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Abstract: This study explores further the impacts of the relationship between autumntime mean sea level
pressure (MSLP) over the Indian Ocean and autumntime precipitation over Tasmania. We employ a
combination of cross-correlation analysis, Singular Value Decomposition (SVD), and covariance measures to
unravel this intricate connection. Our results reveal that MSLP over the Indian Ocean significantly influences
Tasmania’s autumn precipitation, particularly in the region extending from 125°E eastward and from 35°S
southward. This MSLP-precipitation link is statistically significant, characterized by a Pearson’s coefficient of
correlation of 0.63 (p < 0.05). In addition, we calculate the Root Mean Square Covariance (RMSC) to gauge the
strength of this association. The RMSC value, calculated at 0.33, surpasses the threshold of 0.1, emphasizing a
robust and significant connection between autumntime MSLP and precipitation in Tasmania. Our results
emphasize that the first leading mode of SVD accounts for 84% of the variability in both MSLP over the Indian
Ocean and precipitation in Tasmania. These results contribute to a more profound understanding of the factors
governing autumn precipitation in Tasmania and offer valuable insights for meteorological and climate
science.

Key Words: Singular Value Decomposition, Square Covariance Fraction, Mean Sea Level Pressure,
Topographical Influence, Climate Variability

Introduction

Tasmania is situated in the southeastern region of Australia. Geographically, it encompasses mountainous
terrain in its western parts, while the eastern regions consist of relatively low plains. This distinctive
orographic feature greatly influences the east-west precipitation patterns (Rehman et al.,, 2019). For
instance, the western regions experience higher levels of precipitation compared to the eastern regions of
the state (Hill et al., 2009; Tozer et al., 2018; Lewis et al., 2018). The high mountains in western Tasmania
play a pivotal role in hydro-electricity production, making them a significant contributor to Australia’s
hydro-electricity generation (Lewis et al., 2018).

The spatial distribution of autumntime (March to May; MAM) seasonal total precipitation across the
island is visually represented in Figure 1. This graphical depiction clearly shows that autumntime
precipitation in the western parts typically falls within the range of 200mm to 900 mm, whereas in the
central and eastern areas, it typically ranges from 100mm to 300 mm. Notably, the precipitation values in
the entire island exceed the seasonal average and highly variable precipitation (Figure 2). One of the key
findings of Rehman et al. (2019) indicates a temporal trend, with autumn precipitation showing the lowest
levels when compared to the other seasons (summer, winter, and spring) in Tasmania from 1951 to 2016.
This trend is statistically significant at a p-value of less than 0.05. In a similar vein, Cai et al. (2013) also
noted a substantial decline in autumn precipitation over southeastern Australia, which includes Tasmania,
dating back to the 1950s.
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Figure 1
Depicts the total precipitation over Tasmania, Australia, specifically during the autumn season, covering the time
span from 1951 to 2020.
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The impact of global atmospheric circulations on autumntime climate variability in Southeastern Australia
(SEA) is elucidated in the work of Cai et al. (2013), with a specific focus on Tasmania (Rehman et al., 2019;
Tozer et al., 2018; Chubb et al., 2018; Hill et al., 2009). These studies collectively conclude that the Southern
Annular Mode (SAM) is not directly associated with the decline in autumn precipitation. However, there is
an association between the SAM and decreased winter precipitation over South Australia, Victoria, and
certain parts of Tasmania, as highlighted by Meneghini et al. (2007). The SAM’s impact is particularly
noteworthy in western Tasmania, while the Pacific South American (PSA) mode, as outlined by Irving et
al. (2016), and the El-Nino Southern Oscillation (ENSO) exhibit a state-wide impact, as noted by Hill et al.
(2009). A decrease in precipitation across all seasons is attributed to the progressive segment of SAM in
western Tasmania. Moreover, increased seasonal precipitation, except during summer, in southwestern
Tasmania is correlated with the influx of westerly and southwesterly air streams, as explained by Chubb
et al. (2018), while blocking systems hinder these air streams, as found by Risbey et al. (2009).

Figure 2
Illustrates the standard deviation of precipitation during the autumn season

97

. & I 40 - 70
ot | |70- 90
A20% [ 90 - 120
1120 - 150
% I 150 - 180
B 180 - 210

The variability in SEA’s autumn precipitation is partly attributable to ENSO, SAM, and the destructive
segment of the Indian Ocean Dipole (IOD), as reported by Timbal et al. (2013). During the progressive
(destructive) segments of IOD, Australia experiences low (high) precipitation anomalies in various regions.
Conversely, the negative phase of IOD results in greater precipitation anomalies in SEA, including
Tasmania and Western Australia.

Tozer et al. (2018) conducted a comparative analysis of extreme rainfall events at two rainfall stations,
Queenstown and Fingal, located in Tasmania. These stations were strategically selected to investigate the
association between the east-west gradient of extreme precipitation over the island, with Queenstown
representing the west and Fingal representing the east. The study’s key finding revealed that the relatively
low variance accounting for the east-west gradient in extreme precipitation across the island is primarily
attributed to the influence of Rossby waves. The investigation focused on daily wintertime precipitation
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(April to October) in western Tasmania for the years 2014 and 2015. Among the findings, the study
identified a significant correlation between daily wintertime precipitation and wind speed at an altitude of
1000 meters over a reference point located 100 kilometres off the west coast of the state, as detailed by
Lewis et al. (2018).

Figure 3 (b)
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Figure 3 Ilustration of the MSLP field in the Indian Ocean region during the autumn season. In part (a),
the entire domain is shown, with the area of our study enclosed within a black outlined square. In part (b),
a closer view of the study square area, which is associated with precipitation in Tasmania, is presented.

Timbal et al., (2013) suggested that the intensity and pole-ward shift of subtropical ridge (STR) is
significantly related to change in seasonal precipitation over SEA. The evidence found by Rehman et al.,
(2019) that strength of IOH_P and its zonal movement strongly influenced the autumntime seasonal
precipitation over Tasmania. The findings from the study conducted by Tozer et al. (2018) suggest an
association between coherent large-scale atmospheric wave patterns and both dry and wet precipitation
maxima in Tasmania. Lewis et al. (2018) studied the formation of precipitation, both theoretically and by
utilizing computer models, due to the continual rainfall in western Tasmania, which is unique across
Australia. Three distinct weather patterns are responsible for the varying amounts of rainfall in Tasmania,
which is located in the southern hemisphere. These patterns are called ENSO, SAM, and PSA. Some of the
major studies presented on the Tasmanian climate indicated these findings (Rehman et al., 2019; Tozer et
al., 2018; Lewis et al., 2018; Hill et al., 2009).

Data and Methodology

We acquired monthly precipitation gridded high resolution (0.05°) data for the period of 1951 to 2020 for
the autumn season for the domain of Tasmania, Australia. This data was constructed by the Australian
Bureau of Meteorology (Jones et al. 2009) and obtained from the Australian Water Availability Project
(AWAP). Additionally, in this study, MSLP data covering the Indian Ocean domain were sourced from the
National Centers for Environmental Prediction (NCEP). The averaged MSLP field for autumn over the
Indian Ocean is illustrated in Figure 3a from 1951 to 2020.

The present study aims to identify linear combinations that can explain the maximum possible
covariance between the MSLP field and autumntime precipitation over Tasmania. Based on the obtained
coefficients, the study explores the spatial distribution of covariance within these fields. To achieve this
objective, SVD is employed with these datasets. This technique proves to be straightforward and applicable
when the goal is to uncover the maximum covariance between two data sets, as previously discussed by
Cherry (1997). This approach is particularly valuable when dealing with geophysical observations (Riaz et
al., 2017). It’s worth noting that SVD has found applications in numerous studies, including those by Kisesa
et al. (2020), Qi et al. (2018), Riaz et al. (2017), Syed et al. (2006), Klopper et al. (1998), Bretherton et al.
(1992), Bjornsson et al. (1997), and Wallace et al. (1992).

Before applying SVD, we construct the covariance matrix Cxy, representing the relationship between
MSLP and autumntime precipitation over Tasmania (AP). Here, the left and right time series are
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symbolized as X and Y, respectively. In this context, the left time series (Figure 3b) corresponds to MSLP,
while the right time series represents autumntime precipitation over Tasmania (AP). The MSLP
observations are gathered within a specific rectangular domain located over the Indian Ocean (Figure 3b).
This domain spans longitudes from 100°E to 142.5°E and latitudes from 10°S to 50°S and is derived from
the work of Rehman et al. (2019).

The mathematical expression for the covariance matrix Cxy is defined as follows:
AP = U'X

Mslp = V'Y

¢ = cov [AP, Mslp] = cov[U'X, V'Y] = n—il [U' X (V'Y)] = U'CyV

Cy = — XY

The covariance matrix Cxy is subjected to decomposition using the SVD method, resulting in three
orthogonal matrices. Among these, the two vectors, U(t) and V(t), constitute the singular vectors. The third
matrix is the diagonal matrix denoted as “S,” which comprises the singular values, also known as
eigenvalues. Within U(t) and V(t), the jth columns contain left (u;) and right (v;) singular vectors, while a
jth element of the diagonal matrix S represents the singular value of Xu; and Yv;. These vectors, Xu; and
Yv;, signify the jth pair of SVD expansion coefficients for the left and right fields, respectively, where n
indicates the number of observations.

To illustrate, when j equals 1, the first pair of expansion coefficients, also referred to as the first mode,
elucidates the maximum achievable square covariance fraction (SCF) between the fields, with subsequent
pairs explaining progressively less covariance than their predecessors, as detailed in many studies (Zhang
et al.,, 2018; Syed et al., 2006; Bretherton et al., 1992). Additionally, it’s important to note that each
subsequent mode also describes a distinct spatial pattern in comparison to the preceding mode. The first
leading duo of patterns is selected to maximize the covariance, achieved by projecting the extended value
of the left field for the first leading mode onto the extended value of the right field, following the approach
outlined in the work of Riaz et al. (2017), Bretherton et al. (1992) and Klopper et al. (1998).

Result and Discussions

The autumntime seasonal precipitation index for the Tasmanian region and the MSLP in the Indian Ocean
region (spanning from 100° to 142.5° E and 10° to 45° S) are derived through the accumulation of monthly
total precipitation and the averaging of monthly sea level pressure, respectively. This process is carried
out over the months of March to May (MAM) in the years from 1951 to 2020. Subsequently, a cross-
correlation matrix is calculated by the autumntime MSLP over the Indian Ocean and precipitation over
Tasmania.

Table 1
Representation of the SCF, cumulative square covariance fraction (CSCF), and correlation coefficients
between the extended values of the first three leading modes of SVD

Mode SCF% CSCF% Pearson’s Correlation
1 84.00 84.00 0.72
2 15.00 99.00 0.56
3 0.44 99.44 0.30

* Note: Values are significant at the p < 0.05 level.

SVD is applied by using the cross-correlation matrix, resulting in the identification of the three leading
SVD modes that account for 99.44% of the total squared covariance, as presented in Table 1. Rehman's
(2014) work is dedicated to the analysis of the initial principal component analysis mode, which explained
a significant 84.43% of the overall inconsistency in streamflow within the southwestern region of
Australia. In this context, the SCF of the first leading mode was selected due to its ability to explain 84%
of the coupled covariance.

The correlation coefficients between the extended values of the MSLP and precipitation fields are
detailed in Table 1. These coefficients indicate the strength of the associations between the modes.
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Specifically, the correlation coefficients between the first, second, and third extended values are 0.72,
0.56, and 0.30, respectively. These associations exhibit statistical significance with a p-value of less than
0.05. The coefficient of determination (R-square variance) of these associations is evaluated as 51.84%,
31.36%, and 9%, respectively. These correlation coefficients shed light on the intensity of the linear
relationships between the extended values of the coupled modes. Based on these coefficients, it can be
estimated that the extended values of the first leading mode in the MSLP field (left) explain 51.84% of the
total variance in the first mode of the extended coefficients of the precipitation field (right). Moreover, the
highest correlation value for the first leading mode suggests its greater importance among the SVD modes.
Furthermore, the second leading mode contributes to 31.36% of the total variance, and the third leading
mode elucidates 9% of the total variance in the extended values of the coupled modes.
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Figure 4 Illustration of the correlation (heterogeneous) coefficients’ contour maps (a) the correlation
between MSLP of the Indian Ocean pressure field and the extended values of the right field (precipitation)
for the first leading mode of SVD, and (b) the correlation between precipitation and the extended values of
the left field (MSLP of the Indian Ocean pressure field) for the same first leading mode.

The heterogeneous correlations of the first mode are visually depicted in Figure 4. These figures
elucidate the spatial patterns that represent the strength of the associations between the left and right
fields. In Figure 4a, it is evident that autumn-time precipitation (the right field) exhibits a stronger
association with sea level pressure (left field) from the region spanning 125°E and further eastward and
from 35°S and extending further southward.

Figure 4b, on the other hand, provides insights into how effectively the Indian Ocean pressure system
explains autumn precipitation variability over Tasmania. It can be interpreted as suggesting that the
entirety of autumntime precipitation over the island is linked to Indian Ocean MSLP, except for a
northeastern strip of the island where the correlation coefficients are notably weaker. Tasmania receives
most of the rainfall in the northeastern areas from the cutoff lows developed in the Tasman Sea (Pook et
al,, 2010; Risbey et al., 2009; Risbey et al., 2013; Bennet et al., 2010).

Figure 5
Illustration of the comparative analysis between the normalized average March to May (MAM) time series of
precipitation over Tasmania
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Hlustration of the comparative analysis between the normalized average March to May (MAM) time
series of precipitation over Tasmania and the normalized time series of the coefficients of expansion for
the right field (precipitation) in the first leading mode of SVD. The association between the series is 0.63,
signifying statistical significance at the p < 0.05 threshold.

The temporal patterns of autumntime precipitation (right field) and its associated extended values are
visually presented in Figure 5. The observed similarities in the fluctuations of both time series highlight
the robust relationship between them. This strong relationship is quantified by a homogeneous correlation
coefficient of 0.63, signifying the closeness of the association between the series. Importantly, this
correlation is significant at a 5% statistical level. Furthermore, the temporal patterns of the first mode of
autumntime sea level pressure (the SVD left field scores) and the first mode of precipitation over Tasmania
(the SVD right field scores) are also depicted in Figure 6.

Figure 6
Time series analysis for the extended values of the first leading mode in the SVD.
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Time series analysis for the extended values of the first leading mode in the SVD. The association
between time series is found to be 0.72, which is significant at a 5% statistical level.

In this study, it is imperative to calculate the RMSC as part of the correlation analysis. RMSC serves as
a critical metric for assessing the strength of the magnitude of association between the fields under study.
A value of 0.1 or higher for RMSC indicates a strong correlation between the two fields, as outlined by
Wallace et al. in 1992. In the context of this study, the RMSC value is determined to be 0.33, surpassing the
established threshold of 0.1. This result strongly suggests a robust and significant relationship between
autumn-time sea level pressure and autumn-time precipitation over Tasmania.

Summary and Conclusion

In 2019, Rehman et al. established a connection between the autumn Indian Ocean high-pressure system,
characterized by the mean central pressure, and autumn precipitation in Tasmania. They utilized the
Center of Action (COA) approach for this investigation. Their study also revealed that the relationship
between the autumn high-pressure system in the Indian Ocean and autumn precipitation on the island is
notably stronger and significant at the p < 0.05 statistical level when compared to other seasons (summer,
winter, and spring). This study further explores the specific modes of association, focusing on which
domain within the Indian Ocean, as depicted in Figure 3b, is more prominently linked to this relationship
in terms of variability. This exploration is conducted using SVD analysis.

The study delves into the relationship between autumntime MSLP over the Indian Ocean and
autumntime precipitation in Tasmania. A cross-correlation matrix was constructed for both datasets, and
SVD was applied to analyze them. This process resulted in both left and right singular vectors alongside a
diagonal matrix that holds singular values.

These singular vectors were then used to calculate the left and right SVD scores, with the right SVD
score reflecting the projection of autumntime precipitation on the right singular vector and the left SVD
score computed using autumntime MSLP and the left singular vector. The study also involved calculating
correlation coefficients for the first three SVD scores, SCF and CSCF, to quantify the strength of
associations between variables.
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Furthermore, RMSC was used to assess the impact of the relationship between the coupled fields. A
heterogeneous correlation contour plot in Figure 4 visually illustrates the degree to which one field can
explain the other. Notably, the first dominant mode displayed an SCF of 84%, indicating that it alone
explained 84% of the variance in autumntime MSLP over the Indian Ocean and autumntime precipitation
in Tasmania.
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