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ABSTRACT 
It has become a fact that climate is changing its pattern around the globe, places which have 

severe events in the past are now converted into a moderate or low intensity and frequency 
events, while in some regions increasing trends were observed, for example, rainfall and 

streamflow. Climate of Australia is highly variable, where spatial and temporal variation in 

rainfall and streamflow are very large. Many studies have linked rainfall and streamflow with 
various climatic signatures, e.g. ENSO, SOI and Indian Ocean dipole. In this study, we have 

examined the early winter (MJJA) streamflow and found that variability in streamflow has linked 

to the center of actions, means that not only the pressure but also its position affects streamflow 
in Goulburn River catchment. We have constructed a regression model using Indian Ocean High 

pressure longitude (LN IOH) as a predictor. It is observed that this model best explains the 

variability of the catchment, about 22%. 
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INTRODUCTION 

 

It is well known fact that ever since the last century the climate has changed so drastically in many parts of 

the world. This shift of climate leads to the extreme events, floods, cyclone and rise of temperature in some 

parts of the world. For example, In Europe variability in rainfall on spatial and temporal basis has largely the 

main issue of many studies (Karl and Knight, 1998; Osborn et al., 2000; Lebourgeois et al., 2001; Brunetti et 

al., 2001; Hisdal et al., 2001). While some parts of the world have below average rainfall, which causes drought 

in many parts of the world, for example, South West of Western Australia (Hameed, 2011). Australia is one of 

the region which shows highest variability in terms of rainfall and streamflow, and since Australia is an 

agriculture dependent country and spends much of its funds for it, but still it remains highly variable affected by 

extreme weather events (Finlayson & McMahon, 1991, Chiew& McMahon, 2003, Podbury et al., 1998). So in 

Australia Water Resource management has become more important and to understand which climatic factors are 

responsible for extreme events in rainfall and streamflow. Many studies have been carried with respect of the 

drivers of the climatic variations and their impact on the rainfall and streamflow (Hisdal et al., 2001).  El 

Niño/Southern Oscillation (ENSO) is one of the climatic factors which is strongly correlated with Australian 

rainfall and streamflow. It has been widely documented and accepted that ENSO rainfall tele-connections show 

inter-decadal variability and it can be used for forecasting of Australian rainfall and streamflow (Chiew et al., 

2003, Rehman and Saleem 2014).Recently a new approach has been developed to analyze the issue known as 

―Centers of Action‖, these are the low and high pressure minima and maxima respectively present on global 

mean maps of Sea level pressure, first defined by Rossby. He found that not only pressure but also longitude and 

latitudinal positions are also important factors which affect regional circulations. Other studies have also 

adopted this methodology, for example, Hameedet al. 2011, examine the prevailing drought in the South West 

of Western Australia (SWWA), and they found that not only Indian Ocean High Pressure but also its positions is 

highly correlated with rainfall and streamflow. 
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Catchment Description: 

Goulburn River  in Victoria is one of the longest River, which has catchment area of about 24000 km
2
and 

flows for approximately 570 km Fig 1.GoulburnRiver  flows through 41 tributaries, few of them are, Big River, 

Rubicon River, Acheron River, Yea River, Sunday Creek (Victoria) Jamieson River, Howqua River, Delatite 

River, Seven Creeks, Broken River Towns. Among these The Goulburn has 41 tributaries including the Black, 

Jamieson, Howqua, Delatite, Big, Rubicon, Acheron, Yea, and Broken rivers and the Seven Creeks. The 

Goulburn has 41 tributaries including the Black, Jamieson, Howqua, Delatite, Big, Rubicon, Acheron, Yea, and 

Broken rivers and the Seven Creeks are important tributaries for the supply of water. 

 

Data: 

Several Data sets have been utilized in this study, so as to understand the variability of streamflow in 

Victoria River. Monthly mean values of streamflow data were acquired from Victoria Water Division, 

Department of Water Australia (www.bom.gov.au) over the period of  37 years from 1975 to 2011 Monthly 

averaged Sea level pressure data were obtained from the NCEP / NCAR analysis, to calculate COA  and South 

Pacific High indices (SPH PS, SPH LN, SPH LT).South Pacific high pressure indices were computed with 

boundaries 10°𝑆 𝑡𝑜 50° 𝑎𝑛𝑑 150° 𝑡𝑜 220° 𝐸 while Indian Ocean High indices were computed over the 

boundaries of10°𝑆 𝑡𝑜 50° 𝑎𝑛𝑑 82.5° 𝑡𝑜 137° 𝐸. ENSO predictors NINO3, NINO12, NINO3.4 and NINO4 

were acquired from Climate Prediction Center, while the Southern Oscillation index (SOI) is available at 

National climate center of the Australian Bureau of Metrology. 

 

Method: 

The methodology we have used in this study, is based on the fact that the not only the Sea level pressure 

affects the rainfall and streamflow but also the position or location of centers high or low pressure have a 

significant influenced on the rainfall and streamflow. So we have computed the indices of the high pressure 

system by defining an algorithm which checks each grid node, if at a particular grid pressure is more than or 

equal to a threshold limit of 1016.It will record the magnitude of the pressure, its longitude and latitude. We 

have adopted a new methodology in contrast with (Hameed et.al 1995), which gives more significant result for 

the domain of the study. Mathematically, it can be expressed as,  

Ip(t) = P(x,y)(t)                         (1) 

Iz(t) = Z(x)(t)                            (2) 

IM (t) = M(y)(t)                          (3) 

 

Where 𝐼𝑃(𝑡) denotes the average of the pressure value at a particular grid point  𝑖, 𝑗  average over a period 

of time 𝑡, 𝑃𝑡  is the threshold value for pressure system, which is 1016 for both South Pacific and Indian Ocean, 

𝑍𝑥(𝑡) 𝑎𝑛𝑑 𝑀𝑦(𝑡) are the longitude and latitude of the grid point which has pressure greater than the threshold 

limit. The threshold value selected in this study is based on the examination of monthly and seasonal SLP maps 

of the Indian Ocean and South Pacific Ocean. Longitude and latitude are defined in a similar fashion.   

 

Analysis: 

A correlation analysis for the early winter is performed in order to understand which climatic factor has 

significantly influenced on Goulburn River runoff. A correlation matrix is calculated between runoff and 

climatic indices. It is found that MJJA runoff in Goulburn River catchment is significantly correlated with the 

Indian Ocean high pressure, but also its position, i.e. longitude (PS IOH, LN IOH). With PS IOH and Ln IOH it 

showed -0.343 and -0.472 respectively at 95% significance level, p-value for each correlation are also given in 

table 1.ENSO indices as discussed earlier is one of the widely used predictor around the world, showed no 

significant correlation. South Pacific high pressure index is also showing strong correlation but not significant at 

95% significance level with the Goulburn River runoff, also runoff is not affected by the position of centers of 

high the pressure system in Pacific Ocean (see table 1a). In order to get full insight of the relationship, it is 

necessary to remove long term trends in the data so as to the get correct strength of the association of the 

variables with the runoff. So we calculate correlation again after removing trends in the data, we found a less 

number of variable with significant correlation.PS IOH and North Atlantic Oscillation (NAO)showed significant 

correlation might be because of trends in the data. It is also observed that the Indian Ocean dipole index does not 

impact on the Goulburn River catchment. 

In order to construct a model which best describes the whole scenario, predictor or independent variable 

should have no relationship with each other i.e. variables should not be multicollinear. So In order to avoid 

multicollinearity, variance inflation factor is calculated for each predictor variables. Variables which have VIF 

less than 1 VIF value are strongly independent, while VIF from 1 to 5 is a moderate value, on the other hand, a 

value greater than 5 are strongly correlated.  Several regression model has been constructed and analyze, first 

model constructed with predictors LN IOH and SOI. Which explains 24% variability of the data 

https://en.wikipedia.org/wiki/Black_River_%28Victoria%29
https://en.wikipedia.org/wiki/Jamieson_River
https://en.wikipedia.org/wiki/Howqua_River
https://en.wikipedia.org/wiki/Delatite_River
https://en.wikipedia.org/wiki/Big_River_%28Goulburn_River,_Victoria%29
https://en.wikipedia.org/wiki/Rubicon_River_%28Victoria%29
https://en.wikipedia.org/wiki/Acheron_River_%28Victoria%29
https://en.wikipedia.org/wiki/Yea_River
https://en.wikipedia.org/wiki/Broken_River_%28Victoria%29
https://en.wikipedia.org/wiki/Seven_Creeks
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𝑀𝐽𝐽𝐴 𝑅𝑢𝑛𝑜𝑓𝑓 =  656932 −  5780 ∗  𝐿𝑁 𝐼𝑂𝐻 + 1290 ∗ 𝑆𝑂𝐼(see table 1 for details of the model statistics). 

But the problem with this model is that it has high p-value for SOI indicator, which means that SOI is not 

meaningfully explains the variability of the River, and same results were also obtained when we add PS IOH in 

the above model high p value was observed for PS IOH. The second model is constructed by using only SOI as 

predictor variable, which shows only about 13% of the variability of runoff data, 𝑀𝐽𝐽𝐴 𝑅𝑢𝑛𝑜𝑓𝑓 =  24414 +
 2606 ∗ 𝑆𝑂𝐼  (see table 2 (a,b) for details of the model statistics).  Fitted versus observed plot were also present 

in the Fig. 2. Next we construct the model using LN IOH as a predictor variable which explains 22% of the 

variability of the data,𝑀𝐽𝐽𝐴 𝑅𝑢𝑛𝑜𝑓𝑓 =  807307 − 7151 ∗ 𝐿𝑁    which means that it explain the maximum 

variability of the data.It is evident from the plot of fitted versus observed data (fig. 2 &3) the predicted values 

obtained by model 2 follow the clear pattern as compared to model 3.  

 

Conclusion and Discussion: 

Numerous Studies have discussed the Australian rainfall and streamflow variability with the Indian Ocean 

Dipole and ENSO for example, (Chiew et al. 2003). Here in this study, we analyze that the streamflow 

variability is linked with the movement of Indian Ocean high pressure centers, negative correlation with Indian 

Ocean high pressure implies that when Indian Ocean has low pressure more rainfall were observed in the region 

and hence more streamflow were recorded. It is also observed that on82.5°𝐸 𝑡𝑜 137° 𝐸stream flow is negatively 

correlated, which implies that high pressure system lies extreme west to the region the more rainfall and 

streamflow will be observed. Out of these three indices of Indian Ocean high pressure, we used LN IOH to 

construct the regression model which explains the 22% of the variability also at several points our model 

reproduce the volume discharge (ML). Although, Goulburn River is significantly correlated with the Indian 

Ocean PS IOH, but it does not include any meaning full explanation to our model, means runoff is significantly 

dependent on the position of the center, but not the pressure. As the center moves to the extreme west more flow 

will be observed and vice versa. SOI is also significantly influenced on the streamflow, but it explains only 13% 

of the variability. 
 

Table 1a: Correlation matrix streamflow with all climatic indices at 95% of confidence level during   1975 to 2011: 

Index\Season Winter P-value 

PS IOH -0.343 0.037 

LN IOH -0.472 0.003 

LT IOH 0.058 0.732 

SPH PS -0.314 0.058 

SPH LN 0.18 0.286 

SPH LT 0.205 0.223 

AO 0.212 0.207 

SOI 0.371 0.024 

IOD -0.18 0.286 

NINO 3 -0.224 0.182 

NINO 3.4 -0.217 0.197 

NINO 4 -0.208 0.218 

NINO 12 -0.12 0.481 

MEI -0.147 0.386 

NAO 0.256 0.127 

SAM/AAO -0.134 0.429 

 

Table 1b: Correlation matrix computed after detrend streamflow data with all climatic indices at 95% of confidence level during 1975 to 
2011: 

Index\Season Winter P-Value 

PS IOH -0.313 0.059 

LN IOH -0.416 0.011 

LT IOH 0.078 0.645 

SPH PS -0.316 0.057 

SPH LN 0.297 0.074 

SPH LT 0.218 0.195 

AO 0.196 0.244 

SOI 0.381 0.02 

IOD -0.33 0.046 

NINO 3 -0.199 0.238 

NINO 3.4 -0.185 0.272 

NINO 4 -0.137 0.419 

NINO 12 -0.152 0.37 

MEI -0.169 0.317 

NAO 0.144 0.395 

SAM/AAO -0.087 0.608 
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Table 2.a: Summary of first model constructed by using LN IOH and SOI as independent variable. 

Term Coefficients Standard Error T-Value P-Value VIF 

Constant 656932 283432 2.32 0.027 
 

LN IOH -5780 2590 -2.23 0.032 1.32 

SOI 1290 1199 1.08 0.29 1.32 

 

Table 2.b: Summary of Second model constructed using SOI index as independent variable for winter season. 

Term Coefficients Standard Error T-Value P-Value VIF 

Constant 24414 4800 0 
  

SOI 2606 1102 2.37 0.024 1 

 

Table 3: Summary of Third model constructed using LN IOH as independent variable for winter   season. 

Term Coefficients Standard Error T-Value P-Value VIF 

Constant 807307 247133 3.27 0.002 
 

LN IOH -7151 2260 -3.16 0.003 1 

 

 
Fig. 1: Goulburn River catchment area. 

 

 
Fig. 2: Goulburn River volume discharge (ML) compared with regression model for winter season using SOI. 
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Fig. 3: Goulburn River volume discharge (ML) compared with regression model for winter season using LN 

IOH as the predictor variable. 
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