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Simulation of Summer Precipitation and Temperature in the Upper
Reaches of the Weihe River Based on the WRF Model
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Abstract:[ Objective ] The aims of this study to explore the applicability of different schemes of the WRF
model in the upper reaches of the Weihe River, discuss the physical mechanism of its precipitation pattern
formation, and then provide a basis for the prediction of water resources and environmental management in
the basin. [ Methods | The latest WRF V4.1.2 model, Kain-Fritsch (K-F) and Grell-3 two cumulus convec-
tive parameterization schemes and microphysics schemes were used to conduct experiments with different
resolutions on simulation and evaluation of the summer precipitation and temperature in the upper reaches of
the Weihe River Basin. [ Results] When the resolution is 5 km, the temperature simulated by the two
schemes in June, July, and August in summer is slightly lower than the actual value, and the errors of the
K-F scheme and the Grell-3 scheme are 5.8%~10% and 7% ~12%, respectively. The simulation perform-
ance of the two schemes for precipitation is relatively high, and the precipitation varies irregularly with

altitude and latitude, and the error tolerance rates are 13% ~39% and 10% ~25%. When the resolution is
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2 km, the southwest, southeast and westerly winds simulated by the K-F scheme are strong, showing large
fluctuations in vertical velocity, strong cumulus convective instability, and more convective precipitation.
The southerly warm and humid airflow simulated by the Grell-3 scheme is stronger, the vertical velocity is
larger, and it increases faster with height, which is conducive to the generation of large-scale heavy precipita-
tion. The temperature and precipitation simulations in June, July, and August in summer at a resolution of
5 km have strong sensitivity and adaptability to the two cumulus convective parameterization schemes. The
K-F scheme is better than the Grell-3 scheme in air temperature simulation, and the Grell-3 scheme is better
in precipitation simulation than the K-F scheme, especially in heavy precipitation areas. When the resolution
is increased to 2 km, the two schemes can simulate the spatial distribution pattern of precipitation and tem-
perature in more detail, and the areas with high temperature and heavy precipitation can be displayed more
precisely. [ Conclusion] Both schemes are sensitive to the simulation of water vapor transport and vertical
velocity, and the error is within an acceptable range. The K-F and Grell-3 cumulus convective parameteriza-
tion schemes in the WRF model are suitable for the precipitation and temperature simulation in the upper
reaches of the Weihe River.

Keywords: WRF model; precipitation and temperature; cumulus convection parameterization; upper reaches
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7SR B W AR 7 AR DI Al Az 7 e N R AR
WA, B A BRI, NS0 s ), 5 2
AR AR K R s e | AR R ARG R T N L DX R K K SR
AR R B AT ORI M R B P RO B(E A
I B i Y B ASE S AEL R o F 58 R e &=
AR b i BT B T A . A KB
WREF #CEAT 58 £ 09 30 ) 2 4 28 0 2 IR A 2 ik
T 5 ALHE T AR 8 FR 2 6 I A B AR L 2 ik
T3 ZE MR 2 I K R A M L ) S B % P A
I X358 AN [7] 2 80007 SR B Bk 28 e Rt
WM Z 255 — HAER VISR XS 251 T 19 WRE #E
ARSI Sl W P . 4 Hamill™® , Evans™* ,Kryzzflﬂ
SEOPIIRTT T WRE RS [ RO AR R 7 L D
= 1 DX R R A A S X LU R AN (] 7 28 T R DL K o AR
225 . Pour'™ 5 Shih'™ 48R Hl T WRF #5201 i
DA A 5 70 A R 2R A R AE 4L 45 2R A 1R 25 R
I, FREFHRAAF R X0 S M ZHE
PEAT B S A A | AU A B i JBE L AR i XU X Y
REOK AR R B, SRR L AN AR
SERV T AR AR = S 807 50 DR /KR LR
N PR 7] 2 B0k 7 58 46 0 5 0 XU A —
JE 38 M K 2 5

T VR AR V) A K ) S T YR I R IR B R K
7L Ak TN X YT A Y P A A A R
T AT B 9 Ul S e KON op R A R I L B K S
TR L R A5 ) 0 A AR ) BEE U AE 1 K
NI B Wi 2 DI 5 0 K K B R R A A R B
A2 BB . PRI B8 T T I e A K B IR R AR K
NS Bl 32 W B 5 32 ) [ A AP AR 222 3 I DR TR

IS —E R . (BRI H WRE £ £ 3 sk
TR AR = X5 i 7 R EBE AL AT SRR D, AR SCHEE T
5 km M 2 km 73 HE, JEAT A A B B 0 S Bk 7 &
ARG TV 7 BT YRR K Sl 5 A
IIHT RV AN [F) 7 SR 206 0 B oKk S ARSI Y 25 ) 4
fiE R 3d I o A R R T I el R K Y 2 Ak R
s DL R I Sl K B R R A A A A PR AR
1 BA FERRIREIEIT
1.1 BEXRARNA

WRF(Weather Research and Forecasting Model) #5
2o 1 36 B [ R A58 0 (NCARD | 3 [ BF 555 i
M rpt (NCEP) JFSL R R 22 A5 LA R 5 0 58 0T K i
e — b BAT R A R o3 B (1~ 10 km) 1Y
N RUEE S8 42l e HE i 0 5, w] T X o | 25
TR S R AT AR S UG S Y . it AN
Wit ot C 2 kN B i) WRE V4.1.2. WRF #
A 32 B O R A A AR B ST AR O R L g S AE SO
AP IE 7R MRS DT B KRR & e sF 1E O R 4F
KAWL Sy B XS I R & TR
CRLE /A ) A% iy 3t A8 I T o R i /K THT 3R 2
HRZ i i/ R A GO B S Bk LA R AR
ZX S EA . AR S EA T BA 2 Y AR
IKAGER BN Sy i B L R G R DL R AR G e B
RO, X KA K MR o A e ok . e K-F
T3 G R FHHiA% B H A HRAH O T vk 2 4 W7 2 45 A X it
AEEEEV K EGSFH K, KA -
AR EF TR B IFEE T = BT
U AT B B SR X HLRES 19 G Bt



258 K R BF 5

%30 &

(0 R M 0 RL SR T P i s 0 ST R B K B 2 4y
AR A R AR, T Grell-3 J7 §8 A& —
AT AR = X I S B HE B, RR Al FH R St A (R s 4
B AR 8 >k U 2 2 804k, OF BT LRI 4 &
DL % B0 ] A i A Sfe 1 58 X = AR R i 1) e A {1
BT o B R, T U AR RE S e 31 R il
B XA BER/IN T 10 km 19 X UK 0 50 A A 3,

AWFFE K Kain-Fritsch (K-F) il Grell-3 £z X
SR % B IS EU T % A RRTM K 5 54
J5 % ,Dudhia 58358 81 )7 %2 , Noah [ 11 13 72 75 %€, Yonsei
University (YSU)II A2 TJ7 28 Lin fl4) B F2 07 %
XY iR K S SR TR PTA
1.2 #iE gt

A U 5 A T VT U B AR AR IX I8 22 ARGk
i (http: // data.cma.cn) » F1) FH € [ [ K I8 TR o0
PRALAY FNL 1543 87 5ERHE S A5 A K035 9K 3 455 7
CEFE] ] B A 6 b P43 B3R 1717 3 v ) [ ¢
G B0 AR T E A s 5 CMORPH B K™ 5
Tl P8 1 i 7K T s 0CAT 4 (1.0 RBO 1 2y S0 TE 580
HHEZRSE PO ERIIE IR EARIRERE
2SR B AT A9 M T K S 20 3% 0.5° < 0.5 A9 H
(TR A A A (V2,00 4F Sy 36 0 £ 0 % L B 41 1 <
W2 (8] 43 A 45 3 (http: / data.cma.cn) .

TEF WRE B30 5Bt AR (V4.1.2) B3 X 3R
FAXUZRE .3 Bk B 79 Rung-kutta I [E) R4y, X 8
DG 107.5°E,35.5°N, 55— 2 (do1) FlIEE 2 (d02)
R A% X s 15 B0 01 g 80X 60,161 X101, 7K W 4% HE
25 km I 5 km, 5 5 J7 [ 43 45 )2, )2 TSR 50
hPa, TR A MODIS %45 . % NCEP -4 %
BME MR R Sh ) 4G 3 M A, % 2018 455 H 1 H 0
BF—9 A 1 H 0 B8 Wl 3 380 A JH i1 i X (107°—118°E,
26.5°—34.5"N) H 5 MK AT B, i 30 (5 HD
AR B A5 KR 60 s, EZERRMFEK 24 h,3 h B
H—REHE . R 5 km #l 2 km K43 PG5 WRE
RN AR iF B3 o7, AL XS I (B 1), o A
PO 5 ORI P P 3475 25 L 3589 AR AR 2 ARIAH DG 2R 300 A5
PAGE R IEA TR, DLV BE I A AN ) 7 87T XHE T 1 Ui
Hi DX BB, . ALK P R T R Ay
BT iZ s 5 K T2 B
2 RiRFEBEKER
2.1 AEAREWMHESHUAFRIIEEM

KHI 5 km 43 BEAR, 43 0% K-F Al Grell-3 1

XS BT R 2018 A Z A H W H B iR kAT
B 2) . l LA H A AR 2 0 i 2 Bk J7 2 1

AEARADL TR Y 1 1 X R B X, 2 I i 4k &6
A I W S VP R A s o TR 0 (= P VA =
R A5 OV A v A WG S L L g X T AR AR Y
AREIAY . T MR U K, AR o3 A S B A
AL IX XA Hi . 6 A .7 A .8 H AR 25 6] 43 A k%
JRIEAR —5,7 AR 6 AB 2~3C.8 AR 7
A AR,

J b 3 m e
TR E RS RE T M H B S GS(2020)4619 5 1Y bR ik Hy
P 1 O P o s T

Bl SRRBREEMEESH

TE K-F Ml Grell-3 I3RS HL T T 5
KPR 2 km BRI SR ULIE 3, 0T LU H A4
AR T A 4 v o B /N DX IR B 3 A T AT b 3R
B, FE 35°N LBt VAT 45 s L A o A g 20 ~
22°C R EE™ L DL Sy 34°N £ LAY 16 ~18°C # A5 i
FEAT , HBBEAE 5 43 PE A 0y R4 B R i, SR A
HIEZS oA FE B Lt 5 km 4y B R B 4
T 28°C I BE A AR p AT A, KA BT R
T T 30°C Ay m TR L PR IR K Z LA 6~20°C

WA H % B BEE 5 52 BRI X LG (B 4) /T
DL, R 7 58 A B 4DL 25 SR 5 S B T B H AR b b 3
— B0, H IR 0 g5 s [ S AR 34 RE AR UL R, X e
G307 T 3% 3 h I de e (AR AL A5 AR 2 W e T A 1 A
PG S PR A 42 BSOS R R 2248/ . K-F 7 S84
UK 55 T Grell-3 BLLL25 5L, i HLAE =5 1 4K Hi X il
Bl v AR A X SR AR K. K-F 5 Grell-
3N REBIRZE BN 5.8% ~10% F1 7% ~12% . 4%
I 6 ARZER,7T AiRZER/D. K-F BIAEB LI
R Grell-3 XF T A AL 4. (HF 2T RN
& PR 7 BT 2 S PR SRR AR 1~2.5°C
A B 5 5T Yl 2 B8 e A DG DAL I X T Y]
AT AR AR, 75 8 L 45 SO A Y 1 B L X 43
Freik— L RIT SR,




54 W A 45 3 T WRE #8553 A9 18 B 3 32 2 K R AR AR Y 259
z 6H 7 7H z 8H
& b 16 <
20 18 18 24
24 "
16 "% =
Z A Z
o 4 & o T n 2 g
20 o o
14 22 - 16 24
12 16 J 18
- 10, z | 13 z | 4
=3 - .3 # -
12 20 22 k 18 22 79
105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E
z 6H Grell-3 7 7H Grell-3 z 8$H Grell-3
O O O
6 16
18 16 L 22
14 18 18 24 16
Z .16 26 g - &
o 20 Q 26 r'f; 22 24
14 22 Y 24 S P .
d g . I o %
z | 14 z | 20 Z, 14
2 2 oy M 24 "oy 2 -
o 14 en en 24
16 20 kﬁ
' L ! 100 km ' ' '
105°E 106°E 107°E 105°E 106°E 107°E L 105°E 106°E 107°E
2 SkmAOPWETEZE K-F R Grell-3 MRS MU FTRSIER (T )&
OZ i 68 K-F OZ 78 K-F OZ 8H K-F
3 4 4
20 R 24
16 16 12 = 26
14 % 26 18 22
oz - 20 24 <>Z °Z 22 ;
@ 20 14 @ i o 14 98 “ 24 X
2y : 24 -
"5. 14 X S g
z z 9 ? =
<+ 7 10 <+ <+ "
- 20 22 - ¥ 2 el s oy 22 24
105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E
= 68 Grell-3 z 7H Grell-3 & 8H Grell-3
o =] =T
[sa] o o
24 :
22
16 Sa
24 18
o R E 18 26 20 o
oz 4 24 oz oz A 14 24 :
= g 20 X - 2 & 2 2
16 t %
¥ 22 ! ¥ 24 21,'» 2
14 18 16 !
Z Z I > 12
T N - T e 22 T * N 22 -
© S @ N 24 o ~ odi-
LS ] ] L v : ¢ U ~ :
100 km
105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E

B3 2kmPWETES K-FE Grell-3 MEXHSHULFTRSE(C)EM

i 5 AT LUA AR Y 25 (8] 22 S 32 552 4 B2 R
M T 19 5 M0 98 S Ly DX AR Ry o R AT S AR LA B A
M DX PR 5 e e 9 ARt DX R AER TR VR 4 ) S D
DX, DR 0K i 98 4 DX IR 00 (L W% ol g 1 S5 B L LA IXC
A E /N T 52 B fEL
2.2 AEREXMRSE N T RREKER

H P AR 25 X 2 M 7 S8R K BB (I 6, FT 1

A R KT 28 W S T B 2R IR A B R AT R
PRI K 22 U e (L DX R ATk 5 B BK 2
e LY DX 9 A DX 7R e 2 AU R K 18 2 ) o A 5 52
Przs ) oA Rk —2 . 6 H BEHLL ) 322K F A RS
U S22 0 A1 B2 ZR VA 1), 7 H BB R 3 B K Y
BRI B DX g 10 2 IR BRI R A FE AL X L
PR EH PRV I — ZR R [ BT A LA S A P R B/



260 /e o B 1 530 45

Bl At — VU R A al T A PR K R, 8 H B Y 2 22 %
IRt FCE O B K . B ZR IR Z2 b X SF- 34 H R K
BHAE 10 mm LLF .5 T 10 mm BYFFEK X EE 0, H 3358

PRI AR i, 76 KF Jr &g, 6 M7 A
21.0

0] Y/ S SEIN - PSR R VA Ty NE € 7S 1T
TE Grell-3 J7 L3, 32 WP 52 Wi 1) %6 K 43 A 4 g
PO 41 1 S B R L 3 R K ARG X SR KL 25 08 LR
T — i 118 A 7K v L DX A 375 b M 22 ok

235 -

11.0 1 1 1 1 1 1 11‘0 1 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
H#vd H#ud
sE e K-F — — Grell-3
B4 ZSAZAKEBEEMSERERES
27.5 - 275 .
7.5 6 — 3000 7.5 18 - 3000
o b _ = 4 2500 20 k ﬁ_ = 4 2500
e = { 2000 E A TN\ = 1 2000 &
Y165 e | P = P16.5 | EA? / = i
= 2 7 4 1500 g el - ] b 14 1500 1=
rio [ L G 1.0 | -1 o i
[ | [ 1000 g - F 1 E 1 4 1000 g
T & = s00 ss e H OH O OB O E[ s
0 - - [ == = 0 0 I, 1, F ER=ENENE 0
343 343 345 352 353 354 35.6 343 343 345 352 353 354 356
2 BEN) 25 BE(N)
275 1 gH — 9 3000 275 55 _ - 3000
220 N\ [ ] 1 2300 220 | = = 12590
2 N ] 4 2000 E o = = 4 2000 B
Y165 [~ 3 A(—— - = £165 |2 = =T =
P -4 - ot 14 1500 g P g ] 4/ ] 1500 4=
i~ 11.0 [ [ ] = I 11.0 | [ - [ -
I ] =] T 1000@ r = ] e 1000@
0 [ = 1 ' T 0 0 -4, - L E ' - -1, [ 0
343 343 345 352 353 354 35.6 343 343 345 352 353 354 356
% FEN) BN
BR —— = — KF - Grell-3

5 TRSERBEREE

R T KA [A] 3 BE R X WRE B0 = % i 2
ATy R RO T A S0 e R ) 2
km , KRR 45 S UL 7, 0T DAE 58 B K X 87
AR FEK KBRS K .6 H .7 H .8 H FEKBLHLZS 1] 4
AEAELN .5 mm M 10 mm LA I A9 R K 38 i e 20, 1

HFEKE ST 20 mm A9 #8733 DX 2 B R, 5
RARTHT AR, I K-F 5%, Grell-3 J5
ZRe R K B35 50 mm DA RS E 0.
TP A4 R — SETE AR 2 B R T R BB A
IR HR s B R K A B s R R I R K Y DX RS R



554 4 TR A5 BT WRE B 0 b il B 2 K e SR A 4 261

POERERM, 6 H.7 H.8 AZEHBEKZME R BRI 5 B K 0 & B B B X, R TR £ R
LB IR S X S8 T b, HREOK R E BRI K &1 (&L 9) AT LU Y, WK Bl g 4k v B2 72 4k
VIl i ok, S PRpEK B ¥ — 2, H 6 HFEK AW 6 A .7 HFES B 35.5°—35.6"N 3 [FE /K1Y
(A FOLEL B S PR B e i 20, 7 H .8 A B HA A & XA 3 A— 35,8 H i F K X Sk A A8 1k, 3 K
FHEPrE . KHEZE 3 h BLLEE AL, Grell-3 77 £ g2 1) 25 8] 43 A5 5 K K EOR IR e A B —E X R

> 6H K-F > 78 K-F > 88 K-F
o o o
(22} o on
z Z z
wy wy w
o o on
z z z
3 S & o-
[a2] o o
105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E
z 6H Grell-3 Z 7H Grell-3 Z 8H Grell-3
o S %o
o o o
z z 2
" wn n
(321 o) o
& & &
<+ < <
o o o
: 2.5
1 1 1 lookm 1 1 '
105°E 106°E 107°E 105°E 106°E 107°E L—— 1 105°E 106°E 107°E
6 K-FR Grell-l3 B2 H AR S km 53 ¥ & £ 7K (mm) )
Z 68 K-F Z, 78 K-F Z, 8 K-F
o o 3 ;
o o
z Z
wy wy
o o
Z z
< <
o o
105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E
F% Wi &/ mm P& W &/ mm F& ¥ &/mm
[ B I [ I [
01 1 5 10 20 01 1 5 10 20 o1 1 5 10 20
. 6H Grell-3 . 7H Grell-3 . 8H Grell-3
o o o
o o o
z & z
vy wy wy
o o on
Z Z Z
] 0o [+
< > <
o o o
105°E 106°E 107°E 100 km 105°E 106°E 107°E 105°E 106°E 107°E
[ T &/ mm L 1 KWE/mm F% W &/mm
Il Il e I e
01 1 5 10 20 01 1 5 10 20 50 o1 1 5 10 20

B 7 K-FE Grell-l3  3aS#4F R 2 km 4 ¥ R B KE



262 /e o B 1

30 #

#

22.0

16.5

[ 7K B/ mm
=

5.5

33

F% 7K B/mm
= ]

44

W
W

%7K B/ mm
8

H #%
Grell-3

B8 &RAiZHEBEKUNESEBIERLL

75 N 4 3000
6H [
e 2
g ] g PN — 1 2000 &
=45 b = BN\ i
oA =. vt NG ] 1500 4E
¥ 3.0 FE e ] - % &
# 1 E - [ = B4 1000 g
SIEE H -] = o0
0 ] P e I i B _:: - ::: L= 0
343 343 345 352 353 354 356
% BEN)
9.0 4 3000
8H ]
75 — ] 4 2500
g 6.0 | = = / 1 2000 E
= |/ _F&] 1
~ [ [ —] =
4.5 [ = LT A 1500 '
® [ J= EE= &
& 3.0 F :_—&— _:-‘ig E:E: E:E 4 1000 .‘IQ
1.5 FF - -] 4 500
ot I o I s I s I il ot I 5 N PN
343 343 345 352 353 354 356
& B(N)
iR —— W

125 - 4 3000
7H ]
10.0 F __ :E:E %./ 4 2500
g = = ] 1 2000 B
nﬂ§ﬂ 73T '-5253%3:3: 1500%
%50 [5 L= &
- — :::: :: ] 4 1000 g
25T 1 5 H H 1 500
0 ) 5 1 :: I ‘::: 1 — P S T 0
343 343 345 352 353 354 356
4 BE(N)
75 4 3000
CE= =
6.0 ___ :::: % ..... T 2500
g 3;%/_.»\'\5353 = 1 2000 &
Eas A\\/A\;g ] i
o) = ] =] 1 1500 £
R3.0 = ] e
o = F — = { 1000 g
BTIH E H = = 1 s00
ke P vt B 55, B el -] 0
343 343 345 352 353 354 356
4 BE(N)
— K-F e Grell-3

B9 FREGERKELEREE

2.3 RS RITM

Ve Al ] SPSS HEAT ¥ 77 A 1 22 A5 56 FIAH
RARFG I, TR AN K AR ADLE -5 S 2 18] ) A
K EIR R R B (R L ¥ 75 iR iR 22 (RMSE) L% 1,
A RESZ R HAB S R, 45 R R IR 7 S B4 —
TERZE EH KL K-F 75 R A E 7 RR 2E [ Grell-
3/ RIS S K-F 5 58 SURAU 15 S P W B A 123
X T REIK  Grell-3 I & Y7 MR 2E L K-F J7 58/, Ml

XA Grell-3 J7 2 B KA SE BRI 5 Sk 230, H 28
WL K-F Ml Grell-3 5 A58 400 1 B K 15 22 4300 0
13%~39%F1 1026 ~25% LR 25 8 K, 6 H /I,
Grell-3 B IIBUR T K-F TR, MMERERE,
Grell-3 J7 2 BRADL 45 5 5 000 3k i A K S 1 A ) 42
1o B A 50 T A DL B I K ) e R N B R X B . AR
ik, BRI K-F FEMT Grell-3 HE.E
F KB Grell-3 TR T K-F &,



%4 ARG S 3T WRE B2 A T8 AT F I B 22 R oK B TR AR 4 263
®1 FAAFREZATEH[ERBAEMESSNEEXRZBRYAR
AR Rk
H 1y K-F Grell-3 K-F Grell-3
R RMSE R RMSE R RMSE R RMSE
6 0.714 4.12 0.721 5.18 0.748 7.15 0.712 7.09
7 0.616 3.66 0.599 4.86 0.783 9.49 0.894 6.61
8 0.651 3.96 0.693 4.98 0.341 8.25 0.425 7.36

2.4 BEKREWMEZRDH

2.4.1 Kaka KREEREKEKICEREAR 24
A — 2 7R KL R UK P KTV I R e K T %
20 F ] P i o 2 P T KUK K P 2% 3 R [ AR R 3R
E KA, 10 A7 K-F f Grell-3 B Ff 7
2T BRI B 20 T L i b DX 2 ) 7 2 K VRGE
i, ATDLE H K-F 5 B0 E 2500 ok A 75 RF
K ALV 1 MR K VR AL B 5ok B VS A RS O B KR

35°N  36°N 37°N

34°N

104°E 106°E 108°E 110°E
242 RARARE  RANTEE R E TR K

T B b B 25 1 3 b RO R AT LA S R A
FREBE . I 11 "] LAFE ., PR J7 58 306 1 1 A A6
W B BUR, K-F J7 % FRJZ 800 hPa By H &
0.003 m/s. i /2 e KT FLE O 0.006 m/s, AN[A]JZ
UCTE B 2 B 3 28 A RS B k5 L AL
X e R K AR 22 . Grell-3 19 7 R AL T, B 1<
UL PRSI OB A TR 2 A T A R BE K

200

| K-F

300
s 400 |
[=]]
< s00 |
|

¥ 600
700

800

0.001 |
0.002 |
003 |
0.004
0.005
0.006 -

HEEHE

0

F/(m s’

~—

& 11

LA R AR A T 450 PR i R R X
BT R AR AL A B Grell-3 J7 27T fii 79 19
IR 6 B i L B R IR EE B S R SR ok A
TR R A AL T KR IAL A I BLG X T g HA
K I K-F 75 B K i D i IR IN 2 —. =
Grell-3 J7 S BERE DX I M E b 03t B A 1T 22 B A ok
PRBLH 7K PRI B i 22 S k. KK B ECR
DX I 5 AU B B3R X AR — B

35°N  36°N 37°N

34°N

100 km

e 104°E

106°E
10 EFEHBEKKREE K/ (m- )5

108°E 110°E

Grell-3 Jy Z 2 & F I3 B2 MAIKJZE 800 hPa #90.001
m/s H&HMEME] 200 hPa #Y 0.015 m/s. 3 H 3 &
SRR T K-F 2 B B2, BT LATE Grell-3 J7 A4
L 2RI R R REK . X5 Z 000 B KR 45
AW G . I A BT R BT TR 2 A AR 43 R X AR
23K S BRI S5 S RS B A AR e %o B 2 X
T B KA AR G B ASEARL SR, AE G0 K RUE A 7K A A

U B AR TR B2 R
200

Grell-3

300

« 400
(=)
<500 |
1

¥ 600

700

800

0.002 |
0.004 |
~0.012 |
0.014 |
0.016 |
0.018 L

s 0.006 |
& 0.008 |
g 0.010 |

EFEFHEERENE



264 /e o B 1

830 %

3 &g

B EUEREE 2 6 H .7 A .8 A BRI KR KA
PIXF K-F B Grell-3 FIFp R 2= 6 S50k 07 %8 BA 1o
) R RIS R 1 L 25 H 328 AR R R K BB AELE 5 S B
(B A — B0, JU IR o U R i a6 K 2 U b A5 41
R T TR 6 HiR2E R, 7 HiRER/NIREN
5.8 ~10%F1 7% ~12% , K-F J5 Z X5 Tl AL AR 4
T Grell-3 J5 %8 B MR 75 S0 Ul L 92 PROE R AR 1~
2.5°C , PRI AE Xof Y Vi i Bl A 7 = R ABE 4L B 5 T2 T ik 15
O R i — D R 9E . X TR K BT, W R O =
B W T 98 B . BT LR 25 1300 ~ 3906 I
10 % ~25% ,Grell-3 J7 28 4f [ K A6 40 Rk SR At , It e
XiF i K 3 A AU AR T A A0 3R W B K B T
PR B AR AL AR B R, R B A2 K VR R R

MR ASATEE M K3 S5 AU 1 7K VR 1 K T
AR PR i SR AL 0 B s 0 i i AR e R
KEAAR L K-F Jr ZEBH000 P9 R 4R B S v KU
B R U B A K XA R E R A ALY
X U B K M 22 . Grell-3 480 M 7 A4 I8 T8 < I 9%
SR, R B O B B A R AR T R R
B K™ A B B T R ROBE B K DL I . 25 b, X
T B X 2 SRR K-F B, oK
WL Grell-3 FEEA,

EEPY 8
(1] BHE. R REZ.RCPs R THEILT LK T2

SARAEAFFIELT ] B R4 2016,35(1) :94-106.

[2] k&, 8FPRT . A9 CSIRO-Mk3.6.0 #3 J HgK 3 T

Reg CM4.4 B2 % rfv [ S 45 A5 Ak ) A8 [ ], <25 1k

BFSY #E 8, 2017,13(6) :557-568.

(3] EWRHE T 7 — 10 b OB R A =X (WRE) [ 4 B

PERRL ) ER B2 HE R, 2011,26(11) :1191-1199.

(4] k7, THEME/DNE T R BEE R R R

WHoE iR ()] & A4 ,2018,37(5) :1440-1448.

(5 XGRS, JE U W13 A, 25 74 22l X 08 0 28 0 BE A2

FEARAEL] ] F 2 X IR 5 758, 2019,33(8) :153-159.
[6] LiuY, Wang N, Wang L, et al. Variation of cloud amount

over China and the relationship with ENSO from 1951

to 2014[J]. International Journal of Climatology, 2016,

36(8):2931-2941.

[7] LiuY, Guo Z, Zhou Q. et al. The climate characteris-
tics of the first date of <<0°C temperature in East China

[J7]. Arctic, Antarctic, and Alpine Research, 2015,47

(2):243-253.

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Efstathiou G A, Zoumakis N M, Melas D, et al. Sensi-
tivity of WRF to boundary layer parameterizations in
simulating a heavy rainfall event using different micro-
physical schemes: Effect on large-scale processes[]].
Atmospheric Research, 2013,132:125-143.
JB R A e 8L 5k Rl 40 WRE Bl b A R = Wi S
Hodk J7 Z % B [T]. i Ll SR A5 2011, 31(2)
18-25.
BB . £ T M B . A WRE A iy 8 A AR
ZZHATT FZ WX R T ] Bl AR 4, 2012, 28
(4):461-470.
Chen F. Dudhia J. Coupling an advanced land surface-
hydrology model with the Penn State-NCAR MM5
modeling system. Part | : Model implementation and
sensitivity [ ] ]. Monthly Weather Review, 2001, 129
(4):569-585.
Lin Y L, Farley R D, Orville H D. Bulk parameteriza-
tion of the snow field in a cloud model[ ]J]. Journal of
Applied Meteorology and Climatology, 1983, 22 (6):
1065-1092.
Hamill T M. Performance of operational model precipi-
tation forecast guidance during the 2013 Colorado
Front-Range floods [ J]. Monthly Weather Review,
2014,142(8):2609-2618.
Evans J P, Ekstrom M, Ji F. Evaluating the perform-
ance of a WRF physics ensemble over South-East Aus-
tralia[J]. Climate Dynamics, 2012,39:1241-1258.
Kryza M, Werner M, Walszek K, et al. Application
and evaluation of the WRF model for high-resolution
forecasting of rainfall: a case study of SW Poland[] ].
Meteorologische Zeitschrift, 2013,22(5):595-601.
Pour M K, Irannejad P, Hajjam S. The evaluation of
simulated discharge of coupled surface scheme and riv-
er routing in numerical weather prediction WRF :Case
study Karoon river[]J]. Journal of Earth Space Physics,
2010,37(1):199-214.
Shih D' S, Chen C H, Yeh G T. Improving our under-
standing of flood forecasting using earlier hydro-mete-
orological intelligence[ ] ]. Journal of Hydrology, 2014,
512:470-481.
XIAE G, BRI L, A . BB %I S 800k 7 B xR E
B AR R KRB 52 o [ . R SR, 2019, 43 (1)
64-74.
WA 008 B L X3, 45 WRES. L W BE S 80k 7 2
o TR ) 5% T (0 4 5 T s 30 B T AR e AT LT AR
Bl2£,2012,32(3) :237-245.
(F#%F 274 7O



274

/N s 3 & 0

830 %

[37]

[38]

[39]

[40]

[41]

[42]

[43]

(5):317-323.

Dwyer J, Schmidt G. The MODIS Reprojection Tool.
Earth Science Satellite Remote Sensing[ M]. the United
States: Springer, 2006:162-177.

Li Y P, Chen Y N, Sun F, et al. Recent vegetation brown-
ing and its drivers on Tianshan Mountain, Central Asia
[J]. Ecological Indicators, 2021,129:107912.

Liu W, Mo X G, Liu S X, et al. Attributing the changes
of grass growth, water consumed and water use effi-
ciency over the Tibetan Plateau[ J]. Journal of Hydrol-
ogy» 2021,598:126464.

Huai BJ, Wang ] Y, Sun W J, et al. Evaluation of the
near-surface climate of the recent global atmospheric
reanalysis for Qilian Mountains, Qinghai-Tibet Plateau
[J]. Atmospheric Research, 2021,250:105401.

Yadav S K, Lee E, He Y. Positive associations of vegeta-
tion with temperature over the alpine grasslands in the
Western Tibetan Plateau during May[J]. Earth Inter-
actions, 2022,26(1):94-111.

Jonsson P, Eklundh L. TIMESAT: A program for an-
alyzing time-series of satellite sensor data[ J]. Comput-
ers & Geosciences, 2004,30(8) :833-845.

Sen P K. Estimates of the regression coefficient based

[44]

[45]

[46]

[47]

[48]

[49]

on Kendall's tau[J]. Journal of the American Statisti-
cal Association, 1968,63(324) :1379-1389.

Hirsch R M, Slack ] R, Smith R A. Techniques of
trend analysis for monthly water quality data [ ] ].
Water Resources Research, 1982,18(1):107-121.
Hamed K H. Trend detection in hydrologic data: the
Mann-Kendall trend test under the scaling hypothesis
[J7. Journal of Hydrology. 2008,349(3/4) :350-363.
KA WEAS IV 0] 4T, 465 AL oo B A 4 40 0% e 25 )
A& Y 38 B I BE 5 LT ] A W 2R A 2E i, 2011, 35
(8):853-863.

7 VT o A g R v Tt A A 7 A B L X Ak
78 AR A o 1 L) ] v B 22 4, 2021, 43(9) :32-43.

Li L H, Zhang Y L, Liu L S, et al. Spatiotemporal
patterns of vegetation greenness change and associated
climatic and anthropogenic drivers on the Tibetan Plat-
eau during 2000—2015[J]. Remote Sensing, 2018, 10
(10):1525.

Liu L L, Zhang X Y. Donnelly A, et al. Interannual
variations in spring phenology and their response to
climate change across the Tibetan Plateau from 1982 to
2013 [ J]. International Journal of Biometeorology,

2016,60(10):1563-1575.

IOOVOVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAV

(LB 264 T)

[20]

(21]

[22]

[23]

[24]

[25]

[26]

B KL AN R S0 K. 2009 4F B 2T OR P A U &
ERETE A S NSRS AR NG =k F
2015,38(5) :633-640.

Z= . WRE 583 i BLs X 2 800k Jr S8 56 76 b K7
G KU 12 5 50 B LR B S e [ ], o L RL 2 L Bk R 2
2012,42(12) :1966-1978.

TG 8 % A6 B A8 KA [ ) B 2 004k O 52 0 BT
T8 DX W ASEA0L 1 35 P B o [0 . K FL R R B 2%, 2019,
37(7):9-13.

T A MR, MR ER SO WRE #85 3OK [R5 4 B 7 Rk e
B T AR fi 0 K 06 5 4 B 86 (1], R 4. 2017, 43(5)
552-559.

MEEK B H 6, T A WRF BEUR [F] = 2 50k 07 28 09 2
T T4 i A 5 R 4 a3 ) ) R AR A= 2 4, 2018,
41(6):731-742.

BA VS A, X 51 A, I B O AR R K R AR AE K
Hosgm R[] K A RpiE Hi - 2020,40(2) : 255-262.
RN (B 2 W T IR W R A BT 2 N
B 25 4370 40 07 LT ). PE b AR MR K222 4R . B R BL A
Jif ,2015,43(3) :175-181.

[27]

[28]

[39]

[30]

[31]

[32]

[33]

U e 7R R R 2 AW 7 R (A NS SR T
By AR AL 5 WA B4 E 4 BT LT )P AL AR AR A
e FARBEA R, 2014, 42(8) :212-220.

SR IS R T SR AR AL IR TR T T i K SO R
S ARSI ] KB 2 R . 2016, 27 (4) :492-500.

iR TEAN W X (RS DN R~ ORI R B - Y b iV
R E R MBS )] F K ,2017,39(4) : 130-133.
T K B R, 4519802012 4R B Tl I IX A fEE A
T AT B Ao BT )] K PR, 2017(7) 1 46-48.
Kain ] S. The Kain-Fritsch convective parameteriza-
tion: an update[ J]. Journal of Applied Meteorology,
2004,43(1):170-181.

Kain J S, Fritsch J M. The role of the convective “trig-
ger function” in numerical forecasts of mesoscale con-
vective systems [ J ]. Meteorology and Atmospheric
Physics, 1992,49(1):93-106.

Crétat J, Pohl B. How physical parameterizations can
modulate internal variability in a regional climate model
[J]. Journal of the Atmospheric Sciences, 2012, 69
(2):714-724.



