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Analysis and Mapping of Thermal and Wind Environment in Niigata City using the
WRF Regional Meteorological Model

Yoshihide TOMINAGA ™, Takumi SUZUKI**

In recent years, deteriorations of thermal and wind environment in the built
environment including the urban heat island have been a serious problem. In order to
mitigate and solve such problem, the urban environment formed in each regional area
should be analyzed from climatology and meteorological viewpoints, and optimal solutions
in architectural and urban planning should be found out from their results. In this study,
thermal and wind environment in Niigata city and its surrounding area are analyzed by
the numerical simulation using the WRF regional meteorological model, and its
performance is examined by comparing with observation results. Furthermore, mapping
methods of the urban environmental factors obtained by the simulation, which can be used

in architectural and urban planning, are investigated.

Key words: Thermal and wind environment, WRF, Niigata city, Mapping

1. [FC®HIC

4, E— R 74T REEZIZUDE LT X R#HTOREL - BEREE OB H R R
ERTWB N #H O AT REMEOBLEN D, AL OREE MR L, HiiREEZ LV R
WHDIZLTWS BERHD. L LN, %ﬁ®ﬁ®hﬂ991k%@%@%&ff
s DS EPHL T OB - TERE, HHIRIHZ T S L IC R 5720, —RIRMERIR &
ﬁ%MT*&ﬁﬁ%f%é.%@%m:%wf%mémémﬁ-ﬂ%ﬁ AT - ART
W7 AN B AT L, Z ORE R DE T FH R LG B O el fif 2 o TS BN &
LR 20X I A HEE T D ECERE L R D00, B W TR SN DI -
BEREE 2 CE AT NN TWETER L~y 7 (X)) THha. kL, Zok
SR REE~ v 7T DN L I TIrbh CE R, K87 —2E LT

* HEF R 0% Department of Architecture and Building Engineering, Professor

o HRECPR AL Department of Architecture and Building Engineering, Undergraduate Student



EKMTS « BRI

AMeDAS ZEDBL R OT — Z T 272 O3 REEN D o720, mE R SHIfE R PRI E
TS b DODOIEFMHRITITSD ’<bqgﬁﬁckcﬁ;0kb\oﬁj% HAE STz,
AT, AV AT —IVOBBEREETNVEAEH L I ab—y g 0lkoT, ¥
WA OO ORE - MEREEZFHE L, TOREZRIET S &I, K[EICEE L
ToAb TR, GG ATRE R B~ T OERTIEIC DWW TIRETT 2 2 L & H
&4 5.

2. WARAE

2.1 WRF DR E
BiERGET NV E LT, AR ET L WRF (Weather Research & Forecasting) #f{#
A3 5B AHFIETIE, WRF-ARW Ver. 3.6.3 2 L7=. WRFIX, FiiEHZED TV 55
FORGETUMEFALTHY, QR B, &IE, KERR L TEEDRAOREEL & ik
FEROBAN H T2 E DR OERANCH] > THNT AT Y 7 b7 =7 Th 59, fRhric o8
R T — A BEICRER L L TR SN TR Y, RN OEEOSRFTZ % L Uk sy a
EThD. ROETIHE, BESH TOMPTHRELHE M ST 10w,

2.2 FHEMEEE A v 2[R

FHEMEE E A vV a MlE A Fig. 1 1T, SEMORAT o 7 2BAT 5. 53 HEK
DL 72 DIRNTHEIRC, EOAKFEF M OMITFETER (KT @®) ZH.0& 75 120km
X120km &9 5.

b - At RN

% 23 f % 1 4 - 450km x 450k
% 2 4818 - 270kn x 270kn
% 3 fAME : 120km x 120km
. PR
18 : 9km
~] E26EE : 3km

MME“HKHM FIMEE : Tkm

2w

Fig.1 Computational Domain

2.3 FAEEM & MHE - BERME

FERIMIT 2008 45 8 H 205 2009 4E 7 A 1AM & Lz, ZHIZFE CHIMICES & 8%
i L7 BniB i 38 1 2 KIRBLAGR AR R & i 572D TH D, WRF OFMGRMAEL LV
JESIE - A BE RS54 1E NCEP (National Centers for Environmental Prediction)(Z X5
IR AT — % FNL(FiNal operational global analysis data) Z5-x7-. WFHEIRE
(Z1%, FNL 7 — & ORI % 6 R EI2 5 2 7.



TRIEKSUSE 7V WRF 72 FIW T2 s i OIREA - RERBE Ot &~ v 7k

2.4 HEICFERALE=-YEETIL
Tablel ([ZFHEIZMHEH L= T V&2~ 7.

Tablel Physics schemes used

EME WREF Single-Moment 6-class scheme
RIEM St Rapid Radiative Transfer Model
X% gt Dudhia shortwave
EihE MM5 Monin-Obukhov scheme
#h 3R E unified Noah Land Surface Model
Fv/E—ETI no
ARIERE Yonsei University scheme
BENSA2)E—3y Kain-Fritsch scheme(%6 1, 2 fE1)
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Fig. 2 Land-use parameters
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Fig.3 Monthly variations of air temperatures (2m height) from observation and
simulation
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Fig.4 Scatter diagrams of air temperatures (2m height) from observation and

simulation



TS E TV WRF Z2 W Te i i OTREA « JRERBI DR &~ v 71k

—WRF o #l
15
@ 10
a
E
M
m 5
0 T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
H BHHHHBHHBUHUHBUHBUSBUHBHBHBUHHBHUHBHSBHHBHBHBHBHAHBHAHBABHABA-HA
(a) 1 A
—WRF o Ef
12
10 L
° b
< 8
é 6 F! S «@
B 4 la o
O
E 2 (] © o
0 T T ! T T Pt T T T T T T T T T T T T T T T T T T T 7 T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
H B B HHHHBABAHAHBAA H B B B =] =] B H B B B
() 7AH
Fig.5 Monthly variations of wind velocity (17m height) from observation and
simulation
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Fig. 6 Scatter diagrams of wind velocity (17m height) from observation and simulation
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Fig. 9 Comparison of yearly averaged temperatures between observation and simulation
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Table 2 Criteria for assessing wind—-induced discomfort considering temperature

effect
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BREE . . R _— | e
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ME =15 S BEX
rsmc&? Efpw@.i 3.5m/s 40m/s 45m/s
SEERIH (= =
T95RE B R AL 8.5m/s 10.0m/s 11.5m/s
(c) H F 5 & & 2.0m/s 2.3m/s 2.9m/s
N2 (OUN =
MNisdE3 E'Efpjfgﬁiz 55m/s 6.5m/s 8.0m/s
ERELCHRSD =
N H&X
AEE B RS ELE 13.0m/s 15.0m/s 18.5m/s
5. &

A AT —VOBMEKEETVWRE ZHEA LI 2 b —ra ik o T, FEmEY
ZORDORE - BEREEZHE Lz, SRR L OHRIZEY, BEY 21— 300
TG 2 B L 72 fE 5, K[URSCEGHR O H (LA EH R E —EDORBE CHETE 5 2
AR LT, RIRICHAT, BEEHO PR E TS0 208, ZAUEEGE OBLHIE S 038
W ED B EZ T TN Dld RS ND . FR M OBEESMIT L < FH I,

S OICHERGET VOREREZHWT, TEEFIHTREREH) & MBE#Em A ) 2R/ ML,
ZOfERE~y M Lic, FHBTIRICE N TS, ZiI0D OFEEICIE 2 ~ 3FIREDOE WA
o, ZoL)7e~y MO ESEPIHR X7,

Lt51E, L0 R IRIE A AV CRBEICELRE U 72 B0 T EH i, AR R AT RE 2R R T
RE~y 7TEERL, ZOAEMEICOOTHRE L TV E 20,

Bt

AWFZEIL, Rk 24 HE - R LRRS: TR T v 7 - BEMZE T 0y =7 ) ©
EBERETH D TR E T2 LICBRERAE S < VICET D58 « FrisfiZxdg e L
R« RGNS X o8 & R~ v 7R | O —FRELTUTbhE L. %
E LT EWTEARFRRESRNL, £ L THIZEIC Zh W2 72& % L7z NPO {5 A1
YT IS BRI REERZII LD LT DA N &, ARG - R BRTUE
BHRIEHN 2 L. 72 WRF Offfr T, BAERFPRF B - £ 0 JT#%, KE 3
B, Stb LT MO EMICELETIRE - ZHHhzHEELZ. L THEZERLE
ER



TRIEKSUSE 7V WRF 72 FIW T2 s i OIREA - RERBE Ot &~ v 7k

SRR

(1B BREE O — TR BRI B A S ARME 0 35 (AR 25 4RRR) — 5 HRRFTRI, 2013.

[2] BAEE S )  HHEREOZ V~T b7 A-KEERZIEN LTET S0 —,
X X 9w, 2000.

[BIHEH&EZ, e, FRILIER - TEHERESUER ) 258 LcZ 2RSS E H-5<
VWU —7 gy BT R iR B IXE - ARIXKIC B T 07 —2 g v 7O
FEE— ; AARREPRRERWwICE, 611, 91-98, 2007, 1.

(4] G FREE, FREALHE, A)RE : BT R X —DIEA DO ORGSR T — & Ol & Kl
~ v T OERK ; B AR A EHE R LSS, 509, 15-20, 1998, 7.

(BlEH—18, mAER, IR, TR AEHICBI 2R 5~ v 7 OERK & &R
KA DERRIZEIT D78 5 B AREEE S 5E Ram CHE, 526, 83-90, 1999, 12.

(6] KIMBE=, HFHMIE, A EE=, xR, FFHL, HFEHE  #HoBEHE T Lok
% L MBITER D DB AT — BT &UEE 7 M DS R OB O 708 — 5
A AR BB Ram U, 579, 73-80, 2004, 5.

(T % R¥, S HEEGL, FFHELT, NS, SEE U E R KA 255 & LKA
AN A O E BRI D < FRTTNER OB S MAP DOFRAE — KA EfE AT IZ E D
< AU O MR O E Bk (2D 2) — 5 A ARSI RS BRE RiR 4L, 602, 85-92,
2006, 4.

[8] W.C. Skamarock, J.B. Klemp, J. Dudhia, D.O. Gill, D.M. Barker, M.G. Duda, X.-Y. Huang, W.
Wang, J.G. Powers : A description of the advanced research WRF version 3 ; NCAR
TECHNICAL NOTE, NCAR/TN-475+STR, 2008.

O] F f#sE : fEIR ST T L WRF IZOWT ; v, 28(1), 3-12, 2009, 2.

[10]fFME, @Mk, B TS, JRBLZ, AN EFE04 HROIRSIREZ x5 &
L 7= BUIR TR EL O K FERRGE & SR PURBRAL FE 2 OFH L 72 f ek PRl O A — Ik A R T T
JUWRFIZ X 24 HERHTHEOEMEE Y R 2L —ay (F01) — ; HABEERSE
BERiwSCEE, 647, 87, 2010, 1.

(M1AeER % 1, FRILIER, BHEZ, 7THRER - A Y QEET IV WRE 2 H 7o KB
Db — T A7 RELEICET 2098 — BT B R A OB &% W72 i (b o 25T
fili— ; AR FSRE RS, 651, 465, 2010, 5.

(2] s, A, B RS, Bz 2070 EREFEHREORH L2 FTPHI—
PEIRREET VWRF IC L 24 TERATEORBRE Y I 21— a3y (F02) —HK
PR R R U ; 662, 425, 2011, 4.

[I3]HARFERK, SUFRNE, OHESE, B TS, FHBLZ @ BARRE SR R CEELD
IPCC SRES +F V) A1z HE-3< 2030 44K + 2050 4EAX - 2070 4EA% « 2090 X4t BE i
PR TR EABR 55 « IRBR B2 O 4 T oD e — BRI A G E 7 /L WRF (2 K 2 44 oy R AR 11 Bl D i A
REVIalb—Yay (203) — AARBETSEREE Ram U4 ; 678, 689, 2012, 8.

(141 RARAR —, e R, AV, BT @ dEPERE O & &R FIEIC BT 2058



I

EKMTS BRI

HARESE P 2B BT R am U ; 568, 49-56, 2003, 6.

(16]AF BJE =, BRI « KU D R4 558 L 72 BB AN R EE (S BE 3 2 0F%8 — H 25
W& H R SRR R D < JE R, s RERBE OBOE — 5 H AR FH R SRS E,
358, 9-17, 1985, 12.



