
 

 

 

Abstract—The increasing concern and fear about climate change 

have intensified the need for precise figures about deviations in 

statistical characteristics of rainfall events in both temporal and 

spatial scales. As a result of this goal, sixty-eight years daily rainfall 

observations acquired from Australian Bureau of meteorology during 

1950-20017, are used to determine trends and patterns. 

Statistical methods comprising of parametric and non-parametric 

methods are used to determine annual rainfall trends in Australia. The 

parametric method involves linear regression analysis while the non-

parametric method is the Mann Kendall test. 

Rising rainfall trends were observed in Darwin and Port Hedland 

during 1950-2017. These increasing trends were not significant. 

Conversely, decreasing annual rainfall trends were observed in the 

remaining cities (Cairns, Alice, Perth, Newcastle, Ainslie and 

Hobart). The decreasing trends were observed to be significant in 

Hobart city. 

Analysis of the monthly patterns revealed four main rainfall trends 

in Australia during 1950-2017. 
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I. INTRODUCTION 

Some cities around the globe have for the past few decades 

experienced extreme events such as hurricanes, floods, 

droughts and other climate-related disasters, causing human 

casualties and heavy damages on properties and infrastructure. 

Assessment reports from [1] indicated that there is the 

likelihood that the incidence of heavy rainfall or the proportion 

of overall rainfall from heavy falls will increase in the 21st 

century over many areas of the globe. The high proportion of 

heavy rainfall is particularly the case in the high latitudes and 

tropical regions. Due to changes in rainfall, resulting in 

varying characteristics in wet spells, climatological features 

have become unpredictable especially in Australia where there 

is high climate variability. A study by [2] revealed that, for the 

past few decades, the global hydrological cycle has been 

experiencing significant fluctuations, which comprise rainfall 

amount, frequency and duration. It is assumed that global 
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warming will lead to a more dynamic atmosphere, which 

potentially leads to more frequent high-intensity rainfall events 

in many regions of the globe even in regions where rainfall is 

reducing. Rainfall processes in cities are likely to be a 

complicated issue due to several factors involved. One of them 

is urbanisation in which surface modification of the natural 

surface is spatially replaced with human-made or artificial 

impervious materials, changing or disturbing surface energy 

balance and the atmosphere over the area [3]. 

Studies such as [3]-[4] revealed that increasing population 

resulting in urbanisation had modified land surface processes 

through the formation of „urban heat island‟. The modification 

of the land surface influences their local to global scale 

climate, as variations in land use and land cover continually 

modify energy and moisture fields as well as circulation 

patterns. Moreover, a significant amount of anthropogenic heat 

is radiated from relatively large fuel usage. Air pollutants in 

the area can also play a role in increasing the number of cloud 

condensation nuclei, with a complex series of feedbacks to 

cloud formation and rainfall [5]. 

A study by [6] revealed that increasing surface temperature 

enhances clouds formation and rainfall anomalies. Surface 

warming has a direct effect on rainfall. Increasing heating 

leads to greater evaporation resulting in an efficient drying of 

surfaces and increasing the duration and the intensity of 

drought. The water holding ability of air increases by about 

7% per 1°C warming, which leads to increased water vapour in 

the atmosphere, which affects storm development. Also, 

storms supplied with increased moisture, yield more intense 

rainfall events [7]. Analysis of temperature change in Australia 

by [8] revealed similar increasing temperature patterns in 

many areas. This area includes the central, eastern, southern 

and southeastern parts of Australia.  

Local precipitation patterns affected by urbanisation have 

been studied by some scholars [9]-[10]. These studies which 

focused on the effects of urban expansion on rainfall amount 

and frequency indicated that the seasonal or daily precipitation 

amount and frequency over cities and downstream areas were 

significantly larger than those in the non-urban area. It is, 

therefore, necessary to investigate daily rainfall variability in 

Australia.  

This study examines and describes the trends and pattern of 

rainfall in Australia during 1950-2017.  
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II. DATA AND METHODS 

This study used 68 years (1950-2017) daily aggregated 

rainfall data for eight observational weather stations in cities 

spread over Australia. The data were obtained from Australian 

Bureau of Meteorology (http://www.bom.gov.au/climate/data). 

These eight stations in cities were selected to give a sample 

covering the whole Australia as evenly as possible, and they 

have continuous rainfall records that extend over a period of 

68 years (Fig. 1). Data recorded on leap years were omitted to 

maintain standard year with 365 days observations, and thus 

each station was made up of 24,820 observations for the 68 

years records. For each station, the 5-day average rainfall 

(mean rainfall in successive 5 days) was computed and used in 

this study. This choice in the statistical analysis has the 

following advantages; the proportion of missing data is 

substantially reduced, daily patterns are represented well 

graphically, the correlation between data in consecutive 

periods is substantially reduced. 

The trend in an index of precipitation was calculated by 

using the simple linear regression and the Mann-Kendall trend 

tests. 

 

 
Fig. 1 The map of Australia and the locations of stations in the cities 

used in the study 

The linear regression used in determining the trend in the 

annual rainfall time series is defined as  

               0 1 ,i i iy x                             (1) 

where iy   is the value of the index at a year i  and i   is the 

residual or error term with mean zero. The regression 

parameters 0   and 1   are estimated by the method of least 

squares. The method of least squares was used because it 

estimates the parameters such that their sums of squares error 

are minimized. The parameter and 1   gives the change per 

decade.  

The Mann-Kendall trend test was also used to determine the 

trend in the annual rainfall time series. The Mann-Kendall test 

is a non-parametric test that can be used to identify trends in a 

time series [11] when there is no significant serial correlation 

in the data. The major advantages of this method are that no 

assumptions about the distribution of the data are required and 

it is also directly applicable to climate data for a given month, 

season and year. The Mann-Kendall statistic, denoted by S, is 

defined as follows: 
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The statistic S is approximately normally distributed when 

with the mean and the variance as follows respectively: 
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where it   is the number of ties of extent i. 

The standardised test statistic (Z) of the Mann-Kendall test 

and the corresponding p-value (p) for the one-tailed test are 

respectively given by 
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  0.5 ( ),p z                (7) 

where ( )z  is the standard normal distribution. When the 

p-value is very small random sampling has little effect on the 

trend. A positive Z value depicts an increasing trend while 

negative Z values indicate a decreasing trend. Trend testing is 

done at a certain level of significant (α). A significant level of 

5% was used in this study, and this implies that the assumption 

that the slope of the trend line 1( 0)   will be rejected if  

 /2( ) .z z  

 

 

 

III. RESULTS AND DISCUSSION 

A.   Analysis of the 5-day average rainfall 

The 5-day average rainfall was initially explored using 

descriptive statistics, and the result is given in Table I. Cairns 

had the highest rainfall mean of 5.5 mm followed by Darwin 

and Newcastle with rainfall means of 4.80 and 3.07 mm 
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respectively. The least rainfall mean of 0.78 mm was recorded 

in Alice. Interestingly, the highest rainfall coefficient of 

variations (CV) of 423 and 359 were recorded in the areas 

with the least rainfall means (Alice and Port Hedland 

respectively). 

Fig. 2 shows the graph of the 5-day rainfall averages month-

wise. The comparison of the 5-day average rainfall among the 

cities revealed substantial spatial variability in the study area. 

Among the wettest cities, Cairns and Darwin show similar 

patterns, with wet months from December to March. Port 

Hedland and Alice seem to have similar patterns with a 

tremendous amount of rainfall between January and April. A 

significant amount of rainfall occurred between (the wettest 

months) May and August in Perth. Conversely, Newcastle, 

Ainslie and Hobart seem to have similar patterns. These areas 

experience uniform rainfall throughout the year. Thus, four 

main rainfall patterns are revealed during 1950-2017 in 

Australia. 

There were no apparent patterns of the average annual 

rainfall station-wise (Fig. 3). However, annual rainfall was not 

uniformly distributed in the study area. Annual rainfall varies 

from 0.32 to 5.50 mm in the study area. The highest annual 

average of 5.50 mm occurred in Cairns, and the least of 0.33 

mm was observed in Alice during 1950-2017.  

B. Analysis of the Annual Rainfall Trends 

Analysis of the trends of the mean annual rainfall over 

Darwin and Port Hedland and by both the linear regression 

method and the Mann-Kendall test showed long-term 

increasing trends. While the linear regression method revealed 

a significant increasing trend (p < 0.05) in Port Hedland during 

1950-2017, the Mann-Kendall test revealed non-significant 

increasing trend during the same period (Fig. 4, Table II). The 

increasing annual rainfall trends in these cities is consistent 

with the available literature. For instance, trend analysis of 

rainfall by [12]-[13] suggested that the increasing rainfall 

trends may be due to enhanced aerosol resulting from 

anthropogenic activities. The aerosol is particular from Asia 

and moves around northwestern Australia. 

 
Fig. 2. The graph of the monthly distribution of rainfall in Australia during 1950-2017. The dotted lines show the overall mean 

11th Int'l Conference on Agriculture, Biological, Environmental and Medical Sciences (ABEMS-18) April 27-28,2018 Bangkok (Thailand)

https://doi.org/10.17758/EIRAI2.F0418208 21



 

 

 
Fig. 3. The annual daily rainfall in Australias during 1950-2017. The dotted lines show the overall mean and the vertical bar show 

the observed.
TABLE I 

SUMMARY STATISTICS OF THE 5-DAY RAINFALL FOR THE DATASET (1950-

2017), FOR THE NINE SELECTED STATIONS 

Station 

Name 

Lat 

(°C) 

Lon 

(°C) 

Elev 

(m) 

Mean 

(mm) 

Median 

(mm/d) 

CV 

(%) 

Darwin 12.42 130.89 30 4.81 0.24 199 

Cairns 16.87 145.75 58 5.50 5.24 219 

Port 

Hedland 20.37 118.63 10 0.86 0.00 423 

Alice 23.8 133.89 395 0.78 0.00 359 

Perth 31.93 115.98 360 2.07 0.36 163 

Newcastle 32.92 151.80 20 3.07 1.02 171 

Ainslie 35.26 149.14 240 1.81 0.52 164 

Hobart 42.89 147.33 15 1.64 0.72 161 

Note: Lat (latitude), lon (longitude), Elev (elevation) 

The mean annual rainfall over Ainslie and Newcastle 

indicated a long-term significant negative trend that is 

significant at the 0.05 significance level (Fig. 4, Table II) 

during 1950-2017. The observed decreasing annual rainfall 

trends in Ainslie, Hobart and Newcastle are consistent with a 

study by [14]. They revealed distinctive shortfalls in rainfall in 

southeastern Australia. This rainfall deficit was evident in pre-

winter and early winter rainfall. They attributed the decreasing 

rainfall trends to partly associated with variations in large-

scale atmospheric circulation [14]-[15] and may also be due to 

variations in anthropogenic greenhouse gases [16] floating in 

the urban air. In addition, non-significant declining annual 

rainfall trend during the whole study period (Fig. 4, Table II) 

was also observed in Perth, Cairns and Hobart. 

IV. CONCLUSION 

An essential part of this study is the variability of trends and 

patterns in the annual rainfall that has been identified at the 

selected cities of Australia. 

 
TABLE II 

THE RESULTS OF THE LINEAR REGRESSION, MANN-KENDALL TEST IN 

DETERMINING TRENDS 

 Linear regression Mann-Kendall test 

Station Name β1 p -value z p-value 

Darwin 0.012 0.02 1.79 0.07 

Cairns -0.0001 0.88 -0.30 0.77 

Port Hedland 0.003 0.34 0.69 0.49 

Alice -0.003 0.28 -1.01 0.31 

Perth -0.007 0.45 -0.79 0.43 

Newcastle -0.01 0.02 -2.15 0.03 

Ainslie -0.001 0.003 -2.95 0.003 

Hobart -0.007 0.10 -1.52 0.13 

 

The analysis discovered increasing annual rainfall trends at 

Darwin and Port Hedland. Conversely, there is no cause for 

alarm since these increasing trends, were not statistically 

significant. Significant reducing trends were also identified 

during 1950-2017 in Newcastle and Ainslie by the statistical 

methods. Further studies could examine recent changes in 

rainfall for the last 30 years to examine if the has been climate 

change regarding rainfall during the recent period. 
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Fig. 4 Trends in the annual rainfall time series of the station. The curves show the observed annual rainfall, and the straight line denotes the 

trend
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