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methods and the persistence of observations more than one decade, the Gravity Recovery and
Climate Experiment (GRACE) twin satellites can be used to monitor long-term terrestrial water
storage anomalies (TWSA) accurately, which makes it possible to study the correlation between
TWSA and ENSO events. Here we estimate TWSA from GRACE, soil moisture storage anomalies
(SMSA) from Global Land Data Assimilation System (GLDAS) models, and precipitation anomalies in
main river basins of China and quantify their correlations with ENSO events. This study shows
that, among main river basins of China, the typical ENSO-related regions are located in the
middle and lower reaches of Yangtze River Basin (YRB) and the Southeastern River Basin (SRB), with
maximum correlation coefficients between TWSA and ENSO of 0. 55, 0. 78 and 0. 70, respectively.
The TWSA in these three typical ENSO-related regions lag behind ENSO by ~7 months, ~5
months, ~5 months, respectively. Among them, ENSO has the greatest impact on the lower
reach of YRB. During the two strong ENSO events (i. e, 2010/11 La Nina and 2015/16 El
Nino) , the magnitude of TWS fluctuations reaches —24. 1 Gt and 27. 9 Gt, respectively. During
the 2010/11 La Nina period, TWSA over the lower reach of YRB and the SRB reach the minimum
around April to May 2011; while the minimum of TWSA over the middle reach of YRB happened
1— 2 months later. During the 2015/16 El Nino period, TWS increased continuously in the
middle and lower reaches of YRB and the SRB, due to continuous El Nino from autumn-winter of
2015 to early 2016. Another two anomalies in TWS in April-May of 2016 and July 2016 are
related to the lagging effect of 2015/16 El Nino, which are caused by the lagging effect of the
persistent abnormal anticyclonic circulation in the western North Pacific. It is demonstrated that
GRACE has an unprecedented superiority in detecting the correlations between TWSA and ENSO.
Keywords GRACE; Terrestrial Water Storage Anomaly (TWSA); ENSO events; Correlation
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Fig.1 Ten major river basins in China
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Table 1 The maximum correlations and the corresponding time delay months between TWSA, SMSA, precipitation anomaly and

ENSO from ten major river basins in China (These basins have passed the 95% confidence level)
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@ —0.39 —2 —0.45 1 —0.42 —4
® —0.35 —10 —0.33 0 —0.38 —5
@ 0.37 —12 0.37 —12 —0.35 —4
® 0.70 5 0.56 4 0.58 2
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Fig. 2  Correlation coefficients between terrestrial water storage anomalies ( TWSA), soil moisture storage
anomalies (SMSA), precipitation anomalies and the Nino3. 4 index in (a) the Upper sub-basin of Yangtze River
Basin (YRB), (b) the Middle sub-basin of YRB, (c¢) the Lower sub-basin of YRB, and (d) the Southeast River
Basin, respectively
The corresponding time delay months is shifted from —12 months to 12 months, where negative values indicate TWSA or

precipitation anomaly lags before, and positive values indicate that TWSA or precipitation lags behind.

3a.3b.3c : ,2016; ,2016).
ENSO
(Nino3. 4 ) , ENSO
2 ; ; .
2010/11 La Nina 2015/16 El Nino : TWSA ENSO
. 2010/11 La Nina s ENSO
, ~22.3 Gt, ,
~24.1 Gt,~11.6 Gt;2015/16 El Nino s s )
19.8 Gt,~27.9 Gt,~16. 2 Gt. ENSO ( ,2012;
, 2011).
N ENSO

(Fasullo et al. ,2013; Yao et al. , 2016; GRACE ENSO



1 :2005—2017 ENSO

147

3 2005—2016  (a) (b

SMSA

(o) TWSA.
; (d)Nino 3.4

Fig. 3 Time series of TWSA, SMSA and precipitation anomalies in (a) the Middle sub-basin of YRB, (b) the Lower
sub-basin of YRB, and (¢) the Southeast River Basin. (d) Time series of Nino3. 4 index during 2005—2016

1)

2.2 ENSO TWSA
ENSO ,
(Fasullo
et al. ,2013; ,2017).
( TWSA ,SMSA) .
ENSO , ENSO
4
ENSO
95% ( 95%
). TWSA/ENSO SMSA/ENSO
s GRACE
/ENSO /ENSO

~

ENSO

, TWSA/ENSO SMSA/ENSO
s /ENSO ~2
; (
) (
) ENSO s
/ENSO /ENSO
’\"6 ’
(Yi
and Sun,2014; ,2001).
4a ,GRACE
ENSO s
ENSO
ENSO



148 (Chinese J. Geophys. ) 63

4 TWSA .SMSA . ENSO
Fig.4 (a) The maximum correlation coefficients and the corresponding time delay months between TWSA and
ENSO in China, (b) the corresponding time lagged months between TWSA and ENSO, (c¢) the maximum correlation
coefficients between SMSA and ENSO in China, (d) the corresponding time lagged months between SMSA and
ENSO, (e) the maximum correlation coefficients between precipitation anomaly and ENSO in China, (f) the corresponding

time lagged months between precipitation anomaly and ENSO
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