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Abstract East Asian summer climate is controlled by a low pressure system centered over continental northern East
Asia in the lower troposphere, which is named as the Northeast Asia low pressure (NEAL). Based on the NCEP-DOE,
NCEP-NCAR, ERA-40, and ERA-Interim reanalysis data, we investigate the inter-decadal change of the summertime
Northeast Asia Low-pressure system and discuss the possible physical mechanism associated with this change. Results
show that NEAL experienced a significant decadal change in the early 1990s. The intensity of NEAL has decreased
since 1991. Corresponding to the weakened NEAL, the tropospheric geopotential height field over Northeast Asia
presents a barotropic-structure positive anomaly and the intensity of upper-tropospheric westerly jet to the south
decreases. Based on results from the observational analysis and simulations of a linear baroclinic model, it is found
that the surface warming around the Lake Baikal in the summer may be responsible for the weakening of the NEAL
after the early 1990s.
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Fig. 1 (a—e) Vertical cross section of summertime geopotential height (units: gpm) and (f) surface air pressure (units: hPa) averaged over the period of

1979-2013. Grey shaded areas indicate where the surface pressure is lower than the specific pressure level in each figure. The red box in (d) depicts the core

region (45°-60°N, 110°-130°E) of the low-pressure system over Northeast Asia (NEAL), the same below
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Fig. 2 Seasonal evolution of geopotential height (units: gpm) at 850 hPa averaged over the period of 1979-2013: (a) Winter; (b) spring; (c) summer; (d)

autumn
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ERA-40, and (d) ERA-Interim reanalysis data
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Fig. 4 (a) Time series of the summertime NEAL index and (b) its 10-a moving ¢ test. The NEAL index is defined as the inverse value of the mean geopotential
height anomaly (departure from its climatological mean of 1979-2002) at 850 hPa averaged over the NEAL core region (45°—60°N, 110°~130°E). Dashed lines
in (b) represent the values that are statistically significant at the 0.05 significance level
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at the 0.05 significance level, the same below
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Fig. 6 (a) Latitude—height cross-section of geopotential height difference
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depict the climatology of zonal winds at 200 hPa



1990 A B 2= 4R A WAR TR A PR 5 AR

No.4 DU Mengxing et al. Inter-decadal Change in the Summertime Northeast Asia Low-Pressure System in the Early 1990s 811

K. AN, LEIEGMIK 400N T A7 3 B 2 )k
FEXEDR, XN HLE R AR . B 6b S T — B
F— I B 711 200 hPa 2h i) MU, e
LR A2 200 hPa B Z=4 o) RIS . K 6
ATLAE H, XY 1991 4F DS B 2 AR AL AR e ok 55 ,
FEAREHBIX 25, 5002 90°~130°F Ju A O 22
IR RGEH, SR 6a Wiz X b 25 2 i) fr 2B
BN 8. ZEARRGEE BT TR SRR
WA, Kwon et al. (2007) 7 R HLX &%

KA AP LRAE, R IRHRAE 1990 4F
RYIZ G 2 TS, X5 BATART b
B &5 R —3

5 1990 FRMEZHRILTREENK
PREE T /Y AT REJR A

7e B s dreh, AR E AR AL AR A
1990 FACHIAEAE 2 & A PR AR, XY 1991 4F
Z IR B IRTS . TEANA, AR R
EARPRFEA R T REIR I . B 7 J& 1992~2004 4E 5
1979~1991 FHZ VIR ZEE. 1991 42
S ARAGT X M AR AT B BN, R )

(a) SAT 1992 2004 mlnus 1979 1991 RU

(b) SAT: 1992-2004 minus 1979-1991
TN o= \'/ ' '
] _—_ —

60°N

50°N—: :

40°N

30°N

90°E 120°E 150°E

7 1979~1991 4ERI 1992~2004 45 5 2P 35 i) TF1 AUk A5 1 A 4%
CHAELE, P °C), b (a) R (b) 435I 5T CRU Fil NCEP-DOE

FEA AT HCR

Fig. 7 The differences in surface air temperature (isolines, units: °C) between

1992-2004 and 1979-1991 based on (a) CRU and (b) NCEP-DOE reanalysis

DX 45 H IAEFR DUDN /RIS . Zhu et al. (2012) 43
T T IR UL R 3T 50 AERE s, 45X
b [ 5 184 PR AT I K SRR 2 S 5 T S U
Ak, Chenand Lu (2014) #—L35H, BT B
(1) 38 B AR A LAAE 2R B b X b 56 A 7
1990 AEAR IR AL AE — IR 25 (AR PR A A, X
ARG 7 R 1990 FEACHT LA 2R DU ZR
T M XA A i — 3. B (45°~60°N, 90°~
120°E) X335 i 26 0l e T Hb R AREL,
oK 2 8 IR DN JR T b X b 2 A0 RN 2R B AR e 1)
YeF. K 8a sy T 1979~2013 4F &AL WAL R 4551
FIFET CRU Al BT 21 1 b 28 il Fi5 2501 1 )
JEH e PR ARG R R, AR AR EN —0.33;
FEHRZ )G, AWK RECH —047, Wit T %
FPEACE 0.05 (RS . 9 RN B 51 nT LA B 2R
JE AR ATER ULR R ] 1 X M 3R R A48 1990 4
RATHT G AEEFEARPR AR, 43 6] B 2R A6 A s 5t
JEE VRS FIER LN /R i M X M 2 IR S . XIS 7R 4R

(a) time series: SATI & NEALI CRU
30— 1l

Index

o —

(=) (=)
—

/
——
P>

. or_SATI & NEAL (detrénd)=—0.33 (—0. 47) -
20— T T T T T T T T T T T T T 1
1979 1983 1987 1991 1995 1999 2003 2007 2011
Year
(b) time series: SATI & NEALI NCEP-DOE
B O T T YT Y T M B

B == NEALI: 9 years run F
2.0 === SATI: 9 years run =)
- A — NEALI E
CEVIRAN T BR7S 7s v/ g :

] cor_SATI & NEAL (detrend)=—0.37 (—0.59)
—3.07 T T T T T T T T T T T 1
1979 1983 1987 1991 1995 1999 2003 2007 2011

Year

Index

8 #T (a) CRU Ml (b) NCEP-DOE $#i 5745 ¥ ER WUAN/K )
HaX ST (45°~60°N, 90°~120°E) Hig K/ TILEEF S (4rtasesk)
HIHET NCEP-DOE A3 210 AR AL AR SR EEF R CIE (A 52R) IXhs
HEALIN P41 REZRJE 9 FTE Bl TR 1

Fig.8 Standardized time series of the surface air temperature index (SATI,
red line) averaged over the region around the Lake Baikal (45°—60°N,
90°-120°E) based on the (a) CRU and (b) NCEP-DOE reanalysis data and
the NEAL index (blue line) based on the NCEP-DOE reanalysis data during
1979-2013, and their 9-year running means (dashed lines)
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Fig. 9 (a) The heating source added to the linear baroclinic model at the

sigma level of 0.95(the contour interval is 0.2 K d'); and (b) its vertical

profile at the grid point of (52.5°N, 105°E)
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Fig. 10 Response of the atmospheric circulation to the heating source shown
in Fig. 9 averaged for days 16-20 simulated by the dry linear baroclinic
model: (a) Geopotential height at the sigma level of 0.82, (the contour interval
is 2 gpm); (b) vertical distribution of zonal-mean geopotential height over
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climatology of zonal winds at 200 hPa.
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Vorticity budget (¢=0.45)
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Fig. 11 Same as Fig. 10, but for the components of the vorticity equation at the sigma level of 0.45. (a) ZA and (b) MA represent zonal- and meridional-mean
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