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ABSTRACT

In this study, we explore the relationships between winter (May-August) Acheron River catchment
(ARC), Victoria, Australia, rainfall and streamflow and winter Indian Ocean Subtropical High
Pressure (IOSHPS) and Indian Ocean Subtropical High Longitude (IOSHLN) through correlation
and regression analysis. Analysis is performed for the period of 1951-2011. It is found that the
correlation of IOSHPS with winter ARC rainfall and streamflow are -0.46 and -0.33 respectively and
IOSHLN are -0.54 and -0.57 are observed. Dynamics (zonal movements) of IOSHPS analysis
showed that east-west shifts of IOSHPS are responsible for the variable amounts of rainfall receive
in the ARC that resulted in variable streamflow. Regression analysis suggested IOSH indices
describe 38% and 36% variability in rainfall (May-August) and streamflow (May-August) over ARC
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respectively further investigations showed that southern oscillation index (SOI) and EI-Nino
southern oscillation (ENSO) have weak association independently as well as combination with
IOSHLN than IOSH indices over ARC winter rainfall and streamflow.

Keywords: Regression analysis; streamflow; Indian Ocean subtropical high pressure; correlation.

1. INTRODUCTION

Generally the climate all over the world is
changing and this change impacts on the earth
surface. It is investigated that the climate is
changing faster as compared to the historical
records [1] and this may persist in the future as
well [2]. The causes of climate change are
numerous but one of them is global warming.
The concentration of greenhouse gases is
responsible for the increase in global warming.
The greenhouse gases caused to rise the
surface air temperature by 0.9C since 1910 in
Australia [3]. The climate change causes to
increase drought conditions as it associated with
the decrease in precipitation, surface water and
ground water level [4]. Drought over Australia
have become more severe due to increase in
temperature than average temperature since
1970s further investigations showed that rainfall
over Victoria in winter and spring is projected to
be more decrease while in summer and autumn
moderately decreased and catchments situated
in northeast and southwest of Victoria may
experience up to 30% recession in runoff by
2030 [5]. Variability in southern annular mode
(SAM) may be partly associated with the recent
reduction in winter rainfall in southern south
Australia, Victoria and Tasmania but it does not
explain the long-term winter rainfall recession
over southwest western Australia [6]. Timbal et
al. [7] has found early winter (March-July) rainfall
decline over south east Australia is associated
with subtropical ridge (STR) intensity and its
position since 1970s. Murphy et al. [8] found
an indirect association of EI-Nino southern
oscillation (ENSO) and Indian Ocean with
autumn rainfall decline over southeastern
Australia. Kiem et al. [9] investigated the severe
drought conditions over Victoria in autumn since
mid of the 1990s, a Big Dry, and found these
conditions are due to the increase of STR
intensity and its southwards propagation further
investigations also proved the contribution of
ENSO and SAM. ENSO alone shows weak
association with autumn streamflow over Victoria
[10]. CSIRO [11] investigated that recession in
streamflow have been as much as four-times the
decline in rainfall observed in few parts of
Victoria and this decline is mostly observed in

autumn than in winter and spring. The
association of southern annular mode is
particularly play an important role in southwest
and southeast of Australia rainfall and Indian
Ocean Dipole (I0D) has influenced June-October
rainfall of over southwest and southeast Australia
[12]. Mean sea level pressure over Indian
Ocean associated with the interannual variability
between South west of Western Australia
(SWWA) and South West of Eastern Australia
(SWEA) rainfall variability [13]. IOSHPS and its
east-west shifts over Indian Ocean influenced
early winter (May-August) streamflow variability
over southwestern Australia since the mid of the
last century [14]. Precipitation over Southwest
Western Australia is associated with mean
central pressure (MCP) over Indian Ocean [15].
The aim of this study is to explore which of the
climate driver(s), used in this study, is associated
with the variability in winter (Mau-August) ARC
rainfall and streamflow.

2. CATCHMENT
DESCRIPTION

AND DATA

This section of the study comprises on the
catchment and data description used in this
study. The Acheron River Catchment (ARC) is
Perennial River of the Goulburn Broken
catchment, part of the Murray-Darling basin
(MDB), is located in the lower southeastern
highland. The river bounded by Rubicon River
Catchment from east and from west by Yea River
Catchment. It starts to flow downstream from the
Goulburn Weir and meet the Lake Eildon (Fig. 1).
The ARC comprises 643 kilometers and covers
an area of 629 Km® The mean annual flow
remains 329 GL/yr and the seasonal (May-
August) cycle show highly variable streamflow
(Fig. 2). To analyze the streamflow pattern of
ARC in its streamflow dominating season (May-
August), the austral cool season, the monthly
mean sea level (MSLP) pressure gridded (2.5 by
2.5) data was obtained from National Center of
Environmental Prediction (NCEP) reanalysis [16]
to calculate sea level pressure (over the
region (82.5° to 137.5°E — 10" to 50") based the
Indian Ocean Subtropical High (IOSH) Indices
(IOSHPS, IOSHLN and IOSHLT). The EI-Nino




southern oscillation (ENSO), sea surface
temperature based indices, [17] and monthly
averaged index for Southern Oscillation Index
(SOI) were obtained from NCEP. Southern
Annular Mode (SAM) (1957-2011) was obtained
from the NERC Science of the Environment.
Arctic oscillation (AO), Multivariate ENSO Index
(MEI) [17], Pacific North American Index (PNA),
Western Pacific Index (WP) and North Atlantic
Oscillation (NAO) were obtained from Climate
Prediction Center (CPC). The East Pacific/
North Pacific Oscillation (EP/NP) obtained
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from National Oceanic and Atmospheric
Administration (NOAA). To analysis the variability
in Acheron River streamflow (June-August) and
its causes for recession, monthly streamflow
observation data for satiation at Acheron River at
Taggerty station (405209) and rainfall data (m)
within the catchment were acquired from Bureau
of Meteorology (BOM) for the period of 61 years
(1951-2011). For the comparison between
streamflow and rainfall, streamflow data then
converted in millimeter (mm) unit through usual
calculation.

Fig. 1. Shows location map of Acheron River Catchment (ARC) Victoria,
Australia and study area (rectangular box)
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Fig. 2. Shows average seasonal (May-August) cycle of Acheron river catchment
streamflow (1951-2011)



3. METHODS

Rossby et al. [18] investigated high and low
pressure areas presented on a global map of
averaged sea level pressure (SLP) which were
named as ‘Centers of Action’ by him further
investigations revealed that the variable
intensities as well as changes of locations by
these high and low pressure regions influenced
the regional circulation and climate variability
over adjacent continent. This manuscript
presents a neat and simple methodology to
evaluate the strengths and locate the centers
of High pressure system over Indian Ocean
which provides the more significant results
comparatively to the results obtained by the
application of previous methodology [19].

Table 1. Correlation matrix for the large scale
climate indices with winter (May-August)
rainfall and streamflow in Acheron River

catchment
Indices Rain (mm) Streamflow (mm)
Time -0.34 -0.37
IOSHPS -0.46 -0.33
IOSHLN -0.54 -0.57
AO -0.01 0.00
SOl 0.49 0.42
Nino 3 -0.37 -0.38
Nino 3.4 -0.36 -0.32
Nino 4 -0.36 -0.31
MEI -0.34 -0.39
NAO -0.03 -0.07
EP/NP -0.03 0.07
PDO 0.08 -0.10
PNA 0.05 -0.01
WP -0.02 0.02
SAM -0.21 0.11
I0D -0.39 -0.49
Quantitative assessment of intensity and

locations of the high pressure centers over the
subtropical Indian Ocean represent by I, I, In.
Mathematical equations (Definitions) of these
indices are:

Ip(£) = Peyy(0) 1)
L(t) = Z(x) ® 2
Iy () = Mg, (1) (3

Where I,(t) is spatial average of pressure when
monthly MSLP at a grid node P ) in a specific
time interval equaled or exceed from a given
threshold value over the entire spatial domain
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such that P,)(t) =p,. This ensures that
the pressure values are considered for only the
High pressure system, in this case monthly
MSLP values are taken from NCEP
reanalysis, I(t) and I,(t)are spatial average of
corresponding positions of longitude and latitude
addresses where P, ,)(t) = p, respectively.
Pt= 1016 hPa is a threshold value for the Indian
Ocean, Z,(t) and My(t) are corresponding
addresses of longitude and latitude when
Py (t) = p.. The domain of the IOSH for this
study was chosen as 10S to 50°S and 82.5€ to

137.5€. The domains of the High over Indian
Ocean and its threshold value Pt was chosen by
examining their geographical ranges in NCEP
reanalysis data over the period 1951-2011.

4. LARGE SCALE DRIVERS
ACHERON RIVER FLOW

AND

To analyze the relationship between climate
drivers and ARC rainfall and streamflow two
techniques, correlation analysis and multi-linear
regression analysis, are discussed in this
section. Correlation analysis (Table 1 above)
suggested ENSO indices, Indian Ocean Dipole
(IOD), Southern Oscillation Index (SOI) and
Indian Ocean Subtropical High (IOSH) indices
showed association with both ARC streamflow
and rainfall. Among the indices Indian Ocean
subtropical High Longitude (IOSHLN) showed
strong inverse association with both the
dependent variables of ARC. All correlations
(Tables 1, 2) are taken in this manuscript are
significant at p<0.05 statistical significance level.
The correlations of IOSHPS with rainfall and
runoff are -0.46 and -0.33 respectively and
IOSHLN are -0.54 and -0.57. Multicolinearity
among the climate indices used in this study is
shown in Table 2. IOSH indices are mutually
independent (Table 2) and therefore two multi-

linear regression models are constructed
between ARC rainfall and IOSH indices
(Rain = 12158 - 11.5 IOSHP - 3.60 IOSHLN) and
between ARC streamflow and IOSH indices
(Streamflow = 10063 - 9.19 IOSHP - 5.87
IOSHLN). Results obtained by multilinear
regression analysis showed IOSH indices

describe 38% and 36% variability in rainfall and
streamflow (May-August) over ARC while SOI
has weaker relationship with variability 15% and
22% rainfall and streamflow. IOSHLN and Nino
3.4 describes 31.5% and 33.6% variability of
ARC rainfall and streamflow respectively while
IOSHLN and Nino 4 explains 31.5% and 33.3%
variability of ARC rainfall and streaflow



respectively. IOSH indices also showed strong
mutual correlation with rainfall (0.62) and
streamflow (0.60). According to correlation and
regression analysis, IOSH indices showed strong

association with rainfall (May-August) and
streamflow (May-August) over ARC.
5. DYNAMICS OF INDIAN OCEAN

SUBTROPICAL HIGH PRESSURE AND
ACHERON RIVER FLOW

Inverse correlation between IOSH indices with
rainfall and streamflow over ARC means when
mean central pressure (MCP) over Indian Ocean
shifts towards east of Victoria less rainfall
receives in ARC and this resulted in less
streamflow and on the other hand when MCP
remains at west of the state ARC receives more
rainfall and resulted in more streamflow in ARC.
To justify this relationship four possibilities of
IOSH indices are compared with respective
observed rainfall and streamflow within the
catchment. These possibilities are defined as
when MCP over Indian Ocean was maximum
and minimum and when MCP was located in the

0
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east and west over Indian Ocean. To analyze
first two possibilities, 10 years when MCP was
minimum are taken from the study era (1951-
2011) of IOSHPS index timseries and their mean
is calculated this mean is the representative of
minimum IOSHPS over Indian Ocean and then
respective years of rainfall and streamflow (May-
August) also calculated in the same way to
compare with minimum [|OSHPS. Similarly,
representatives of maximum IOSHPS and
respective rainfall and streamflow (May-August)
are calculated. Obtained results are plotted in
Fig. 3. It is evident (Figs. 3 and 4) when MCP
(1019.79 mb) was manimum, maximum amounts
of rainfall (129.08 mm) and streamflow (145.95
mm) are observed in the catchment and MCP
(1020.89 mb) was maximum, less rainfall (75.18
mm) and streamflow (47.78 mm) received in
ARC (May-August). Similarly (Figs. 5 and 6)
more rainfall (109.63 mm) and streamflow (54.5
mm) observed when MCP shifted towards
the west (100.17 longitudes) and less rainfall
(56.93 mm) and streamflow (48.2 mm) received
in the catchment when MCP observed in the east
(113.44) near Victoria over Indian Ocean.

ARC Avg. Streamflow (mm)
= =] =] 2] =]
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Streamflow (mm) when MCP minimum

Strea mflow (mm) when MCP maximum

Fig. 3. The average seasonal (May-August) streamflow at ARC normalized by dividing its
catchments area during the 10 years with highest pressure and 10 years with lowest pressure
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Fig. 4. The 10 years average seasonal (May-August) rainfall at Acheron River during
the 10 years with highest pressure and 10 years with lowest pressure
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Table 2. Correlation matrix for the large scale climatic drivers

IOHP IOHLN AO SOl NINO 3 NINO 3.4 NINO4 MEI NAO EP/NP_ PDO PNA WP SAM
IOHLN 0.27
AO -0.12 0.01
SOl -0.49 -0.43 0.18
NINO 3 0.44 0.29 -0.26 -0.74
NINO 3.4 041 0.26 -0.25 -0.84 0.91
NINO 4 0.41 0.25 -0.11 -0.78 0.74 0.91
MEI 0.47 0.31 -0.22 -0.81 0.92 0.90 0.80
NAO -0.10 0.05 0.68 -0.08 -0.07 -0.05 -0.01 -0.01
EP/NP 0.15 -0.22 -0.24 -0.25 0.20 0.37 0.35 0.26 0.01
PDO 0.35 0.19 -0.19 -0.40 0.47 0.48 0.49 0.65 -0.02 0.27
PNA 0.13 0.14 -0.44 -0.11 0.18 0.18 0.18 0.23 -0.19 0.09 0.33
WP -0.04 -0.20 -0.04 -0.13 0.06 0.10 -0.04 0.06 0.15 0.16 -0.09 -0.12
SAM 0.64 0.12 -0.01 -0.08 0.23 0.11 0.07 0.19 -0.10 -0.02 0.11 0.01 -0.05
10D 0.41 0.31 0.08 -0.54 0.45 0.42 0.32 0.40 0.18 -0.25 -0.04 -0.15 0.11 0.25
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Fig. 5. The average (May-August) streamflow (mm) in Acheron river catchments during the 10
years when Center of IOSHPS located most to West (more streamflow) and 10 years when
Center of IOSHPS located most to East (less streamflow) based on records (1951-2011)

B

=

8 8 =m

ARC Avg. Rainfall {(mm)

T
] : . i

More Rainfall when mean central
pressure shifted to West

Less Rainfall when mean central
pressure shifted to East

Fig. 6. The average (May-August) rainfall (mm) in Acheron River catchments during the
10 years when Center of IOSHPS located most to West (more rainfall) and 10 years when
Center of IOSHPS located most to East (less rainfall) based on records (1951-2011)

6. CONCLUSION

The observations found in the above sections
discussed and concluded here as the correlation
analysis showed that IOSH indices have
association with ARC winter (May-August)
rainfall and streamflow (May-August). The
correlation coefficients of IOSHPS with rainfall
and streamflow were found -0.46 and -0.33
respectively and IOSHLN were -0.54 and -0.57
while Nino 3.4, Nino 4, SOl and 10D also showed
significant correlations (Table 1). The correlation
between the climate drivers also performed to
check which predictors can be combine to form
multilinear regression model (Table 2). According
to correlation analysis between the predictors

(Table 2), IOSHLN is found independent to other
predictors except SOl and IOSHPS is found
dependent to other predictors except IOHLN so
two of the multilinear regression models, one
with winter (May-August) rainfall and the other
with winter (May-August) streamflow, are chosen
which describe more of the winter (May-August)
rainfall and winter streamflow (May-August)
variability than the other multilinear models of the
study. Multilinear analysis showed that IOSH
indices describe 38% and 36% variability in
rainfall (May-August) and streamflow (May-
August) over ARC while SOl showed weak
association with 15% and 22% variability in
rainfall and streamflow respectively of the ARC.
IOSHLN and Nino 4 explains 31.5% and 33.3%



variability of ARC rainfall and streamflow
respectively. Correlation and regression analysis
both suggest variability in rainfall (May-August)
and streamflow (May-August) over ARC is
strongly connected to variability in IOSH over the
region (82.5 to 137.5°E — 10" to 50°S) of Indian
Ocean. Dynamics (East-West shifts) of IOSHPS
further clear its association with rainfall and
streamflow over ARC. According to dynamics of
IOSHPS analysis, when MCP moves in the west
ARC receives more rainfall (May-August) and
streamflow (Mau-August) on the other hand
it receives less rainfall (May-August) and
streamflow (May-August). On the basis of above
discussion and observed results concluded as
IOSH indices strongly associated with Rainfall
(May-August) and streamflow (May-August) over
ARC than the other climate variables of the
study.
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