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Abstract
analysis, the vertical variation of temperature in the troposphere over the Tibetan Plateau in summer and its relationships

Using linear-trend estimates, empirical orthogonal function (EOF) analysis, correlation and composite

to precipitation and atmospheric circulation are examined, based on monthly NCEP/NCAR (National Centers for
Environmental Prediction/National Center for Atmospheric Research) reanalysis data and precipitation data from 596
stations in China. The characteristics of the vertical variation of temperature reveal that the temperature in the lower to
middle-upper troposphere over the Tibetan Plateau in summer shows a significant warming trend since 1971, while the
temperature in the high troposphere shows a significant cooling trend. In terms of interannual and interdecadal the
temperature in the lower to middle-upper troposphere and the high troposphere are negatively correlated, and all have the
cycles of 2—4 and 813 years. The first EOF mode of the vertical temperature anomaly averaged along 27.5°N—40°N over
the Tibetan Plateau in summer shows a reversed phase change of an increase in the lower to middle-upper troposphere
and a decrease in the high troposphere. Its time coefficient shows a long-term positive trend, and there is abrupt change in
1978 and 1994. The relationships between the interannual and interdecadal reversed phase change of temperature, i.e., an
increase in the lower to middle-upper troposphere and a decrease in the high troposphere over the Tibetan Plateau in
summer, and precipitation in China in summer, are explored. When the temperature over the Tibetan Plateau increases in
the lower to middle-upper troposphere and decreases in the high troposphere, summer rainfall in China shows a southern
type pattern, in which more precipitation in the regions south of the Yangtze River and southern China and less
precipitation in the northeast of China are the main distributional characteristics. In addition, less precipitation occurs in
the local areas of the Yangtze River Basin and some areas of northwestern China, while more precipitation occurs in the
local areas of the eastern part of North China, the central and eastern regions of the Tibetan Plateau, and northwest
Xinjiang. The abnormal interdecadal distribution of precipitation is more significant than the interannual distribution.
Analysis of the circulation reveals that when the temperature over the Tibetan Plateau increases in the lower to
middle—upper troposphere and decreases in the high troposphere, there is abnormally high pressure in middle and high
latitude regions of East Asia, while in middle and low latitude areas there is abnormally low pressure. Meanwhile, a
relatively significant relationship is found between circulation and precipitation.

Keywords Tibetan Plateau, Temperature, Reversed phase change, Precipitation, Atmospheric circulation

1 3|8

T RS R R R AR WP IR
ORI, Il A R A S
AREIE TR B T AN AN B HRH A R
8, gL A B A e RS g sia e T
QNN 73 <95 P A T Sl S ES A7) DR E R 8 =3
KA R IE R O IESE, 1957,

WP, 1985; Yanaietal.,, 1992; Kutzbach et al.,
1993; Yeand Wu, 1998), [Htt, & 5S¢ M HAR

t—H ARG E TR E R —.

IR 2 2 0 T R SRR 1 AR AT T R
I HAE BB )T 50T, S DT L4 s
Pl SEIIGR Ea A, H R A e I B I X 2
5 1980 AEAR LIk i J5 R0 70 Hh Xk N Ak 2 i 9 44
CMRARFERRAIT 25, 19965 RICEAE, 20015 2
25, 2002; FLYL4E, 2003; F5EKIZE, 2003; Niuet
al., 2004; WZAAE, 2006, 24 )%, 2006),
ey i S 10 58 7 N [ A A A 55 0% PR 25 ) 2 S R 1
ZESe CT—ICAIgKE], 2008; B/b574%, 2010).

fHE, T IR TR R 2 IR« Yu et al. (2004)
frir 50 FEFERTX AT FEAEFEARR R
AP B AR A A AT R B
(1 i 5 LU R 20 P8 1) i [ A X vy, iR % 250
hPa (DL Fo BRI &GS, DUF A&, B
Ji 150 hPa DL E i 2 b2 R J2 (1 el
FIE KT R, )R 250 hPa DL T (39
AL B BT R e X ok N R RN R
2008) . 3t B 7 AR 0 Hh O J2 s 2 AR A 1 R
(i) 2 5 (%) JoL DRI 0] R 5 2Rl i RS AT P B RS
FEERELRT A 2 B AU P 57 4 0% (Zhou and
Zhang, 2009). s b2 SRR S0 o S 80
JR b2 R G2 B, X U2 BRI R 2 —
(Zhou and Zhang, 2005).

AL, FEARERASBEI R 50, e IR X
IR R AAE = R B KAZ 1R
R T R38R Ik 5 2 5 B 2R AR
FURARYER . BUR BT —LeF 5T EL 2 Fe 5 e
JEOE L SR 2 i, e T
FUAE i i RN Ry T )2 A e e )25 5 G TR AR




N W 39 %

1252 Chinese Journal of Atmospheric Sciences

Vol. 39

BIFST, T 3 v b L PR A AR B K A A
MRARI TAFE D2 Do BIRTE s -2
MR ARG, ABASHE R I A
FBAE e SR HAUZ S DO 2 R = L
R R, EHE TN K UZY 75%I1 )5
BHJLPIA K HXG =0 W &, HHss
KRAUGAREAX—JZ N, RN 323185
Wit f L dpe AR AN s 1T e i AR s AR
R HIBEIRERR, N2 CA BRI el s x
TNt Al WP BBV SRS O BTNl i B eV ER 2]
BR T AR D GRACRATA G, 2008), P
IR FEIE T R e UK R R SRR R S
AR, [RIIERE SR AR PR N R = 5 Pl =
MRRN, XA AN RN R S BERTE
g e SO L TR R, R R BRI, A
FARDBLE R R R 2 WIRLE R R BRI A 5 7 L
JES BRI Z Z FEFRS AR U ot A A
PIRAR? HAAE, AAAEERIRAR? Rz
3 ) X O e R e I R R B K
IR KR U 32 2R B TR 1R Rk 5
VL7 KL TE FEASCRITRE [F]35 1) 1 i

2 ERNE

ARG AUTORHI B 5 T ) 5 ER B T 0 Al
F KA 0B NCEP ( National Centers for
Environmental Prediction) /NCAR ( National Center
for Atmospheric Research) H *F-3%) 1 43 b1 £ it 4
(NCEPD), BEEIKP-or#ER A 2.5° X 2.5° 24 M
¥, T2 o5 (2010) F8 HAE AT X N
NCEP/NCAR R, A8 nlFEE, N R
20 tH4d 70 FEARLLJS 1 7Rk, PRI A S NCEP/NCAR
PORHERUN BE A 1971~2012 4. FEK BRI A
FAGE B ORI [E 596 4~ 3k 1971 ~2012
SERZ A BEK, SRME DR AP35 55 . h4h,
SCH R R SRV E A (27.5°N~40°N, 75°E~
105°E), [Alf, ASCEFIH E RSG5 B odeft
() i e b DX B . Al RS ORREE 11 AR
S IR I R SE NCEPL 2Rl I f5-45 3 2 n] 4
PESEATAG S, DEORHNTEY 1971~2009 47, HEHJE
YOEFE T %I BUTIEZE ML) 500, 400, 300
200,100 hPa FANZ K IX 11 A G uhAAr T (28°N~
39°N, 87°E~103°E) ulflN, “F¥JMgik @ L h
3112 m.

3 ERAREENRABRESERERT

CHFIE S 7
31 EBEBLSH

7 BT e SR R, TR R R AR A
G TE B AR, G 600 hPa A & J5UR i 2
R, RIEASC TS & s i 2 2 8 Hu N
600~100 hPa. [A]IN TR B RHR RBRTE, 2R
il ARG ) HE FL 53 A1 A 500 hPa i, & 1
SEEEOh 1971~2012 475 5 ey B b X 5 2= A X 45
SRR A A A TR E A, B 1971~
2009 AF 75 8K e B R 25 S A AL DAL 1) P 340 AR Ak
PR B AT, BUAR NCEP1 %Rl 58255 %Rk b}
T e JR e kS R 2 (A AT 225, (R T
NCEP1 B EER A5 0 R4 R [ 19714 LK,
T = J5UH X B 2% 250 hPa LL R IR BE T, 200
hPa M LA AR Z 3B L AR A a3k,
NCEP1 kL CanfEl 1 rpsigefion) BonaE i bas
600~250 hPa [ 2 LA 300 hPa AR BE 4 # i K,
24 0.16 °C (10 a) ', A% 0.10 fi 21 /K 5F:; 200~ 100
hPa [0 2 B 100 hPa AV ilasidem, A3 —
0.39°C (10a) ', i&F] 0.01 WA

B R HT AT AN, AEAERARBRIRE RN, &
JAE JUAE R B 22k AR AE 250 hPa LU R, 200~
100 hPa il ok N FEEH, 55k A K FI
(2008) MIWFFTLE L —5. ZH 5Kk N KRR
(2008) 3L H WS SRR 2 T B2 IR IR 4y, T
&5 A ARSI 1 i ghie M7 ae 2, Ase X
600~300 hPa A3 5 5O it )22 B2 B
i, 100 hPa 183 @& [ %3t /2 1356, LA NCEP1

100
200 1
300 1
]
[-%
<
S 400
5001 NCEP1 s
1 e-—-—o Radiosonde data
600
—04 —03 —02 —0.1 0 0.1 0.2

Temperature trend/°C (10 a)’!

BT S S X S A AR A S A [ °C (102) ]
Fig. 1 Vertical distributions of temperature trends over the Tibetan

Plateau in summer [units: °C (10 a) ']



6 RUTHESE: DRI 50 R H e IR 2 URIENIE BN SRR B 3L 5 BRI R R K 56 &
No. 6 ZHU Lihua et al. Reversed Phase Change of the Temperature in the Upper and Lower Troposphere over the ... 1253

PR 600~300 hPa P ¥4l B2 RRAE & 5O it 2=
RZZXRZ T B3 Ry et )2 3 2D <L
224k, FIH 100 hPa ~F- 1)l B R AL & J5 6] i 2%
b RIS R BRIRZ ) RIRMAR L, BLok
W9 R 2 B N AR AR RE . ARG T
TSR R R S i IR B RS NCEPL k)
Z AT EEEEAT B

Kl 2a 7354 NCEP1 %%} b Js X 5 2
600~300 hPa “P¥ IR (S22k) A my R RS 0k
500~300 hPa ¥ (L), Kl 2b 43514
NCEP1 %2k} J5UHb X 5 2% 100 hPa V-3 <1
(S28%) M JEE3h 100 hPa P/ BT (6
2. B 2 IR, FERIAT I R X R AR
fBi NCEP1 %8l L5 #8243 3k WL i ) B AR A0 de 4
PIE TR E F A — o 22, (HILAFE PR tl
FAATI AL — 5. NCEP1 ¥Rk i Jil S Z 1 2
I EE V5 vy SRR Al I AR PR P R IR A
¥, R=0.757, i5%]0.001 & MEAKE; NCEPI %
RE R R 2R R 2 AR B P S v DR R 2 i B
AR R LR EASS, R = 0.810, 1AF|
0.001 2 /Ko XK WIARYE NCEPL 2L AR
Sl UL R A 28 (1 s D U R A T AR AR
B BT U ) — 50k, RIEH] NCEP1 %R
G e J b DX Y S A (4 A B AR AR R AR A 2 TT
1710, HARX TR BRI, NCEPL WERLHATH
PRI B RUBE B = (1) L2 UK B B 50 [ T ik
o34, Nk, ASCLUR R NCEP1 F4: T %8k
e BT 3L 2 A PR AR A B L 5 B K R ER G 11 0% &
AT — Db

(0 7 e—e NCEPI

© ©------© Radiosonde data

Mean temperature anomaly/°C

1975 1980 1985 1990 1995 2000 2005 2010
Year

K 2a SR mE ESHEEZ 2R R
PG A, RVERNR N 0.10°C (102) ', R
=0.264, XF] 0.10 MK IF H & s 2%
JE AT E T L S B AR A, AE 1980
FEARHEAARIBE ], (HAE 1990 4EARAT H 305 8T 1) i
AW, ZJEAE 1990 AR G IE B A RBE . X
5T I8 CT—LR5KF], 2008) [RIBFFTES AL
AR s R E L (K 2b) RILEE AR
s, LR N —0.39 °C (10a) ', R=—0.513,
IEE]0.01 BT, R R 2 s <R AR
A ) 1 A PR R AR A A ) BR AR
A MG, 2008), T A[F] T 250 hPa LU k. ]
WL, JEOGH G2 52 SRR 2
R ISR A S AR A A, X R
A 3 A L S 3 2 A 2 X2 o L g i
PRI, I L ALY i R 4 B S AR
X, R=—0.297, ik#0.05 BEMAKF, WS R
DS =X (A =R oW ) = R i < e R D B =S e
(IR AR E DI G R . b ¥ E 3 0R
), AEARPR R ESCR T2 LUR S BAK 43
Mo
32 FREEFE

Sh T U W T v SR 2 A2 SO i 2 B
WE I RAE AR N LIS R, fEX I
et 5 1971~2012 - H B )i 600~300 hPa
J% 100 hPa ~PI453LFE R AEAREE 1 A I ¢ 4050 (L3R 1
R 20 FACHE T K ¢ Ky fi it 5528 X0 5l
He A=X—pRr=A-~nfs, i, A WEAHE
o X ONIERAESANMERIPIE GRS I

3

(b) e——e NCEPI
2.5 O-mmee- © Radiosonde data

Mean temperature anomaly/°C

1975 1980 1985 1990 1995 2000 2005 2010
Year

B2 e s X (a) B2 PR (b) Bl 2 P24 Ul (L °CD

Fig.2 Mean temperature anomalies in the layers of (a) increasing temperature and (b) decreasing temperature over the Tibetan Plateau in summer (units: °C)



N W 39 %

1254 Chinese Journal of Atmospheric Sciences

Vol. 39

RAIMED), ) AYERSAEIE, o HFEAR,
s IREAFREZ .

1 o E R O IR AIC 2 A 2
EFRAGIRAE 1970 SEAUR A, 1980 4FAXHE fhi i, 1990
AL DU v ], (HaREE S, 21 A 24w
JEORR R AR X Z P B R S, I 21
£l 10 4001, R E s, B3] 0.10 &L
Ko R R IR 2 I R R R AEAR
R o B adE— 20 U W I e e S B

AR 2 B B R 5N LR R AE 1970
FAAL, 1980 SEACEZE ey, A% 0.01 &
K, 1990 AEAR TR BT A 1980 AR, H
B AT LY 2 g, 83 0.05 BETEK
R 21 ALY E A R R R O
FHOEE, X3 0.05 5% 0.01 BEMKE. K 1L
2 RPEERTAR, s EON R AR AR R B
S X A S RSP Il iR T e = A S SRR R0
FEAH, JUHORAE 1980 “EARLLE, 1980 4REALs Jsixn)
WA AR 2 0 b O AR AR B TR A
AN, 1990 SEACH FEEF, 2000 4FELUA 5
AN IR, TR EEGRAE 1980 ALK
1990 AR N 25 IR RS, 17 2000 SELUJG =401
PIRTE Y SRS Y: PSS MU o 1) D W 9
I SO s w1 S DLl w1 S R R A2
B IR S AR R R o O HL, ERERARIR T 5,
1980 41U 1990 AF AT e It 5 7 A AR REAE XS U
J2& ERSLEILUR JZOCE 3, 124 1990 424UK 21
TH 284 e s UL E AR 2 S UL S o 2 i
I, e SO UL S S A, e A
D PRI I ¥ 56 A A AR 2 K R A DL 30kt
it PN TR P )R (0= N2 b P = 1 S
RS
F1 1971~2012 FERS R XEZ 600~300 hPa F15
SREREF CRTRIEKXE 0.10 BEHAT)

Table 1 The decadal anomaly of the temperature averaged
between 600 hPa and 300 hPa over the Tibetan Plateau in
summer during 1971-2012.The asterisk represents that

with the significance levels below 0.10
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Table 2 The decadal anomaly of the temperature averaged
at 100hPa over the Tibetan Plateau in summer during
1971-2012. The asterisk represent those with the

significance levels below 0.05 and 0.01, respectively

B #Ef/oC t
1971~1979 4F —0.08 —0.50
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Fig. 6 (a) Correlations between the time coefficient of the first EOF mode of the vertical temperature anomaly averaged along 27.5°N—40°N over the Tibetan
Plateau and precipitation in summer; (b) #-test based on the difference of precipitation in summer in China between the years when the temperature over the
Tibetan Plateau increase in the lower to middle—upper troposphere and decrease in the high troposphere, and the years when there is a decrease in the lower to
middle—upper troposphere and an increase in the high troposphere. Light, medium, and dark gray shadings indicate the significance levels below 0.10, 0.05

and 0.01, respectively; the solid (dashed) isolines indicate positive (negative) values.The interval of the contour in figure a and figure b are 0.1 and 0.5,

respectively.
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Fig. 7 (a) Correlations between the time coefficient of the first EOF mode of the vertical temperature anomaly averaged along 27.5°N—40°N over the Tibetan
Plateau and height at 500 hPa in summer during 1971-2012. (b) Streamline field and relative vorticity comprising the correlations between the time coefficient
and U and V' wind at 500 hPa in summer. (c) The #-test based on the difference of the height at 500 hPa and (d) the differences of the streamline field and
relative vorticity in summer between the years when the temperature over the Tibetan Plateau increase in the lower to middle—upper troposphere and decrease in
the high troposphere, and the years when there is a decrease in the lower to middle—upper troposphere and an increase in the high troposphere. The units of
relative vorticity in (c) are in 10°s™". The solid (dashed) isolines indicate positive (negative) values. The shaded areas in (a) and (c) indicate statistical

significance below 0.10 level
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Fig. 8 The #-test based on the difference of precipitation in summer
before and after the abrupt change of the time coefficient in the first EOF
mode of the vertical temperature anomaly averaged along 27.5°N—40°N
over the Tibetan Plateau in summer. Light, medium and dark gray shading
represents the statistical significance levels below 0.10, 0.05 and 0.01,
respectively; the solid (dashed) isolines indicate positive (negative) values]

The interval of the contour is 0.6.
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Fig. 9 (a) The t-test based on the difference of height at 500 hPa in summer before and after the abrupt change of the time coefficient in the first EOF mode of
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