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The Essential Theory and Technology on Accurate
Urban Weather Forecast
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Abstract: This paper reviews the advances in urban meso-scale synoptic meteorology and accurate urban weather forecast
technology in the last two decades. It embodies following aspects: (1) The researches on influence of urban circulation on meso-
scale precipitation system; (2) The advances in physical process of interaction between urban circulation and topography, and
influence of the interaction on meso-scale synoptic system; (3) The progress in the interaction between urban circulation and sea-
land breeze, and its effect on meso-scale synoptic system; (4) The investigation on distribution and development of a big fog
caused by urban or urban-group effect. Finally, the paper indicates the direction on accurate urban weather forecast technology,
and figures that it is possibly an effectual technique to enhance the capability of accurate urban weather forecast so as to carry out
an accurate observation research on typical metropolis. By using the above achievements, we may promote the physical process of

meso-scale numerical mode and improve urban canopy mode (UCM).

Keywords: urban, meso-scale synoptic meteorology, accurate forecast

1 BI§

MR 6 N 1 A] R A 1t S 3 i A e 22 )
(2006 F 2 1ERD » Tkt A0 AN O 7E20304F 14
24912, BI60% 143k N FURs Ja A fEdk iy v X o 3T
SRR R T — e BT E XSG . &3, X
R ey, RIS AC IS . kA= 2
FEHOFI R SOE AR O . DRI, BT B TR
Grh. N V8 S SO X ek el vy, A [ R 5
BRI R AEAE IR T A, BT B 2B i I = 8k
P RFEEEERE RN, NA—MAERE, BT

AR B B 20136 A3 8 ; 5= H: 2013459498

Y% . FhgkAx (1965— ), Email : sunjs 0314@sina.com

FBNZ & o TR TARITRIRE AR R A F IR T 24
BRI RARAR  TERARR ‘2R
SRR TR AT H A T H

Advances in Meteorological Science and Technology S&EHZ#RE 4 (1) - 2014 | 15

TR AR PR 0 K3 7 AR IE K P BEA 5T CUn ke
WESE) Pris, wEOERMORIAEIY . S A
(R LARER AT P LS N AR, Dyt R AR IR
PRI P 75 AF,  ZnmBR AR A, AR B
AU ST AT M) “RRZE” i RO T AR AT T
W, 10 H. CL20 LR g 21 o A B AR AR M DX R 1
R LK, CRRIRN L. RE, &
P 0 B [N e v N7 QNI - N N5 NI S D N
BARFFEL R 2 HO I L, LR AR A
[IRE LMK R B 07, 3 Al ™ 2 B R BRI
NGIT e T3hh, Sl s SR e — 2P ok 1
GRS A A IR S, T KR B T B A A
INE T RIS, ol s e W s, i it
Bl TR SRR S BIRIE RON SRA TE  JR
WA o 55— 7, S L K R BRI
FESEHAE T, MR R mR AR SRR AR K H



]
= $ ="‘

SR
dvances in Met S&T

Iy, A AR R S AN L O R AR . B
LA, )i RAETEWCN BT« 5 15 55 Hb 1) et AR
SRR R TR s, SO 8 T 30T AR a1
TPRE, W HIER T KRR A O, NIX—
RETE, BRURE T, 7SR T A N
Weg5. MRS RAKE, B K E 2w EUE
20 KT U KBS B — AR AE o0 Ik T 26
AT, WRR AR R 25 AR T R S R RE T L
PGV AR IR TR S R SRR S A A R, A2
BT IR MRS R R K, AR T Ik b ROBER
BN DR R JE .

MR T AR = RBEERE, KR HKA
TS0V R R A R Yk T SR TR ) W R R R A
P, $e THMWm RS, IFHRET —R
IS =TT, R AT BE &= AT Curban
energy balance) . T LY (Urban Heat Island
Effect) 31 KA 2451 (structure of urban
boundary-layer) "5 EAG T AR ST R -
—H B, Il SR SO IR A A A T R R
oy 32— BRI A IR, AR
2 GRAT TR A VR B R T A T R R R AU AR A 1)
AR, R Bl )L AR AR R AR AR B I AR LA
HIAA AN L2 A A i, 1 ] g S A
Wb TH AR ) — JE R R R AN,
AR AR AR KRR B ] 5852 21 1 Ik iy B4 SN ) 5
W, i HAEAR ZAEOU T, RS8R T #4008 () Ak
AT REARAE! S Ry — ELAL TR TR R R ik
TR, VPG RO K5 e ] BE A by — 2%, {HE — 28
M TIACE S Cnrp L BIESE) IREES,  k
T PR RS 7 R D sl Tl A A B, a3 3k v A
JET DR A58 R S I VP AR AR AR R R, R T Ak
SARAR BRI P 1) B KA PE DR 2R, ik v
BTG, ST b3k Tl o /N ROBE AR i — I
P8RS o dRedln JLAFAe, DRIk T R 3 T o e P 4%
SRANFES R H 28 5 %, #ildn, 20014E12 H7H R 4E
A L X — RN RAMATAER “IHTE K
200447 H 10 H b 350 38 DX AT Iy B B 36 1l 1 48 3 52
BH, AR AAE g Jm s R R 20074 KA
TEGF M~ SERFE. TS AN A5 M 1 oy R 2% Y 4
RIEERFRAIER T ERNRGT BT JLA, 7
Gy ML YL AR ORI, R, BOEE LT T
A BRIk TR G 56 5 B Ry b e R K, i
BT ERMAETHUR, ERCT ORI 25,

AT B R, 3T ROBE R 80 ) 2% [ % 0 )
RO e Ik T I SR S R R TR A H i

B AEAE 3T B L SR i DX REAT T RN RO R SIS
KLY BRI T R G VEWT ST, 3 R RS 4N P 4
Ko Bl T R RS ) 124 A )ROSR A
TR AT D, B IR T e PR B R (1 R R RS
RAMRA RIS 7 H 2 2T T
TZORVE, e R BAR R T3 R AR R 45 R
AL FERE . (2, NZAER, BEESR TES MG
(1)1 22 B2 ] RURT PR B AR R SRR . RSB 7
P JUAE SR AT I T Hh /N ROBER B 1 24 9E, Reil
ST R REA SRR FE B )% WHREAR 7 H T
HERAT R, AR T R ARSI k  J 1A)
IR T R ST AT ZE A R 2E A ] AT 1R
RIS
2 WHHhREXSZSENEFHYE

B S0 3k T P R RO R R G B TR B (1
FEEAR S RSB R i — A3, =
SEARER) X by RO R AR 3) Jy 2F 8 RO R A 24 1
AT SRR o SRR R T BRI A DY
ANJTT

CU RF2 3T R . kT, BRAE 2 HE KA
IR T, HACE A ) R — A K Farf OB, 1l
DT AR /N o 0, 65T R 4 X TR FR 20 R 1.68km”,
e X A A5 29 60km X 60km (LANFREE
F o AHRRAEREZE, FEAR 204 T DOV £ — A
EEZO S N TP VN E E AN ¥ W
WX A I e TR S BENKH EATE,
Z B R R U IR R b . PR, skl
KERSFFRIIRM S, RERFEF IR RAR
JE sorb REETS 50N IA ph RUE R GE 6 A8 S HoAH
HAER R

(2) FE MBI . K 2 By B 44 1
M, ZAmKmL G KR Y0
) o HUBX &R R R T RZNE MR 52m )y
X, —HLCRREAZREAR RS2 —, HIEHR
LA RIRGD SR GBI AR EAEH
REREX A ROBE R AR G Rk A2 R R ()5 1 — 25 48 i<
GEF YT R R RS R G M LER (R i
VTS P T ity PR A 225 A 55 308 11 DR PR A LA FH ok R4l
REIE T R ER ARG AR EE R A .

(3) BN R REE . 3 2 2 N 2890 B3
o R U DX 3, T R 2R ) AR A R A T A
FLAh DR TE R LU o 3ol 7T A% 2 B 22 Ml DGy I Al
FIKIAREm, i o RO R A3 ) 2540 T el B
IR T R L R AR ARFERRTE R

16 | Advances in Meteorological Science and Technology S&EHE##RE 4 (1) - 2014



& RRER IS KT ISR A A A4
T A RS 1 AR ARk AR T T T A
T AR AR R R AR R SL RS L D
A B AR W P A TR WA R SN IR AR A
HKPor A, wARERIERY . s . BESERE
AR, XD A 5 AT RE S A i RUBER
RARGMR A T SSEATAE IR Rl 2R AR A L%
T SR SRR AR, AT RE A R
KAL) S VAR 0 S R 4 o R AR, X BEER B AR )
IR AL 55 00 A 22 57K LR i b RBER SR GE I
AR RS R R U X AR o

(4) BTG BRI I TR
JE R BN T3 2 7 BB R AR GUAE Il T P 3L (14 5%
T RARGN IR — RV R, Tk
LR iR AR 3 R T T i R A R A R R RUBE
RAARGEAE T I R T2 3k T IR 0K 4l TR AN AN TS
53— AR, DA IR, BURE RS k1
HHC (A T R AW, AN T 3T 1) R A e
111y HAR AT E 28 80 IEAE R M B R RV AR TR
GLIHEAL o

BRI R R ARG bk f AR,
AN S S AT 58 36 3k T R ORS A TR A R R 7
fifl, 10 R HES) T RSB ) 22 18 (R RS EA T
R AT R AR TH 5 A R By AL AAN [
NAWEE N HpHIRZ RS RGBT
B eI BE, WA, RS REEUE
AR J 1A 1) A0 B R [ A 30 T T A%

3 HHHhRERKRZHR

RS S A IR T B TR A O A Ak,
WIERRRARGE MR .. BTG H KN
ST BRAKL W BRI BNTEYR T KO A R 2
BRI . 19714E, ChangnonZs NS48 vHiF 5% sl
W BRIX R KT AR B 7K L B A A L DX sy
H10%~17%, A &M Nl is321%. 4G
SRS AT B AL R B, R A LEBRYT = A i
DX 11 7 5 e R AR S X — M X ()3 T A A AT
WYIRAR: ST A X2 A F 2407 T500m
PUR B i 2, JERT B ROT B B2 AE I N )T
SR, ZRARAR SR I TRMM T BRI 5T 45
RARRE, RATE R = AR TR R B K 5 LR AR i X (1)
B KAEAE W S AN IR, A OSB3, Ja3
PLASE PERE K O 3

KT YT S L RO Bk B J R, ] B R 3R
B O A AN I RS A AR, DA
e 2R S BV R i 5% . PNARAA S5l 3

Advances in Meteorological Science and Technology S&EHZ#RE 4 (1) - 2014 | 17

Special % #

AT R b 5 X A 7 2 RUBE B8 7K 23 AT (1) 56 Wi 1F
T TWESE, 45 RERW, 7Edbntm X mEdb i, AZ=H
AWK H S FEK S A AR 35 AN [A] «
FERT X 3T 5 AR A p I AT, 42K
HECR K A7 38 s 5228, X b i B 7K
H 22 i s Ko 3, VA B8 1 AR X (R AR ) [ 7K
HECR AR, HFFEKREEANS D, FEfah, &R
TG 0] R A Ik T A B 55 AT Rt A AR R 4 2R .
Rosenfeld" " WTA K, 3T f2 N7 )7 1) BT B 5 B 1)
BEOIAA S I A R AT OG, 1 HL A 3T s e
PR #0717 K o

W o Ik T B R A AR B R A, R AR
rpC DX R RUBE I R R G B R L3 R A i
TR TR W OGE . BTT LR I JE I S 1 2
ol RERG R RIEIIRAJRF Z . Thielen

B 7K B 2 22 T 47N I P AR SR AL B AR A 6Ty v R (1 %
VBRI INR A ST RO T
7, TR T RE LA - L Bk B g A 27
EML ISR, PAETE, TR BRSO
HL il DA S OB, IR A SR AT R 1 T
TR R KIS 2, & AR AE AT e fish )
oA, i HN 2 AR B T HGUER], RN
D5 AR I AP 25 5, 3B ] BEIE AL T Y D
X R T DA I, BT XA S TR N 3
MAERED, RBLUAA TR T BN, X i
ART BRI LR EL ) ETHEZhdERE, fRIUE TR
IKVCAEBRAE F N [ R A R RN e R R B K
Frel (B o AT, [FAFEAF AR T 8 8 6 i3 1Y
SRIEAEH]: FEEEPRIL, TR BN AT,
B RS LA X O RO (R s 28 8 BAR AR i) 1l v
OV BEE ST, RIS Z AR, IR THI
POPIEIL )2 Bl ROt . Semt b, TR
HRAFAEREMERF AL, B RAAET,  thTah

B

Hi IR £ 2R -
1 T SRR R X R Bk B3 1 et R



]
= $ =‘-v

SERE
dvances in Met S&T

PR SRV VAR o (RS D E 1 N W P 9527 G S
VR, AR AL R, L R
RS ERAREG Ao X ks
GiREEaNT
4 WHWRRSLMIRRE. KEERREEE
AREXPREXSRZEHR M
KRB AR L7, B SE X, ok ]
PNITE 2V S C 5 NI E N AR T DI &3 T TP NG #2
Wity BRI BT ) R PR R G AT I T SR
AR FIEER, IO EL AT 6 3k iy B ) 2 e X )
T REER R ™ A4 T W15
4.1 WHHRS LR Z EEEER
LR, EAFRKRAREE RN, iRy
L3R 2 8] A A E AT AT R R R TR S 3
Wi 5L 2 REVERFAE . S5 IRB SR A T A
T ST TR 2% N e 3 iy LA A FH X 2001 4E8 H —
URE KRB IS R, S5 R OB e T 2N
RGMRE N . KA G, SR R A
FRAET RGN I RSN 1. 1 SR AR BLE
. INRRACRTCUE S, FEAN 8P 6 LA %2
SRS, MURBA AR, AL SR N TR
TLRYIAS ) 530 55 1 B H A A R KPR RR T 17
SRIIRMPRIE . FERSET RN, S AN AR
HIFR T, AR X, SR 4k X 2 18]
IR AR 2R TR, BRI X 5 5B X2 1) 5 5
TR SR (R ACPIRBERB B, HL 7 £ K g )
SRS AR PR AR 1A Ll o > R T PR X il
FE g sRIn, R R 20 B, AR A
Beo Pk, BUREAT A A AR SR KB, AR
PR BT R RS R SW M AN
LFR SRR Z A SR AR 21 T
LA, T H O R SN A S it T B ) uk
WP FEAAE SRR K SN, LRESRYS
SRt B 7K 2 T3 T RE T J W Sl P T B s, 3 T
WA FRURE 1 22 b Lo P R
Il T A I P - M TR R B T B A LA
A AT RENS R ROBER R R GE R L L PR ™ 5%
Wi ARFFIOR, RS YT A RUEE R, AE
FRRT R, MBS P I 10 7 5 T AR SR 0 il 3
5 0P B R RE BB, A R J s DR i I,
T D FR B i T AR, PRk DX o X T R
WX A TR A R o DRI %
B ABESS TR ARR A ARGE, H v
B TR TG R W IR U, AT R A T i
M G R L SRR AES B T ORS 1R HT, 1E 7S

e ETE UK 2= B L 6 FE BRI, X s 3
TS, BRI KBS B BN o 200 U R G bt PR
I BRI B, FEI TR E TR, X nT e
RN o

PNARFA P IT IHE T M 5 3l 3 S )
N HIAH R BT ) — R AP REAE, IR b
DX 5 (18t UL 5 ) DA B AT B B R WY O XA
[ B2 25 P XU 2 SOULM B8 L EAT TESE: T3k 5
L DX 10 PR B P S AN (R, 51 ot i g RO
S W (1) 2 T V) A 1  f) 2 RO, — N Ly
BRI JUAS /NI ANEE s M3 R /N R B &R
SRR S T e tEgm; RS, ik
L33 T AR sk FEAE AR R 38 R R R RN 2 R T
WO i B SR AT i o TS L 08 T A B 20 3 i D e
o 5 NI ) AR A R 2,

AR AR VRSE: Y ERER (e PiAS AU R )L
FEHLEIWTE o

C1Y T Ll AR BH A 7 380 77 485 1 KPRk
N, A LT B R T e ik 7K IR R . KPR
JEE A0 P ANAS 3 e Ll 3BT VA A S T B s A S
W AJER T R PAR &S, JERdaTHEs), 1
LA ) 7K TIPS A T it A T P D) AR M SR, T K
WA R ss, B E SR AR
JZ S A T Ll AR v R

(2) WIHK RS SRE R R TE8) . W
R A S 2 SR e R a R THE 8l fE R EH D)
ARIREE A, ok A A

(3) HIA R B K, T A g TR R
B, 38 RS LR 3 DX D PR A TSR Ao B k25 i e
AFZZRINE, TSI, I L F R
B2 Inas, B RCT R R A R 2 1A 1 R
WO, TR R AL E D), BRI
ELE PN TR

B2 WSSt EEERRA LBTREAEILS

18 | Advances in Meteorological Science and Technology S&EHE##RE 4 (1) - 2014



4.2 WG Sk RAEIER

55 Hb T8 B R I T PR A BAEH — . X T
G MEIRTTRUE, W G il IR 3T PR 1
MEAER, 4% 2 b JROEER R R S8 1AL
g S IR B A7 A BAE R AT U= AR i B 4, TRk
g A, il ANARE BE B RS TSI T B JE S i sin
Ui, RIS T kvl , AU Bl AR I 5 3k Tl
IR TRIAH HAE Il 5245 0 A S, 3K Mo BAE H
FEILAE PN T 10, Bt RT3 T #40 B (%) 5 i AR 4
XoF Jeg i ity RUER AR ) R 1)

Wu 5P 35 5 B i F S Y, T R

U LR L R A AR, T S I R A A 2 S B
Ko, W A2, (RS RIGAERIEER T, EilmT
GIRX —MD P22, el a1 K, X
PR B AL R Bl R A AT LA B AR Bl4km L b 3X
— e B AR DAl AR 2 TP R AR R IR AN E e i
FEA SR M B K AR R . 5K EEPR T T 4R
FIBEIREE R W, ERCA MBS My, o PR 558 5
L I 1 R e e N R R NP G DR R A S 3 G R
5iR P55 5 MU TZ R IXRP OC 3 AT B 32 2502 i T U I A AR
HER): 5 ERAEM S, AR, it
ﬁhﬁﬁﬁtﬁﬁﬁ@?%%Em,%ﬁﬁ%%ﬂﬁ
JEINR . B2 A S5 P R A g S A R R
&E%,A@&ﬂﬂﬁMM%ﬁﬁiﬁﬁﬁﬁ%ﬂ%
BONAEAE IE R B Gs TAERCA], Bl KR A T 93
55, HHILT il it 22 ek IR 5 e
AR/, T My I et 22 ok /> S 5T BRI A Ik 2 2 18] 1)
ZENNOR S RIVARE B) PRI 1T 0 5 2880 B g A o

I T B U B PR L 2 TR A7 R I S840 B AR
%%,ﬁﬁmﬁﬁﬂwﬂEmwm\ﬁﬁiT%ﬂm
M. AN AR RUIR I R M (D) Il R
TR AT ) A R /0N 1 1) 7K v /8 DA R ey
FEURE S50 4 it AT 1 99 VE F S 3 Bl iy DX el 5 & X
AHLOTT 5, A2 R A v (10 i B RS PR B
TyAb, YR T A PR AN R G R 3 RV R A A X
LRI B AR TE, TS A i RO IG5 R R il
ISR I B BT P . (20 w3 X kLR R
X ARG AT B Sl 55 0 S DRk i VR A I X A Y
Rl HfEREPE BRI, G2 5 G BTSSR . RS
R PR FLAE O] 2 5 AR i R s e 1 3
BB, IR DX PR B 6 I e R AP A v R AT
%Vﬁ BRI, e VR R I3 A, AT RAhE

€ (CAPE) LEBA W2 W K X e F)—

O 518 “HEFERHE S RIIH 38008 R R S R AR 3B (2008BAC37B01)

Special % #

D7, LR LR HI S TR AR AR, Y
W, AR AEDCTT T, 3T AT T i R L ik A TR
WARJE. AR, AT RA XX TS, |
TEHB DX R0 A A Re A W g m, Hopike 32 24
FH R PR 2 3 XGHT S FR KV S ) o
4.3 WHHNEZRMNAXE S HmAIF N

ok T Bk TR 1R R R K A B s H d
Blo B, TAIGHIFEMY, WX K% HE R
P/ VR 55 B R AR S 1S, B T S G R 2 DA
Ab, IR B AN Al AR R T AR M
(3 T F S 8, /N T DX IR R AR 2, B e
TR BRI EE s Sy — 71, RN T3
(AR ) 22 S s FE 3 AR IX L AT K e B ik 2
IRV IE, IR PR B e A 2% BH ARG 2 K Ve NIk
X, /N T ORZETE R PIE S s I T NG 1 T

P H D> i o
W R R A AR, AR ORI

BT vt (O8N N L ALI, ) AF 10473455 H 5 17 1
18N FEAAR 3 (1) B 1055~V 38 25 H A (B 280 [7)— X
AU, A5 B TEE S X R 204 R AR 1044 %5 H
AT, X R N] DA P R AR P B AR A R TE K 5
YA, SRR 1989—20084E, L. Rt
WIHE IR T4 R R m e, dbat. REIX K%
H B0 /D3 5 WA S bR, ELAR X 9/ (X sk L 20 il —
R JEARWTRIE T R AL TR, K5 H BT £
(1 D2 5k = A T A R AR AL R T b b X A b
R DAL b X o X2 T T VS RO,

EL
EL

EL
+f5§Ir—Jf‘_

B TR
21 {%: NURB
2k URB

BRI

A
\
\ —LFC A Hoehifi )5

)
|

— @

— LFC
TR mf#

LCL
R U IR LR —"1
LCL —--JT\\
T4t s ik

/Jmlx

B3 ERFHRAPRIERASEEI R ES LR REE™

7 HARME, pp:50-64

Advances in Meteorological Science and Technology S&EHI#RE 4 (1) - 2014



20

]
= $ =‘-v

SERE
dvances in Met S&T

Sl T A A (1 9 PR AT, A B PRI B 1)~ 45 17 R
PRE, BUERZE G KRS . 40 RN AR taH
B, B TR R 25 0D (K 9 FE AR K, TR
JEPI K 55 A AR AR J8 IR SAAE 2 T s,
W H T3 T A A e AU B X K 55 R AR R
Pl 0 R A R A BOR B i, B AR g = 5 A RO
AT 7

5 WHTHBEX SR E R FERA b

BRI B WG A PR BRI D, AE e RE
JE R T RO BB U RE T I i 5, i R
JERSE AL 1T RENS Bl 2 M Aifd — AR A R AL A (34
FEZEHRARGMMEAETILRE, A H 3w 2 Fik
GO P REERRE ™ S R PP RN o

U JUSEAR, WA v ROBE A 2K 2 A O k1l 2%
I35 RS o RUBEX UL AR G MR AR T JE T — AR A B
P AR MR BT g R
Ffve o T I A B AT A P AT S X S
SbER S OHIRERE . SRR VE UM 28 4 S5 K S U Tl
B )AL IR IR R R, AR 2 TR
2B TR P A7 G T LSRR A G S . R
Ut FERETUM A SRR A I G R b, RIS T
L NSRRI RCR BT Sk iy B T R R s
WAITE AR =6 T B 5 . o Flosikot, £
Hh RO R A A T T A R Sk v o A
o A BRI TGS ) LA 23 A0 P AL
Bl UL R, SR FIA T 3k e SR AR R S 5
AL M RPIAZ 5 A LR N A #AGRAE

RV AT RIET R R B 1 2A 9T DA A
TADEERE, (HAE, URRAFAE KR MR AR
AR fp it DTS, H RNE IR AT BT X 3k
AR R ROSE BB Rl 255 5, 3ol v RS 40 Ak Tt

119°N

118°N

114°N  115°N  116°N  117°N 120°N

M55 3 2 B X A ] 73 A B A 3 i (KR
FRRREN ISR o TS i, ATk 55
JUREASE 2O N AL R ph RUBERUR KRG (RIAS
s R RE R G RO B RIRIER o RUE R
g0 MHIEE AR S AR AT, W RA AR
A3 R B BENS LS S WAk T Bl T R L T K= )
B RS 7 SRR 30 SRR SR R, IR
A0 A BB AR TR B W] BEAR MG S TP JiE o
T EERL AR S, ARG AR TARE LD
T =ATTHE S5 g

(1) ARSI AFERAT S Mg st
J2& PR TE ELO AT AL AR I (R S A S L
B H R AR AR T R AT 7. F A Sk i
RAFR AL RO I AN B A AR 5T 45 R K 2 2 TR
JERAT 5T B AZ, e e As 2 AT 7T 45 2R
AR ] E 3 BTGV B SE At 3 e AR AE 3 T P v RS i AR
R L SRR, PO 4K 2 BRI MR
T JCFOE 2 RSO R AT AE A AR AE S AR
SE AT BURE FE IR RN IS 57 T o

(20 HHr, AR KGRI F 24k
FESE T RS, Bl KRR P i AL
ey WO RMIRRAE, AR ROAERT L B 1R
5 R A EAE TP b B 95 . VP2 WTSTR
WY, i R R Je it i XUER AT K R SR S AN
SKUET b Ui AR P R, A S
AT SR BRI B R 3 HEE, D3k b i
PR AL A REREARE I] REIEL K A A K
(R A REATEFT A, XTI R U, e TR
KIEHIN IR ARG AR T 5

(30 DUBHE 3l i G B BERE (i i A JXUER
LU A D TBL WIS T R R

114°N 115°N  116°N  117°N 118N 119°N  120°N

E4 REEMX10FEFHEEHRRESREHE (98 HMzEF0 184 i dh )

(a) 1989—19984 ;

(b) 1999—20084F

Advances in Meteorological Science and Technology S&EHE##RE 4 (1) - 2014



ARG RSO AN 25 R R AL LA B 8T 280 G e 5%
W ZLER ARG KA R A T B
RERE, AT frt DO
6 HiESE

3 A PNV 4 V-4 35 PN Ttk /B T VAV
R, i R BN 24 (A% O T, o] A A
BRSO 2 M 0 3 3 o o 2 2 S v 5 4 TR 1)
JETT I o ARSCET Bl 2Rk, s R
RO 40 TR BRI U E e HEAT T B, AR B

NIUASTE (L) S IR RS K R S5
Wiy (20 Sl ER IR S Ll R A ELAE R A B

L RERG R R (3) Wl
1D RFR LA B A AR o REER ARG i
Fes (4) Blriy sk i K 55 I s 23 A (1 5
WL R W], R RRENS Sl i 3R, 5 XL
T A Xt B R R U U (K 52 0, (R RE s 2 W ik
RN 28 NI A E NN N U R P R AV IS PN
AP RE B T R AR, R SRR
BEAGEAT R, JEAN T SO S iy Bk T ) B RS, g
A7 28 vt BB SO e T 2 3 (R PR HE A, [
It A5 R T 38 gk i R R R SE I PR BE S Ty 15K
UK H bR, AR R RS AL 5T, IR
WFFUSCR ] TR B R et 2, e
2R AL TR R 1 BT 55
SE

[1] Bornstein R D. Observations of the urban heat island effect in New
York city. Journal of Applied Meteorology, 1968, 7: 575-582.

[2] Oke T R. Review of Urban climatology, 1968-1973. WMO
Technical Note No.134, WMO No.383. Geneva: World
Meteorological Organization, 1974.

[3] Oke T R.The distinction between canopy and boundary-layer heat
island. Atmosphere, 1976, 14: 268-277.

[4] Oke T R.The energetic basis of the urban heat island. Quarterly
Journal of the Royal Meteorological Society, 1982, 108: 1-24.

[5] Arnfield A J. Simulating irradiative energy budgets within the urban
canopy layer. Modeling and Simulation, 1984, 15: 227-233.

[6] Nunez M, Oke T R.The energy balance of an urban canyon. Journal
of Applied Meteorology, 1977,16:11-19.

[7] Melling H, List R. Characteristics of vertical fluctuations in a
convective urban boundary layer. Journal of Applied Meteorology,
1980, 19: 1184-1195.

[8] Uno I, et al. An observational study of the structure of the Nocturnal
urban boundary. Boundary layer meteor, 1988, 45: 59-82.

(9] JAA, SO 3 AR . AL AR AL, 1994,

[10] Arnfield A J. Review: Two decades of urban climate research: A

review of turbulence, exchanges of energy and water, and the urban

heat island. Inter Jour of climatology, 2003, 23(1): 1-26.

National Research Council. Reconciling Observations of Global

Temperature Change. Washington DC: National Academy Press, 2000.

Karl T. Urbanization: Its detection and effect in the United States

climate record. Journal of Climate, 1988, 1: 1099-1123.

g, TAR. ARAEERAR ORI HF WL,

2002, 9(2): 371-376.

[14] xUBA], 45, B AR, % KI= ANBK KR AREN K

0

[11]
[12]

[13]

[15]

[16]
[17]
[18]
[19]

[20]

[21]
[22]
[23]
[24]
(25]
[26]
[27]

[28]

[29]
[30]
[31]
[32]

[33]

[34]

(35]

[36]

[37]

[38]
[39]
[40]
[41]

[42]

Special % #

B At B, B SR F 4, 2005, 16(1): 24-34.

Changnon S A Jr, Huff F A, Semonin R G. METROMEX: An
investigation of inadvertent weather modification. Bull Amer Mete
Soc, 1971, 52: 958-968.

ARG, B, BB T RIIZ ANEE F RN
A . K AR, 2007, 31(2): 364-376.

AT, AR R, TEA, . 6T T2 SRNFOR 3R = A R
A X AR AL B . KRR, 2009, 33(2): 1959-1266.
FOARAR, 47 SCF . A IR T A B K 2 A B K R T
AAFF,2007,31(2): 311-320.

Rosenfeld D. Suppression of rain and snow by urban and industrial
air pollution. Science, 2000, 287(10): 1793-1796.

Thielen J, Wobrock W, Gadian A, et al. The possible influence of
urban surfaces on rainfall development: A sensitivity study in 2D
in the meso- v -scale. Atmospheric research, 2000, 54(1): 15-39.
apph, T, T4, & 8RR AR AL T 200447 F 10
Ry o 5 T AR o AR R AR, 2006, 30(2): 221-234.
FAE, X G E. AFWT TR RGBS EM. AR
4%, 1990, 48(4): 459-468.

Frakah, R, R A . AR A b i B AR 6 e B
5. AMR 5 FBH I, 2006, 11(1): 33-48.

FaRAL. AT X B 3 SRR R A ZE AL B AR
RAFFE, 2005,29(3): 445-452.

Blackadar A K. Boundary layer maxima and significance for the
growth of nocturnal inversion. Bull Amer Mete Soc, 1957, 38: 17-121.
UL, B Z, T4 W EFNEE0 204 0% HT
5. AMR 5 FHH T, 2006, 11(1): 76-84.

FOARAL, M. 0T 5 R IR S R AR T A RELET. KA
FH##, 2008, 32(6): 1352-1364.

Wu Z M, Schlunzen K H. Numerical study on the local wind
structures forced by the complex terrain of Qingdao area. ACTA
Meteorological Sinica, 1992, 6(3): 355-366.

LR, A, AR, BRIT B XK KR BT . RARHE,
1999, 23(5): 581-589.

TIHE, HEE FHHKAREEHHHELI KAHE,
1996,20(2): 229-234.

WEE,EAE KL= AME 8RS G618 A
BT . 8 R AR 1998, 17(3): 280-289.

KE D, R A, B, R R R 1A i T XIS T Y
T LK AFH, 1994, 18(3): 366-371

REW, BFe, T2 MK — ke ER g EXAL
Ry AT, SR 5 FEA L, 2013, 18(6): 733-745,
doi:10.3878/.issn.1006-9585.2013.12027.

RAH, BT, TRIE, 5T TR X5 5 G NG
B — R BAE G KA, 2013, 37(3): 53-64.

Craig K G, Bornstein R D. MMS5 simulation of urban induced
convective precipitation over Atlanta. Fourth AMS Conference on the
Urban Environment Conference, Norfolk, VA. Amer Meteor Soc, 2002.
Rozoff C M, Cotton W R, Adegoke ] O. Simulation of St. Louis,
Missouri, Land use impacts on thunderstorms. ] Appl Meteor,
2003, 42: 716-738.

Liu Y, Chen F, Warner T, et al. Improvements to surface flux
computation in a non-local-mixing PBL scheme, and refinements on
urban processes in the NOAH land-surface model with the NCAR/
ATEC real time FDDA and forecast system. 20th conference on
Weather Analysis and Forecasting /16th conference on Numerical
weather Prediction, Seattle, Washington, 11-15 January, 2004.

TLEAE, KA, B, S 4k T AR R R xR
AR 8 5o — ML AT A ECF AR, 2007, 65(2): 165-171.

A, T4, E R, 5. MMSH X F W A B Sk %
BBt R A M R . AR 1), 2003, 61(5): 15-28.

BRJE, A AR, A SR S R R R = R A
AR AL b K S 4R (B RFHE IR, 2007(3): 343-350.
Nuss W A, Kamikawa S I. Dynamics and boundary layers processes
in two Asian cyclones. Mon Wea Rev, 1990, 118: 755-771.
Benjamin S G, Carlson T N. Some effects of surface heating and
topography on regional severe storm environments. Part 1 : Three
dimensional simulations. Mon Wea Rev, 1986, 114: 307-343.

Advances in Meteorological Science and Technology S&EH&##RE 4 (1) - 2014

21



