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Present study uses the nonparametric Mann Kendall trend test to analyse the temporal variations in
anticyclones over the Indian Ocean. The increasing trend in the anticyclones over 1020 hPa intensity
starts to organize over the Indian Ocean during summer months. The area as well as the intensity of
the high pressure system further increases during autumn months and it covers the entire southern part
of the domain. During winter time further intensification and expansion covers the entire band with
more anticyclones. During spring the center moves to the westwards over the Indian Ocean due to this

the anticyclones started to decrease over the continent and then it attains the summer positions again.

Key Words:

Anticyclone, Indian Ocean,
Mann Kendall, Center of Action

*Corresponding author: Saqib-Ur-Rehman

Copyright©2019, Saqib-Ur-Rehman et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

climatology of Indian Ocean subtropical anticyclone”, International Journal of Current Research, 11, (03), 1913-1916.

[ Citation: Saqib-Ur-Rehman, Bilal Ahmed Usmani and Abdul Jamil Khan, Kamran Khan, Syeda Sadia Zia and Syed Adnan Hussain, 2019. “A ]

INTRODUCTION

It has been observed that wind pressure gradients over a
region, also referred to as the Global Circulation, greatly affect
the weather system. The Azores High is a semi-permanent
anti-cyclonic region. It is basically a high pressure system and
is formed as a result of sinking air over the North Atlantic
Ocean (NAO). The NAO weather phenomenon is formed due
to the difference between the Icelandic low pressure system. In
order to investigate the weather variations due to the wind
pressure gradients, localized averages of the pressures are
used. However, based on the concept by (Rossby, 1939) and
the technique developed by (Hameed, 1995), the Centre of
Action (COA) approach can be utilized to provide a better
visualization of wind circulation patterns. COA is a
quantitative assessment of the fluctuations in mean sea level
pressure (MSLP) to study the centers of high or low pressure
systems over a domain. It consists of the intensities of high or
low pressure systems and their corresponding positions
(Rossby, 1939) worked on the idea of averaging daily
atmospheric pressure charts through which the center of high
and low pressure systems was identified. These centers were
referred as the semi-permanent centers of action. The three
objective indices namely, intensity of pressure system and the
latitude and the longitude positions at that intensity provide a
better understanding of the fluctuations in MSLP and its
associated climatic patterns (Hameed et al., 2012). Investigated
the precipitation over African Sahel zone and found that the

variations in the Sahel precipitation was influenced by the
fluctuations in the Azores High and the South Asia Low
(35°E-95°E, 10°N-35°N) pressure systems (Hameed et al.,
2017). Also investigated the winter rainfall over SWWA and
found that the intensity and longitude positions of IOH (40°E-
120°E, 10°S-45°S) explained the variability in winter rainfall
(1951-2008) over SWWA than the other climate parameters of
the study. COA can also be applied to explore the associations
between ocean and regional stream flow variability as done by
(Nazimabad, 2014) by using COA, it was found that the winter
(May-August) variability in the intensity and the longitude
positions of the Indian Ocean High (IOH) also explained the
Southwest Western Australia’s (SWWA) winter stream flow
variability. Hameed ef al., 2017 and Nazimabad, 2014 showed
that there exists a strong inverse association of the mean
central pressure as well as its longitude positions over the
Subtropical Ridge (STR), (30°S) over the Indian Ocean with
SWWA rainfall and its stream flow variability respectively.
STR is the region near mid-latitudes where the average high
atmospheric pressure prevails. The existence of STR is due to
the heat exchange (by wind) between the equator and the
subtropics by Hadley cell (Cai et al., 2011). The subtropical
belt showed significant increasing trends during 20th and early
21st centuries in the vicinity of eastern Australia (Timbal et al.,
2013). Drosdowsky, (2005) defined the subtropical ridge for
Southeast Australia (SEA) as the zonal average of the
maximum MSLP over the region bounded by 145°E-150°E,
10°S—44°S and is referred as the STR intensity and STR
positions are the latitude positions which hold the high
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pressure found that the autumn rainfall declined over SEA is
associated with STR intensity and its latitude positions over
southeast Australia. The objective of this study is to explore
the seasonal trends of anticyclones over STR for the period of
1951-2016. The large scale of the domain (40°E-155°E, 10°S-
50°S) of STR over the Indian Ocean and the Australian
continent is chosen because maximum variations occurred over
the large region (Hameed et al.,, 2017; Nazimabad, 2014; Cai
and Cowan, 2013) of STR.

DATA AND METHODS

We used daily MSLP observations (with resolution 2.5°
longitude by 2.5° latitude) data for the domain 40°E-155°E,
10°S-50°S. The MSLP data for this domain obtained from the
National Center for Environmental Prediction (NCEP) (Collins
et al., 1996). We applied the nonparametric (Mann, 1945;
Kendall, 1975) trend test on the percentage of the frequency of
anticyclones data. It was used to analyze the monotonic
increasing or decreasing trends in the water data (Hirsch and
Slac, 1984). The obtained results were tested at p<0.05
statistical significance level. The rejection of the null
hypothesis Hy, was characterized as the existence of an
increasing or decreasing trend in the data set (Blain, 2012).
Mathematically the test is explained by (Bower ef al., 2000) as,
if y; and y, are the independent and identically distributed
random data values the test static “s” defined as,
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For a sample size of 30 or greater, the hypothesis tests can be
obtained by applying the following test statistic, in which z is
the magnitude of a standard normal deviation
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N is the size of the sample and m is the variance of s that is
given below,
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Where G is the total number of groups of values y; that have
same magnitude (i.e. ties) and the total number of ties in ith
group is represented by T;.

The Mann-Kendall trend test was not only used to analyze the
trend in water data but was used in other climate time series
data as well (Nazimabad, 2014) applied the Man-Kendall
trend test to find the trends in 288 temperature stations of New
South Wales. They found that 51% of the stations showed
increasing trends which were significant at p<0.01 statistical
level while only 7% of the stations showed decreasing trend
which was insignificant over the period of 1966-2011.

RESULTS

The center of the high exhibits a large seasonal variation in the
intensity and longitude positions than the latitude positions.
Figure 1 provides the summary of the variations observed
during the months in the center of the IOH. From Summer to
Spring, the results depict more variations over the longitude
than the latitudes in the anti-cyclonic behavior. These
observations are consistent with the observations of Larsen
and Baker-Reid (2009). They observed large variations across
Australian longitudes which associated with the southern
Australian rainfall. It was also observed that the center of the
IOH remained more southward during autumn than winter time
conditions of the IOH. An overview of each seasonal analysis
is discussed below:

Figure la shows during summer the IOH originates to intense
and expand more over the domain and remains southward of
the domain. (Grose et al., 2010) found that the summer rainfall
over the western Tasmania is projected to decrease and this
decrease is consistent with the southerly movements and
intensification of the STR. Figure 1b shows that during
autumn, more expansion and intensification takes place in the
center of the high than the summer. The center of the high
during autumn attains 60% of the total anticyclones with
intensity more than 1020 hPa. Southern Australia bears 10-
40% of the total anticyclones which increase southwards over
the continent.

Figure lc shows that during winter, the high attains its peak
expansion and intensification over the Indian Ocean. The
center attains 80% of the anticyclones around it while the
southern part of the continent bears maximum of 60% of the
anticyclones during winter. This result is consistent with the
results of who showed that more anticyclones tend to track
over the continent during winter than the other austral seasons.
This is due to the presence of high density of transient
anticyclones observed over the pole ward side than undisturbed
equator ward flow (Drosdowsky et al., 2005; Jones, 1994).
Figure 1d shows the position of the high during spring. The
center of the high is comparatively less intense than the winter
time conditions. The southern part of the continent bears 20%
of the anticyclones which is weaker than the autumn time
conditions.

The Mann-Kendall trend test was used to study the trends in
the seasonal percentage of anticyclones. Figure 2 illustrates the
results of the trend analysis. Contour areas which were
bounded by the values over 1.96 show the evidence of
statistically significant increasing trends at 0.05 statistical level
in the high pressure system over STR. We have in shown in
Fig. 2a, during summer the increasing trend in the large area of
the high pressure system over the southward direction is
statistically significant at p<0.05 level while the increasing
trend over the southern Australian is insignificant. Figure2b
shows the significant trend areas are widely spread over the
entire domain including southern Australia except blue shaded
areas which are bounded by either zero or positive one values.
This means that the increasing trend in the anticyclones during
autumn is statistically significant at p<0.05 level of significance.
Figure 2c shows the increasing trend in the entire band of STR
during winter time the anticyclones remain statistically
significant at 0.05 statistical level. Figure 2d shows, during
spring the band from 40°E-80°E remains significant while the
trends over the continent remains insignificant.
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Fig. 1 Seasonal variation in the Indian Ocean High based upon observations from 1951-2016, for, (a) Summer (December-February),
(b) Autumn (March-May), (c) Winter (Jun-August) and (d) Spring (September-November)
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Fig. 2 Shows the Mann-Kendall trend test results, areas bounded by values over 1.96 are significant at 0.05 level of significance from
1951-2016, for, (a) Summer (December-February), (b) Autumn (March-May), (c) Winter (Jun-August) and (d) Spring (September-
November)
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Conclusion

The intensity of the high pressure over the subtropical belt is
increasing (Timbal et al., 2013; Solomon et al., 2007). The
largest tropical expansion rates are observed over Asia,
Australia and New Zeland (Lucas et al, 2015). Many
researchers found that the intensification and expansion in the
STR 1is associated with the variations in the Hadley
Circulations, for example, (Williams et al., 2009) found that
the variations in the Hadley Circulations over the southern
hemisphere and the variations in the meridional circulations
are related to the southeastern Australian high and the
southeastern high pressure system significantly associated with
the seasonal rainfall over the continent (Grise et al., 2018).
who showed a statistically significant intensification of their
Hadley circulation indices throughout the second part of the
20th century (Allen and Kovilakam, 2017). Observed the
expansion in the tropical belt over the few decades and found
the mechanisms that related to this expansion (Evans et al.,
2012). Found also that the expansion rate in the Hadley
circulation observed as 0.55° per decade which remained most
pronounced and significant during summer and autumn in each
hemisphere over the period of 1979-2009 (Larsen et al., 2009).
Study the variability of STR during austral winter for the
period 1850-2006. They found that the expansion in the
longitude of the STR around 17° and the intensity of the mean
central pressure of the center increased around 1.5hpa (Larson
et al, 2005). found that the mean winter circulation over the
Australian and New Zealand region is strongly associated with
the persistent anti-cyclonic activity. Our findings are consistent
with the above findings. The increasing trend in the
anticyclones over 1020 hPa intensity starts to organize over the
Indian Ocean during summer months. The area as well as the
intensity of the high pressure system further increases during
autumn months and it covers the entire southern part of the
domain. During winter time further intensification and
expansion covers the entire band with more anticyclones.
During spring the center moves to the westwards over the
Indian Ocean due to this the anticyclones started to decrease
over the continent and then it attains the summer positions
again.
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