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Abstract

This study unveiled a significant relationship between the fluctuations in the mean central pressure (MCP)
intensity and its east-west movements within the Subtropical Indian Ocean, elucidating the fluctuations in
average monthly rainfall across synchronized districts in Tasmania during March-May from 1951 to 2017.
The MCP intensity and its longitudinal shifts demonstrated an inverse correlation with the monthly average
rainfall across these coherent districts. Notably, the MCP intensity and its longitudinal positions exhibited
a stronger correlation compared to other climatic variables in the study, with the exception of March,
where intensity lacked direct correlation but its position reflected its impact. Our findings revealed a rising
trend in MCP intensity from March to May, primarily concentrated along Tasmania's west coast, resulting
in a decline in autumnal (March-May) average rainfall across Tasmania, Australia, throughout the 1951-
2017 period.

Keywords: Indian Ocean Subtropical High Pressure, Intensity, Variability, Mean Central Pressure
Coherent Rainfall Districts, Climate Variables, Inverse Association, Correlation.

Introduction

Tasmania is the southernmost state of south east Australia. The state stretches from 40° E to 43.5° E where
it experiences the westerly air stream which brings moisture content to onshore from the subtropical Indian
Ocean (I10) to the west coast of the state. The elevated mountains in the western region, coupled with the
prevailing westerly airstream, contribute significantly more rainfall to the western part of the state
compared to other regions. Hope et al., (2015) found that winter time rainfall over Tasmania is projected to
increase. The East-Coast low is the term used locally to denote cyclonic system that forms over the Pacific
Ocean near east-coast of Australia that also contributes more rainfall in the eastern Tasmania (Dowdy et al.,
(2013) and Bennett et al., (2012)), this rainfall system contributes more water into the water bodies for the
agricultural districts of eastern Tasmania (Pook et al., (2010). According to CFT, (2010) the data indicates
a decrease in Tasmania's rainfall since the mid-1970s. Various climate drivers operating across the southern
oceans might have influenced Tasmania's rainfall systems. Hill et al. (2009) found the variability in the
inter-annual rainfall associated with Pacific South American mode (PSA), Southern Annular Mode (SAM)
and EI-Nino Southern Oscillation (ENSO). Chiew et al. (1994) found the association between ENSO and
the Stream flow anomalies over Tasmania. Meneghini et al., (2007) found the association between winter
time rainfall over some parts of Victoria, Southern South Australia and Tasmania. The annual rainfall over
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southeast Australia has been declined since 1950s and there was no association between the subtropical
ridge intensity (STR) and the SAM over the autumn (March-May) rainfall where the maximum declined
has been occurred since 1980 Cai and Cowan (2013). The IOSHPS and IOSHLN were associated with the
autumn (March-May) streamflow over Arthur River and Tamar River catchments of Tasmania for the
period of 1951-2012 (Rehman et al., (2015a) and Rehman et al., (2015b)) respectively.

The study aimed to pinpoint Tasmania's districts displaying analogous patterns in average rainfall from
March to May and to investigate the correlation between this average rainfall among synchronized districts
and the overarching climatic variables in the Indian Ocean and Pacific Ocean between 1951 and 2017.

Data Description and Method

We have obtained the mean sea level pressure (MSLP) data (2.5° latitude and longitude) from National
Center for Environmental Prediction (NCEP) reanalysis (Kalnay et al., 1996). The MSLP data used to
construct the indices of Indian Ocean Subtropical High (IOSH) (defined below) for the period of 1951-
2017 for the autumn (March-May) months. The monthly average rainfall for autumn months March-May
over the districts of Tasmania obtained from Bureau of Meteorology of Australia (BoM).
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Fig.1 Hlustrates the trend of Indian Ocean Subtropical High Pressure (hpa) with time from 1951- 2017

during (a) March (b) April and (c) May.

Indian Ocean Subtropical High Pressur

Rossby et al., (1939) Claimed that the centers of high (low) sea level pressure systems and their positions
influenced the climate of associated regions and named this approach as the center of action (COA). This
approach also applied by (Hameed et al., (1995); Hameed et al., (2011) and Rehman et al., (2013)). The
approach was further improved by Rehman et al., (2015c) have used this form and calculated IOSH indices
over the domain (102.5 to 142.5 °E — 10 to 50 °S) of Indian Ocean (10) for the period of 1951-2017.The
IOSH are the three objective indices, namely, the IOSHPS, IOSHLN and IOSHLT. The IOSHPS is the
index of the average of the maximum intensities of MSLP over the domain of 10 at a time t and the
IOSHLN and IOSHLT are the indices of the average of the longitude and latitude positions of the
corresponding maximum intensities of the 10 domain at a time t. We have also noticed the increasing trend
with time in the IOSH indices (Fig.1 and Fig.2) which explains that during the autumn (March-May)
months the intensity of mean central pressure (MCP) is increased (Fig. 1) and it mostly observed near the
west coast (Fig.2) of Tasmania over the study era.
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Fig.2 lllustrates the trend of Indian Ocean Subtropical High Longitude (degrees) with time from 1951-2017
during (a) March (b) April and (c) May with time from 1951-2017.

On the other hand, we have observed that the average monthly rainfall over each district is highly variable
(noisy) and the trend analysis is difficult to perform because of the high noise, we have removed the high
frequency fluctuations and reconstructed each time series by applying discrete wavelet transform
Daubechies4 (db4) (up to a four-level of decomposition), which extracts local linear trends from high
frequency variations (Daubechies, 1992). The reconstructed time series of average monthly rainfall over
each district and each month from March-May plotted against time.
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Fig.3 lllustrates the average rainfall over the coherent rainfall districts (districts whose average rainfall
shows similar patterns with respect to time) during (a) March (b) April and (c) May.

In this way, we have constructed 27 figures (9 districts and three months (March-May)). The districts
which showed the similar trend in average rainfall with time in a month (Fig.3) their average rainfalls were
averaged to make one coherent average rainfall that may be interpreted as the representative of all those
districts (Fig.4).

ISSN: 2308-7056 Khan, Khan & Ayub (2023) 73



www.irbas.academyirmbr.com

International Review of Basic and Applied Sciences

October 2023
Vol. 11 Issue.4

O,

- Northern
I Midlands
I Derwent Valley
- Central Plateau
- West Coast
|:| King Island

. - Northern

" [l Central Plateau|

Il East Coast

- West Coast
[] King Island
[l Filinders Island

. - Northern
Il East Coast
" [l Midlands

- Southeast
I:l King Island
[ Filinders Island|

Fig.4 Show the geographical locations of the coherent rainfall districts in Tasmania for (a) March (b) April

and (c) May.
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Above figure which showed the similar rainfall variability in that month. In this way, we have obtained
three average rainfall indices (Fig.5) One for each month of the autumn (March-May) months for the period
of 1951-2017 over the coherent districts.
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Fig.5 show the average rainfall (mm) over the coherent rainfall districts for the period of 1951- 2017 during
(a) March (b) April and (c) May.

In order to find any relationship between the coherent average rainfall districts and the 10SH indices
correlation analysis was performed among the large scale climate variables and the obtained three average
rainfall indices (one for each month (March-May)) over the districts. The obtained correlation coefficients
have shown in Table 1.

Table 1. Shows correlation of Tasmania autumn-time precipitation and coherent rainfall districts among
large scale climate variables 1951-2016.Values significant at 95% statistical levels are shown in bold.

Predictors March Apr May Autumn (Mar-May)
Rain | Detrend | Rain | Detrend | Rain | Detrend Rain Detrend
Nino3 -0.02 -- -0.12 -- -0.12 -- -0.12 --
Nino3.4 -0.05 -- -0.17 -- -0.11 -- -0.08 --
Nino4 0.00 -- -0.27 -0.17 -0.10 -- -0.08 --
MEI -0.05 -- -0.12 -- -0.08 -- -0.06 --
SOl 0.06 -- 0.20 -- 0.19 -- 0.15 --
SAM (1951- 0.02 -- -0.13 -- -0.08 -- -0.06 --
2011)
10D 0.05 -- -0.41 -0.35 -0.11 -- -0.15 --
IOSHPS -0.07 -- -0.31 -0.24 -0.46 -0.42 -0.37 -0.25
IOSHLN -0.49 -0.50 -0.57 -0.46 -0.55 -0.54 -0.63 -0.56
IOSHLT 0.27 0.27 0.09 -- 0.44 0.45 0.34 0.36
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Results and Discussion

We were focused only those climate predictors of our study which were correlated with the autumn
(March-May) months and also show their relationship with autumn (March-May) average rainfall over
Tasmania for the period of 1951-2017. It is observed from the correlation analysis that the IOSH indices
are highly correlated (Table 1) than the other climate variables of the study from March-May and also these
indices exhibited a robust correlation with the average autumnal rainfall across the state. The notable
negative correlation indicated that the average rainfall across Tasmania's synchronized districts was
inversely linked to the IOSH indices throughout that period.

In order to justify this association we have standardized the time series of IOSH indices and obtained the

years that were above 1 standard deviation which characterized as those years during which IOSHPS was
above normal and the years that were below -1 standard deviation which characterized as the years during
which IOSHPS was below normal (Fig.6).
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Fig.6 Show the years during which Indian Ocean Subtropical High Pressure (hpa) was maximum and
minimum for (a) March (b) April and (c) May for the period of 1951-2017.
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Similarly, the years that were above 1 standard deviation which characterized as those years during which
IOSHLN was remained east (maximum IOSHLN values) of the state and the years that were below -1
standard deviation which characterized as the years during which IOSHLN was remained west of state

(Fig.7).
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Fig.7 Show the years during which Indian Ocean Subtropical High Pressure (hpa) was maximum and

minimum for (a) March (b) April and (c) May for the period of 1951-2017.

As previously mentioned, the IOSHLN reflects the longitudinal positions of the IOSHPS. Consequently,
higher IOSHLN values signify the intensity of IOSHPS observed in the eastern part of the state, whereas
lower IOSHLN values signify the intensity of IOSHPS observed in the western region.

We have extracted the corresponding average rainfall from the corresponding monthly indices of the
coherent districts according to maximum and minimum years of the IOSH indices. We have compared the
average IOSHPS intensity (Fig.8).
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Fig.8 Show the amount of average rainfall (mm) received over the coherent districts of Tasmania during
maximum and minimum Indian Ocean Subtropical High indices years for (a) March (b) April and (c) May.
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At its peak (lowest point), correlating with the average rainfall across synchronized districts of the state, we
noticed a decline (rise) in average rainfall over these areas when IOSHPS reached its maximum
(minimum). Likewise, we observed a decrease (Fig.8) in the corresponding average rainfall values over the
coherent district during which the average IOSHLN observed in the east (maximum) of the state while the
average rainfall over the coherent districts has increased during which IOSHLN observed in the west
(minimum) of the state. The comparative analysis elucidates the inverse impact of IOSH indices on the
average rainfall across Tasmania's synchronized districts. Rehman, (2014) identified a similar inverse
association between winter (May-August) streamflow in Southwest Western Australia (SWWA) and the
winter (May-August) MCP and its longitudinal positions across the subtropical 10. Rehman et al., (2012)
and Rehman et al., (2013), in case studies, also found the inverse association between high pressure system
over a subtropical 10 and the winter (May-August) streamflow over the Collie and Warren River
catchments, SWWA.

Conclusion

Based on the aforementioned analysis, our findings indicate an increase in MCP across the subtropical 10,
predominantly observed near Tasmania's west coast from March to May between 1951 and 2017. The
fluctuations in MCP intensity and its east-west movements have directly impacted the variability in average
rainfall across Tasmania's synchronized districts. The presence of MCP in the subtropical 10 has led to a
suppression of rainfall systems in these coherent districts. Notably, while March-May average rainfall has
shown an increase, the overall trends in average monthly rainfall and autumnal rainfall have exhibited a
decrease, barring a slight rising trend observed in March. The increased in the average rainfall from March-
May may be resulted due to the extra-tropical cyclones activity that present when MCP shifted to the
western subtropical 10 (before 110° E) or during when MCP shifted towards the south-coast of Victoria,
Australia.
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