior unit
/ cooling tower)

BR—ZWZ LY T P T —— Heat budget in the bllildil.lg‘ wall Y T &
Shortwave incident from e » itioning EC

TEHOWTE—= T AT L ”kwwgm“w il
FREAROBEIFL | @it b sl T —
FoTw 3 (B HIEH» rodamve VE12] --- gl ,’Z’m’;’,l’:‘(’i-iﬁi"w _ ) ventilation
2000 5 #F L1 4> 2006). it e N e TR
BE, F¥ / E—FET LD =l v :
BisE - wEB XUV ES [ ]

Wy Wy o..

VEF v /) E—ETINOR
HBET 25, #iK
RET V) Y IWROEE S
T—=DVEDERSTWY
% (] 2 1F, Dupont et
al. 2004 ; Harman et al.
2004 ; Otte et al. 2004 ;
Best 2005 ; Chin et al.
2005 ; Dandou et al.
2005 ; Hagishima et al.
2005 ; Kanda et al. 2005 ;
Pearlmutter et al. 2005 ; 5 i
Roulet et al. 2005 ; De X [m]
Ridder 2006 ; Yamada

2006 ; Dupont and Mes-

tayer 2006 ; Tomita ef al.

2007 ; Zhang et al. 2007 ;

Narita 2007 ; #KE1E>  2007).

11K

5. SENRE
HEBORELIRETNVOEREL, SRET NV
& CFD € 7V (BT E 7 )V, Bl 2 1, Mura-
kami et al. 1999) DF AT 4 ¥ 72 LD, KEHEF
HREAE100 m LUT OB R EATREIC 2 0 D
2% 3 (Yamada 2006 ; Ashie et al. 2007). 72 & 2
X, Ashie et al. (2007) X ZZ[E #44& E 5m @ CFD
ETNVEHERY S 2 v — THAT I EICE D, HE
BRELY 7 OFMLZER EQESHEEHEL TV
E1IR). LrLiars, 20k nilmEieiss
LT, (1) BEETVOMIET —5 £ LTO#E
HEOZEERFEOME (B 21X, Sugawara ef al.
2004), (2) AWMETVEZRBFLOETIYHET LD
HEARAORME (212, Wyngaard 2004), (3) 7
A DWEEIC X 2 FRATAREEOME 2 1,

18

X [m]

Sm/s T [°C] 30313233

HiBkY S 2 v —% L ZERERE 5m O CFD 7 v 2w CHBE S L
HWEIom o (ER) BRE (HX) K. Ashie ef al. (2007) L0,

Zeng and Pielke 1993), (4) &L HE2 5 14 7DHL
WMETNVEERHALTCWIERETVE CFDET VD
WEAHEOMER Y, W OhOBERTEAEL T b,
(D FFEe L CBAOME, 4) 33+ L TCFD=%
FTVOlM@EroT, ZZTiE, (2) & (3) KHHL,
INS DOREZ IR 2 LiIcT 5.

LERSEE R EL T5 L, SRETVTHEHEINS
TEER DA L BETENICHEET 28D 5 6 DK
ROFEIIDOAFHUWENBET T 5, [REFIT L D R
AW, BOFFWHp R E TR FRBESBE L%
200~500 m FRFEIZ 57z E Z I 2D & D R 7
5. [EETNTIE, BRAT = BT L OFELHR
IANF—DIRK E & 5 BB, L) 23T HE
(W IZBIEE TV CEHBEMELS CL D TE 2 R/ND
ERIEE, 4) E0+a/hsnwE LT, TRICk BE
REEFR T TV IABNRTAZ Y-y ar L TW
5. L LENSEIRA T —)v L ERTRIEADZER-

SR&” 55, 4.



HiREE 7 ) > 7WIROI D HH & S OFE 235

1 I
the
" 1
. "terra incognita” >
mesoscale | LES
limit limit

o(x)

|
I
|
1
i
{
|
|
1
|
1
|
|
|
i
|
|
I
|
1
|
T
L

1B oo LRV

2512  Terra Incognita DfEEL, iM% KT
. Mtz 0FRMT ANV F =AY b
Vo Apesold AV AT —IVETIVTERT
ZEMTEBES AT —OHR/IME,
ApslI LESETNVTCERT I ENTE S
F& A7 — NV ORKE.

0
25 -125 0 125 25 375 5 625 15
s |

13K LESETVTHlbLNZHE—DI/NT X —
FThDHAYITY VAT —EH R MRE
FEfECIEFINCE 2, 20 2 TIEEL
S¥LFA4FIVvIETIV N4 7Dy
NET)WV) ZHwiz Very Large Eddy
Simulation OFER, E~Z v & i,
lizuka and Kondo (2004) X v,

HENEHa T 2 &, HamraiRlzsks 720, HE -
BN E L LET 3 20682 H 5. —7%, LES
O%E, BFHESEENMEEIC H L, BEOEV,
P — < VR KRELTROFENERETH S, L Lias
5, FELLEILEZHET 2720 hB 2 T EHR
X, V=~ TEHELD DT 5 LA, 50 km
WA ETH S, Lizdi>T, Y —<ILOFE LN
PR 2 R IC IR T 5 72 01213, BT RRESAF -
SHE & H10 m FREE T DR EIPH 250 km PAR 3%
FELL TSI, 00TFEBEOTERTIIF
AETRTRETH 5. ZOREIE, b x5 ERKKIEER
ETNVIBTZ2BEEXRDORT ALY ) X —y a3 DK
WOREIZMIT WS (BIfE, #iBky 3 21 —% L2k

2008 4 H

EBRETNVOBGIC > T I b OMETRRS L
2D %). Wyngaard (2004) 1% LES L {/HEE TV
DOIEH 2 ZDAr—) (512K) % “Terra In-
cognita CGREEDKH)” PR, Fizkh T x5
Y= arORERETRL TS, ZOREOKM
EEIRS 2 7201218, BIEQFHHEEET b ETRIRE A E
GEE (100 m 2R TYH—< D XS % b0 %@l
KITEL2ETNVEEES S, H50IEFI0mBEED
RS REEZ DO LES E T V2 EST I ENTE S
FEBOHIRZRED, OZO0ENDH S, HiFE L
TiE, 13Kz H 3 X 5 7% Very Large Eddy Simula-
tion (] z2 ¥ lizuka and Kondo 2004) < LES-
within-LES % X 7 4 >~ 7 (] 2 I Moeng et al.
2007) EWSEZHRENDY, BEIWCHEL TIXI0
PETA FLOPS (1 #ic 1 5[E\) OBEHEMNAIE K
HROFHI >V Ea— I OEHEREOL VLI FZ R
EWHL, EboERERD, HEWIIEZOBEEHET
NE W, WEHELERSEEND,

Terra Incognita ORTEIX, WhIFRROWENTT
TELMETHD, Z2O—/7T, bo&ilpyafii#E
bIEET 5., THIVEEMEOMETH 5. RIZ, RO
WNIRXRZNVE =Y a YOREIWCED, y—<LDL>S
BEMICIEWHENZ Y S 2V — s TEL X5 ko7
ELTH, YEab—va ERICHF AR EER
b7, FZEETHEL THEE 2 YIED %
Lo TRELERPE LR > TLESUREMDH B, Z
DR % [EES 5 72 Ol b Bl 5B 7 97
NTHI S L, L L6, ZOHERBER
RETERERELBEE T 2—HT, ZORAT—L0DH
&, PRI BV Gl R B2 52 5 2 L I3IEE
WCEEL W, PRIRTREME O, KD X5 I
HEDOBOHRIIG L T OEHEFICHNS L Bbh 3,
TR SLE TN O FHIEO X 5 Bt L CEK
DH25YIal—yarfiR, BEORVWY Iav—
Va VR ER LD OB RSB LET T L NE
Bh b,

i
KW O—HBIE, BREEE OHIREREVIIE S EE
(S-5) OIEIC &L D EfS e,

Z EZ X M
Arnfield, A.J., 2000 : A simple model of urban canyon
energy budget and its validation. Phys. Geogr., 21,

19



236

305-326.

Ashie, Y., N. Komatsu, T. Kono and K. Takahashi,
2007 : Numerical simulation of urban thermal envi-
ronment in the waterfront area of Tokyo. Annual
Report of the Earth Simulator Center, April 2005-
March 2006, The Earth Simulator Center (JAM-
STEC), 83-87.

Atkinson, B. W., 2003 : Numerical modeling of urban
heat-island intensity. Bound.-Layer Meteor., 109,
285-310.

Atwater, M. A., 1972 : Thermal effects of urbanization
and industrialization in the boundary layer. Bound.-
Layer Meteor., 3, 229-245.

Atwater, M. A., 1975 Thermal changes induced by
urbanization and pollutants. J. Appl. Meteor., 14,
1061-1071.

Baik, J.-J., Y.-H. Kim and H.-Y. Chun, 2001 : Dry and
moist convection forced by an urban heat island. J.
Appl. Meteor., 40, 1462-1475.

Best, M. J., 1998 . A model to predict surface tempera-
tures. Bound.-Layer Meteor., 88, 279-306.

Best, M. J., 2005 : Representing urban areas within oper-
ational numerical weather prediction models.
Bound.-Layer Meteor., 114, 91-109.

Bornstein, R. D., 1975 : The two-dimensional URBMET
urban boundary layer model. J. Appl. Meteor., 14,
1459-1477.

Brown, M. and M. Williams, 1998 : An urban canopy
parameterization for mesoscale Meteorological
models. Proceedings of 2nd AMS Urban Environmen-
tal. Symposium, Albuquerque, New Mexico, Novem-
ber 2-7, 1998, American Meteorological Society.

Ca, V. T. Y. Ashie and T. Asaeda, 2002 : A k-& turbu-
lence closure model for the atmospheric boundary
layer including urban canopy. Bound.-Layer Meteor.,
102, 459-490.

Chin, H. N. S., M. J. Leach, G. A. Sugiyama, J. M. Leone,
H. Walker, J.S. Nasstrom and M. J. Brown, 2005 :
Evaluation of an urban canopy parameterization in a
mesoscale model using VITMX and URBAN 2000
data. Mon. Wea. Rev., 133, 2043-2068.

Dandou, A., M. Tombrou, E. Akylas, N. Soulakellis and
E. Bossioli, 2005 : Development and evaluation of an
urban parameterization scheme in the Penn State/
NCAR Mesoscale Model (MM5). J. Geophys. Res.,
110, D10102, doi : 10.1029/2004JD005192.

Delage, Y. and P. A. Taylor, 1970 : Numerical studies of
heat island circulations. Bound.-Layer Meteor., 1,
201-226.

20

HiREE 7 ) > 7WIROI D HH & S OFE

De Ridder, K., 2006 : Testing Brutsaert’s temperature
roughness parameterization for representing urban
surfaces in atmospheric models. Geophys. Res. Lett.,
33, L13403, doi : 10.1029/2006GL026572.

Dupont, S. and P. G. Mestayer, 2006 : Parameterization
of the urban energy budget with the submesoscale soil
model. J. Appl. Meteor. Clim., 45, 1744-1765.

Dupont, S., T. L. Otte and ]J. K. S. Ching, 2004 : Simula-
tion of meteorological fields within and above urban
and rural canopies with a mesoscale model (MMS5).
Bound.-Layer Meteor., 113, 111-158.

Edmilson, F., C. Rozoff, W. Cotton and P. Dias, 2007 :
Interactions of an urban heat island and sea-breeze
circulations during winter over the metropolitan of
Sao Paulo, Brazil. Bound.-Layer Meteor., 122, 43-65.

Estoque, M. A., 1961 : A theoretical investigation of the
sea breeze. Quart. J. Roy. Meteor. Soc., 87, 136-146.

Estoque, M. A., 1963 : A numerical model of the atmo-
spheric boundary layer. J. Geophys. Res., 68, 1103~
1113.

Estoque, M. A. and C. M. Bhumralkar, 1969 : Flow over
a localized heat source. Mon. Wea. Rev., 97, 850-859.

BEIRSCE, 1998 @ RN B 1 B Mk O 22 MRz & LML
DOFEE—IHRIC OV T O —. KK, 45, 7-18.

Goward, S. N, 1981 : Thermal behavior of urban land-
scapes and the urban heat island. Phys. Geogr., 2, 19-
33.

Grimmond, C. S. B. and T. R. Oke, 1999 : Heat storage
in urban areas . Local-scale observations and evalua-
tion of a simple model. J. Appl. Meteor., 38, 922-940.

Grimmond, C. S. B., H. A. Cleugh and T. R. Oke, 1991 :
An objective urban heat storage model. Atmos. Envi-
ron., 25B, 311-326.

Grossman-Clarke, S., J. A. Zehnder, W. L. Stefanov, Y.
Liu and M. A. Zoldak, 2005 : Urban modifications in a
mesoscale meteorological model and the effects on
near-surface variables in an arid metropolitan region.
J. Appl. Meteor., 44, 1281-1297.

Hafner, J. and S. Q. Kidder, 1999 : Urban heat island
modeling in conjunction with satellite-derived sur-
face/soil parameters. J. Appl. Meteor., 38, 448-465.

Hagishima, A., J. Tanimoto and K. Narita, 2005 : Inter-
comparisons of experimental convective heat transfer
coefficients and mass transfer coefficients of urban
surfaces. Bound.-Layer Meteor., 117, 551-576.

B OB, A W, kgD, HEIEM, 2007 m30
3D B 2 ST EREO TR BB 9 2 A SR,
H AR A 2B R CE,  (619), 39-45,

Harman, I. N., J.F. Barlow and S. E. Belcher, 2004 :

\\9{/;?{‘// 55. 4.



HiREE 7 ) > 7WIROI D HH & S OFE 237

Scalar fluxes from urban street canyons. Part 2 :
Model, Bound.-Layer Meteor., 113, 387-410.

Hirano, Y., Y. Yasuoka and T. Ichinose, 2004 : Urban
climate simulation by incorporating satellite-derived
vegetation cover distribution into a mesoscale mete-
orological model. Theor. Appl. Clim., 79, 175-184.

Hjelmfelt, M.R., 1982 : Numerical simulation of the
effects of St. Louis on mesoscale boundary-layer
airflow and vertical air motion . Simulations of
urban vs non-urban effects. J. Appl. Meteor., 21,
1239-1257.

Ichinose, T., K. Shimodozono and K. Hanaki, 1999 :
Impact of anthropogenic heat on urban climate in
Tokyo. Atmos. Environ., 33, 3897-3909.

Tizuka, S. and H. Kondo, 2004 : Performance of various
sub-grid scale models in large-eddy simulations of
turbulent flow over complex terrain. Atmos. Environ.,
38, 7083-7091.

Johnson, G. T., T.R. Oke, T.J. Lyons, D. G. Steyn, 1. D.
Watson and J. A. Voogt, 1991 : Simulation of surface
urban heat islands under ‘ideal’ conditions at night,
Part 1 : Theory and tests against field data. Bound.-
Layer Meteor., 56, 275-294.

Kanda, M., Y. Inoue and I. Uno, 2001 : Numerical study
on cloud lines over an urban street in Tokyo. Bound.-
Layer Meteor., 98, 251-273.

Kanda, M., T. Kawai, M. Kanega, R. Moriwaki, K.
Narita and A. Hagishima, 2005 : A simple energy
balance model for regular building arrays. Bound.-
Layer Meteor., 116, 423-443.

Kikegawa, Y., Y. Genchi, H. Yoshikado and H. Kondo,
2003 : Development of a numerical simulation system
toward comprehensive assessments of urban warming
countermeasures including their impacts upon the
urban building’s energy-demands. Appl. Energy, 76,
449-466.

Kimura, F., 1989 : Heat flux on mixtures of different
land-use surface : Test of a new parameterization
scheme. J. Meteor. Soc. Japan, 67, 401-409.

Kimura, F. and S. Takahashi, 1991 : The effects of
land-use and anthropogenic heating on the surface
temperature in the Tokyo metropolitan area : A
numerical experiment. Atmos. Environ., 25B, 155-164.

Kimura, R., N. Misawa, J. Sagami and T.L. Kunii,
1977 © Effects of general flows on a heat island con-
vection. Part 2 : Numerical and laboratory experi-
ments for the shear flow. J. Meteor. Soc. Japan, 55,
32-51.

Kitada, T., K. Okamura and S. Tanaka, 1998 : Effects

2008 4 H

of topography and urbanization on local winds and
thermal environment in the Nohbi Plain, coastal
region of central Japan : A numerical analysis by
mesoscale meteorological model with a k-& turbu-
lence model. J. Appl. Meteor., 37, 1026-1046.

Kondo, H., Y. Genchi, Y. Kikegawa, Y. Ohashi, H.
Yoshikado and H. Komiyama, 2005 : Development of
a multi-layer urban canopy model for the analysis of
energy consumption in a big city : Structure of the
urban canopy model and its basic performance.
Bound.-Layer Meteor., 116, 395-421.

JTHERIE, 1994 @ KBROSKRY. BHEH)E, 351pp.

Kotroni, V. and K. Lagouvardos, 2004 : Evaluation of
MMS5 high-resolution real-time forecasts over the
urban area of Athens. Greece. J. Appl. Meteor., 43,
1666-1678.

H s, 2004 @ ZBHT OSSR, RibaRy: HOAER, 5
K g, AR, KBS, HRILHRR, 196-204.
Kusaka, H. and H. Hayami, 2006 : Numerical simula-
tion of local weather for a high photochemical oxi-
dant event using the WRF model. JSME Int. J., 49B,

72-71.

Kusaka, H. and F. Kimura, 2004a : Coupling a single-
layer urban canopy model with a simple atmospheric
model : Impact on urban heat island simulation for
an idealized case. J. Meteor. Soc. Japan, 82, 67-80.

Kusaka, H. and F. Kimura, 2004b : Thermal effects of
urban canyon structure on the nocturnal heat island :
Numerical experiment using a mesoscale model cou-
pled with an urban canopy model. J. Appl. Meteor.,
43, 1899-1910.

Kusaka, H., F. Kimura, H. Hirakuchi and M. Mizutori,
2000 : The effects of land-use alteration on the sea
breeze and daytime heat island in the Tokyo metro-
politan area. J. Meteor. Soc. Japan, 78, 405-420.

Kusaka, H., H. Kondo, Y. Kikegawa and F. Kimura,
2001 : A simple single-layer urban canopy model for
atmospheric models : Comparison with multi-layer
and slab models. Bound.-Layer Meteor., 101, 329-358.

Lemonsu, A. and V. Masson, 2002 : Simulation of a
summer urban breeze over Paris. Bound.-Layer
Meteor., 104, 463-490.

Lemonsu, A., G. Pigeon, V. Masson, and C. Moppert,
2006 : Sea-town interactions over Marseille : 3D
urban boundary layer and thermodynamic fields near
the surface. Theor. Appl. Clim., 84, 171-178.

Liu, Y., Chen F., T. Warner and J. Basara, 2006 : Verifi-
cation of a mesoscale data-assimilation and forecast-
ing system for the Oklahoma City area during the

21



238 HiREE 7 ) > 7WIROI D HH & S OFE

Joint Urban 2003 field project. J. Appl. Meteor., 45,
912-919.

Martilli, A., 2002 : Numerical study of urban impact on
boundary layer structure : Sensitivity to wind speed,
urban morphology, and rural soil moisture. J. Appl.
Meteor., 41, 1247-1266.

Martilli, A., 2003 : A two-dimensional numerical study
of the impact of a city on atmospheric circulation and
pollutant dispersion in a coastal environment.
Bound.-Layer Meteor., 108, 91-119.

Martilli, A., A. Clappier and M. W. Rotach, 2002 : An
urban surface exchange parameterization for mesos-
cale models. Bound.-Layer Meteor., 104, 261-304.

Masson, V., 2000 : A physically-based scheme for the
urban energy budget in atmospheric models. Bound.-
Layer Meteor., 94, 357-397.

McElroy, J., 1973 : A numerical study of the nocturnal
heat island over a medium-sized mid-latitude city
(Columbus, Ohio). Bound.-Layer Meteor., 3, 442-
453.

Mills, G., 1997 : An urban canopy-layer climate model.
Theor. Appl. Clim., 57, 229-244.

Mochida, A., S. Murakami, T. Ojima, S. Kim, R. Ooka
and H. Sugiyama, 1997 : CFD analysis of mesoscale
climate in the Greater Tokyo area. J. Wind Eng. Ind.
Aerodyn., 67 & 68, 459-477.

FH O, NERZ=, & M, TEERE, SHESE, X
W, EHEME, 2000 E— 7 A T2 REROET
& & O REAM O KR A T O 72 & O Software  Plat-
form D FAFE & BBREE O fEHTERP], H16EE LY > >~ R
U AESCER, 137-142,

Moeng, C.H., J. Dudhia, J. Klemp and P. Sullivan
2007 : Examining two-way grid nesting for large
eddy simulation of the PBL using the WRF model.
Mon. Wea. Rev., 135, 2295-2311.

Murakami, S., R. Ooka, A. Mochida, S. Yoshida and S.
Kim, 1999 : CFD analysis of wind climate from
human scale to urban scale. J. Wind Eng. Ind. Aer-
odyn., 81, 57-81.

MER=, 0 B, ffHE L, FEEERs, KEE=, 2
KIEE, A4 M, HIFEE, WIEER, 2006 t— b
747 v NEGEENNCES 3 % 5 > X 7 & CASBEE-
HI OBi%. HAREYSBAhmEE, (23), 247-252,

Myrup, L.O., 1969 : A numerical model of the urban
heat island. J. Appl. Meteor., 8, 908-918.

Myrup, L.O., 1970 : A corrigendum. J. Appl. Meteor.,
9, 541.

FRPERERRR, JTHEEREIE, HRIESE, LWHEEE, ARNE LS,
ITTHERRIE, EIRIA S, 2006 © 552600 [ XV S &F5E4 ]

22

DOE 21RO BT R IETE D
829-834,
Narita, K., 2007 : Experimental study of the transfer

BeE L RE. RS, 53,

velocity for urban surfaces with a water evaporation
method. Bound.-Layer Meteor., 122, 293-320.

Niino, H., A. Mori, T. Satomura and S. Akiba, 2006 :
Flow regimes of nonlinear heat island circulation. J.
Atmos. Sci., 63, 1538-1547.

Niyogi, D., T. Holt, S. Zhong, P. C. Pyle and J. Basara,
2006 - Urban and land surface effects on the 30 July
2003 mesoscale convective system event observed in
the southern Great Plains. J. Geophys. Res., 111,
D19107, doi : 10.1029/2005JD006746.

Ohashi, Y. and H. Kida, 2002a : Local circulations
developed in the vicinity of both coastal and inland
urban areas : A numerical study with a mesoscale
atmospheric model. J. Appl. Meteor., 41, 30-45.

Ohashi, Y. and H. Kida, 2002b : Effects of mountains
and urban areas on daytime local-circulations in the
Osaka and Kyoto regions. J. Meteor. Soc. Japan, 80,
539-560.

Ohashi, Y., Y. Genchi, H. Kondo, Y. Kikegawa, H.
Yoshikado and Y. Hirano, 2007 : Influence of air-
conditioning waste heat on air temperature in Tokyo
during summer . Numerical experiments using an
urban canopy model coupled with a building energy
model. J. Appl. Meteor., 46, 66-81.

Oke, T.R., G. T. Johnson, D. G. Steyn and I. D. Watson,
1991 : Simulation of surface urban heat islands under
‘ideal’ conditions at night. Part 2 . Diagnosis of causa-
tion, Bound.-Layer Meteor., 56, 339-358.

Olfe, D. B. and R. L. Lee, 1971 : Linearized calculations
of urban heat island convection effects. J. Atmos. Sci.,
28, 1374-1388.

Otte T.L., A. Lacser, S. Dupont, and J. K.S. Ching,
2004 : Implementation of an urban canopy parameter-
ization in a mesoscale meteorological model. J. Appl.
Meteor., 43, 1648-1665.

Outcalt, S. 1., 1972a : The development and application
of a simple digital surface-climate simulator. J. Appl.
Meteor., 11, 629-636.

Outcalt, S.1., 1972b : A reconnaissance experiment in
mapping and modeling the effect of land use on urban
thermal regimes. J. Appl. Meteor., 11, 1369-1373.

Patrinos, A. A. N. and A. L. Kistler, 1977 : A numerical
study of the Chicago lake breeze. Bound.-Layer
Meteor., 12, 93-123.

Pearlmutter, D., P. Berliner and E. Shaviv, 2005 : Evalu-
ation of urban surface energy fluxes using an open-

\\9{/;?{‘// 55. 4.



HiREE 7 ) > 7WIROI D HH & S OFE 239

air scale model. J. Appl. Meteor., 44, 532-545.

Roulet, Y.-A., A. Martilli, M. W. Rotach and A.
Clappier, 2005 : Validation of an urban surface
exchange parameterization for mesoscale models—1
D case in a street canyon. J. Appl. Meteor., 44, 1484~
1498.

Rozoff, C. M., W. R. Cotton and J. O. Adegoke, 2003 :
Simulation of St. Louis, Missouri, land use impacts on
thunderstorms. J. Appl. Meteor., 42, 716-738.

Saitoh, T.S., T. Shimada and H. Hoshi, 1996 : Model-
ing and simulation of the Tokyo urban heat island.
Atmos. Environ., 30, 3431-3442.

Savijarvi, H., 1985 : The sea breeze and urban heat
island circulation in a numerical model. Geophysica,
21, 115-126.

Sawai, T., 1978 : Formation of the urban air mass and
the associated local circulation. J. Meteor. Soc.
Japan, 56, 159-174.

Schultz, P. and T.T. Warner, 1982 : Characteristics of
summertime circulations and pollutant ventilation in
the Los Angeles basin. J. Appl. Meteor., 21, 672-682.

Seaman, N. L., F. L. Ludwig, E. G. Donall, T. T. Warner
and C. M. Bhumralker, 1989 : Numerical studies of
urban planetary boundary-layer structure under real-
istic synoptic condition. J. Appl. Meteor., 28, 760-781.

Skamarock, W. C,, J. B. Klemp, J. Dudhia, D. O. Gill, D.
M. Barker, W. Wang and J.G. Powers, 2005: A
description of the advanced research WRF version 2,
NCAR/TN-468+STR, 88pp.

Shepherd, J. M., 2005 : A review of current investiga-
tions of urban-induced rainfall and recommendations
for the future. Earth Interactions, 9, 1-27.

EIRILSE, STHEMIE, 1995 © &3 B 17 2 S EHRE RE
DOBURFERNT. KK, 42, 813-818.

Sugawara, H., K. Narita and T. Mikami 2001 : Estima-
tion of effective thermal property parameter on a
heterogeneous urban surface. J. Meteor. Soc. Japan,
79, 1169-1181.

Sugawara, H., K. Narita and T. Mikami, 2004 : Repre-
sentative air temperature of thermally heterogeneous
urban areas using the measured pressure gradient. J.
Appl. Meteor., 43, 1168-1179.

EIRIRE, KFEMER, HTE=E, Bl mH 2, 1L
AHE3E, 2006 © 5 6 BIERRERTISUESRE (6th Interna-
tional Conference on Urban Climate) ICUC6#R. K
S 53, 919-924.

Taha, H., 1999 : Modifying a mesoscale meteorological
model to better incorporate urban heat storage : A
bulk-parameterization approach. J. Appl. Meteor.,

2008 4 H

38, 466-473.

Takano, K., 1977 : Three-dimensional numerical mod-
eling of the land and sea breezes and the urban heat
island in the Kanto Plain. Ph. D. Thesis of University
of Tokyo.

Tapper, N. J., P.D. Tyson, I. F. Owens and W. J. Hastie,
1981 : Modeling the winter urban heat island over
Christchurch, New Zealand. J. Appl. Meteor., 20, 365~
376.

Tokairin, T., H. Kondo, H. Yoshikado, Y. Genchi, T.
Thara, Y. Kikegawa, Y. Hirano and K. Asahi, 2006 :
Numerical study on the effect of buildings on temper-
ature variation in urban and suburban areas in
Tokyo, J. Meteor. Soc. Japan, 84, 921-937.

Tomita, T., H. Kusaka, R. Akiyoshi and Y. Imasato,
2007 : Thermal and geometric controls on the rate of
surface air temperature changes in a medium-sized,
midlatitude city. J. Appl. Meteor. Clim., 46, 241-247.

Uno, 1., H. Ueda and S. Wakamatsu, 1989 : Numerical
modeling of the nocturnal urban boundary layer.
Bound.-Layer Meteor., 49, 77-98.

Vukovich, F.M., 1971 : Theoretical analysis of the
effect of mean wind and stability on a heat island
circulation characteristic of an urban complex. Mon.
Wea. Rev., 99, 919-926.

Vukovich, F. M., 1973 : A study of the atmospheric
response due to a diurnal heating function character-
istic of an urban complex. Mon. Wea. Rev., 101, 467-
474.

Vukovich, F. M. and W.]J. King, 1980 : A theoretical
study of the St. Louis heat island : Comparisons
between observed data and simulation results on the
urban heat island circulation. J. Appl. Meteor., 19,
761-770.

Vukovich, F. M., J. W. Dunn and B. W. Crissman, 1976 :
A theoretical study of the St. Louis heat island : The
wind and temperature distribution. J. Appl. Meteor.,
15, 417-440.

Wyngaard, J.C., 2004 : Toward numerical modeling in
the “Terra Incognita”. J. Atmos. Sci., 61, 1816-1826.

Yamada, T., 1999. A numerical simulation of urbaniza-
tion on the local climate. J. Wind Eng. Ind. Aerodyn.,
81, 1-19.

Yamada, T., 2006 : Numerical simulations of urban
heat islands and transport and dispersion of airborne
materials around building clusters. Sixth Symposium
on the Urban Environment, American Meteorological
Society, 2006, Atlanta, GA.

Yoshikado, H., 1992 : Numerical study of the daytime

23



240 HiREE 7 ) > 7WIROI D HH & S OFE

urban effect and its interaction with the sea breeze. J.
Appl. Meteor., 31, 1146-1164.

Yoshikado, H., and H. Kondo, 1989 : Inland penetration
of the sea breeze over the suburban area of Tokyo.
Bound.-Layer Meteor., 48, 389-407.

Yu, T.-W. and N. K. Wagner, 1975 : Numerical study of
the nocturnal urban boundary layer. Bound.-Layer
Meteor., 9, 143-162.

Zehnder, J. A. 2002 : Simple modifications to improve
fifth-generation Pennsylvania State University-

National Center for Atmospheric Research Mesoscale
Model performance for the Phoenix, Arizona, metro-
politan area. J. Appl. Meteor., 41, 971-979.

Zeng, X. and R.A. Pielke. 1993 : Error-growth
dynamics and predictability of surface thermally in-
duced atmospheric flow. J. Atmos. Sci., 50, 2817-2844.

Zhang, H., N. Sato, T. Izumi, K. Hanaki and T. Arama-
ki, 2007 : Modified RAMS-Urban canopy model for
heat island simulation in Chongqing, China. submitted
to J. Appl. Meteor. Clim.

Urban Climate Modeling Studies and Future Problems

Hiroyuki KUSAKA*

* Center for Computational Sciences, University of Tsukuba, 1-1-1 Tennoudai,

Tsukuba, Ibaraki 305-8572, Japan.

(Received 3 July 2007 5 Accepted 12 February 2008)

24

\\9{/;?{‘// 55. 4.



