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ABSTRACT 
This study aims to explore the possible interaction between Indian Ocean subtropical high 
indices and Arthur river catchment (ARC), the north-western river of Tasmania, Australia, 
streamflow (May-August) by constructing a multi-linear regression model which explained 
42.05% of ARC streamflow (May-August) and provide a large forecasting lead time. In this 
study, it is found that the variability in ARC streamflow associated with Indian Ocean 
subtropical high pressure (IOSHPS) with coupled of its east-west gradients (zonal) also 
qualitative and quantitative forecasts of ARC streamflow (May-August) are presented 
through conditional probability and combining the IOSH indices as predictors in multi-
linear regression model respectively. It is found that 13 forecast values are correctly 
defining the observed ARC streamflow (May-August) out of 15 from 1997 to 2011. 
Analysis is performed on 61 years (1951-2011) available ARC streamflow observations. 
The conditional probability model correctly forecasted 12 years category of streamflow 
out of last 15 years (1997-2011) streamflow. 
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INTRODUCTION 

 

 Stream flow depends on precipitation (Kokkonen et. al., 2004), evapotraspiration rate (Garbrecht et. al., 

2004), rate of melt of glaciers (if any)(Dettinger, et al., 2000)and marshes or water logging areas (if any)within 

the catchment. Precipitation is a chief integrator of streamflow in Tasmania. Most of evapotranspiration occurs 

in summer (DJF) in Tasmania and Snow falls on high peaks but it melts quickly and also it is not an important 

variable for seasonal streamflow in Tasmania (Bennet et al., 2012).Tasmania observed decrease in rainfall since 

mid of the 1970s in many regions and this resulted in decrease in runoff in the island (CFT, 2010). Tasmania is 

flanked between the southern oceans and therefore its climate driven through many climate drivers that 

operating over southern oceans. El-Nino Southern Oscillation is associated with streamflow anomalies over 

Tasmania (Chiew et., al, 1994). The island lies at mid-latitudes (39° to 44°S) this may be the cause of rainfall 

variability through extra tropical cyclones (anticyclones).The southern annular mode (SAM) has greater 

influence on seasonal rainfall over Australia than El-Nino southern oscillation (ENSO) and this relationship is 

strongest in spring in western Tasmania further investigations revealed that The SAM accounts for inverse 

relationship with rainfall over Tasmania as rainfall over Tasmania is affected by extra-tropical cyclones, cold 

fronts and westerlies (western Tasmania) (Meneghini et al., 2007). The pressure over southern oceans, is 

projected to be increase at mid-latitudes on either side of Tasmania and decrease in mean pressure at high 

latitudes with variable gradient in different seasons, may likely to derive west coast rainfall (Grose et al., 2010). 

Western coast comprises on mountains while eastern and southern regions relatively flat, through this strong 

orographic mechanism rainfall over Tasmania shows variable rain from east to west and hence variable 

streamflow from catchment to catchment in Tasmania. Reduction in rainfall in all seasons of western Tasmania 

is due to the positive phase of southern annular mode (SAM) and rainfall in western Tasmania is associated 

with the orographic up lift in western and southwestern stream (Risbey et. al., 2009).Cutoff lows are responsible 

for the most of rainfall (April-October) in eastern Tasmania and these add in fresh water for agriculture and 

water bodies (Pook et. al. 2011). Annual total rainfall decrease in Southeast Australia is observed from 1970-

2005 due to the decrease in the rainfall intensities of extreme events as compare to the first half of the 

nineteenth century and the continuation of downward trend in rainfall is mostly observed in autumn (Gallant et 
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al., 2007).Variability (June-October) over Indian Ocean (IO)is associated with drought (1889-2006) over 

Southeast Australia (35-40  So  and 140-148 Eo ) and negative IOD events account for more rainfall (June-

October) in southern regions (Southeast Australia, Tasmania and in the west) of Australia (Ummenhofer et., al., 

2009). Mean sea level pressure (MSLP) over IO is associated between southwest of Western Australia 

(SWWA) and southwest of Eastern Australia (SWEA) May-July (MJJ) rainfall variability (Hope et al., 

2009).Variable Intensities and zonal movements of high pressure system over IO describe early winter (May-

August) streamflow variability over southwestern Australia since the mid of the last century (Rehman, 2014). 

 

2. Data and Catchment Description: 

 Arthur river catchment (ARC) is situated in northwest of Tasmania. The river originates near the Waratah 

in the foothills of Mt Bischoff at an elevation of about 800m above the sea level and flows due west into the 

Southern Ocean through the small coastal township of Arthur River (Fig. 1).The ARC is one of the largest 

north-west catchments which comprise approximately 101 km
2
in area. North-west Tasmania experiences a 

temperate marine climate. Rainfall and runoff both showed decreasing trend in the northwest as compare to 

southeast of Tasmania from 1924-2007, the decrease observed in winter is less than that observed in February 

and these reductions are projected to be increase greatest in summer and smaller in winter in the region 

(CSIRO, 2009). Rainfall tends to increase towards south of the north-west Tasmania.ARC receives over 2500 

mm average rainfall per annum while itreceives1120 mm average rainfall per year in winter (JJA).Rainfall over 

north-west Tasmania is subjected to western airstream therefore seasonal rainfall much variable than annual 

total rainfall. ARC has been experienced decreasing trend in all of its seasons but most of the decline is 

observed in autumn (MAM) and winter (JJA) since the mid of the last century however, these months (May-

August) bears most of the rainfall in ARC (Fig 2(a,b)).This study comprises on the decline of streamflow in 

Arthur river catchment (ARC) for its wet season (May-August) and the aim in this study is to explore whether 

high pressure system and its positions take a part in the decline of the ARC wet season (May-August) 

streamflow since seasonal variability of high pressure over IO is associated with southwest western Australia 

(SWWA) early winter (May-August) rainfall (Rehman et al., 2011) and southwestern Australia early winter 

(May-August) streamflow variability (Rehman, 2014) and Southwest western Australia and Southeast western 

Australia (SWEA) May-July (MJJ) rainfall variability (Hope et al., 2009). For this, monthly mean sea level 

pressure MSLP data set (2.5 by 2.5) is obtained from National Center for Environmental Prediction (NCEP) 

reanalysis (Kalnay et. al., 1996) and used to calculate the Indian Ocean subtropical high (IOSH) 

(100° to 142.5°E − 10° to 50°S) based three objective indices (IOSHPS, IOSHLN and IOSHLT) for season 

(May-August) for the period of 1951-2011.ARC streamflow monthly observations are obtained from the Bureau 

of Metrology (BOM) of Australia for the station Hellyer River at Guilford Junction (i.d: 312061) in ML/month 

then performed usual calculation to convert into streamflow (mm).The southern annular mode(SAM) and 

southern oscillation indices used in this study are provided by the Climate Prediction Center (CPC).The El-Nino 

Southern Oscillation Indices, defined by Wolter and Timlin, (1993, 1998), are used to take correlations with 

streamflow timeseries. 

 

3. Method: 

 Rossby et al. (1939) keenly investigated the global monthly sea level pressure maps where he found low 

and high pressure region and called them ‘Center of Actions’. Rossby further investigations revealed that not 

only the areas of low and high but their zonal as well as meridional movements may influence the regional 

climate patterns. The technique applied in this study is very simple to evaluate the strengths and locations of the 

mean central pressure (MCP) over the Indian Ocean (IO) and also the results obtained in this study are 

comparatively provides more clear picture of the IOSHPS than the previous study (Hameed et al., 1995). 

Quantitative assessment of intensity and locations of the high pressure centers over the subtropical Indian 

Ocean represent by Ip, Iz, Im. Mathematical equations (Definitions) of these indices are: 

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

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

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

 Where Ip(t) is spatial average of pressure when monthly MSLP at a grid node P(x, y) in a specific time 

interval equaled or exceed from a given threshold value over the entire spatial domain such that P x,y  t ≥ pt . 
This assures the pressure values belongs to the High pressure system, in this case monthly mean sea level 
pressure observations are obtained from NCEP reanalysis, IZ t  and IM t  are spatial average of corresponding 
positions of longitude and latitude addresses where P x,y  t ≥ ptrespectively. Pt= 1016 hPa is a threshold value 

for the Indian Ocean, Zx(t) and My(t) are corresponding addresses of longitude and latitude when P x,y  t ≥
pt . The region of the IOSH in this manuscript is investigatedis 10°S to 50°S and 100°E to 142.5°E. The region 
of the cool season (May-August) of IOSH over IOH and its threshold value Pt is selected by examining their 
geographical ranges in NCEP reanalysis data over the period 1951–2012. 
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4. Relationship between IOSH and ARC Streamflow: 
 Cumulative frequency distributions of standardized ARC streamflow data are plotted (Figs. 3(a, b))and 
compared with IOSH indices to explore the possible connection between IOSH and ARC stremflow, here 
IOSHPS represents the center of the high pressure system while IOSHLN shows zonal movements (west to 
east) of IOSHPS. The exceedance probability for the ARC (May-August) streamflow; for example, in a given 
year, the probability of exceeding the long-term average streamflow is nearly 0.50. Notice, for the standardized 
time series, the long-term average corresponds to zero (Fig. 3(a)). During the maximum IOSHPS years, 
however, this probability drops to approximately 0.40, while, for the minimum IOSHPS years, this exceedance 
probability is close to 0.60. Whenever exceedance probabilities of IOSH indices equal then probability of ARC 
streamflow relatively falls. This pattern clears the relationship between ARC stremflow (May-August) and 
IOSH. The probability of exceeding the average ARC streamflow is 0.50the year when mean central pressure 
(MCP) observed in the east of ARC this probability falls to 0.3 and on the other hand, it approaches to0.60when 
IOSHPS observed in the west (Fig. 3(b)).This section of the study also reveals the statistical connection among 
IOSH indices (IOSHPS and IOSHLN)with ARC (May-August) streamflow by correlation analysis and 
suggests, IOSH indices are mutually independent, a multi-linear model (Fig. 4) which is constructed with both 
the highs as predictors for ARC streamflow (May-August) that is Streamflow  mm = 30479.72 −
29.02  IOHPS − 6.03 (IOHLN).This multi-linear model explains 42.05% variability of the ARC streamflow 
(May-August).The Correlation analysis (Table 1)concluded that IOSH indices are inversely associated with 
ARC (May-August) streamflow then the other large scale climate drivers of this study and their combination 
also showed strong correlations with ARC (May-August) streamflow (0.65).This inverse relationship suggests 
that when mean central pressure (MCP) over IO observed in the west coast of Tasmania ARC receives more 
rainfall and this reflected more streamflow in the region and when MCP over IO observed in the east near ARC 
then ARC receive less rainfall and this resulted in recession of streamflow in the catchment. It is also observed 
that IOSHPS increasing (Fig. 5(a)) and approaching to the east of Tasmania (Fig. 5(b)) since 1951 to 2011.As 
IOSH indices are strongly connected to ARC streamflow (May-August), a chart of simple conditional 
probability to predict category of streamflow in ARC is constructed. IOSH indices (May-August) and ARC 
streamflow (May-August) timeserieses (1951-2011) standardized through z-score technique and then plotted 
against each other (Figure 6(a, b)). ARC streamflow is categorized into minimum, average and maximum 
ranges; IOSHPS anomaly is divided into above normal, normal and below normal conditions while IOSHLN 
anomaly is divided into east of Tasmania, at middle positions and west of Tasmania, using  ∓1 standard 
deviation to definethe class boundaries. Conditional probabilities (Table 2 and 3) are then calculated for the 
different ARC streamflow (May-August) levels against the given conditions of IOSH indices anomaly. 
Conditional probabilities are obtained using the number of data points collected in each category over the study 
era (Fig. 6(a, b)).The probabilities of the maximum and minimum ARC streamflow (May-August)during any 
given year is 0.15 and 0.52 respectively on the other hand the conditional probabilities of maximum and 
minimum ARC streamflow during above normal (maximum) IOSHPS year is 0 and0.56 respectively (Table 2) 
while these approaches to 0 and 0.44 when IOSHPS observes in the east of the island (Table 3). On below 
normal condition none of the streamflow probabilities corresponds to zero on the other hand, zero probability of 
minimum ARC streamflow is occurred when IOSHPS observes in the west of Tasmania this means that 
whatever streamflow ARC receives is a result of either average or maximum streamflow (Table 3). This show 
IOSH indices explain variability in ARC streamflow (May-August).Since IOSH indices are mutually 
independent, mutually and independently correlated (Table 1) with ARC streamflow (May-August) and 
explained 42.05% variability of ARC streamflow (May-August) hence the multilinear model stated above with 
IOSH indices as predictors of ARC streamflow (May-August) can be used to forecast ARC streamflow (May-
August). Forecasted ARC streamflow (May-August) are corresponding to the past observed values of IOSH 
indices from 1997 to 2011. Conditional forecasting of ARC streamflow, based on IOSH indices and comparison 
with the observed flow (1997–2011) are shown in Table (4a and 4b) and interpretation obtained is shown in 
Table 5. It is noted that when IOSHPS was above normal and observed in the east of Tasmania then the 
conditional probabilities of minimum or average streamflow increased (Table 2 and 3) this relationship proved 
in 2006 (Table 3) with streamflow anomaly -0.65. This is also noted that when IOSHPS was below normal and 
observed in the west of the island then conditional probabilities of average and maximum streamflow increased 
(Table 2 and 3) this phenomenon can also be seen in 2009 (Table 5) with streamflow anomaly 1.67. It is found 
that 13 forecast values are correctly defining the observed ARC streamflow (May-August) out of 15 from 1997 
to 2011. 
 
5. Summary: 
 ARC situated in the northwest tip of Tasmania, Australia. Observations found in above study concluded 

here as IOSH indices, calculated over Indian Ocean (100° to 142.5°E − 10° to 50°S), are responsible for the 
declined in ARC streamflow (May-August). ARC experienced Indian Ocean directly and therefore variability in 
IOSHPS coupled with its east-west gradient derived the variability in ARC streamflow (May-August)while 
southern annular mode (SAM) describe 7.08% and Indian Ocean Dipole (IOD) describes 15.32% of the ARC 
(May-August) streamflow. 
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Fig. 1: Shows Arthur River Catchment (ARC). 
 

 
 
Fig. 2(a): Monthly average flows of the Arthur River (1951-2011). 
 

 
 
Fig. 2(b): Shows streamflow (mm) is decreasing in Arthur River Catchment (ARC) from 1951 to 2011. 
 

 
 
Fig. 3(a): Shows when IOSHPS was maximum the exceedance probability of Arthur River to bear more 

streamflow is decreased, on the other hand, the curve when IOSHPS observed minimum behaves as 
full timeseries. 

 

 
 
Fig. 3(b): Shows when IOSHPS approaches near the west coast of Tasmania the probability of less rain  
     increasing, on the other hand, the curve when IOSHPS was minimum behaves like full timeseries. 
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Fig. 4: Arthur River Catchment (ARC) streamflow (mm) in March to August (MAMJJA) observed values are 

       compared with regression values. 

 

 
 

Fig. 5(a): Shows Indian Ocean Subtropical High Pressure is increasing from 1951 to 2011. 

 

 
 

Fig. 5(b): Shows Indian Ocean Subtropical High Pressure is shifting to the east of Tasmania.  

 

 
 

Fig. 6(a): Categories of flow of Arthur River Catchment (ARC) and IOSHPS, the data points are mentioned in 

     each category. 

 
 

Fig. 6(b): Categories of flow of Arthur River Catchment (ARC) and IOSHLN, the data points are mentioned in 

     each category. 
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Table 1: Shows correlation of ARC streamflow (March-August) among large scale climate variables 1951–2011.Values significant at 95% 

        statistical levels are shown in bold. 

Parameters Streamflow Detrend 

Time -0.36 0.00 

NNO3 -0.29 -0.18 

NINO3.4 -0.18 -0.13 

NINO4 -0.13 -0.02 

NINO12 (1951-2008) -0.28 -0.25 

MEI -0.26 -0.17 

Southern Oscillation Index 0.20 0.17 

Indian Ocean Dipole (1958-2009) -0.39 -0.37 

Southern Annular Mode (1979-2011) -0.33 -0.32 

IOSHPS -0.52 -0.35 

IOSHLN -0.48 -0.39 

IOSHLT 0.32 0.39 

IOSHPS and IOSHLN 0.65 0.48 

 
Table 2: Conditional probability of the Arthur River streamflow (May-August), given the IOSHPS index of MSLP based on observations 

of        1951–2011. 

IOSHPS Arthur River streamflow   

 Minimum Average Maximum 

Above Normal 0.56 0.44 0.00 

Normal 0.07 0.79 0.14 

Below Normal 0.11 0.67 0.22 

 
Table 3: Conditional probability of the Arthur River streamflow (May-August), given the IOSHLN index of MSLP observed on east, 

middle and west of Tasmania based on observations of 1951–2011. 

IOSHPS Arthur River streamflow   

 Minimum Average Maximum 

East of Tasmania 0.44 0.56 0.00 

Middle Positions 0.12 0.72 0.16 

West of Tasmania 0.00 0.78 0.22 

 
Table 4 (a): Conditional forecasting of ARC streamflow, based on IOSHPS and comparison with the observed flow (1997–2011). 

Year 
Predicted flow 

 
 Conditional Probability of flow  Observed Flow 

 Flow/Anomaly IOSHPS Category Minimum Average Maximum Flow Category Flow/Anomaly 

1997 95.59/-1.83 Above normal 0.56 0.44 0.00 Minimum 120.49/-0.03 

1998 113.13/-0.70 Normal 0.07 0.79 0.14 Average 108.83/-0.49 

1999 111.99/-0.77 Normal 0.07 0.79 0.14 Average 122.10/0.04 

2000 130.64/0.43 Normal 0.07 0.79 0.14 Average 112.75/-0.33 

2001 123.10/-0.06 Normal 0.07 0.79 0.14 Average 107.57/-0.54 

2002 120.14/-0.25 Normal 0.07 0.79 0.14 Average 128.88/0.31 

2003 131.76/0.50 Below normal 0.11 0.67 0.22 Average 127.99/0.27 

2004 136.52/0.80 Normal 0.07 0.79 0.14 Average 188.48/2.66 

2005 119.47/-0.29 Normal 0.07 0.79 0.14 Average 113.12/-0.32 

2006 112.16/-0.76 Above normal 0.56 0.44 0.00 Average 104.64/-0.65 

2007 133.59/0.61 Normal 0.07 0.79 0.14 Average 121.48/0.01 

2008 116.56/-0.48 Normal 0.07 0.79 0.14 Average 84.53/-1.45 

2009 165.48/2.66 Below normal 0.11 0.67 0.22 Maximum 163.32/1.67 

2010 128.07/0.26 Normal 0.07 0.79 0.14 Average 104.45/-0.66 

2011 122.18/-0.12 Normal 0.07 0.79 0.14 Average 108.41/-0.50 

 
Table 4(b): Conditional forecasting of ARC streamflow, based on IOSHLN and comparison with the observed flow (1997–2011) 

Year 
Predicted streamflow 

 
 Conditional Probability of streamflow  Observed streamflow 

 Flow/Anomaly IOSHLN Category Minimum Average Maximum 
Flow 

Category 
Flow/Anomaly 

1997 95.59/-1.83 Middle positions 0.12 0.72 0.16 Minimum 120.49/-0.03 

1998 113.13/-0.70 East of Tasmania 0.44 0.56 0.00 Average 108.83/-0.49 

1999 111.99/-0.77 Middle positions 0.12 0.72 0.16 Average 122.10/0.04 

2000 130.64/0.43 Middle positions 0.12 0.72 0.16 Average 112.75/-0.33 

2001 123.10/-0.06 Middle positions 0.12 0.72 0.16 Average 107.57/-0.54 

2002 120.14/-0.25 Middle positions 0.12 0.72 0.16 Average 128.88/0.31 

2003 131.76/0.50 Middle positions 0.12 0.72 0.16 Average 127.99/0.27 

2004 136.52/0.80 Middle positions 0.12 0.72 0.16 Average 188.48/2.66 

2005 119.47/-0.29 Middle positions 0.12 0.72 0.16 Average 113.12/-0.32 

2006 112.16/-0.76 East of Tasmania 0.44 0.56 0.00 Average 104.64/-0.65 

2007 133.59/0.61 Middle positions 0.12 0.72 0.16 Average 121.48/0.01 

2008 116.56/-0.48 Middle positions 0.12 0.72 0.16 Average 84.53/-1.45 

2009 165.48/2.66 West of Tasmania 0.00 0.78 0.22 Maximum 163.32/1.67 

2010 128.07/0.26 Middle positions 0.12 0.72 0.16 Average 104.45/-0.66 

2011 122.18/-0.12 Middle positions 0.12 0.72 0.16 Average 108.41/-0.50 

 
Table 5: Summary of conditional forecasting of ARC streamflow, based on IOSH indices and comparison with the observed flow (1997–
       2011). 

Year IOSHPS IOSHLN Predicted streamflow Observed streamflow 

1997 Above normal Middle positions Minimum Average 

1998 Normal East of Tasmania Average Average 

1999 Normal Middle positions Average Average 
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2000 Normal Middle positions Average Average 

2001 Normal Middle positions Average Average 

2002 Normal Middle positions Average Average 

2003 Below normal Middle positions Average Average 

2004 Normal Middle positions Average Maximum 

2005 Normal Middle positions Average Average 

2006 Above normal East of Tasmania Average Average 

2007 Normal Middle positions Average Average 

2008 Normal Middle positions Average Minimum 

2009 Below normal West of Tasmania Maximum Maximum 

2010 Normal Middle positions Average Average 

2011 Normal Middle positions Average Average 
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