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Abstract Using the NCEP/NCAR reanalysis data and the observational precipitation and temperature data at the 160 stations
of China, the interannual variations of the intensity of East Asian trough (EAT) along with their impacts on winter climate of
China have been investigated. A new East Asian trough intensity index (Igyr) at 500 hPa in boreal winter has been defined.
The results show that the new index depicts the changes of intensity of EAT very well. This index integrates both the geopo-
tential height values of the trough area and the zonal pressure gradient in the western flank of the trough, making the Igsr index
a good indicator of the averaged meridional wind between the ridge of geopotential height over Asian continent and the trough
system over the western North Pacific in the middle troposphere. It is found that the intensity of EAT was relatively weaker
before 19807s. The Igar changes with periodicities of 2 — 3 years and quasi-4 years. The variation of EAT intensity in winter
may relate to the eastward propagation of the Rossby wave energy along the Asian jet from the Mediterranean region to East A-
sia. The disturbances in the westerlies have an equivalent barotropic structure. The Igar has significant correlations with both
the rainfall and temperatures in regions east of the Tibet Plateau. When the index is positive (negative), EAT is stronger
(weaker) , inducing the total winter precipitation in most part of East China to be less (more) than normal. Simultaneously,
the winter time mean temperature over central China is to be higher (lower) than normal. It is found that the higher surface air
temperatures in central China in strong EAT winters are resulted mostly from the diabatic heating anomalies and anomalous dy-
namic heating due to air subsidence. These results are helpful to better understand why and how the winter climate of China a-
long with the EAT intensity change.
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Fig.1 (a) Mean climatology of the winter time
geopotential height (unit: gpm) at 500 hPa for the
period of 1951/1952 —2010/2011, and (b) normalized
time-series of both geostrophic and observational
meridional winds (v, and @, respectively; units: m/s)

averaged over the region [A,,A; ] at 500 hPa

3.2 5EHMEXHILE

ARSCRTE L4 IR R A 3 R 8 (Tear) 5
AR FAS TR J5 3 0 SO LR BAT AR R AR W
DA 5 8 A 227 S0 1Y A G 2 B0RT FR R AE
Iar 5HABIE A 22 0], H AT, A AR WK A 58
JE A8 E0] 43 Ry Bl ) 2F HR BRI W D) T PR RO R 26
K 8l 03 75 v 7€ SCRY 8 B« v 1 58 1 fe b ol 32
BEAE ] 2R KA 5 B CQ 48 88, Hoe 5 i b iy
FEZEAE 35°—55°N 3 [l P 43 I 5 A~ 26 B o 152 1) vy
(L 22 A2 e K e A 5 /N e BE (B 2 25 (B o
45,1994) , CQ {E MR (/) Al i 7 4k 55 (58D . M 7
— IR A 5 5 B0 R 2 Il R 2
JE SIS Qs T, R A0 R0 A5 (1996) 3R X 38 °F- 1
500 hPa o # m BEAA T a2 S R 8 i Bl R 7 K A i
FERIAR A 20 XUSR B 4 8. IR B BOR . AR R
R 55 L X B A 28 KU B 5 . T2 T A R XU
I, A ] 42 55 (2000) K ] X 3 F- 45 500 hPa fif %
o T RSP EL T 52 S R STV KA i B 8 5, i A
KON FESREERRES (50D o Lo k4 BEMS (1999) 3K
FEALPMA RS AE (1996) 1 J7 i o (AR B8 T 31 55 1 IX 3
T0, B A2 SC4) 2R S K 5 B2 8 500 F BUE B K 1)
5 BB S (5) o [ne A E 3245 (2003) 3E 1 [ 2 X
BN e BE AT AR A L SR AT X BT 38 T 22 0o b
AR AT AR RS i B2 8 550 8 BRI R R /) Rl i
55 (3R .

Tear 5 C A 1 KT 0 45 0 KR 58 B 48 B4 =
BIEAEAS [ i 1] B A B A O G R . (HAC R
BOBUE AR BAZ AR 8T ) — W 40 AR 0 R A o
FEELCAN Lo 0 L) AR DGR 22 (R 1) R Tiear
5 At 7R SRR i B R O A R K 2= . iR 2 )
FE SR BCR & LTk AR g, BHER
43 O A 19 AR AR 5 B i 5044 & R Y 500 hPa [X.
1 S8 1 57 v v B B e B BROPRDR 8 L. X FE
T2 5 v R SRR 3 B DA ) ) 23 3 AN ()
BT R KA R AR B AR R E % . AU
FE I Tear 2 A3 77 2 £ BE ks AR H 4 2= 500
hPa {3 355 BE & I i AR 22 8] 11 37 2 28 1) XU J3E o
FAEAE )58 B o Tear AN AT LA B ZR 0V 2 1l DX %)
TILJZ T2 R 0 7 B R B AR AL [ B A BB R A
Ii] e IR 22 TR 0 or 3 g B 22 S R/ . B A A 4R
O EE » Tear B 5T 07 Ml 52 B R AR 5 2 19 52 bR A2 1k
PR 25 25 S KR 5 it 1 g A DX ) Ao 9 oo B[] 25



420

BV o A0 SR AN T SR S R R BT AE DX 8K ) JRy A7 A
15 B R I AN RE B T b B B A S s 1 5 55 A2 4 .
14 Y AR S DX 3R Ry A A0 A s R O B SR T
e 1 e A XA 34 i B o 1 5 0 U B 19 2R R
IR — 5 2 ISR A .
£ 1 Tear SR KRAE
5 BBE 8 A4 B I A 26 R AL
Table 1 The correlation of the Igyr with the

other intensity indices of the East Asian trough

o 1951/1952— 1951/1952— 1979/1980—
kS 2010/2011 1978/1979 2010/2011
cQ -0.39" -0.33 -0.52"
-0.40" —0.45 —0.45"
I =0.42" —0.47 -0.51"
Teui -0.14 =0.22 =0.23
Lyang -0.16 -0.17 -0.30

TE " x "FRIR R 9900 B A5 KT K.

T UL 2 s Tear 55 7R 0 4 25 XU J3E 48 550 A7
E—E R EWA 2T B AT 2 RIER T
KRS . PR A ZE KR JE AN S 500 hPa i
PARAT O L 38 55 X I 2GR B R b T = R R S
AR, I Tear HABH /- Rom & B XGR BE, £ 2
S5 T Tear 554 22 AR BULE AN [8) o B ) A G &R 88
FEFHAARALAL TR L X ENER T A
AREEN 4 PR BGHETT /0T, £ 2 BIR, Iear 5
278 MR B L. (PDATRSE L 1996) F1 1 (il BE
1996) K R4 X 52 Il Lo i /2 R ] 500 hPa %R
P R ) 5 B R G S A R AR B, T Lo D)2
e VA i [R] £ 98 - TG <R 22 5 3K R e S S AR X
FESUBR B I ik AR Z A . B B 805 R
FHZR W 4 ARG ZE KU S & 22 WU F8 8K 1 (Jis et al,
1997) LA KR FH 5 )2 7R W0 80 000 58 38 o SL I 44 22 XL 9
B L (Jhun, et al, 2004) AL R BTR & .
XL 6B TR BRI ) AR I R R A 2 AL
JE I AH A

22 Teae ST 4 FHA T KU 46 5000 B 56 R 3

Table 2 The correlation of the Igar with

the intensity indices of the East Asian winter monsoon

" 1951/1952— 1951/1952— 1979/1980—
HH 2010/2011 1978/1979 2010/2011
Loun -0.40" =0.45 —0.45"
Loni 0.41~ 0.47 0.31
I; -0.25 =0.30 =0.24
Tihun 0.29 0.25 0.34

Tt "RIRGE I 99 060 BAR KT R KL .

Acta Meteorologica Sinica Sk 2013,71(3)

3.3 EEHREMNAPELFESEREERENRB

BE

P 1 5 A5 (2009) 19 F 5% 2 B, i B 2008,/2009
A EPEARTE T 20 EEARE . R
KA RS R Ak R A H AR A AGES L 1 R R
73 AR 1 v A o A A5 SR B A B [ A T AR I
KA R 5 v A W 2 T . B AF (2009) Xf
2008/2009 £ 2 {u] g b [X B T 5= 4~ 9 BF 55 48 S
T e A 2 B RE b A AR AR KA
AT AR R A L U el SN il g it | @
AR IF AR ST LUK AR RE L AT T 30T K
T5. RBP4 & R E T Rk E
A7 T ] 4 v i DX ) R A A 2R T 2R SR D
=

33 43 A A B R B o e Y o A
A O B Y 2RO KR SR B AR R CQ I & FE T
{EZR/R ) 2008/2009 4F 4 2 7R I A ik B 00 2 I 559
. X 5CHMRS IR ARRESR. FE AN
CQ & 75 V- {8 5 [a) 109w [ 8 7K R0 AT 7 R DG 3R 48K
G35 (B 2) 5 N BB BB 7R I R 4 a8 B 5 rp ] 7R
M XK K SR X SR B R . T —
A a3 FH A O A AR KR AR B AR A R
PSRRI T 3R 1 g iR 8 227 Jr
78 SCH 2R 0 R 5 8 B Lo s Lo~ e s Lo 55 T
1 v ] 2% 2 [ KORH 56 R 003 A e STV O 43 A (I
W& L H] T 4 AR RS T E AR R X R K B LT
M IE ARG H BT S S A A —5. 4 438
Hiorb g P45 5505 AR v i X 4 2R AR A DG
25 T AN HE BOUT W A R Y AR W KA
S 5 5 3t R R ) s X S R AR, XS
CA X F T2 B0 T3 45 R F . B, B
FR 2 U o A 1 AR 7 R i B85 i 50kt ey (] o AR R
DX A 2 R KRR 1Y) DX R R R g ) A7 A 22

=4
It o

4 IR KA 55 32 47 B 22 A0 R AIE 15 38 45 fy
eI
41 ERFREURKEES
AT W 1951/1952—2010/2011 4E 4 2 7R F
R B 1 I 90 AR R L 445 e T A Ak B Y
1951/1952—2010/2011 4F Tear B i 1] J32 51) L 22 44 401
BB 11 4 S H il 2k (B 3D T 9 IE AN



T/ A A T AR R i B8 AF PR AR 1 S HE 5 v [ SO TR AR 9 #4520 421

PR 1) TR SR BE R AR KRS B ot . 2. PRI U B O — R AR AURR S A
Tonr Sy SOQELIRE o 00 07 29 SE R A 068 2 i 555 . 1 6 3 AT 1951—2010 4F Tuar 52 81 v 355 21 58 19 81K 28 1k
B s Tear fE 20 228 80 AFACHI AT 60 LA 5 22,1980 e (HIE M B/, et 3 R B 0. 05/(10 &) .
A DU P Y5 B #1980 AE R HY 9L 455 11 4R 3)

55°N

50

45

40

35

30

25

o,

=

A

20 § )
Is .

75 85 95 105 115 125 135°E 75 85 95 105 115 125 135°E

B2 1951/1952—2010/2011 £ 4 F CQ 8% [ 160 3 & Z2 [ /K () AT (b) B AR S R 8 o> A
(R GO B3 X 27 3d i 99 %0 (95 %0) Ayt 35 PEAG 300D
Fig. 2 Simultaneous correlation of the CQ index with the winter precipitation (a) and temperature (b)
at the 160 stations over China during 1951/1952 —2010/2011
(Correlation significant at the 99% (95%) confidence level are shaded with dark (light) grey)
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Fig. 3 Time-series of the Igar index for 1951/1952 —2010/2011
(The linear trends in Igar are displayed with the slanted heavy solid line and the 11 year moving
average with a dotted curve; Note that the Igat time-series is normalized for the period of 1979 —2010.

whereas before 1979 it is just divided by one standard deviation of 1979 —2010)
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Fig.5 Simultaneous correlation of the Igar
with the winter precipitation at the 160 stations over
China during 1951/1952 — 2010/2011
(Correlations at the 99%6(95%) confidence
level are shaded with dark (light) grey)
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Fig. 6 As in Fig. 5 but for the winter temperature
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Fig. 7 Averaged climatology over the period of 1951/1952 — 2010/2011 for sea level pressure (unit; hPa)(a),
geopotential height at 500 hPa (unit: gpm) (b) and geopotential height at 200 hPa (unit: gpm) (c),

and the composited difference of sea level pressure (d), geopotential height at 500 hPa (e),

and geopotential height at 200 hPa (f) between strong and weak EAT years

(arrows are for the T — N wave activity fluxes at the corresponding altitudes,

the dark (light) grey shaded are for the anomalous values significant at the 99% (95%) confidence level using a z-test)
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Fig. 8 Differences of the composite quantities between

strong and weak years of the winter East Asia
trough intensity (strong minus weak) as shown in (a)
for the vertical-zonal cross section of the zonal circulation
anomalies averaged over (25° = 35°N), and in (b)
for the vertical-meridional cross section of the anomalous
meridional circulation averaged over (110°—120°E)
(The arrows are composed of the anomalous zonal wind
«' in (a) or meridional wind v’ in (b)
and the vertical velocity (w) . with the value of the

anomalous vertical velocity (w) multiplied by 100)
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Fig.9 Differences of the composite quantities (in W/m?)between strong and weak years of the winter

East Asian trough intensity (strong minus weak) as shown in (a) for the anomalous downward

solar shortwave radiation fluxes, (b) for the ground upward radiation fluxes,

(c) for the ground net sensible heat fluxes, and (d) for the ground net latent heat fluxes

(The boxes in the figures represent the regions of central China. Areas where the values are

significant at the 99% and 95% confidence levels are shaded with dark and light grey,

respectively. Contour intervals are 2 in (a) and (b), whereas 4 in (¢) and (d))
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