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Plateau and Its Possible Relationship with the Generation of the
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Abstract The NCEP/NCAR reanalysis data and the Tibetan Plateau Vortex (TPV) statistical data from the same data
base for the period of 1981 to 2010 have been exploited in this study to analyze the summertime climatic characteristics
of atmospheric heat source and its relationship with the generation of TPV. The linear trend analysis, Morlet wavelet, EOF
decomposition and composite analysis methods are used. The result shows that the summertime average strength of

atmospheric heat source is 105 W m 2 over the TP. Moreover, the strength demonstrates a weakening trend that has
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obvious decadal variations. In particular, a significant periodic oscillation with a cycle of approximate 3 years is detected.

In the years of high frequency of TPV, the strength is obviously higher than the climatically averaged value. The main

anomaly of heat source is horizontally distributed over the Tibetan Plateau. Analyses of the vorticity advection and the

vertical cross section of secondary circulation indicate that a positive vorticity advection from the southeast to the

northwest at 500 hPa provides positive vorticity for the TPV over the Tibetan Plateau. At the same time, the Tibetan

Plateau behaves as an atmospheric heat source in the summer. It promotes updrafts over the plateau, which are favorable

for low-level convergence, high-level divergence, and cyclonic and anticyclonic circulation development. As a result, the

generation of the TPV is promoted. Note that positive vorticity is produced above the Tibetan Plateau. Finally, by

applying the principle of thermal wind and atmospheric thermal adaptation theory, this study provides a physical

explanation for the link of the Tibetan Plateau atmospheric heat sources and the statistical result of the frequency of TPV

generation.

Keywords Tibetan Plateau, Heat source, Vortex, Composite analysis

1 35|15

T 7 e SRR R I SR B L A3 R M T A
R AT E O, bk &
AERIE RS ARG A shEs” A IR
a7 AR, AR R U B 3R 2R FH R
“RUWEOCHEX . HLHI, MAEIESE (1957). Flohn
(1968) LA M- IEFI S s (1979) Xk i Jit
KAMIEHAT THIP, FehE T m R By —
P, Hos R AR R K A A Y
Wi, BXSE AR RER) (2001) FIF 1961~1995 4%
9 e R S S T X 148 AN O s 1 k), THE
T RAFBIN SRR AE AL S [E B K R,
W m R A E R 5 TR B 500
hPa [FMRAE R GA H VIO, s FRE RS
BB R B VLI I B KA B By s . A
b, 527 i SRR AR KT T4k B /K A B S 19 1E
A5, B4k, Reiter and Gao (1982). Wu and Zhang
(1998 M\ e J () F8J) A FHORE 1 . ey s P2 XL
PR AT W 5

H 1979 458 — i ek i I AR R e BUK
XoF ey SRR (R I SRR B B P 1 2 (b G
1987; Z'PUdE, 1992; DPU4ESE, 1993). BfiE
WL, Tk IR AR L 30 ) AT (R 1 FH 5
T RAREER I 4 b X s FR G IR e T (1
X o HE—DRFER, s i T AN A 7
RS A E R, FA s A H A2 AN m /b
() (R F125[EF-, 2006; Zhangetal., 2014),
Bl 2= A (2002) 25 R AR TR T JRU R
TR A 52 0 AR PEE 5 558 0 385 A2 AR AT ) T
PRI IE R L, W SR AR PR IR AR AR FR 2 i S
SCIOHIME ) A, A T b TR SO v SR i i 3 45

) B R R RV R, i S AL i 1 2 1 %
e HAEEAEN, (P ERH 2SR TG &
Ji& S5 A% AR A O S E A . HIIME
SF(2015) 7 & BRI AU R Ge AR AR B A
BRI G e e i b D R ROt i S
WAL AT EE AR, M iAot SR AR I RN I AR
GAFACIE R B . [\, ZR[ESFEE (20160
BT T 75 9 e S S 2 T AU ) A R AR S XS
e SRR AR B sE e . i B PU4ESE (1991). M
G PUYE (1992) BB M A, KA
Ji S BRI T R — U SR i 0 7 2 ek
R FREBEAT 2 W o0 A 8 W), AR I AE . R R
SO T e B A DR ASORE I 3 AR A A DD IR K
%. Dell’osso and Chen (1986) X5 SR I8 (1 2 E
TR0 AR L 45 9% OO B A i R e TR
PP

M ERBIE T R ) 2 B v AR Y, DA
Ji R ) 52 ) A 5T 3 E 4 h AE m JROR AR S
K KRAFRTIIRFR s FATTE R0 AR i 1) 5% i
WA R PR T T FAR Cb AR ZE R B #O
TR R o 1117 e S BV - A A 1

R ZRRE Y, BB 2 R, PR
A SR FERIE S e S R AU AR A S R A B S

L5 SRR A SO ) G vt 5 RO HEATHLBEER Y
DS e O NN DAL (DR AP S NS A1)
PN
2 ERERE

X e A R A A N TR
BRG], H AL TR e
IR PNARHE =2 500 hPa A5 JKRTi I, )5
HB DR ke P 5 25 R 2 IR AT 3 A MU 5275



PN S

Chinese Journal of Atmospheric Sciences

866

40 &
Vol. 40

BEVERIGIRIR. G TR R AT SR 2 ik
A, 1981) 0 AT E BT s Lt
FUH IR 1981~2010 45w Js i Bt de. (18~
4%, 20140, ZBUELZ ST NCEP/NCAR 437 ¥t
BRI RN Z 30 45 Z m IR T AL
W geit, [ 2% T MICAPS (Meteorological
Information Combine Analysis and Process System) K
A, IFIE IR R SR S e s R S PT
RS e et SR IR VI AR A8 ) AT T AT Ik

AR SCHT ORI K dls 2 5 T NCEP/NCAR
1981~2010 F46E 6 /NN X0 Hr PR i
13, QAFRRREEY . KPR S T L 3 A

M. KPR A 2.5°X2.5°, FH I
=)\ 1000 hPa | 100 hPa 3t 12 2.
KAPIRA S50 I E SRR 5L, A

CKF Yanai et al. (1973) #H R, BIERS
PRI
0 =c[Livvreyo-g,+

ot Do op
Lic—e)- 285 @)

op
b, O s e KRR YRIE, R
RN GAHD O « RN 3 7 A6 1) 1
JEAEILE A . ¢ MikEEE R, S PGl E, o

RN T, HAb O E AT R R RGE
KRG O HEAT TR IS«
1o
<Q1> = gj.p‘ Qldp =
(2)
Sy vre 2y oo,
gn ot Py Op
o, poHii AU, po KBTS (RS
A 100 hPa), (Q) 42K TR O, 7 S f T

TR . (Q) MIE 535 KR R R4 3k
I L, BRI B SO BT KR

g B KPS 4 — e A (27.5°N~40°N,
77.5°E~102.5°E).

3 EEFRSEXRSARFBIESS
JERARE 7 S AR S35 Y B 1) 4 5K 1

AR, B P53 BT DEREIE 0 58 38 e 3
Ko TR TR S RO AT A S AR H 2552
B A T RIS RIS 45 S 1 v S A
ik, FRATDREA ST R R A 45 51 5 i AR AH
RKUFH A RAAT T (& 1D,

T R 1981~2010 HE KA MJEIIHME Gk D
KW, mEHXN 10 HBIRE 3 HA#GE,
BB HIC A HPLE 12 H, 5 —81 Wm %5 X
4~9 H o, BRAEE T H, B 119 Wm %,
EHr AR FUEE AT IR, BRAT R RS S
A5 1E R A (1979) . WRRE I 2=4E 5% (1983).
Yanai et al. (1992) PLAGRCERIEREER (2001) F
SR AR AR b, R = Rl RE
P X 38 VR T I B R S AR ARAN [R) i
P o AR IR T B S H AR Ay LA
sEHSRE AR NCEP F40 4T % R (1 75
KA H BE R TTHER

Bl 12 1981~2010 4F 757 e Ji 2 2 K A
SRR A A, 6 H (Kl 1a), sl 4R #Ai,
T R A R T R R AR, HAR R
AR A 5T DU R AR AR IR SR AR 50~
100 W m™> 2 Ji], S0k s 300 W m LA
e 7 A (B 1b), B d b b AN
SR, 200 W m S S LRI AL b, TR R R R
AAERREERIE 100 W m 2 BLE, e RS
V5 AR O, A B A B, O Rk 400
Wm L. 8 A4 (& 1c), 100 W m > Z5{E L I
[N i/ O 1 =N S NN ¥ T -2 S P i
FLR AR (B0 el dhndys g Aem K

F1 FRSEASABERETHMAHEMESE (B Wm?)
Table1  The monthly and annual averages of regionally mean atmospheric heating over the Tibetan Plateau (units: W m2)
A/ W m ™

= Bk 1A 28 3H 4H 5H 6H 78 8A 9A 104 117 128 FHH/Wm?
AL NCEP —68 —38 —8 32 73 108 119 89 43 —32 —73 —8I 14

W5 TR A (1979) HTH UL B R —72 —42 25 60 93 108 101 74 44 —10 —54 —77 21

RIS Rl 4= 4 (1983) SHETDAEMIER —59 —34 14 40 53 80 89 8 45 —29 —59 —78 12

BT RPRFER (2001) T B R —60 —34 —12 18 50 78 75 51 17 —27 —57 —72 2
Yanai et al. (1992) FGGEII -b —36 —15 22 38 107 88 80 62 —40




4 PURTS ST ONa v VAN VR SR HY WS ESTEAER (AR BB

No. 4 Liu Yunfeng et al. Climatic Characteristics of Atmospheric Heat Source over the Tibetan Plateau and Its Possible ... 867

36°N

40°N
(a)
38°N
100
K 50

34°N
o \
2N
150,
100
~—150
28°N 0T

40°N

38°N
36°N
34°N

32°N

30°N

28°N
78°N  82°N

78N 82°N  86°N  90°N  94°N  98°N  102°N

94°N  98°N  102°N

40°N
38°N
36°N |
34°N{
32°N

30°N

28°N = AL
78°N  82°N  86°N  90°N  94°N  98°N  102°N
40°N

38°N
36°N
34°N

32°N

30°N | 2925
0
28°N{) | 2 e\

78°N  82°N  86°N  90°N  94°N  98°N  102°N

\"
0
o

B 35 RO BT AR R Wm™: () 6 A; (b)) 7H; (o) 8 A; (b HFE

Fig. 1 Horizontal distributions of atmospheric heating (units: W m2) averaged over (a) June, (b) July, (c) August, and (d) summer

AR BRI H AR R RS
BRIJEIX (1), SERJBRIEAE 100 W m 2 LLL,
o JE AR AR O A T . R O R A T
JEFa i, HARSELE A, R T R e
TR kB IR BELY, FBOC IR 22 1)
ERBE.

B2 24 6 H R KA R (R AEAR B AR AL
Morlet /N HT. M 1981 ETFEE 6 H 4 K HE
G FSE AR S ek 99 R A, R ) R — 0.96
WmZa !, KAPJEFHREE A 108 Wm 2 1981
N, KA RS N, N 21 ity
T AR TN R 750 £ 55 38 Sy A sk 34
I s RS PIE EA 3~4 E RS (K 2b),
3~4 ENIHRY I IZE 2005 ERT G R, @
T 90%I1){5 FERL K .

B30 7 H i JR ORI S TR AR AR B AR A0 R
Morlet /N4 HT. M 1981 4FETFUE 7 H 4 & RS,
YR AR S 5 R e, AR R O —0.79
Wma ', KA L 119Wm > [ 20
T2 80 AEACH IF 20 fHh40 AR KIS FFLL IS8
21 TR A A i 3 A Ay 1 st 4o (1 ] 3b,
ZH KRARIET A FBAEAEUE 3 4F S, Forhife 3
SR ARG M 1995 SEF] 2010 F17 i 6 b 1

HE 4, [ 1981 ALK 8 H 4 KA AU %
Bk R, LR AR L, 20
R T NG T L S R T A B S TR R 2
Wi 2%A 0.18 Wm “a ', 8 H KA M T 550 i
Jy 89 Wm 2, iR HIRAT AEAE 3 4F . HE 9 4F
BRI IS (K& 4b), 3~4 FE/E IR
£ 1997 4ERTJE W, BIERE T 90% {5 JE S
5o 1 9 I R ARG IS AE 1995 400 Ji5 ik W]
2.

Bl 5 o2 57 KA IR B 1 AR AR B AR Ak A
Morlet /NEEAM T M 1981 4FEFF4f 2 SR KA
VR T LIk g5k e, AR R —0.52
WmZa ', HEAAIERE N 105 W m
2000 FLLHT, KAAVEREARIGESR, 21
T2 i ch 55 a3 3t s, il sb, i
KA REAEACUE 3 FREIIRG IS,
1997 SR Ja. 2007 FijE ARV HE, H¥dE
BT 90%1IE FERL I o

A 1E 2 R FH S TR 1R 63 3t U0 B8 P2 T 4% e 3
ROE S AR T R KR AE 1981~
2010 4 1) £7 75 B B (8] 9 559 13X — L 5 (Wang et al.,
2012), XM T — R T A SC L b5y B 45



N W 40 3%

868 Chinese Journal of Atmospheric Sciences

Vol. 40

B Nk, G ZEEEAE (2014) FEF NCEP #%
TR0 5 780 e JEUAEG R ) AR AIE 2 BT 45 L - 6.
7 H RS R A g aH, Hoe HLt7 W,
0 e SR A OB 6 H o, 7 H i

140

130

N
=]
L

o
PR

©
o
T

Atmospheric heating/W m-?
2 2
1 n 1

~
o
L

60

T T T T T T T T T T T T T J
1980 1985 1990 1995 2000 2005 2010
Year

(b)

Period/a

1985 1990 1995 2000 2005
Year

Period/a
o2]
L

0 ' 2I0 ' 4I0 ' 6I0 ' 8I0 ' 1(I)0 ' 1&0
Morlet wavelet variance/W m™

K2 6 AR R (2 AR, (b) N RIER K (o)
JiZEWle () AH FOR KA, MA RRIESIT, LT &Rt
B, R (b) PRI RN 90%F R X, LI
0 DXL /NI A 4 52 30 S R DX

Fig. 2 (a) The decadal variations of atmospheric heating in June, (b) the
analysis of wavelet and (c) variance. Shadings indicate the 90% confidence
level, and as the result of wavelet transform boundary effect shows in the
region out of the wave line. AH denotes atmospheric heating, MA denotes

moving average, and LT denotes linear trend in (a), the same below

IR A 1 2y, A2 ERAE . 8
H ORGSR 5 ok 3 5 34, 1 v SR R A A
RAE 8 AMGZ AR I . BRI
b5 vy B i 2R A 04y S A SR TS (—0.52
Wm’a) MMAERLES, TN EER
AR FEAA o b — 200 B 2 v SR AR i A= A
K5 [R) 3K AR IRREAT I 1AL AH DG Mk 4 T 5, A
KARBLIN 045, (5150 98%, EXRBLT HFEK
AR 1 SRR I AR OB I R R A R
JE () IE ARG

180 (a)

160 4
140
1204

100+

Atmospheric heating/W m

@
o
1

60

T T T T T T T
1980 1985 1990 1995 2000 2005 2010
Year

=
3
2
St
o
a
1985 1990 1995 2000 2005 2010
Year
164 (
14
12
= 10t
3
2 8
—
&
64
4
24
04
0 20 40 60 80 100

Morlet wavelet variance/W m™

K3 mE2, Hh7H
Fig.3 Same as Fig.2, but for July



4 PURTS ST ONa v VAN VR SR HY WS ESTEAER (AR BB

No. 4 Liu Yunfeng et al. Climatic Characteristics of Atmospheric Heat Source over the Tibetan Plateau and Its Possible ... 869
(a) 150 -
140 1
140 4
Q@ o 1
§ 1204 g 1304
= ]
120 4
Eq Elng
'S 100+ g
= £ 110
151 <
= 2 b
o S 100
‘= 80 -2 ]
o 5]
= 2 904
172) [=9 4
) w
£ ©01 g 80 4
< < 704
40 1
604
T T T T T T T
1980 1985 1990 1995 2000 2005 2010 1980 1985 1980 1995 2000 2005 2010
Year Year
16 16
b)
( (b) 2— |
— 25—
35
7z &
8 J 8 L;//////
= i - 2-
3 2
g . 2
Ay 1/®> 1.5 & \
i & 1.
4 ‘ 1 52\1/2 s 4
0.
/\ 5
2 v + ./_\ - r 2
1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010
Year Year
16 (C) 16 ] (C)
14 4 14 4
124 12 4
104 ]
= 1 s 10 ]
2 8 2 8
j5) 4 —
- 8 ]
6 6
44 4
2 2
04 04
— T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T 1
0 20 40 60 8 100 120 140 160 180 0 20 40 60 80 100 120 140

Morlet wavelet variance/W m
K4 K2, HE58H
Fig. 4 Same as Fig.2, but for August

4 BEFRASRESSEIKRENR
SRESAY = B F8 X1 R AR AL

e BRI T AR R ARG, HRAE
FEAEFAERE T 6~8 H. 4l NCEP/NCAR 541
Frgokl 2w N TRBE 1) 1981~2010 5
ZE IR A, ) 5 2 v SRR IR A B P I
()7 HATARAEA AL BE, = T BT 1 M)
SRy ol S v SR I R e R R BRI A, TS

Morlet wavelet variance/W m™

K s RIE2, HAEZF

Fig. 5 Same as Fig.2, but for summer

o AR = R AR . 1981, 1991, 1992, 1998,
2008, 2010 4 K ASA : 1988, 1994, 2003, 2004,
2005 4 (ZEESPAE, 2014),

R 3 B B2 v B AR i 5 R 7 e e i KR
PRI 23 TR GG, 0 e JsL i X 1981~2010 AR5
7 (6~8 J1) KAMIEHATHRHEL EOF 2347

& 6 15t 2 7 5 i KA EOF 20 i o6 —
TSR BT ZE TR 49.4%, Hh s
ST ZE TR N 32.2%. SB—HAs (K 6a) 23]



N W 40 3%

870 Chinese Journal of Atmospheric Sciences Vol. 40

40°N 40°N

38°N 38°N

36°N{ 36°N 1

34°N .‘ 34°N

32°N 32°N

30°N 30°N

28°N F N 28°N e

78°N  82°N  86°N

6 KRR EOF J3iftal 2 MR R 45H: () 25— Higs,

90°N  94°N  98°N  102°N

78°N  82°N  86°N  90°N  94°N  98°N  102°N

(b) 5 B

Fig. 6 The spatial distributions of two modes of EOF analyses for atmospheric heat source in the Tibetan Plateau in summer: (a) The first mode, (b) the

second mode

40°N ¢

38°N
36°N
34N
32°N

30°N

28°N
78°N  82°N  86°N  90°N  94°N  98°N  102°N
40°N ‘ T

38N
36°N{
34°N1
32°N

30°N

28°N Y
7 86°N  90°N
40°N

o
38°N O

36°N

34°N
32°N
30°N 1

28°N 1 .
78°N 82°N 86°N 90°N 94°N 98°N  102°N

7 EFEaRER (@ @RS (b) RGBT 55 10 &
(o) Zfidn Cfbr: Wm': BIEBGELL T 90%I11% BER )

Fig. 7 The departure fields of atmospheric heat source in the Tibetan
Plateau in the years of (a) high and (b) low frequency of TPV (Tibetan
Plateau Vortex) and (c) their difference field (units: W m > shadings

indicate the 90% confidence level)

SER A Ry R A X 8, RS R LXK IE
fH, AH = U SR AR B i TR, X R BT e
Ji X5 2 A A i R A A AT — B (3
RGP B RE (B 6b) R ERITTER A
17.2%, "ER7R A1 g5 8 R B0 A B vh At 2R
HIEAE, m s . X RS IRTGAE . R
PR RAAIR L e R S I Jse 16 40 A e

Bl 7 g U e R RO AR IR AR SRR R
P35 LUK e R Ak AR R A BRI 2B HH
Bl 7a RIEA, e SRR e R A R AG 5i R I
SR TRARAS, R ORI L S R AR 2 A
P 15~30 W m >, i S5 bl R AR5t v o e
PR ZAE P 25 —5~10 W m 25 & R R A1
KA E BN TS (B 7o), HARnAm
Ay R T AR S ORG24 34 s 2
10~40 W m >, S o0 BLE & IR AR i i, 1T
o SR SR ARIR S e S R 2 A3 A Y, TER
WRE . B 7o K E IR R E R SRR
KA ALY, KA H AR A I #2257 W
S, AT B ORI R AR TR AT, BAk
MR R R R AR P B O YR I
5, Ry SRR R 7K A ) 22 e B

2512 T TN = [ AL =1l = N K (1 E B
I, s R KA ACE A e E R, &
s e R B AR AR s U AR A g b3
P am i ), 7 KR 2 = AR R T R
ARG SS » F 0l A2  FR AB 3 1 KA AR
KAV 22 S AN I, 7 0 U 2 AN & 7= AR IR
SIS i BN 2 TR=TY [ Uy NG W 2 /) N s e P2 o DS A
PrE R gt i ARtk (R 2. K3, I
S22 RATCLHT — S I Ee M A (2R P4,



4 3

PURTS ST ONa v VAN VR SR HY WS ESTEAER (AR BB

No. 4 Liu Yunfeng et al. Climatic Characteristics of Atmospheric Heat Source over the Tibetan Plateau and Its Possible ...

871

156 DA g 8 e P AL R
KATRIR S o

|

FREE (kD
R EMEE (fO 7%
LERERESR (E) 2%

|

}

oG D T R ) X L V) AR R 5 oG R AL 8 8 i) T L DT) 2% Jn o
TR R AR R A 1) TR D) AR RS TR VG R A 1) T A B 5
[ |
A 4
oG D 7 2 2 ) R R 2 R A R S AR

oG DR A 1) X i b 22 e 7 A S U R

KA

A 4

R RARE

Pa
H >

R EIHES)

0 €28

A 4

TR SR F A

Pl 8 RIS s AR ot AT 2 S ) ) R DAL Tl s 3

Fig. 8 The influencing mechanism of abnormal distribution of the Tibetan Plateau atmospheric heat source on TPV generation

*2 EFgRERSEFSSIED 600 hPa~100 hPa F
BE ), G () BRNEEVITHEE
Table 2 The differences of averages of meridional and
shear from 600 hPa to 100 hPa between
climatology and high frequency years of TPV

ZE/10°ms ' m’!

zonal wind

u
—4.20
—3.37

e U B
e J5L P
e J5U R

e JE

1991), XIX—S ARG 1T 45 R B FRATTIN N
A AR R Al T AR (1 8D, Horp, mi
FAAEALL 32.5°N 4 7t AR A LL 90°E 4 kil 4.

—2.93
1.96

*3 EFSRERSAESRIESHEE (100 hPa) F
HWERK (V) FAGEX () BEE
Table 3 The differences of averages of meridional and

zonal wind at level 100 hPa between Climatology and high

frequency years of TPV
u ZAf/ms! v Zfti/ms™
1+ JE P —0.63 —0.26
i B —0.28 0.22

N T B A RIS e A
RIIBEIBE AR, o B 2 K AR L e i ZE A 18
AR AHIRNE T o B e IR AR L v st ins 2R
WHCHIEM S (&1 9), B2 IEA SR X 87 T m i
AREANPEAE IR . R B EANSCLEAL AR, 1 Wy it i



PN
872 Chinese Journal of Atmospheric Sciences

40 &
Vol. 40

A R AR OCIHR AR . PEIbED
KA 35 IEAH K

Kl 6. B 7 RIE 9 MR, mlakimma
B ORI BRI s A
7738 N B H6F v R ARG i A O K A T 4 S pL
HEAT 1M o KA R IE A A A KRR R B 5
1, o HE A R BRI R . X TR
PPFXT IR 5, AND 2 HAOS R, 5
AR (20000, XJIZ0REE (2001) )AL 2R
W, P T AR IE NS InER R
FER Rz BTSSR IR, FEARZ R
BN A AN, AR R A UiE X
B R W1 17 el 2 O 1) = W1 55 W62 T W
LAV T NN (11 95 =9 | R ) 2 N P o 0 R/ &4

40°N
38°N
36°N1{
34N N
32°N

30°N

28°N o T,
78N 82°N  86°N  90°N

94°N  98°N

102°N

9 B UG AR A ORISR 2 TR AH SR 20 e (B 5%
T 95% R FEAT S
Fig. 9
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