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Numerical Simulation on the Influence of Cloud
Radiation Effect on a Case of Tibetan Plateau Vortex

Chen Yihao, Fan Guangzhou
(School of Atmospheric Sciences/Plateau Atmosphere and Environment Key Laboratory of Sichuan Province/Joint
Laboratory of Climate and Environment Change, Chengdu University of Information Technology, Chengdu 610225)

Abstract: Using the National Centers for Environmental Predication Final Analyses (NCEP-FNL) reanalysis data and the
temperature of brightness blackbody (TBB) data from FY-2G meteorological satellite, four sets of simulation experiments were
carried out on a Tibetan Plateau Vortex process from August 5 to 7, 2015 through WRF model (Version 3.8.1). The influence of
cloud radiation effects on the Tibetan Plateau Vortex is studied. The results show that the cloud radiation effect mainly affects
the stability of the atmosphere by changing the radiation distribution of the cloud area, thereby affecting the development and
structure of the Tibetan Plateau Vortex. In the developing stage, the cloud radiation heating during the daytime suppresses the
convection on the south side of the vortex, which facilitates the transportation of water vapor and momentum to the source region
of the low vortex. The long-wave cooling of the cloud top at night promotes the convective activity in the vortex area, which is
beneficial to the development of the vortex. In the mature stage, the horizontal and vertical distribution of night-time radiation
cooling of the vortex core and its surrounding area is conducive to the vertical motion distribution of the vortex core sinking and
the periphery rising.And it forms a positive feedback process with the cloud radiation effect, which is conducive to the formation
of the vortex eye structure. During the rapid eastward movement of the low vortex, the diurnal changes in cloud radiation heating
and cooling regulate the intensity and eastward movement speed of the vortex. When the vortex moves eastward, this effect
becomes insignificant.

Keywords: Tibetan Plateau, Tibetan Plateau Vortex, cloud radiation effect, numerical simulation
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(the red circle is the position of the vortex center)

108 | Advances in Meteorological Science and Technology S&&EHE#HE 11 (4) - 2021



B RS (E10a, 10b) , VEE AR+ 1)
R EIURZ e &2 U I i, I
HATEME NI ok O R AR D kmy BRI 03
MG EEABENMCE. —EKERT @, CTLI
BRI R E DD 1) KR R S8 th4h, CTL1LAL
HIEDI R R CUBRPE XIS ) FERE IO 1A A 45 P BE
A B LUK B R (6 kmAE) , JEME
AT & KA I AREESE ) Tino CRF s 1% (&)
R O AUtk R i 8 FE B CTL 1 56 Hh ) 58 v
(&) o XEHGeSF @AM AlE, RAKE
DX R 2 X (0 2 3 ol ) {48 A 38 73 A /T 51 kS
AFEW, T T YD 1 R R T (R 3 0 F 45

AR o 38 3 VI O B e R P 2 R L A (B
10c, 10d) , RIAECTLIREH, FEROINELHE
YR, Fotesh 5#EES, e EEME]9 kmf
=, mERERROGEBERA . KEREBUHEEE
FUE B E A R T oA T w X AN, £
HyRIREER, TR, FEROINREERE AN, 4
SRR UL S A BRI RS, T A
M= X Tino CRFULRIEH, R0 ALS kmis FE T
MEA M EARRKX, &EEE#ET-0.3 Pas, &~
F RO 2= X BT R, T o B R PRI 2 D 55 R e
S, SRR, WAR TR S W, i
no_CRF 15 H G B B A 2= S 35 b o

| | |

I
0

Degree

Degree

E10 20155£8H5H21: 00CTL1 (a, c, e) #Ano_CRF1 (b, d, f) X3 HifimOREHTIER (a, b) (BAL: m/s) FREEIEE
(c, d) (#fii: Pa/s), L& 18: 00 (e) #121: 00 (f) F9EEHNIAER (B4L: KA) 2 E-5EIEHE
Fig. 10 Radius—height cross section of tangential wind (a, b) (unit: m/s) and vertical velocity (c, d) (unit: Pa/s) of CTL1 (a, c,
e) and no_CRF1 (b, d, f) averaged along the vortex center at 21:00 UTC, and that of radiation heating rate (unit: K/d) at
18:00 UTC (e) and 21:00 UTC (f) 5 August 2015

A o PR b T PR L B 2 o A I (L) mT A
RI, CTLLAKARLAKIRIESH18: 00 (K 11a)
RIUUNBROEER, B O EAEH 38 km, HR WA
ity 721 00 (E1lc) , JOALIBHIEE A
L, FEARINAREE X (3R Do Tiino_CRF LA SRR
P o SRR T8 7 B AP B PR o 5 AL S N BE S, 7 B iR
—/NEL B S L B e L, HER B LK CTL A
e eR, JHSHI18: 00—21: 00 AL A K (&
11b, 11d) . £4CTL1-no_CRF LRI 1 F 35 K548
SIS A (E11e) , BT R [E D K BH 8 5 0

Advances in Meteorological Science and Technology S&EHT#RE 11 (4) - 2021 | 109

A BERAEARENENANLES, WOLENA
AL AR ARAES kmBAT 11 Jo] [ AR AR S 4 R0 e 2
AL F9 k¥, X FPRE S H AL “ RSN R [
WFHEIA, FEER B TRIEROE S XRR A5
Bl X m T HE M . —J7 i, MR RIE X 2 57
JEIRIA AR ) A BERY, S VA 50 L 1 3 A DR
FEARAG Y1 AL W Lo AE “ AR SRR B I E I A, A
BEA A T 0 T UGB A T, ARG
K I R LT, AT R IR K AR v Y A
FERVEL, 0Tz X RV 20 FI G In ¥ UL 2 B i



:
%7 i
dvances in Met S&T

Degree

Degree

E11 2015%8H5H18: 00 (a, b) #121: 00 (¢, d) #ACTLA (a, ¢) #Aino_CRF1 (b, d) iR R LMW TFHBEESE=XR-BE
HIEE (8 K)
Fig. 11 Radius—height cross section of temperature deviation of CTL1 (a, c) and no_CRF1 (b, d) averaged along the
vortex center at 18:00 UTC (a, b) and 21:00 UTC (c, d) on 5 August 2018

WA, MARIRERE, ARTXR74, mEsX s
AR S VA 2D AE S R % B, MR e B, R T
DS 1 Tt S v. /5 Y T W S TP 2 M 2 O A =B =3
i, SRS SRAR#E T AT = X AN E = X TE R
PR — N IE RO, BRAEE 2 58 5 2500 F A A0
AR TARIR IR IR S5 I =2
2.5 BRERREFRBME R ZEST AR

N TR AT R AR PRI AR B B B g S RO
BRI, HEH29°—35°N, 90°—100°EfE A1 kAR i
HREMABX, 5B HCTL2Mno CRF2iE66 H
00: 00—7HO00: 007X F14500 hPaZfiXt i & f H
WoKF | 3 DL 2300~ 100 hPa k< 45 n#i
IS4, o I B B 2 S 80 v SR AR I AR A2 B B i
JEE RIS B3 BE B S M AT 347 o

M6H00: 00—7H00: 007 5K 4 #% X 500 hPa
SR A I AR A (B 12a) AT DLR B, a0 i B
M6HO00: 00—15: 00ZF#iGs%, 6H15: 00—7H
00: 00VR5S, BT mEKIRMAEEE. 6H
00: 00—12: 00, CTL2R 56 ALK 4 0 I8 B i Kk,
H3 A0 48 0 ik 2 22 M6 H 00 00 FF 45 3 47 38
o, F06: 00— EFEREA, #iL0.5X107s7,
2R S EREB N, 6H12: 00, no CRF2%F%
[X - ¥ 4 5 994 B AR 45 ELCRF2IR 36 5k 6 H 180 —
2 OO IR BTN, [F N AN R X3
24 558 30 P AR WU /N, I TR B T 4R A2 22100 °E
IR X d. MR EI K& (El12¢) KF, 7E6H
00: 00—06: 00 (R REHF) , CTL2IKAI KRB

X B KR, MR T6H06: 00—15: 0072
A ChZEZEAEKD , Mino CRE2GREN K B 16 K % 5
P 15: 00—20: 00 ([ , RBX FI4axtiRE
TREAU/N, T no CRF2A56 1 55 U6 55 1 22 5 P
20: 002 J5IKIRFE 100 ELL AR HBIX , W5 41856 0
PR ) 22 F RSBV

I v 5 1 AR A T BE 2 3 2 3 5 R KR
BAETE R, 8RR IX T 5 B AR
(E12b) , AMERIL, M6HO00: 00—09: 00, L
FHiggh i B 5E, e EEES; 2 T6H18: 00,
EHEHNAHE, FH®EE/NT0.05 Pa/s. XfL
CTL2#Ino CRF2IAI A IX V¥ EHIZS £ R, 6H
00: 00—06: 00 (FREHF) , CTL2IRK M ETHE
FEE; MMN6HO07: 00—15: 00 (42 fEMH)
It no CRF2iRE FFiEz) g, (HPH AR EEIE
HIHREE S, F18: 00U E KRB HEIR, EHis
AR

DA B R HEMIRARBI B, REBXiRE
ME BB FEEBRZN. SE7 NRIRERR,
TR TE) 2 T 38 ¥4 0 B PN 508 K 38 PRI A S 3t 17 7
AR, zXAEAEH R R A PR S I #E ™ Zhao
AR, BARH BB BB AN, BT AAT A
HEW, KIRARBES, =50 E R
A 51 AR IR R E B R B, X AR X CTL2-no_
CRF2iX%:300~100 hPa K45 iR (F12d) ,
RI6HO00: 00—04: 00, FEKRSAEFBHFE
T, SRR, VRt S IO ORBRMES, =T
KA ES, M2 TEKR, = AR %

110 | Advances in Meteorological Science and Technology S&EHZ#RE 11 (4) - 2021



10.0 a —no_CRF2
—CTL2

9.59

9.0+

8.5+

Absolute Vorticity/(107°s™")

=
L
g
=
3
2
(] A
24 30 36 42 48
5 &) /h

—no_CRF2

Omega/(Pa/s)

0.5 —CTL2-no_CKF2

.

i i i @}
30 36 ) 48
1/

L
wn o
|

Heating Rate/(K/day)

|
e
S
)
R4

E12 CTL2 (4% ) #Ano_CRF2 (5% ) ik B7ERIR A X (29°—35°N, 90°—100°E ) 500 hPaZtxtimE (a) , FIEERE
(b), 500 hPafaxtimEiE1< 2 (c) FACTL25n0o_CRF2iX 42300 ~100 hPai@gf A= £1E (CTL2-no_CRF2) (d) T
Fig. 12 Variation of absolute vorticity (a), vertical velocity (b), absolute vorticity growth rate (c) at 500 hPa of
CTL2 (red line) and no_CRF2 (blue line), and that of 300 ~100 hPa radiation heating rate difference between CTL2 and
no_CRF2 (d) averaged over 29°-35°N, 90°-100°E

W ERAT 5, 6H05: 00—10: 00, FJ2EKSA KNG
SN#AEHES, A ELTHRFRITE, KRR
FEAN R TR, = NERIRSOR FRAR S K T = T i
SHAED, Db bR RASCAERS I, Wi T eH
11: 002 )5, B AR A B4 HhEdmss, H2KRA
NN RIRES AN ES, HYERFEREAR,

MAEKE, FEBIEEPFCTL2Mno CRF2i{ 5K+
IR 1 5 P B H b Tl R i B s 3 B b 2 BB
WA, TIXMAEAL 5300~100 hPa K48 S 2
BB, BAR ER BN IE B 5 M5 SHn
L AR B T (0% S 0, AR T 7 80 8 0 i B 3 Kol
2N I BLE B 2 7 AR AR 5 TR A B R i A b
2~3 hifa, IXA]AeAR B RS S0 Ho KA Ik
BRI BnaE R, I BB 13 T B A RS
RT3 IR, Rk, it m R B R A K
AR IR L A AL, s KSR E R,
T 28 1) 2 e SR W AR A I AR iR R AN RS B (1 B AR
s AR AR SR E, HOBERT, =R
R FE M AR AN B
3 #ERSTR

A EF| FINCEP-FNLF 4 #1 % kL X 5 WRF
(V3.8.1) #38, XF201548 H 5—7H i— K = JF AR IR
BEATREAN, FERPA BB (icloud=0) sk
RIQFAT X LT, SRR SR, G i
RSE R REALMAR L T T6 2= i St R RE R R ADh Hr, AE E)
JRAR ISR T 5, ERFRURT R, IE HiR OS5
TR, T B 2 0 S 280 e SR I B R A R e

Advances in Meteorological Science and Technology S&EHT#RE 11 (4) - 2021 | 111

GER A T IR

BB MR Y, =88 RN F A
e SRR 2 X AR A1 SR K SRR e BE, HETT Y
MR o FR) e A i e e EL G5 KRR AR, O ELAE e S A1 e
HIA R BU = 58 N RN PR AR, BAR R iR
Bl A ER s R A B B R il i R SR R
FLPRAT, IR KR, UMK EE B,
I AR RO, /MR B T R AMEAE T 51
IR, TSGR JZ U X370 A0 e A1 2R 0 4 7K
Rk W =TESAEERES, Mah TRl
SN SULE P K (VA5 D NG i g 73 N7 1 S w
RAAMRERE, FEEEISIGE, WA R T &
JFARIA R PR AR RS o BB e SR AU 90 i e it N B o
B ARIA L IZBEY BGR IR S5, 0 TE s XA [
o XA AR A AP MEREZ R, SRR
SE BERIKSFRI 3, T RS SAE O U A H
BTt X R AR EE RO TE = XA B X T R
S — AN IE R BUERE, (ERERIREMIF R L. £ =R
IR B ZRRE B B b, 2o 8 0 2080 T o A 7 ) 55 S AN
RS FR ARG T —E RN, 0K
R G, R RES, BL 2 BE S RN
W AAGAN 2

SRTT,  ADCAT IS5 18 R 3 T MBI T 45 2R,
S 75 E AR SR BE 2 1) v SRR S B AT AR, DA
B ity 2 B S Ak o v BRI e T AR RO S . BB AL, K
SORHRRR T #éai iR -5 A58 37 2 18] (A T AR F X
BEAR IS IS0, 724 Ja B AR A b Bx Hoatt— b
i



112

ut
QL UL

dvances in Met S&T

SETM

(1]
(2]
(3]
(4]

(5]

(6]
(7]

(8]

[9]

[10]

(11]

(12]

[13]

[14]

[15]

Advances in Meteorological Science and Technology S&EHEB#R 11 (4)

PPHIE, B4, RAIC. T B RS M i 3 A Ao i R
jmé’]m\ 7. AL F R, 1957(2): 108-121.
Wu G, Liu Y, He B, et al. Thermal controls on the Asian summer
monsoon. Scientific Reports, 2012, 2: 404.
BERW, RWE, KB F R R KT L B &5 )
TEFH . KAF¥, 1983(2): 145-152.
Manabe S, Terpstra T B. The effects of mountains on the general
circulation of the atmosphere as identified by numerical experiments.
Journal of the Atmospheric Sciences, 1974, 31(1): 3-42.
Flohn H. Large-scale aspects of the “summer monsoon” in South
and East Asia. Journal of the Meteorological Society of Japan. Ser.
11, 1957, 35: 180-186.
AR, B X R B RAROR A R L LA ARFE R,
2006, (3): 392-399.
Wang J, Rossow W B. Effects of cloud vertical structure on
atmospheric circulation in the GISS GCM. Journal of Climate, 1998,
11(11): 3010-3029.
Hartmann D L, Doelling D. On the net radiative effectiveness of
clouds. Journal of Geophysical Research: Atmospheres, 1991,
96(D1): 869-891.
KTH AT, A EE, % A FCERES (SYN) %K 047 F #
r’%/f?z%%ﬂﬁlﬂéﬁﬂ‘f 2R B AR, 2012,31(5): 1192-1202.
x|, % T 3E, Bz % T CloudSat/CALIPSO T £ % 4
R R AR A R AR R R KA, 2018, 42(4):
847-858.
Yan Y, Liu Y, Lu J. Cloud vertical structure, precipitation, and
cloud radiative effects over Tibetan Plateau and its neighboring
regions. Journal of Geophysical Research: Atmospheres, 2016,
121(10): 5864-5877.
Garrett T J, Zhao C. Increased Arctic cloud longwave emissivity
associated with pollution from mid-latitudes. Nature, 2006,
440(7085): 787-789.
Ge X, Ma Y, Zhou S, et al. Impacts of the diurnal cycle of radiation
on tropical cyclone intensification and structure. Advances in
Atmospheric Sciences, 2014, 31(6): 1377-1385.
Webster P J, Stephens G L. Tropical upper-tropospheric
extended clouds: inferences from winter MONEX. Journal of the
Atmospheric Sciences, 1980, 37(7): 1521-1541.
Tao W K, Lang S, Simpson J, et al. Mechanisms of cloud-
radiation interaction in the tropics and midlatitudes. Journal of the
Atmospheric Sciences, 1996, 53(18): 2624-2651.

[16]
(17]
(18]
[19]
[20]
[21]
[22]
(23]
[24]
[25] ¢

[26]

[27]

(28]

[29]

[30]

[31]
[32]

(33]

[34] %

B, A, B, S A8 S TR 28 R A e AU KR A S A
bR kmﬂ"’\"”ﬁ 2018,41(1): 46-54.
PRIV S T E S PO T T
%1992, (1): 39- 48
2, 34T R T 4k 98 20 A4 7 B A O MR 83 1 4
Hr. #u ¥ R L4, 2006, (6): 632-637.
T3, X HE, B T. 600 hPaiy A% i 4 BALH oA 3.
BEA L, 1994, (4): 29-36.
YRR, MR Tr. BE A5 Hdn e 5 340 RS A — K e R AR
B BB B R AR, 2017, 36(3): 763-775.
T, W — R R IR R A v AR S A AT o B
JH . A& F 4R, 2000, (4): 447-456.
ELE, FET. KA EFIET 0 5 AR A 25 R A
AE. K AR, 2015,39(6): 1136-1148.
W3, Z B P, FRE M20FRFREFERANFAREE AR
FHEE, 2012,2(2): 6-12.
R, FHH, A, B R GW  mR A B S A AT
[‘?im% 2018, 37(3): 702-720.

TEE, k. LERMBRLWARE R
j(mﬂ% 2002, (2): 263-270.
B, WiEs, TS, £ FREE—SAAASE A=
ARE” MBS PERBEFREN XA ARFR,
2002, (3): 257-266, 385.
AL, K, B4, . TR E AR E TS T R A R
5 &R, AZFHE, 2018, 46(6): 1136-1146.
Harrop B E, Hartmann D L. The role of cloud radiative heating in
determining the location of the ITCZ in aquaplanet simulations.
Journal of Climate, 2016, 29(8): 2741-2763.
Gray W M, Jacobson Jr R W. Diurnal variation of deep cumulus
convection. Monthly Weather Review, 1977, 105(9): 1171-1188.
Stuhlmann R, Smith G L. A study of cloud—generated radiative
heating and its generation of available potential energy. Part I:
theoretical background. Journal of the Atmospheric Sciences, 1988,

45(24): 3911-3927.
ZET, X, EEH, S EEEH H SRR S0 3 AT
L #h &

X & 4R

95, A B TR «}[‘)L:j»a‘& 2011,26(5): 461 469
R EH, XU R A E R . . SEOR R

. KAFE, 2000, (4): 433-446.

Zhao C, Garrett T J. Effects of Arctic haze on surface cloud
radiative forcing. Geophysical Research Letters, 2015, 42(2): 557-
564.

X gk, R E A, FAR, AL EN . TR FEREE I
KA A A5 B AAFE, 2001, (3): 317-328,

- 2021



