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Abstract 

The main objective of this study is to explore the relationship between average rainfall over the 15 districts 

of Victoria, Australia, for individual months of winter (MJJA) season and respective mean sea level 

pressure fields over the Indian Ocean and the western Australian region for the period of 1951 to 2015. It 

was found that dry conditions from May to August were associated with high-pressure systems that 

occupied large areas around the 20S to 35S over the Indian Ocean and the continent over the era. It also 

found that the occurrence (frequency) or interval of time of high-pressure systems tended to decrease 

gradually from May to August which enabled rainfall to increase gradually from May to August over the 

state. During the wet conditions below 1016 hpa pressure fields observed over most of the Indian Ocean 

and the Australian region, these low-pressure systems caused more rainfall over the state. During normal 

rainfall conditions very slight to negligible pressure departures are observed over the Indian Ocean and 

the western Australian region which maintained the rainfall at the average scale over the state. This 

analysis explores the relationship between monthly sea level pressure patterns and the district average 

winter (MJJA) rainfall over Victoria, Australia. 

 

Keywords: Victoria’s Rainfall, Winter Precipitation, Indian Ocean High (IOH), Mean Sea Level Pressure 

(MSLP), Cool Season (MJJA), Center of Action Approach (COA). 

  
 

Introduction 
 

Victoria, the state of southeast Australia, and the second smallest state that experiences an 1800 km 

coastline borders on Bass Strait which separates the mainland from Tasmania and the western Southern 

Ocean. Victoria experiences warm and dry summers and receives most of the precipitation during the cool 

season (March to August) season. The pattern of rainfall over the state remains highly variable and the 

decreasing trend in winter (MJJA) rainfall is higher than the other seasons of the continent. There are four 

seasons in Australia. The summer (December to February), Autumn (March-May), Winter (June-August) 

and Spring (September to November). 
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Fig. 1(a). Illustrate the geographical locations of rainfall districts (BOM) 

 

Rainfall-dominating regions of southeast Australia (SEA) especially Victoria received below-average 

rainfall in the first half (May-July) rainfall season (May to October) while in the second half of the rainfall 

is much closer to the long-term average since 1997 (Timbal et al., 2008). Hope et al., (2015) found that the 

drying trend over southern Australia in the cool season is projected to remain dry except winter season 

rainfall over Tasmania. (CSIRO, 2010) investigated the drought conditions over southeastern Australia in 

the last decade caused severe reduction in streamflow over southern Murray Darling Basin (MDB) and 

Victoria. Hossain et al. (2013) found a decreasing trend in annual maximum flood over 25% of the 

catchments out of 152 catchments situated in Victoria, Australia at a 5% significance level using the Mann-

Kendall trend test. Ashcroft et al., (2012) investigated southeastern Australia's surface air temperature over 

the period of 1860 to 2011 and found an association with El-Nino southern oscillation with variations, 

rather than interdecadal pacific oscillation, occurred throughout the era (1890 to 1970s) and further 

investigations of the study revealed an increase of 1.1 °C and 0.9 °C maximum and minimum temperatures 

respectively observed since 1960 over the region. Cai et al., (2008) found that the reduction in autumn 

rainfall over Victoria is 40% from its long-term autumn rainfall (1956-2006) and the reduction mainly 

occurred in May where the regimes of El-Nino and La-Nina events are found. 

 

 
Fig.1(b) Shows Average Winter (MJJA) rainfall over 15 districts 
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Pepler et al., (2014) investigated the eastern Australian climate, and winter-spring, variability and found a 

strong association between the zonal wind flow (June-November) and Indian Ocean dipole (IOD) with 

positive IOD enhanced onshore winds and rainfall over the coastal regions while reducing rainfall 

anywhere in southeast Australia. Meneghini, et al., (2007) found Southern annular mode (SAM) partly 

defined the reduction of winter rainfall over southern South Australia, Victoria, and Tasmania over the 

period of 1958 to 2002. Timbal et al., (2007) found that the rainfall reduction over southeastern Australia is 

largest in May-July, the subtropical ridge (STR) explains up to 35% of the inter-annual rainfall variability 

and the correlation is higher between subtropical ridge (STR) intensity and rainfall (May-July) over 

southeastern Australia than the correlation with mean sea level pressure (MSLP). Timbal and Murphy 

(2007) found that the SAM and STR may have been associated with the SEA severe autumn rainfall (1997-

2006) reduction. Holper et al., (2011) found that the northwards move of the subtropical high-pressure belt 

during winter causes winter rainfalls over Western Australia (WA), South Australia (SA), and much of 

Victoria. 
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(e) 

 
Fig. 2. (a) Mean departures of SLP in (a) dry (b) wet (c) normal (d) May; averaged correlations between 

pressure in grid points with rainfall (e); at the illustrated stations. Definition of years taken from Table 1. 
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Landvogt et al., (2008) analyzed rainfall pattern (2000 to 2005) over the northeastern Alps of Victoria and 

found rainfall increases with terrain elevation further study revealed that the fronts contribute most of the 

winter rainfall while cold lows were responsible for summer rainfall in the region. Rehman et al., (2015) 

investigated the Indian Ocean Subtropical High Pressure (IOSHPS) system and its meridian positions 

(IOSHLN) and found a strong association between IOSHPS and IOSHLN, and streamflow over Victoria 

Australia.  

 

The objective of the study is to explore the relationship between the monthly mean sea level pressure and the 

average winter (MJJA) rainfall months over the 15 districts of Victoria, Australia. 

 

Data Description and Method 
 

This study used the monthly average rainfall data for 15 districts in Victoria, Australia which was obtained 

from the Australian Bureau of Metrology (BOM). The analysis was performed on the austral winter season 

(MJJA), the most rainfall-bearing season, for the period of 1951 to 2015 (Fig. 1).  

 

Monthly mean SLP (2.5 by 2.5) for the region defined by 82.5 E and 137.5 E meridians and 10S and 50S 

parallels, were obtained from the National Center for Environmental Prediction (NCEP) (Kalney et al, 1999). 

We define each month as dry (wet) or normal by standardizing each monthly rainfall at each station in the 

following manner: 

 

 

                                                                                       yi   y  

                                                                           Z =  

                                                                                           σ 

 

 

Whe e  yi i   he     h y   i f    i   he ye   i  y    i   he   e  ge     h y   i f      d σ i   he     h y 

standard deviation. For each station, each month is defined as 

 

ex     di   i y d y whe  Z ≤  2.5  

 

ex  e e y d y whe  2.5 < Z ≤  1.5  

 

d y whe  1.5 < Z≤  0.5 

 

       whe  0.5 < Z ≤ 0.5 

 

we  whe 0.5 < Z ≤ 1.5 

 

ex  e e y we  whe  1.5 < Z ≤ 2.5 

 

extraordinarily wet when2.5 < Z 
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Table 1: The definition of the winter (MJJA) months as Dry (Wet) and Normal. Months without any 

definition were other than Dry (Wet) or Normal. 

 
T b e’  S u ce: Au h  ’  E  i   i   

 

A monthly rainfall yi in the ith year is characterized as dry (or wet) if at least, in seven out of the 15 

districts, it is defined as dry (or wet) and in none of the rest of the stations, as the opposite. This method 

was opted for by Kutiel and Paz, (1998). The method, defined above, was applied to the monthly district 

average rainfall (MJJA) data over Victoria (fig.1(a) and 1(b)), Australia, and obtained 123 months as dry 

(80) and wet (43) out of a total of 260 months for the austral winter (MJJA)for the period of 1951 to 2015. 

The obtained months, dry (or wet) were listed in Table 1. Three categories (dry, wet, and normal) of 

monthly MSLP at each grid point corresponding to each yi month in the ith year of the rainfall were 

constructed. For each month of the winter (MJJA) season, three composite maps of monthly MSLP were 

constructed, one for all dry months, a second for all wet months, and a third for all normal months. 

Correlation coefficients between monthly average rainfall in each of the 15 rainfall districts and defined 

mean monthly sea level pressure region over the Indian Ocean at each grid point were calculated. For a 

month, 15 correlation coefficient maps (for each district) were constructed. Similar correlation maps 

averaged together to form one correlation coefficient map to show coherent rainfall districts, this 

correlation coefficients map was the representative map for coherent rainfall districts. In this way four 

coherent regions were constructed, each coherent rainfall region should be interpreted as one region in 

which the average rainfall responds in the same way as the mean sea level pressure. 
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(d) 

 
 

(e) 

 
Fig. 3. (a) Mean departures of SLP in (a) dry (b) wet (c) normal (d) June; averaged correlations between 

pressure in grid points with rainfall (e); at the illustrated stations. Definition of years taken from Table 1. 

 

Results and Discussion 

 
This section of the study is based on the justification of the relationship between monthly average rainfall 

districts over Victoria, Australia, and mean monthly sea level pressure patterns over the Indian Ocean and 

Western Australia (defined above). 
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(d) 

 
 

(e) 

 
Fig. 4. (a) Mean departures of SLP in (a) dry (b) wet (c) normal (d) July; averaged correlations between 

pressure in grid points with rainfall (e); at the illustrated stations. Definition of years taken from Table 1. 

 

Figures 2 to 5 show the composite maps of departures of monthly mean sea level pressure in (a) dry, (b) 

wet, (c) normal, (d) correlation coefficient map, and (e) the rainfall stations whose correlations were 

averaged (coherent rainfall districts), this order of the figures followed throughout the study. (Rossby, 

1939) investigated sea surface pressure fields and found not only the intensities of low and high-pressure 

systems over the sea surface but their positions also influenced the regional climate patterns. According to 

Rossby high (low) pressure system(s) tends to decrease (increase) rainfall systems of associated regional 

climate. (Hameed et al., 1995) defined an SLP as high pressure at any grid point when its value exceeds 

1016 hpa. It is observed that in dry conditions (figs. 2(a) to 5(a)), the high-pressure centers gradually 

covered most of the region with peak intensity around 1020 hpa which was the cause of drought conditions 

over the state while during wet conditions (figs 2(b) to 5(b)), it is observed that from May to August MSLP 
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gradually decreased which caused more rainfall events over the state. During normal rainfall conditions 

(2(c) to 5(c)) very slight to negligible pressure departures are observed over the Indian Ocean and the 

western Australian region which maintained the rainfall at the average scale over the state. Rehman, 2014) 

found an inverse association between streamflow (MJJA) over Southwest Western Australia and high-

pressure intensities and their meridian positions over the Indian Ocean. The correlation coefficient maps 

(fig. 2(d) to 5(d)), defined in the method section, showed a significant inverse association with mean sea 

level pressure and it is noted that the areas of association on the mean sea level pressure field increased 

from May to August. The positive correlations showed the center of low pressure which characterized the 

more rainfall in the districts while negative correlations showed a high pressure center which was 

characterized by less rainfall conditions in the districts. Rapid changes in pressure gradients among the 

centers enable favorable conditions for a wet month. A correlation coefficient map corresponding to dry 

(wet) years for a winter (MJJA) month between rainfall and mean sea level pressure has not been 

constructed. However, the pressure field corresponding to dry conditions should be regarded to be inverse 

to those shown in the composite maps for wet conditions. Figures 2(e) to 5(e) showed the rainfall stations 

whose correlations were averaged (coherent rainfall districts) to form each map. 
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Fig. 5. (a) Mean departures of SLP in (a) dry (b) wet (c) normal (d) August; averaged correlations between 

pressure in grid points with rainfall (e); at the illustrated stations. Definition of years taken from Table 1. 
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Conclusion 

In light of the above analysis we have drawn the conclusion which described as, in dry conditions from May 

to August, the high-pressure system occupied a large area and remained around 20S to 35S over the Indian 

Ocean and the continent which caused drought conditions over the state. The occurrence (frequency) or 

interval of time of high-pressure systems tends to decrease gradually from May to August which caused 

rainfall gradually to increase from May to August over the state. During wet conditions below 1016 hpa 

pressure field was observed over most of the Indian Ocean and Australian region which enhanced the rainfall 

events over the state. During normal rainfall conditions very slight to negligible pressure departures are 

observed over the Indian Ocean and the western Australian region which maintained the rainfall at the 

average scale over the state. 
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