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Abstract: This study aims to explore the interdecadal variation of South Asian High (SAH) and its relationship with
SST (sea surface temperature) of the tropical and subtropical regions by using the NCEP/NCAR monthly reanalysis data
from 1948 to 2012, based on the NCAR CAM 3.0 general circulation model. The results show that: 1) the intensity of
SAH represents a remarkable interdecadal variation characteristic, the intensity of SAH experienced from weak to strong
at the late 1970s, and after the late 1970s , its strength is enhanced and the area is expanded in the east-west direction.
The expansion degree is greater westward than eastward, while it is opposite in summer. 2) Corresponding to the
interdecadal variation of SAH intensity, after the late 1970s, the divergent component of wind field has two ascending
and three descending areas. Of the two ascending areas, one is located in the East Pacific, the other location varies with
the season from the Indian Ocean in winter to the South China Sea and West Pacific in summer. Three descending
areas are located in the north-central Africa, the East Asia and the Middle Pacific region respectively. 3) Corresponding
to the interdecadal variation of SAH intensity, the rotational component of wind field at the lower level is an anomalous
cyclone over the South China Sea and West Pacific in summer, while in winter, it is an anomalous cyclone over the
Indian Ocean, and an anomalous anticyclone over the equatorial Middle Pacific. 4) Numerical simulations show that the
interdecadal variation of SAH is closely related to the SST of the tropical and subtropical regions. The SST of Indian
Ocean plays an important role in winter, while in summer, the SST of the South China Sea and West Pacific plays an
important role, and the SST of the East Pacific also plays a certain role.
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1 INTRODUCTION

The South Asian high (SAH) is a major circulation
system of the tropical and subtropical troposphere and a
principal member of the Asian summer monsoon. Its
seasonal changes in the strength and position of the
SAH are closely related to the outbreak and
advancement of the East Asian monsoon, and the
advancement and stagnation of rain belts in China. As

early as 1958, Mason and Anderson [1] noted that the
summer SAH is the strongest and most stable
atmospheric centre of action in the Northern
Hemisphere in addition to the polar low-pressure at 100
hPa. Tao and Zhu [2] proposed that the SAH is
characterized by obvious east-west oscillation and
circulation pattern adjustment, showing relative motion
and reversed motion in relation to the Western Pacific
subtropical high. Since then, the importance of the SAH
activities to the entire Northern Hemisphere atmospheric
circulation evolution and weather and climate changes
in China is gradually being realized[3-5].

In recent years, with concern for the monthly,
interannual and interdecadal scale of climate change and
prediction, much progress has been made in the study of
the seasonal, interannual and interdecadal SAH. From
the perspective of seasonal change, there is a significant
seasonal cycle of intensity and location of the SAH. In
winter (October to April), the SAH is weak and mainly
located over the ocean 140°-170°E south of 25°N. In
May, the SAH moves northwest across the Southeast
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Philippine Sea over the Indochina Peninsula. In June,
the SAH moves over to the Tibetan Plateau and its
strength enhances obviously. During the summer
(July-August), the SAH is in Asia, with its centre
usually located over the Tibetan Plateau and the Iranian
Plateau, representing two patterns [6]. In September, the
SAH is weakened and retreats to its June location. In
October, the SAH retreats east and over the Pacific,
completing the mode shift from summer to winter. The
formation, maintenance and seasonal cycle of the SAH
are closely related to atmospheric heat. Ye and Zhang[7]

presented that the Tibetan Plateau heating is the cause
of the SAH in summer. Wu et al. [8] and Liu et al. [9]
revealed the impact of spatially inhomogeneous diabatic
heating on the variation of the subtropical high. They
noted that the high-altitude subtropical high appears on
the east side of the surface sensible heating field and
the west side of the deep convective condensation
heating field. Qian et al. [6] showed that the SAH is a
warm high and its centre has the property of heat
preference, and the planetary scale land-sea contrast
heating field affects its seasonal variation. Liu et al. [10]
noted that the SAH will split over the ocean east of the
Philippines, moving westward and strengthening over
the Indochina Peninsula. Liu also noted that its main
triggering factor is the change in the atmospheric
diabatic heating in Southern Asia.

Most evidence suggests the interannual,
interdecadal signals in the SAH indices, including the
SAH ridge line, SAH area, SAH intensity, SAH centre
position, and the date when the SAH reaches over the
Tibetan Plateau, etc., and further verifies the close
relationship between the SAH interannual, interdecadal
variation and the tropical and subtropical region sea
surface temperature (SST) anomaly and the El
Nino-Southern Oscillation (ENSO) events [11-20]. Chen et
al.[11] proposed a quasi-three-year oscillation of the SAH
ridge latitude and area and their correlation with the
geopotential height fields in the middle-upper
troposphere over the equatorial regions. Zhang et al. [12]
further demonstrated a quasi-3.8-year oscillation period
of the SAH consistent with the period of ENSO and
argued that the SAH variation has a close correlation
with 0-5 months ahead of the SST in the Indian Ocean
and with 4-6 months ahead of the SST in the equatorial
Eastern Pacific. In addition, the quasi-10-year oscillation
and quasi-25 -30-year oscillation of the SAH eastern
extension index were also disclosed by Tan [13].
Moreover, Yang and Li [14] studied the influence of the
equatorial tropical-Indian Ocean temperature anomaly
mode on the SAH interannual variation. In contrast,
Yang and Liu[15] concluded that during the ENSO cycle,
the equatorial Eastern Pacific SST anomaly first charges
to the Indian Ocean and induces the Indian Ocean
basin-wide warming mode, which, in turn, influences
the atmospheric circulation and makes the summer SAH
stronger. The Indian Ocean dipole is another influencing

factor on the eastern extension of the SAH range on the
1-8-year time scale (Lin et al.[16]). Interdecadal variation
is also an important characteristic of the SAH that grew
from weak to strong since 1978, In winter, it is
characterized by a southward-moving high ridge,
eastward-moving centre location, enlarged area and
enhanced intensity, and in summer, it shows some
differences with less change in the centre location,
however, the area is enlarged, and the intensity is
enhanced. These interdecadal variations are consistent
with the characteristics of the interdecadal change in the
lower atmospheric circulation and have a close
relationship with the tropical Pacific [18]. Jiang et al. [19]
indicated that the SAH and Western Pacific subtropical
high have a similar change on the interannual and
interdecadal time scale, both of which becoming
stronger since 1987 and showing a significant link to
the tropical atmospheric circulation, the Pacific and
Indian Ocean SST, and precipitation in China. Another
study (Chen et al. [20]) defined three circulation indices
for the SAH area, centre location and intensity using
geopotential height at 100hPa and noted the apparent
features of the interdecadal abnormal variations in these
indices. The interannual and interdecadal fluctuations of
the SAH exert important effects on the Asian monsoon
and climate change in China [21-27]. Zhang and Wu [21]

analysed the possible correlation of the SAH anomaly
with the rainfall in the Yangtze River Basin in China.
Wang and Guo [23] and Qin et al.[24] suggested a distinct
effect of the SAH establishment over the Indochina
Peninsula on the early and late onset of the South Asian
monsoon.

The summer SAH is located over the Qinghai
Tibetan Plateau and the Iranian Plateau, and a strong
land-air interaction occurs over the mainland, while the
winter SAH is located over the tropical Central Pacific
and a strong air-sea interaction arises over the tropical
ocean. Therefore, it can be argued that the SAH is an
important linkage in the interaction between the sea,
land and atmosphere and has a direct interaction with
the tropical and subtropical atmospheric circulation and
SST. As a strong anticyclone circulation system in the
Asian upper troposphere, the SAH is a precursory signal
for climatic anomalies with features of stability,
continuity and advancement[12].

Many studies have well documented the influence
of tropical and subtropical SST on the interannual
variability of the SAH. However, as the background of
seasonal and interannual time scale variation, the
interdecadal-scale association between the SAH and
SST anomaly is still an important subject that is worthy
of further study. This paper investigates the possible
influencing mechanism of tropical and subtropical SST
on the interdecadal variability of the SAH in summer
and winter given the seasonal difference of the SAH
and atmospheric circulation between summer and
winter, using observational and modelling analyses. This
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will benefit the understanding of the properties and
causes of the interdecadal variation of the climate in
China.

2 DATA, METHOD AND MODEL

In this study, we utilize the American NCEP/
NCAR reanalysis monthly mean geopotential height,
temperature and wind fields during 1948 -2012. The
data are available on a 2.5°×2.5° latitude and longitude
grid and pressure levels spanning the depth of the
troposphere. The Extended Reconstructed Sea Surface
Temperature (ERSST) dataset is used for analysing the
correlation between the SAH and SST, and this global
monthly SST dataset was derived from the International
Comprehensive Ocean-Atmosphere Dataset (ICOADS).
It is produced on a 2° × 2° grid with a spatial
completeness enhanced by statistical methods, and the
data time series span the period from January 1948 to
December 2012.

Version 3 of the Community Atmosphere Model
(CAM3.0), developed at the National Centre for
Atmospheric Research (NCAR), is employed to create
ensemble experiments to detect the SAH response to the
imposed SST forcing in different regions. The
horizontal resolution is 128×64 for a triangular spectral
T42 truncation; the vertical coordinate is a hybrid
sigma-pressure system with 26 model vertical layers; the
model time step is 20 s; the monthly mean SST and sea
ice data from January 1949 to October 2001 used in the
different forcing experiment are originated from the
model itself; and the corresponding climatological series
of 12 monthly time samples is based on temporal
averaging over 1981-2001. These data are divided into
two sections, OI SST data sets for the time before 1981
and Smith/Reynolds data sets for that after 1981.

3 INTERDECADAL VARIATION OF THE SAH
INTENSITY

The SAH often shows several centres at the same
time. In this study, the grid of maximum geopotential
height in the areas of the SAH over 200 hPa is defined
as the main SAH centre, and the corresponding
maximum value is employed as the intensity index of

the SAH main centre. This index is a much better
representation of the whole strength of the SAH system,
which is confirmed by the high correlation between the
SAH intensity index serial and the corresponding 200
hPa geopotential height for each month. To isolate the
interdecadal signal of the main centre intensity of SAH,
the climatological value of each calendar month is
subtracted from the SAH intensity index time series to
obtain the departure as the first step; then, the yearly
departure time series of each calendar month is
smoothed with an 11-year moving average to produce
the interdecadal component. The smoothed indices of
each calendar month from 1948 to 2012 were
concatenated to form a long-term data set.

The thin bar-graph shown in Fig.1a shows the
significant interdecadal change of the main centre
intensity of SAH, with a negative anomaly before the
late 1970s and a positive anomaly after the early 1980s.
The transitional period spanning the late 1970s to the
early 1980s, with a significant increasing trend, is
consistent with the results of previous studies [12]. The
Mann-Kendall test was performed to verify the
significant upward trend in the SAH index time series
(Fig.1b). The UF curve starts to turn significantly
upward in the late 1970s, which proves that the
intensity of the main SAH centre was significantly
enhanced. The intersection of the UF and UB curves
confirms the abrupt shift point of the SAH intensity
interdecadal change in the late 1970s. ERA40 reanalysis
data from European Centre for Medium Range Weather
Forecasts (ECMWF) was also used for a comparative
analysis of the SAH interdecadal change features with
the NCEP/NCAR data. Both data sets revealed the
consistent interdecadal variation characteristics among
the SAH area index, eastern extension index and
western extension index in the late 1970s, although the
fluctuating amplitude of all these SAH indices of the
ERA40 data is relatively weaker than that of the
NCEP/NCAR reanalysis data. Further analysis shows
that the main SAH centre index has a close correlation
with the area index, eastern extension index and western
extension index.

Figure 2 presents the spatial pattern of the

Figure 1. Interdecadal variation (a, units: gpm, the ordinate) and the Mann-Kendall test (b) for the anomaly of the main SAH centre
intensity. The abscissa is the year.
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variance of unsmoothed series
variance of smoothed series
ratio (%)

Table 1. The variance of the unsmoothed series and the interdecadal component of the main centre intensity of the SAH in different
months and the ratio between the two series (%).

Month 11

25.9
15.5
36.0

26.5
15.3
33.3

23.9
12.4
26.9

23.2
13.2
32.8

20.9
10.4
24.9

20.9
12.6
36.6

composite SAH in winter and summer during 1949 -
1977 and 1980-2012, respectively, corresponding to the
time period before and after the abrupt jump in the late
1970s. The 12,430- and 12,480-gpm contours were used
to denote the range of the SAH activity in winter and
summer, respectively. Before 1977, the SAH intensity is
weak with a decreasing area, while after 1977, the SHA
intensity is enhanced, and its area is expanded with a
larger expansion in the east-west direction than the
north-south direction. The range of westward expansion
is greater westward than that of the eastward expansion

in winter, while the opposite is true in summer. Next,
we calculated the deviation of the time series of the
interdecadal component of SAH intensity in different
months (Table 1). It is notable that the variance is
maximal in winter, submaximal in spring and summer,
and minimal in September. Meanwhile, the ratio of the
variance of the 11-year moving average time series of
the SAH intensity index to the variance of the
unsmoothed index in each month provides important
evidence for an interdecadal change trend in the SAH.

Figure 2. The contours of 12,430 gpm of SAH in winter (a) and the contours of 12,480 gpm of SAH in summer (b) (the thick
dotted line denotes the period of 1949-1977, the thick solid line denotes the period of 1980-2012 and the thin dotted line denotes
the period of 1949-2012).

21.2
10.5
24.3

21.7
11.8
29.6

17.9
9.0
25.1

20.1
12.5
38.8

20.5
14.0
46.4

24.0
16.8
49.0

9987654321 12

4 RELATIONSHIP BETWEEN THE SAH
INTERDECADAL VARIATION AND THE
TROPOSPHERIC CIRCULATION

There is a direct link between the SAH and the
circulation and thermodynamic state of the tropospheric
atmosphere [6, 8]. Given the obvious seasonal variation of
these subjects, their connection will be separately
investigated in winter and summer. In this study, the
atmospheric wind fields are divided into two parts,
namely, the vortex wind component and the divergent
wind component using the stream function and potential
function, the former reflects the characteristics of the
horizontal vortex circulation, and the latter reflects the
characteristics of the divergent circulation, the vertical
circulation, and the planetary scale exchange of air
mass.

Contemporaneous regressions were performed to
the potential function and divergent wind component of
850 hPa and 200 hPa on the interdecadal time series of
the main SAH centre intensity index in summer and

winter, respectively (Fig.3). Fig.3a, b show the
regression coefficients distribution in winter. During the
positive phase of the interdecadal variability of the
winter SAH intensity, the pattern at 850 hPa is
characterized by main convergence regions located in
the Amazon River Basin and the Indian Ocean, and the
main divergence regions are located in Northern Africa,
the central tropical Pacific and East Asia. The
corresponding pattern at 200 hPa is characterized by
main divergence regions located in the Amazon River
Basin and the Indian Ocean, and the main convergence
regions are located in Northern Africa, the central
tropical Pacific and East Asia. It is accordingly notable
that an ascending motion occurs as air masses converge
at a lower level and diverge at an upper level, and a
subsidence motion occurs as air masses diverge at a
lower level and converge at an upper level; thus, the
anomaly ascent areas lie over the Amazon River Basin
and Indian Ocean, and the anomaly descent areas lie
over Northern Africa, the central tropical Pacific and
East Asia.
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The regression coefficients distribution in summer
is plotted in Fig.3c,d. During the positive phase of the
interdecadal fluctuation of the summer SAH intensity,
the main ascending zones lie from the tropical Eastern
Pacific to the northern part of South America and from
the South China Sea to the Western Pacific. The main
subsidence areas lie over Northern Africa, the central
tropical Pacific and the East Asia monsoon area. It can
be observed that the winter and summer abnormal
circulations are mainly constrained to the tropical and
subtropical regions, although anomalous atmospheric
circulation in the summer is somewhat stronger than

that in winter. In addition, the obvious seasonal
difference in anomalous circulation is noticeable over
the Indian Ocean and Western Pacific with the
abnormal ascending branch located over the Indian
Ocean in winter and the abnormal ascending branch
located from the South China Sea to Western Pacific
regions in summer.

Figure 4 presents the contemporaneous regression
map of the stream function and the vortex wind
component of 850 hPa and 200 hPa on the interdecadal
time series of the main SAH centre intensity index in
summer and winter, respectively. The winter anomalous

Figure 3. The regression coefficients of the potential function and divergent component at the 850 hPa level (a, c), and the 200 hPa
level (b, d) for the interdecadal component of the main centre intensity of SAH in winter (a, b) and summer (c, d). Shaded areas
denote the value exceeding 95% confidence level.
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atmospheric circulation associated positive interdecadal
variability of the SAH intensity is shown in Fig.4a,b. At
850 hPa, there is a relatively strong anomalous
anticyclone over Northern Africa, an abnormal cyclone
over the Indian Ocean, two anomalous anticyclones on
the south and north sides of the equator in the middle
Pacific and two anomalous cyclones south and north of
the equator in the Eastern Pacific, with the centres at

15°N and 30°S, respectively. The distribution forms of
the abnormal circulation at the 200 hPa level is opposite
to that at the 850 hPa level with evidently anomalous
anticyclone circulation over the middle Indian Ocean,
corresponding to Fig.2, in which the obvious extension
of the western part of the winter SAH circulation
reaches the middle Indian Ocean. Since the late 1970s,
however, the SAH shows no eastward extension.

During the positive phase of the interdecadal
change of SAH intensity in summer, the abnormal
distribution feature of the 850 hPa vortex wind
component field (Fig.4c) is a robust anomalous cyclone

from the Bay of Bengal across the South China Sea into
the Western Pacific, a distinct anomalous anticyclone
over Asia, a pair of anomalous cyclones south and north
of the equator in the Eastern Pacific Ocean, an

Figure 4. The regression coefficients of the stream function and the rotational component at the 850 hPa level (a, c) and the 200
hPa level (b, d) for the interdecadal component of the main centre intensity of SAH in winter (a, b) and summer (c, d). Shaded
areas denote the value exceeding the 95% confidence level.
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anomalous anticyclone over North Africa, and a weak
anomalous anticyclone south of the equator in Northern
Africa. Thus, it can be deduced that increasing SAH
corresponds to the weakening East Asian and African
monsoon. Near 200 hPa, the area of SAH in Fig.4d
showed a significantly anomalous anticyclone, which
induced an enhancement of the SAH intensity.

5 RELATIONSHIP BETWEEN THE SAH IN-
TERDECADAL VARIATION AND SST

From the previous section, it is demonstrated that
the interdecadal change of the SAH is mostly correlated
with the tropical and subtropical circulation. However,
the tropical and subtropical SST have an important
effect on the change in atmospheric circulation in these

regions[11-19, 28]. Fig.5 presents the difference in the global
SST between the periods of 1980-2012 and 1949-1977
in winter and summer. The shaded areas at the 5%
significance level suggest significantly abnormal SST
areas, including the tropical and subtropical waters
south and north of the equator in the Eastern Pacific,
the South China Sea, the tropical and subtropical waters
in the Western Pacific, the tropical and Southern Indian
Ocean and the Gulf of Guinea. The SST deviation in
these areas is abnormally warm by over 0.2°C; thus, the
result argues that the interdecadal variation of the SAH
intensity can be closely related to these tropical and
subtropical SSTs, but these issues need to be verified by
further study in the next sections.

Figure 5. The difference in global sea surface temperature between 1980-2012 and 1949-1977 in winter (a) and summer (b)
(units: ℃). Shaded areas denote the difference exceeding the 95% confidence level.

ENSO is a strong signature of air-sea interaction,
causes prominent anomalies change of global sea
temperature and atmospheric circulations, and its
amplitude, period and structure feature convincing
interdecadal variability [29]. The SAH intensity has a close
correlation with ENSO on interannual time scales [17].
The comparison of 2-7 year filtered time series of the
SAH intensity in summer and winter to recorded ENSO
events [30] demonstrated that the SAH intensity is
relatively weak during the summer decaying phase of
La Ni觡a and relatively strong during the summer
decaying phase of El Ni觡o, with an exceptional case of
a weak summer SAH associated with the strong El Ni觡o
event in 1992.

From May 1991 to July 1992, in the east-central
equatorial Pacific, a strong El Ni觡o event developed.
This warm event reached its peak in the boreal winter
of 1992 and tended to decline rapidly by next summer.
However, the SAH intensity presented significant
negative anomalies in the winter and summer of 1992,
with fewer negative anomalies in winter and larger
degree of negative anomalies in summer (figure
omitted). Comparing the 1992 event to other El Ni觡o
events reveals significant differences in anomalous
atmospheric circulation. During the mature phase of a
typical El Ni觡o in winter and the decaying phase in
summer, the significantly positive geopotential height
and temperature anomaly of the middle and upper

stratosphere often appear in the 30° N -30° S latitude
band, with the maximum value of anomalous change
over the equator decreasing towards the north and south.
Furthermore, the degree of deviation of the atmospheric
circulation is larger in winter than in summer (figure
omitted). However, during the boreal winter in 1992,
there are obvious positive anomalies of the geopotential
height fields and temperature fields in the middle and
upper stratosphere over the eastern equatorial Pacific, a
relatively weak positive anomaly in the Indian Ocean
between the 15° N and 15° S, an apparently negative
anomaly in the central equatorial Pacific and its western
region where the winter SAH is located. During the
boreal summer in 1992, the geopotential height fields
and temperature fields in the middle and upper
stratosphere still presented a weak positive anomaly in
the central and eastern equatorial Pacific; however,
north of 10°N, in the eastern hemisphere, there was a
strong negative anomaly. The subtropical area where the
summer SAH is located is characterized by significantly
negative anomalous geopotential height and temperature
fields that give rise to a weak SAH intensity (figure
omitted). It is suggested that the physical link between
the El Ni觡o event and the SAH intensity change is broken
due to the intervention of other influencing factors.
Xu [31] argued that the Pinatubo volcanic cloud in June
1991 had an important effect on the large-scale climate
cooling in 1992. The impact of that volcanic cloud and
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other factors on the SAH change in 1992 need further
study. In this analysis, we focus on whether the
relationship of the El Ni觡o event with the SAH on
interannual time scales will be changed on the
interdecadal time scale.

The yearly time series of the winter or summer
SAH main centre intensity indices and the yearly Ni觡o3.4
index series in winter were subjected to a 21-year
moving correlation calculation, and further eliminating
the value in 1992, the remaining parts of the two index
time series were used once again for a 21-year moving

correlation calculation. The correlation coefficient
curves (Fig.6, solid circle) between the complete SAH
intensity indices and winter Ni觡o3.4 index exhibit a
significant interdecadal change. The correlation value is
above 0.5 before the early 1980s, however, after the
early 1980s, the correlation value starts to drop below
the test value at the 5% significance level, and a
stronger declining trend is found in summer than in
winter. So, it seems reasonable to conclude that the link
of SAH with ENSO events has become weak since the
early 1980s.

Figure 6. The 21-year running correlation coefficients (as shown on the ordinate) between the main SAH centre intensity and the
Ni觡o3.4 index from 1949 to 2012 (solid circle) and the 21-year running correlation coefficients for the two series except for the
year 1992 (hollow circle) in winter (a) and summer (b). The abscissa is the year.

In contrast, when the index value for 1992 was
removed from the main SAH centre intensity indices
and Ni觡o3.4 index, a distinct difference is found in their
correlation coefficient (Fig.6, hollow circle). The
21-year moving correlation coefficient value is above
0.6 or 0.5 in either winter or summer, with a slightly
downward trend around the year 2000. Therefore, it can
be inferred from the above analysis that there is a close
correlation between the SAH intensity change and
ENSO events on the interannual time scale, and this
close link does not feature the appearance of the
interdecadal change since the early 1980s. It is the
unusual event in 1992 that marks the close relation of
the SAH with the ENSO.

6 NUMERICAL SIMULATIONS OF SAH IN-
TERDECADAL VARIATION

Version 3 of the NCAR community atmosphere
model (CAM3.0) is used to investigate the role played
by different ocean areas in the effect of SST anomaly
on the SAH interdecadal variation. Considering the
significantly anomalous SST regions shown in Fig.5,
five groups of SST forcing experiments are done. Each
group includes two ensemble members, which differ
from each other only in the specification of initial
atmospheric conditions, and the entire ensemble
member run is integrated from 1949 to 2000. Detailed
description of experimental design is as follows.

Experiment one: The model was forced by
repeating the annual cycle of monthly climatological

values of SST and sea ice. This experiment is referred
to as the climatological SST simulation and is used to
investigate the characteristic of interdecadal variation of
SAH intensity caused by climatologically averaged
SSTs and sea-ice forcing.

Experiment two: The model was forced by
interannually-varying monthly globe-wide observed
SSTs time series and sea ice to assess the ability of the
CAM3.0 model to reproduce realistic interdecadal
variability observed in the SAH intensity. This
simulation is known as the control simulation or
interannually-varying SST simulation.

Experiment three: The forcing SST over the
subtropical and tropical Pacific and Indian Ocean region
shaded in Fig.7 (42°-150°E, 30°S-20°N; 150°-280°E,7°
-20° N and 150° -280° E, 30° -7° S), is specified as
interannually-varying monthly observed SSTs time
series, while the SSTs in other sea areas are a fixed
climatological annual cycle, and the global sea ice is
also a fixed climatological annual cycle. This
experiment will isolate the influence of SST over the
subtropical and tropical Pacific to Indian Ocean region
on the SAH interdecadal change; thus, it is referred to
as the tropical Pacific and Indian Ocean simulation.

Experiment four: The forcing SST over the Ni觡o3
and Ni觡o4 region is the interannually-varying monthly
observed SSTs time series, and other sea areas of SSTs
and global sea ice are the climatological annual cycle.
This experiment is called the tropical Eastern Pacific
simulation and will be used to examine the ENSO role
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in affecting the interdecadal change of SAH intensity.
Experiment five: The forcing SST throughout the

Indian Ocean (40°-130°E, 30°S-20°N), which is region
B in Fig.7, is the interannually-varying monthly
observed SSTs time series, and other sea areas of SSTs
and global sea ice are the climatological annual cycle.
We refer to this experiment as the Indian Ocean
simulation, and it interprets the Indian Ocean SST
impact on the interdecadal change of SAH intensity.

In the climatological SST simulation experiment in
Fig.8a, the interdecadal variation of the modelled SAH
centre intensity does not exhibit the observed increasing
trend, but instead a slight weakening trend since late the
1980s. The interannual-varying SST simulation shown
in Fig.8b well reproduces the significant increase of
SAH intensity on the interdecadal time scale in the late
1970s. Both the sliding T test and the Mann-Kendall
test confirm the occurrence of the interdecadal change
of the SAH, although the modelled abrupt shift time
point is 1 to 2 years later and the modelled amplitude is
also weaker than the observed results. The simulated
results of experiment three, namely, the tropical Pacific
and Indian Ocean simulation, match that of experiment
two, the interannually-varying SST simulation. Through
the comparison of the first three experimental results, it
can be confirmed that there is a close relationship
between the interdecadal change of SAH intensity and
the tropical Pacific and Indian Ocean SST. Next, it is
necessary to decide what portion of this region is most
important? The tropical Eastern Pacific simulation with
SST forcing in Ni觡o3 and Ni觡o4 region alone (Fig.8d),
also captures the abrupt shift of the SAH intensity
interdecadal change in the late 1980s. However, it has a
significantly smaller magnitude of SAH anomalous
variation than experiments two and three. This
underestimation reflects that SST in the Ni觡o3 and Ni觡o
4 ocean areas is not the primary driver in the
interdecadal change of SAH intensity. In addition,
experiment five for the Indian Ocean SST forcing
experiment highly reproduces the increasing trend of
SAH interdecadal change, only with a slightly weaker
amplitude of variation than experiment two and three
(Fig.8e).

The simulated interdecadal signals of SAH
intensity in January and July from different experiments
are also shown in Fig.9. In January, the observed and
simulated results from experiment two to experiment
five show the consistent abrupt point between the late

Figure 7. The selected areas of sea surface temperature for the
third (shaded region), fourth (A region), and fifth (B region)
model experiment.

Figure 8. The interdecadal variation of the main SAH centre
intensity in the first (a), second (b), third (c), fourth (d), and
fifth (e) model experiment (shown as anomaly, units: gpm).
The abscissa is the model year.
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1970s and the early 1980s. The modelled anomalous
strength of SAH from all the experiments is further
comparatively analysed. The simulated anomalous
intensity of SAH interdecadal variation in experiment
two during 1965 -1990 is weaker than the observed
intensity, and the simulated results from the tropical

Pacific and Indian Ocean simulation, Indian Ocean
simulation and the tropical Eastern Pacific simulation,
are weaker than the result from experiment two. These
results confirm the important role played by the tropical
Pacific and Indian Ocean SST influence on the SAH
interdecadal variation in winter.

Figure 9. The interdecadal variation of the SAH main centre intensity in January (a) and July (b) (shown as anomaly, units: gpm).
The thick solid line shows the observed result, the dotted line the result of second experiment, the solid circle the third experiment,
and the thin solid line the fourth experiment and the hollow circle is for the fifth experiment. The abscissa is the year.

In July, except for the Indian Ocean simulation,
other experiments simulated an abrupt shift time of
SAH main centre intensity interdecadal change from the
late 1970s to the early of 1980s. The abrupt shift time
in the Indian Ocean experiment is the early 1970s. From
the point of view of the abnormal degree of the
interdecadal variation, the modelled SAH intensity in
experiment two forced by interannual-varying global
SST simulation is also slightly weaker than the observed
intensity. The SAH anomalous intensity in both
experiment three, forced by SST in the tropical Pacific
and Indian Ocean, and experiment four, forced by SST
in the Ni觡o 3 and Ni觡o4 regions, is distinctly weaker
than that in experiment two. However, the sum of SAH
anomalous intensities in both experiments is equivalent
to the intensity in experiment two. It can be concluded
from the above discussion that the interdecadal
anomalies of summer SAH has a closer correlation with
the Pacific Ocean SST than the Indian Ocean SST. In
conjunction with the significant abnormal cyclone
circulation and ascending motion over both the Western
and Eastern Pacific regions during the positive phase of
the interdecadal component of the summer SAH
intensity variation (Fig.4c,d), and the spatial distribution
SST anomaly (Fig.5b), it can be inferred that the
summer SAH has a more direct relationship with the
local air-sea interaction over this region, due to the
shorter distance between the location of the SAH and
the South China Sea and Western Pacific region.
Meanwhile, the more complex physical process of the
interaction between the SAH and SST over the Eastern
Pacific needs further study.

In summary, the interdecadal change characteristics
of SAH intensity are consistently reproduced in the
interannually-varying SST simulation, only with a
slightly weaker amplitude than what is observed. The

tropical and subtropical Indian and Pacific Ocean SSTs
show a close correlation with the interdecadal variation
of SAH intensity. In winter, the Indian Ocean plays a
more important role in the SAH interdecadal change,
while in summer, the South China Sea and Western
Pacific play a more important role. Moreover, the
Eastern Pacific is also another effective factor.

7 CONCLUSIONS

This study utilized diagnostic analysis and
numerical simulation to study the physical mechanism
between the interdecadal variation of the SAH and the
tropical and subtropical SST. The major conclusions are
summarized as follows.

First, the intensity of the SAH undergoes a
significant enhancement process on the interdecadal
time scale since 1978. Before the late 1970s, the SAH
intensity is relatively weak, and the SAH area is
relatively small. After the late 1970s, its strength is
enhanced, and the area is expanded in the east-west
direction. The expansion degree is greater westward
than eastward, while it is the opposite in summer.
Overall, there is larger amplitude of the SAH intensity
and area anomalies in winter than in summer. These
SAH interdecadal change characteristics agree well with
the results of previous studies[12].

Second, there is a close relationship between the
interdecadal change of the SAH intensity and the
tropical and subtropical atmospheric circulation. During
the positive phase of the SAH intensity anomaly, the
spatial patterns of the divergent wind component are
characterized by two obvious ascending regions and
three distinct descending regions. One of the ascending
regions is located from the Eastern Pacific to the
northern part of South America in both summer and
winter. Another ascending region lies over the Indian
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Ocean in winter and over the South China Sea and
Western Pacific in summer. The three subsidence zones
are situated over the Mid-Pacific, North-Central Africa
and Eastern Asia.

During the positive polarity of the SAH intensity,
in winter, the fields of vortex wind component anomaly
from east to west feature a strong anomalous
anticyclone over Northern Africa, an anomalous cyclone
over the Indian Ocean, two anomalous anticyclones
south and north of the equator in the Mid-Pacific, and
two anomalous cyclones south and north of the equator
in the Eastern Pacific. In summer, the vortex wind
fields at the lower level present a strong anomalous
cyclone over the South China Sea and Western Pacific,
a relatively strong anomalous anticyclone over Asia,
two anomalous cyclones south and north of the equator
in the Eastern Pacific, and an anomalous anticyclone
over Northern African. In addition, the abnormal
circulation at the higher level is opposite to that at the
lower level.

Third, the interannual variation of the SAH
intensity is closely correlated with ENSO events;
however, the 21-year moving correlation coefficient
value between them is consistently more than 0.5 and
does not show the characteristics of the interdecadal
abrupt change.

Fourth, through diagnostic analysis, this work
confirms the characteristics of the SAH interdecadal
variation and its correlation with tropical and
subtropical SST anomalies, all of which is consistent
with previous studies [12, 19]. Therefore, we further discuss
the possible effect mechanism of different sea areas of
SSTs in the tropical and subtropical zone using the
CAM3.0 climate model. The simulation results show
that the SAH intensity interdecadal variation is
correlated with tropical and subtropical SST anomalies.
In winter, the Indian Ocean plays a more important role
in the SAH interdecadal change, while in summer, the
South China Sea and Western Pacific play a more
important role. Moreover, the Eastern Pacific is also an
important influencing factor. Considering that the winter
SAH is located south of 25°N in the middle tropical
Pacific and shows an obvious westward extension after
1977 over the middle Indian Ocean with no eastward
extension of its scope, while the summer SAH lies over
the Tibetan Plateau and has an obvious eastward
extension of its scope after 1977, all these atmospheric
circulation anomalies further confirm the conclusion
drawn from the simulation.
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