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Simulation study on the impacts of the radiation on the

formation and development of Tibetan Plateau vortex
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Abstract: Existing studies have shown that radiation has a significant effect on the occurrence and
development of tropical cyclone (TC), and Tibetan plateau vortex (TPV) and TC have a similar
structure, same as warm-hearted and low-pressure structure, so the roles of radiation in the
occurrence and development of TPV is also worth discussing. In this study, the influence of the
diurnal cycle of radiation on the development of the TPV was examined by using WRF-ARW model.
The results showed that the solar shortwave radiation has a significant effect on the occurrence and
development of TPV. The control run (CTL; with diurnal cycle of solar shortwave radiation) well
reproduced the development process of the TPV. In the experiment with turning off the shortwave
radiation (All_night), the TPV developed much faster at the early stage, whereas in the daytime
experiment (All_day), the shortwave radiation greatly suppressed the development of TPV. The
diagnostic analysis indicated that the longwave radiation cooling steepened the tropospheric lapse

rate and thus weakened the atmospheric static stability; Additionally, the decreases in temperature



increased the relative humidity at night, which was conducive to potential instability in the lower

troposphere and thus promoted the formation and development of TPV, Conversely, solar shortwave

radiation warmed the upper troposphere and strengthened the static stability, which inhibited the

development of convection. The convergence at lower layer is stronger at night than day, which is

beneficial to the enhancement of the ascending motion and the formation of the TPV; The unbalance

term indicated that, with the center of the TPV corresponding to the positive area of the unbalanced

term and the outer edge of the TPV with the negative area of the unbalanced term. Numerical results

showed that the development of TPV bears many similarities to tropical cyclogenesis in terms of

dynamics and thermodynamics.

Key words: solar shortwave radiation; diurnal cycle; plateau vortex; dynamic and thermodynamic

characteristics
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L e SR AN AR M X K SRR B R AER (Ye, 1950; 7 IE,
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e FLZAIE 2-3km (M 1EAE, 1979), & FLEFMA = J5 i X B K I R S8 /£ 3
WHE R, BB ER A URES e R X, AT 3 B UL A Y XA sk im R =
2 (M5 W4, 2001; fDGEE4AE, 2010; AR, 20100, BRI 7T & 0 A A2 B R e HIALA)
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Table 1. Description of the experiments
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B 12013 46 H 4 H 12 BF-10 H 00 B &7 )M EE 1%, LA 500 hPa B fiAr 34 & 4

Fig.1 The observation track of TPV form 12 UTC 4 to 00 UTC 10 June 2013, and the lowest geopotential height

of 500 hPa
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Bl 2201346 A4 HO06H (4. 128 (451 500 hPa 25 R EHIGY (K, HA7:
ms™t ), FELYHIY S L 3000 m LRI, =M@ ER AT IIALE . (ab) BT EEL (c-d)
CTL
Fig. 2 Wind filed (vectors, units: ms~1) at 500 hPa at 0600 (left column). 1200 UTC 4 June (right column),
2013. Contours outline the Tibetan Plateau with altitude higher than 3000 m, triangle is the location of the TPV. (a-

b) reanalysis data, (c-d) CTL
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al., 2004; Montgomery et al., 2006; FFEELE 2012). % &R & 5 5 B SiE 2 AR B £
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AT —/NER - SRSl . IX 5 ET AW AR U A1 90— 2 (Steranka et al., 1986;
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TR EE RO FFIR R N B, X IR T R e 4R i Top-down PRt (Bister and Emanuel,
1997, Bt i FRUBEIR &M K R IF 1) R BT, 5 R TR 2 SRR R & -

Zhangetal. (1987) g, fEHREXMNMAST, BERZAENPEREAH TUL,
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Fig. 3 Large-scale relative vorticity (shaded, units: 1 x 1075s71), small-scale system vorticity (contour,
units: 1 X 1075s71) and wind field (vector, units: ms~1) at 500 hPa at 0900 (left column) . 1500 (middle

column) and 2100 UTC 4 June (right column), 2013. (a-c) CTL. (d-f) All_night. (g-i) All_day, respectively.
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km boxed area centered at the TPV; (a) CTL. (b) All_night. (c) All_day
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(d-f) All_night. (g-i) All_day, respectively.
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All night. (g-i) All day

Fig. 9 The distribution of non-balance terms (shaded, units: 1 x 107°s~2 ). wind field (vector, units:

ms~tms~1) at 500 hPa at 0900 (left column). 1500 (middle column) and 2100 UTC 4 June (right column), 2013

in (a-c) CTL. (d-f) All_night. (g-i) All_day.
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Fig.10 Radius-height cross sections of the axisymmetric component of vertical velocity (shaded, units:

1 X 107?ms~! ) and tangential wind speed (contour, units: ms~!) in the three experiments at 2100 UTC 4 June

in (a) CTL. (b) All_night. (c) All_day

19



150
(a) (c)-

200

o

o

< 250

et

3

w

w

hd

o

£§584 g

0 30 60 90 120 150 1800 30 60 90 120 150 1800 30 60 90 120 150 180
Radius(km)

1 | | |
-09 -0.6 -0.3 0 0.3 0.6 0.9 1.2 1.5 1.8 21

11 [7 10, HEASNEREZR T (R KO

Fig.11 Same as fig 10 except for the temperature anomaly (unit: K)

3.2.2 IEEBNREH:

EA SR Y O AR K 22 RBEFR TR A ELAE F . T 4R O [RRBE 43 B 6 7 S8 A 1

BT, ASCRA RS (BKE) tHREIEIREIEAT L4
%:—ﬁ%ﬂ—ﬁ%ﬂ—ﬁ%i—ﬁ%i )

Hru', v ABAKTE 400km LA R uw, vREKSE 400km L ER)SrE, DAUHERAEKR
FRBEREE . R A T-w? ZuMEBITi—v 55 B 52 AR 2 K
XA TR, 5500 I = w0 - D R S A 5 28 A A ey
Wl R =R R . S T LN (IR, B IE IR S A 4 R
S 22 6 B £ I T 12 552 4L PR BRI (S L A U £ (—u' = T
RZ RS (—0? 20 5. TR IR, A6 4 H 012 MHHT TIPS, A
eI, o0 5 B — R B TR BB AL E A DK, BT AL night B384 3030

REFCH R R T CTL k%, HZem KAR S AT 98 T4 WGE & . Webster  (1998) &1,
20



ARG SRR RER R . SO, WS BRI, S ST Ash s sl s ne i
#eo ££ ALl night W38+, IR G ENSRE, AAT LTS3RI 7 A e e i 2R R
1M All_day i34, Q248G REARES, AR T-FREhRERPLahzhRERIFe4e, R EER ST

AR TR ER. X5 Lietal. (2014) [R45i6—3.

36N

(a) (b) )
34N 4 . A “eh

32N 1

JON
SN Ty ® ®

) - . A

32N -

30N
36N

) (h) (M
34N+

32N

30N 1 T T T T T
94E 96E 98E 100E 94E 96E 98E 100E 94E 96E 98E  100E

[ I I | | | | I
-9 -6 -3 0 3 6 12 15 18 21 24

12 500 hPa 2 K 127 (55D, —u 2 CRIEFD M-v? 2% (45D (B, i
1x1075m?s~%), =M NEEIRATARIAIE. (a-c) CTL, (d-f) All night, (g-i) All day
Fig. 12 Horizontal pattern of % (left column). —ﬁ:—xﬁ (middle column) and —ﬁ%? (right

column) at 500 hPa (shaded, units: 1 X 1075m?s73), the triangle reflects the location of the TPV in (a-c) CTL.

(d-f) All night. (g-i) All_day

3.3 Bt

3.3.1 KIKEM

21



A2 AN Rt R A R e S e A RSP B IR R (B U 4EAE, 19921993, HIIHFSE, 2015,
Binetal., 1987; AR5524%,2012). KUk, ASCHCAE T = 2H K50 AR 37 1 ARl (18]
13). All_night 58 45 7 RIS, TERBHRATA IR RIS IR E K, 7540
SR BE RGN, R B 7= A o ST BK S% R RAE /K 1 — > B ZE4R h5 (Zhou et al., 2014;
Lietal,2012), NUIASIHHE THKSE (PE) = (BFKE/ RS FEKE). XHE 13-14 7]
K1, HTH CTL 156 AR AL IR S AOREI N, 1 RO R BT i 3 BUM R LA (18 13D,
MITASF TR = . T3 7R 4 H 15 WFRURE,  BEE ARG EE 3G, 37K Rk s
HER, v R R R R IR AL T RERIEIAGE R . TAE All_night W56, SRR (3
BRAEAE 4 H 03-15 1), H /KR R mik 2] 0.38, KEHREHTE AR SO RIR 1 DU A '
RUET %M. 15 4 B 15 B LR RKSREEPCEIRTS, mEa T IET, XA Ak E AR AR
Ko TEREXAEARFHRIEAE B R, AVK R AR R AR B e o0 4h 78, BRIV 44
PRTH Y55 1T BO T T AR B ALL day 50, AH AR B 37K 5 P A R R UG K
TEPREIOR S, mRIR RGNS . B P W, AKISRAE — R BE b AT DAk e v J 10 2 i
S WIS mT BUR I, K2 B s AL R A o T b, AU i R

MEABHEIR, XA SKIRIAIE AN RS5O, (EARE—D e,

g

Pressure(hPa)

300

0 3 6 912151821 0 3 6 9 12151821 0 3 6 9 12 15 18 21

Time
I — T I T I I
10 20 30 40 50 60 70 80 90



B 132013 % 6 H 4 H 00-23 i, &m0 X8 (300 km x 300 km) A X6 5 0 B 40 A1 Bl e

AL (%2, #47: %). H (a) CTL. (b)All night Fi(c) All_day

Fig. 13 Time evolution of the vertical profile of relative humidity (shaded, units: % ), averaged over a box

area centered at the TPV in (a) CTL. (b) All night. (c) All day
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Fig.15 (a) Vertical profiles of radiative heating (units: k / h) in the three experiments, which are averaged over

a box area centered at TPV. Time evolution of the vertical profile of temperature contrast (k) which are averaged
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over the box area centered at the TPV for (b) All_night vs CTL and (c) All_day vs CTL.
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