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1. Introduction
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ABSTRACT

Numerical experiments are performed to simulate the response of the atmospheric circulation and pre-
cipitation over East China in June to the sea surface temperature (SST) anomalies over the tropical east-
ern Pacific (TEP) from preceding September to June by using an atmospheric general circulation model
(AGCM). We constructed composite positive/negative SST anomalies (P-SSTAs/N-SSTAs) based on the
observational SST anomalies over the TEP from September 1997 to June 1998. The results show that: (1)
the response of the precipitation in the Yangtze River basin and its southern area (YRBS) to El Nino with
different durations varies with the maximum amplitude of the precipitation anomalies appearing when the
imposed duration is from November to next June, and the minimum appearing when the SST anomalies
is only imposed in June. The anomalies of the precipitation are reduced when the duration of the forcing
SST anomalies over the TEP is shortened and the positive SST anomalies in the preceding autumn tend
to cause significantly more rainfall in the YRBS. This is in agreement with previous diagnostic analysis re-
sults. (2) The simulated precipitation anomalies over the YRBS are always obviously positive under strong
or weak positive SST anomalies over the TEP. The intensity of the precipitation anomalies increases with
increasing intensity of the SST anomalies in the experiments. The simulation results are consistent with the
observations during the warm SST events, suggesting reasonable modeling results. (3) When negative SST
anomalies in the TEP are put into the model, the results are different from those of the diagnostic analysis
of La Nina events. Negative precipitation anomalies in YRBS could be reproduced only when the negative
SST anomalies are strong enough.

Key words: atmospheric general circulation model (AGCM), sea surface temperature (SST) anomalies,
numerical simulation

Citation: Li Yan, Wang Yafei, and Dong Min, 2009: Simulation of the effects of the preceding SST anomalies
over the tropical eastern Pacific on precipitation to the south of the Yangtze River in June. Acta
Meteor. Sinica, 23(6), 691-700.

The global climate change is attributable to many
reasons such as the variation of the Indian Ocean sea
surface temperature (SST), El Nino-Southern Oscilla-
tion (ENSO), snow cover, etc., among which ENSO is
an essential factor as pointed out by Namias (1959).
Most of scientists have focused on understanding the
influence of SST anomalies over the tropical eastern
Pacific (TEP). Specific attention has been paid to the

forcing of SST anomalies on the local and remote pre-
cipitation (Rasmusson and Wallace, 1983; Yulaeva and
Wallace, 1994; Wu and Wang, 1996). Scientists found
that the SST anomalies over the TEP play an impor-
tant role in the precipitation in the mid-low reaches of
the Yangtze River in summer (Luo et al., 1985; Miao
et al., 2002). Chinese meteorologists also found that
there was a noticeable relationship between El Nino
and precipitation over East China in the ensuing sum-

mer. When an El Nino event occurred, there would
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be more precipitation in the mid-to-low reaches of the
Yangtze River and less precipitation over North China
(the Long-Range Weather Forecasting Group of In-
stitute of Atmospheric Physics, 1978). Wang et al.
(2001) and Wang and Fujiyoshi (2004) found that the
Nino3 SST in the preceding fall has significant posi-
tive correlations with the summer geopotential height
in the subtropical regions of East Asia, the western
North Pacific, and Northeast Asia. A strong (weak)
summer monsoon in the subtropical regions of East
Asia tends to occur about two to three seasons after
the Nino3 SST anomalies exceeding 1.5°C (dropping
to —0.7°C). The results suggest a delayed impact of
ENSO on the East Asian summer atmospheric circu-
lation. In our earlier work (Li et al., 2007), the re-
lationship between the SST anomalies over the TEP
and the precipitation over the Yangtze River basin
and its southern area (YRBS) in June, July, and Au-
gust was examined respectively by using observational
data. The most significant correlation over the YRBS
occurred in June. This conclusion coincides with the
results of Wang et al. (2001).

On the other hand, the Atmospheric General Cir-
culation Model (AGCM) of National Center for At-
mospheric Research (NCAR) are used broadly in sim-
ulating the atmospheric circulation and estimating the
response of the climate change as well as the effects of
human activities on climate. Many studies on the re-
sponse of the atmospheric circulation to SST anoma-
lies indicated that the AGCM of NCAR could prefer-
ably describe the large-scale climate characteristics in
East Asia, especially the atmospheric response to SST
anomalies (Dong, 1997; Xu et al., 2001; Chen et al.,
2002; Yuan et al., 2004; Wang and Qian, 2005; Li et
al., 2006).

Based on the previous works mentioned above, we
will address the relationships between the anomalous
precipitation over the YRBS in June and the SSTA in
the TEP by using the NCAR Community Atmosphere
Model Version 3.0 (CAM3.0). A series of sensitivity
experiments were conducted to evaluate the impact of
SST anomalies on the precipitation over the YRBS in

June.
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2. Model description and experimental design

2.1 Model description

The CAM3.0 adopts n-coordinate and 26 verti-
cal layers. The nonlinear terms and the parameter-
ized physical processes are calculated on a 128x64
Gaussian grid with a horizontal resolution of about
2.8125°%x2.8125°. The time integral adopts the semi-
The

model includes full physical processes such as radia-

implicit scheme with a time step of 20 min.

tion, cloud, convection, land surface, boundary layer,
etc. More details can be found in the model descrip-
tion document (Collins et al., 2004).

The model includes two optional ocean models:
one drives the atmosphere model by taking monthly
mean SST as a boundary field, called Data Ocean
Model (DOM), and the other runs in coupling with a
simple ocean model called Slab Ocean Model (SOM).
The two operational ways include ocean, land, and air,
composing an integrated land-air system. We adopted
the DOM in our experiments. A seasonally varying
SST and sea-ice concentration dataset is used to pre-
scribe the time evolution of these surface quantities.
This dataset prescribes climatological monthly mid-
point mean values of SST and ice concentration. The
SST and sea ice concentrations are updated every time
step by the model at each grid point using linear in-
terpolation in time. In our work, we merely consider
the impact of the SST anomalies on the atmosphere
without considering the feedback of the atmosphere to

ocean.
2.2 Experimental design

A set of experiments is performed to investigate
the impacts of preceding SST anomalies over the TEP
on the precipitation anomalies over the YRBS.

(1) Control experiment. The climatological SST
is taken as one of the boundary fields and the model
is integrated for 20 yr, in which the mean of the last
5 years was regarded as a model climate.

(2) The first series of sensitivity experiments-
(SEXP1). Since this study focused on the El Nino
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events, realistic SST anomalies in the TEP from
September 1997 to June 1998 were put into the model,
and this suite of experiment was called P-SSTA. The
P-SSTA fields with 10 different durations, i.e., from
September to June, from October to June, from May
to June, and in June, were imposed over the TEP re-
spectively with seasonally varying climatological SST
over the rest of the area. Sensitive experiments were
performed for the above durations respectively. The
purpose of SEXP1 was to study the impacts of the
preceding autumn SST anomalies over the TEP on
the atmospheric circulation and precipitation over the
YRBS in June. The spatial distribution of the SST
anomalies in preceding September was shown in Fig.
1. The maximum imposed anomalies are 3.7°C which
are comparable to values in the mature phase of the
1997/1998 El Nino. The spatial pattern of the SST
anomalies in the following months are similar to that
in September shown in Fig. 1 and the values of the
following months are reduced correspondingly based
on that during 1997/1998.

(3) The second series of sensitivity experiments-
(SEXP2). In order to study the stability and sensi-
tivity of the simulation results, we simulated the pre-
cipitation anomalies responding to various intensity
P-SSTAs from September 1997 to June 1998. Based
on the SST anomalies prescribed in the SEXP1, the
SST anomalies were modified by adding or subtract-
ing 0.5°C at all grid points. The sensitivity exper-
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iments were conducted to simulate the precipitation
response to the intensity of SST anomalies persis-
tent from September 1997 to June 1998. These ex-
periments were referred to as SEXP2-P1, SEXP2-P2,
SEXP2-P3, SEXP2-P4, and SEXP2-P5, respectively,
which were named in terms of the maximum SST, i.e.,
2.7,3.2,3.7,4.2, and 4.7°C.

Similarly, the negative SSTA (N-SSTA) exper-
iments have the same magnitude as those in the
SEXP2-P1,..., SEXP2-P5 except with negative signs.
The experiments were integrated from 1 September
1997 to 30 June 1998 to simulate the precipitation
response to various intensity N-SSTAs, which are re-
ferred to as SEXP2-N1,..., SEXP2-N5.

For each of the above forcing scenarios, the pre-
scribed SST anomalies were added to the monthly
mean climatological SST field without the change of
other parameters. The last 5 years of the 20-yr integra-
tions of the control experiment were used to construct
a b-member ensemble mean to reduce the nonlinear
errors caused by differing initial conditions. The av-
erage result of the five integrations was taken as the
result of the sensitivity experiments. The atmospheric
circulation and precipitation anomalies from the sen-
sitivity experiments were obtained by subtracting the

control experiment from the sensitivity experiments.
2.3 Data

In order to assess the model ability to simulate
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Fig. 1. A sketch map of positive SST anomalies (°C) in September over the TEP.
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Fig. 2. Mean climate of June based on the model simulation (left panels) and NCEP/NCAR reanalysis (right panels).
(a) and (b) 500-hPa geopotential height (gpm); (c) and (d) 200-hPa wind field (m s™'); (e) and (f) 850-hPa wind vector

in (m s™'); and (g) and (h) precipitation (mm day™!).

the Asian
NCEP/NCAR reanalysis data were used for compari-

monsoon and precipitation,  the

son. NCEP reanalysis data provide monthly 200-hPa
wind, 850-hPa wind, and 500-hPa geopotential height

fields with a horizontal resolution of 2.5°, covering a
50-yr period from January 1951 to December 2000.
For more details, please refer to the data description
documents (Kalnay et al., 1996; Su et al., 1999).
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3. Experiment results

3.1 Results of the control experiment

The control experiment is carried out with sea-
sonally varying climatological SST as a lower bound-
ary condition and it is initialized from climatological
fields.

Figure 2 shows that the model simulates the pat-
tern of observational geopotential height at 500 hPa
(Z500) quite well (Fig. 2a). But there are some de-
ficiencies, especially the amplitude of the model sim-
ulation, which is somewhat higher than the observa-
tion shown in Fig. 2b by about 4 gpm. The simulated
western Pacific subtropical high extends westward fur-
ther about 10 longitudes along 30°N compared with
the observation. The simulated deep trough of East
Asia stretches westward by 20 longitudes compared
with the observation located around 150°E originally.
The simulated westerly jet and easterly jet shown in
Fig. 2c are located along 40°N and 10°N, respectively,
coinciding with those in the observation (Fig. 2d).
But the simulated maximum center of the westerly jet
lies at (40°N, 120°E) which is farther northwestward
compared with the observation. The maximum center
of the easterly jet which lies at (10°N, 50°E) is also
northwestward compared with the observation. The
Somalia equatorial jet, the southwesterly over the In-
dian Ocean and the southeasterly along the East Asian
coast at 850 hPa are roughly reproduced (Fig. 2e).
The simulations can describe major features of the
June precipitation in China, i.e., more precipitation in
the south and less precipitation in the north (Fig. 2g).
The simulated maximum center is at 15°N, 85°E, and

is about 14 mm day !

, which is weaker than that in
the observation (Fig. 2h). The other maximum center
over the mid-to-low reaches of the Yangtze River valley
is not reproduced. In most AGCMs, the rainband over
the mid-to-low reaches of the Yangtze River valley is
poorly simulated. Many researchers supposed that the
differences between the simulated and observed precip-
itation were due to meso- and small-scale weather pro-
cesses and the inefficient physical parameterizations,
particularly the convective parameterization.

The simulated monthly monsoon circulation and

LI Yan, WANG Yafei and DONG Min 695

precipitation are compared with the observations. The
results show that the model can capture the main fea-
tures of the spatial distribution and reproduce the ba-
sic pattern of precipitation in China. Thus, we make
sensitivity experiments using CAM3.0 to study the ef-
fect of SST anomalies over the TEP on the precipita-
tion over the YRBS in June. The differences between
the sensitivity experiments and control experiment are
used to represent precipitation responding to the SST
anomalies over the TEP. The aim of this study is to

identify and reduce the systematic biases of the model.

3.2 Sensitive experiment (SEXP1): Impacts
of different SST anomaly durations on

precipitation in the YRBS

According to our earlier work (Li et al., 2007),
the Nino3 index in the preceding autumn and anoma-
lous precipitation in June is significantly correlated
over the area (25°-30°N, 110°~120°E). Thus, the area-
averaged anomalous precipitation is used to represent
the impact of El Nino on rainfall over the whole YRBS.
The precipitation anomalies over the YRBS in June
result from the effect of positive SST anomalies with
different durations are shown in Fig. 3.

The anomalous precipitation has a decreased
trend with reduced durations of imposed SST anoma-
lies over the TEP. The maximum is 1.5 mm day~!
when the imposed duration is from November to next
! when

The

result shows that strong positive SST anomalies over

June and the minimum is just 0.137 mm day ™~

the SST anomalies are only imposed in June.

the TEP in preceding autumn could significantly cause
positive precipitation anomalies over the YRBS in
June, which provides a delayed impact of SST anoma-
lies on the precipitation in June over the YRBS. This
result coincides with the previous diagnostic analyses
(Li et al., 2007; Wang et al., 2001, Wang and Fu-
jiyoshi, 2004). The weakest precipitation anomalies
shown in Fig. 3 are likely due to the negative SST
anomalies over the TEP in June (figure omitted) which
is at the decay phase of El Nino. Larger precipitation
anomalies over the YRBS tend to occur when the SST
anomalies over the TEP from April to June or from
May to June are imposed, while smaller precipitation
anomalies over the YRBS tend to be associated with
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Fig. 3. Precipitation anomalies over the YRBS in June re-
sulted from the effect of input positive SST anomalies with
different durations. The z axis shows the SST anomaly du-
rations from preceding September to June, (—9-6), from
preceding November to June (—11-6), ---, from May to
June (5-6) and only in June (6) respectively.

the SST anomalies over the TEP from February to
June or March to June in the model. The results in-
dicate that the SST anomalies from May to June and
only in June over the TEP can cause more precipita-
tion in June over the YRBS.

3.3 Sensitivity experiment (SEXP2): Impa-
cts of different SST anomaly intensities

on precipitation over the YRBS in June

The distributions of precipitation anomalies of ex-
periments SEXP2-P and SEXP2-N are shown in Fig.
4. The area-averaged precipitation anomalies repre-
sent the impact of various intensity El Nino (Fig. 5a)
and La Nina (Fig. 5b) on the precipitation anoma-
lies over the YRBS in June.
Figs.

The results shown in
4 and 5 indicate that there are always obvi-
ous positive precipitation anomalies over the YRBS in
June when strong or weak SST anomalies are imposed
over the TEP from September to June. The intensity
of the precipitation anomalies increases with that of
the SST anomalies imposed. When the N-SSTAs are
put into the model, the simulated results are differ-
ent from the observational impact of La Nina events.
Negative precipitation anomalies could be reproduced
only when the negative SST anomalies are intensive
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enough. These phenomena are also similar to that
in the research of the effects of SST anomalies off the
east coast of Japan on the development of the Okhotsk
high (Wei and Wang, 2006). We suppose that the phe-
nomena maybe due to the model deficiencies or some
other factors contributing to the negative precipitation
anomalies over the YRBS in June, such as the Atlantic
Ocean circulation (Chang et al., 2001). The effect of
La Nina on precipitation in June needs to be further
clarified.

In summary, there is positive anomalous precip-
itation over the YRBS in June under strong or weak
SST anomalies imposed. The result suggests that the
model is sensitive to the SST anomalies over the TEP
and the simulated results are stable. Thus, it is be-
lievable that the El Nino event in preceding autumn
has a delayed impact on the precipitation anomalies
over the YRBS in June.

Taking the sensitivity experiments SEXP2-P3
and SEXP2-N3 for example, we examine the re-
sponse of the atmospheric circulation and precipita-
tion anomalies to El Nino and La Nina respectively
in detail. The 500-hPa height anomalies (Z500A) are
shown in Fig. 6a. The positive anomaly center is lo-
cated at 65°N, 160°E and two negative ones are near
east coast of Japan and 50°N, 60°E, respectively. The
distribution of the two negative Z500A centers and
the positive Z500A center is favorable for increased
precipitation in June over the YRBS (Wang, 1992;
Zhang and Tao, 1998). A major anticyclone circula-
tion anomaly is centered at the Philippine Sea shown
in Fig. 6¢c. The 850-hPa low-level anticyclone cir-
culation anomaly causes anomalously wet conditions
along the East Asia and benefits to the increase of
precipitation over the YRBS in June. Southwesterly
anomalies dominate South China in Fig. 6¢, which
intensifies the Asian summer monsoon. Pronounced
positive precipitation anomalies are over the YRBS in
June and the positive anomaly center is located to the
north of Jiangxi Province of China as shown in Fig. 4.
The distribution of Z500A, 850-hPa anomalous wind,
and the precipitation anomalies well agree with the
observational distributions in situ (Li et al., 2007).

However, in experiment SEXP2-N3, the positive
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698 ACTA METEOROLOGICA SINICA

1

Rainfall anomaly (mm day )

2.5

2.0

1.5

1.0

0.5

0.0 ' '
SEXP2-P1  SEXP2-P2 SEXP2-P3

SEXP2-P4 SEXP2-P5

Fig.

VOL.23

1.2

0.9%
0.6}
0.3t

0.0F

|
[=}
w

SEXP2-N1

Rainfall anomaly (mm day ')

SEXP2-N2 SEXP2-N3 SEXP2-N4 SEXP2-N5

5. The effects of various intensity P-SSTAs (a) and N-SSTAs (b) on the precipitation anomalies over the YRBS

in June. The z-axis labels SEXP2-P1,..., SEXP2-P5, and SEXP-N1,..., SEXP-N5 show the name of each sensitivity

experiment.

80° N g—
70
60
50
40
30
20
10
EQ
10°S

80°N

10°S
20 40 60 80 100 120 140

160° W

160°E 180

4

80°N s
0 R
60
50
40
30
20
10
EQ
10°S

140°E 180 140°W

I

ool

N NN
Sy
LG

80°N
0 &
60
50
40
30
20
10
EQ
10°S

bl

TN

et

1 v

20 40 60 80 100 120 140

4

Fig. 6. The effects of SST anomalies over the TEP on Z500A (gpm) in (a) SEXP2-P3 and (b) SEXP2-N3, and on
850-hPa wind anomalies (m s™') in (c) SEXP2-P3 and (d) SEXP2-N3 in June.

7Z500A between the Baikal and the Okhotsk Sea is
weaker than that in Fig. 6a. The anomalous low-
level anticyclone circulation over the Philippine Sea
is further westward compared with that in SEXP2-P3
and the strength of the anomalous low-level anticy-
clone circulation is far weaker than that in SEXP2-
P3. Besides, there are no obvious anomalies south-
westerly of current along South China. The area-
averaged anomalous precipitation over the YRBS in
SEXP2-N3 is 0.3 mm day !, which is much less than
that in the SEXP2-P3 and no obvious precipitation
anomalies can be found over other areas (Fig. 4). The

simulations show that the response of the atmospheric

circulation anomalies and precipitation anomalies to
La Nina events is not exactly opposite to that of El
Nino events.

4. Conclusions and discussion

Using the NCAR CAM3.0 model, we carried out
several sensitive experiments to simulate the response
of the atmosphere circulation and precipitation in
June to SST anomalies over the equatorial eastern Pa-
cific. According to the analyses of the simulation ex-
periments, we draw the following conclusions:

(1) The response of precipitation in the YRBS to
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El Nino with different durations varies with the max-
imum amplitude of the precipitation anomalies ap-
pearing when the imposed duration is from November
to next June, and the minimum appearing when the
SST anomalies is only imposed in June. The anoma-
lies of the precipitation are reduced when the duration
of forcing SST anomaly is shortened, suggesting that
the positive SST anomalies in the preceding autumn
tend to cause significantly more rainfall in the YRBS.
This is in agreement with previous diagnostic analysis
results.

(2) The simulated precipitation anomalies over
the YRBS are always obviously positive under strong
or weak positive SST anomalies over the TEP. The
intensity of the precipitation anomalies increases with
increasing intensity of the SST anomalies in the exper-
iments. The results of the simulations are consistent
with the observations during the warm SST events,
suggesting reasonable modeling results.

(3) When negative SST anomalies in the TEP
are put into the model, the results are different from
those of the diagnostic analysis of La Nina events.
Negative precipitation anomalies in the YRBS could
be reproduced only when the prescribed negative SST
anomalies are strong enough.

Although the precipitation anomalies in South
China are induced by many factors, the SST anoma-
lies over the TEP seem to have played a critical role
Thus, stud-

ies of the influence of SST anomalies over the TEP

in causing the precipitation anomalies.

on precipitation over the YRBS in June are of great
importance to improve the understanding of monsoon
rainfall variation. The AGCM models are forced by
the observed or “perfectly predicted” SST and at-
mospheric models alone could be able to reproduce
climate anomalies and capture the predictable por-
The CAM3.0 used in this
study properly simulated the response of precipita-
tion anomalies over the YRBS in June to the SST

anomalies over the TEP. However, present findings

tion of climate variations.

suggest that the coupled ocean-atmosphere processes
are crucial in the monsoon regions where the atmo-
spheric feedback on SST is important. It is necessary

to consider the coupled atmosphere-ocean interaction
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by using CGCMs (Coupled Ocean-atmosphere Gen-
eral Circulation Models) to confirm the conclusions in
this study and improve the understanding of the effect
of the SST anomalies over the TEP on the precipita-
tion over the YRBS in June.
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