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ABSTRACT This study assesses the prediction performance of the East Asian Winter Monsoon (EAWM) using

seasonal hindcast data(1993-2016) from the German Climate Forecast System(GCFS2). Main features of the
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EAWM are well predicted by the GCFS2,including the Siberian High, the East Asian trough , the East Asian jet
stream, and the surface air temperature, and precipitation over East Asia.The interannual variations of East Asian
trough and East Asian surface air temperature are skillfully predicted by GCFS2. GCFS2 shows prediction skills
for the EAWM index (EAWMI) defined by sea level pressure. At the same time,the EAWM-related atmospheric
circulation, surface air temperature, and precipitation anomalies over oceans are also well predicted .The high
prediction skills of EAWM in GCFS2 are mainly due to the successful reproductions of the EAWM-ENSO
relationship and the ENSO teleconnection. The correlation coefficient between EAWM and ENSO is -0.46 (1993 —
2016), which is stronger than that of observation. This means that the enhanced EAWM-ENSO relationship in
GCFS2 is helpful to predict EAWM 2 months leading or longer. The EAWMI initialized in December GCFS2 still
has 0.42 prediction skills after removing the ENSO signal, which indicates another source of prediction — the sea
ice coverage in the Barents-Karabakh region in winter (BK_SIC) — works. The weaken of BK SIC leads to the
enhanced Siberian high pressure (SH) and the enhanced EAWM in the observation. The change of BK_SIC in the
model can increase the predictability of northeastern SH, resulting in an increase in the EAWM prediction skills
for December initialized.
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Table 1 Basic information of the GCFS2(German Climate Forecast System)
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Table 2 The EAWM(East Asian winter monsoon) intensity index used in this paper
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Fig.1 Climatology of (a)winter (DJF) mean sea level pressure (shading, units: hPa) and 850hPa winds (vectors, units: m s~
during 1993~2016 for the observation, (b) DJF sea level pressure and 850hPa winds for the GCFS2 with lead 1month (Lead1)
and (c) differences between Figures 1b and 1a ;Figures 1d-f are the same as Figures la-c,but for 500 hPa geopotential height
(contours, units: gpm) and 200 hPa zonal wind (shading, units: m s™');Figures 1g-i are the same as Figures la-c,but for surface
air temperature (shading, units:°C)
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Fig.2 TCC (Temporal Correlation Coefficient) skills for (a)sea level pressure ,(b)500 hPa geopotential height ,(c)200 hPa zonal

wind,(d)850hPa meridional wind ,(e)850hPa zonal wind ,and (f)surface air temperature anomalies based on observations and
Leadl prediction by GCFS2 in DJF. The stipple areas represent the correlation coefficients are statistically significant at 0.05

significance level.
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Table 3 Prediction skills of main circulation systems related to EAWM(East Asian winter monsoon) (correlation

coefficient between predictions and observations)

SH EAT JET Vio
Lead0 0.40** 0.58** 012 0.75
Leadl 0.22 0.42%* -0.26 0.76
Lead2 0.15 0.43%* -0.32%* 0.78
Lead3 -0.21 0.50%* -0.28 0.78
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Fig.3 Time evolution of (a) EAWMI(East Asian winter monsoon Index) for predictions(red lines) and ensemble mean(blue

lines) and member(dash lines with gray) of Leadl prediction by GCFS2 in DJF. (b)Prediction skills of EAWMI for the GCFS2

with lead 0-3 month (Lead0-Lead3) (time correlation coefficient)
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W EsgsR (B 4a) o FEACACSPEE, M P ISR 57 1R B BB P e i S R, 72
AU R IE SRR, T ACK PR LA (Chen et al., 2000; Yang et al.,2002; Li and
Yang 2010; Wang and Chen, 2014) , 87 FJ i1~ 11 5 5 7] VG B S Ao B9 6 1R B |, P 1)
VEIEAR R G EDFEVE s I HA 850hPa SFHAAHEC &, B H ARSI EIRm, SR
L ik b B RS RR AL, DA RERE M KR A S, TRIE AT DU 21 A A [ 2R 950 28 H A KR
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P AN AL, s 5 T A SRR LR s (B 4b) o BINEE RE R AR T
RJZAFAESNERH (LU 40°N 1 150°E Ny rply) FIZR KPR AA1E AR (BL 50°N Al
140°W Jyrpty) (B 4a) , 5 ENSO WAL T ARIE—AFFEIEAI X —3  Chen et al., 2000;
Wang et al., 2000; Jiang et al., 2013;Wang and Chen, 2014; Gong et al., 2014; Wu et al., 2019) ,
BT PLILZAFAE, FOR R WA B AR (B 4b) , UL R DA BRI A i
EAWM-ENSO K&, 8T mHEAN EAWM BT HE .

X ZE S, SRAEN B ERE R AT X AL S R (8 40 E 5P
HAESFHEMH I (B 4a) , XEHRE EAWM R HLIX 2 [0 1 R B R . e Bk
b, SRR IR B2 AL R, HAR B SRR, MR RERT
REEIER (Bl 4c) o £ EXNR)E, ALV GIRAE I EEg R (& 40) o P MIE]Hvir
R XK R (E 4c) 5 ENSO AH 21 5 7 AH L ( Wang et.al., 2000; Jiang et al.,
2013;Wang and Chen, 2014; Gong et al., 2014; Wu et al., 2019) . P AP CLIRAT b4 $2 v b
5 EAWM K (AL 55 BE S 4 o) e, (B i PRI KRG RGO % (B 4d) .

55 EAWM M2 i A PE ARSI 38 380 AR 0 ) i s X, 7 21 s o v e KBt AT B2
L, TR EIR R R E (K 4e) o BT AR R R B 8 LR LRV o
I 7 8 LT ENSO WA AL AR H 2R R 23 11 R 4IE (18] 480 (Chen et al., 2000; Wang et al., 2000;
Jiang et al., 2013;Wang and Chen, 2014; Gong et al, 2014;. Wuet al., 2019) . fUiik 7%
AR E AT, AE ST OR R b S H oE B S T (4D o X R 2 T B AR 2k
R A EE AL TR BE A PR (Tianlet al.,2018) .
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Fig.4 (a) Regression of DJF sea level pressure (shading, units: hPa) and 850hPa winds (vectors, units: m s™!) anomalies onto
the EAWMI during 1993~2016 for the observation. (b)DJF sea level pressure and 850hPa winds for the GCFS2 with
Leadl .Figures 4c-d are the same as Figures 4a-b,but for 500 hPa geopotential height (contours, units: gpm) and 200 hPa zonal
wind (shading, units: m s™').Figures 4e-f are the same as Figures 4a-b,but for surface air temperature (shading, units:°C).The

slash and stipple areas represent the correlation coefficients are statistically significant at 0.05 significance level
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Fig.5 (a) Regression of DJF precipitation (shading, units:mm day') anomalies onto the EAWMIduring 1993~2016 for the
observation. (b)DJF precipitation for the GCFS2 with Leadl. The stipple areas represent the correlation coefficients are

statistically significant at 0.05 significance level
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Yang and Lu, 2014) .
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Fig.6 The correlation of DJF EAWMI with sea surface temperature anomalies(SSTA) during 1993~2016 for the (a) observation
and the (b) GCFS2 with Leadl.The stipple areas represent the correlation coefficients are statistically significant at 0.05

significance level
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Fig.7  Scatterplots showing the prediction skills of the EAWMI and its relationship with ENSO (correlation coefficient
between EAWMI and ENSO). Ensemble mean(bliie dots) and member(gray dots) of Leadl prediction by GCFS2
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Table 4 Prediction skills of the EAWMI and its relationship with ENSO (correlation coefficient between EAWMI
and ENSO)

Lead0 Leadl Lead2 Lead3
EAWMI 0.55%%/0.42%* 0.41**/0.1 0.38%/0.12 0.29/0.06
5
EAWM 5 -0.41%* -0.51%* -0.59 -0.81
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R AH
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N5 R —% (Wang et al., 2000; Jiang et al., 2013; Gong et al., 2014; Lu et al., 2017;Wu et al.,
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Fig.8 (a) Regression of DJF precipitation (shading, units: mm day™') and 200hPa winds (vectors, units: m s~!) anomalies onto

the Nifio3.4 index during 1993~2016 for the observation. (b)DJF sea level pressure and 850hPa winds for the GCFS2 with
Leadl .Figures 8c-d are the same as Figures 8a-b,but for sea level pressure (shading, units: hPa) and 850hPa winds (vectors, units:

m s”").The slash and stipple areas represent the correlation coefficients are statistically significant at 0.05 significance level
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Fig.9 The correlation of DJE EAWMI with sea ice coverage (SIC) anomalies during 1993~2016 for the (a) observation and the

(b) GCFS2 with Leadl.The stipple areas represent the correlation coefficients are statistically significant at 0.05 significance
level
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Table 5 Prediction skills of the Siberian high pressure index (SHI) and correlation coefficient between SIC index

and EAWMI(EAWMI-SICI) and SHI(SHI-SICI)

GCFS2 OBS

EAWMI-SICI -0.48%* -0.36*

SHI-SICI -0.45%% -0.37*
SHI T+ 15 0.40%*
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Fig.10  (a) Regression of DJF 500 hPa geopotential height (shading, units: gpm) anomalies onto the -1*SIC Index during
1993~2016 for the observation. (b)DJF500 hPa geopotential height for the GCFS2 with Leadl. Figures 10c-d are the same as
Figures 10a-b,but for sea level pressure (shading, units: hPa)and surface air temperature (shading, units:°C).The stipple areas
represent the correlation coefficients are statistically significant at 0.05 significance level
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Fig. 11 TCC (Temporal Correlation Coefficient) skills for sea level pressure anomalies based on observations and Lead0

seasonal prediction by GCFS2 in DJF. The stipple areas represent the correlation coefficients are statistically significant at 0.05

significance level.
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