
Background: 
High spatial and temporal variability of rainfall is an overriding characteristic of semi-arid savanna 
environments (Jarihani et al. 2017). This has been associated with land degradation processes 
occurring in many of the heavily grazed catchments in Queensland, Australia. These catchments are 
believed to be the main sources of runoff and sediment to the Great Barrier Reef (GBR) (Images 1 & 
2). There is limited understanding of the influence that rainfall variability has on runoff and sediment 
generation processes. 
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Fig. 1: Weany Creek Catchment study site within the Upper Burdekin sub-catchment of the Burdekin 
Basin, Queensland, Australia; locations of the rain gauge stations are shown.

Image 2: Burdekin River Flood Plume 
near the GBR (Packett 2012)

Image 1: Erosion in the Upper 
Burdekin Catchment (Koci 2016)

Datasets:
The study uses secondary quantitative rainfall and runoff data. It includes runoff data from a stream gauge at the outlet of the catchment and 13 tipping bucket rain gauges that provide rainfall amount 
and intensity information for specific dates and time intervals. Additionally, Intensity-Frequency-Duration (IFD) data from the Australia Government Bureau of Meteorology (BOM) was incorporated. 
The study focused on data between 07/31/2010 and 05/31/2017.

Aim:
To identify how rainfall varies 
spatially and temporally at the small 
catchment scale (i.e., Weany Creek
Catchment; Fig. 1) and how this 
variability in rainfall influences the 
runoff generation processes. 

Objectives: 
1. To describe the spatial and temporal variability of rainfall in Weany Creek catchment; and
2. To construct, calibrate, and test a simple hydrological model (HEC-HMS) to demonstrate the 

relationship between rainfall variability and runoff. 

Acknowledgements: 
In addition to the authors, I would also like to acknowledge Jack Koci and Christian Roth for their ongoing guidance and support for this project. I would also like to thank the University of the Sunshine 
Coast, Sustainability Research Centre and CSIRO for their hospitality. I also extend appreciation to the data providers and the program providers. 

Stage 1b: Spatial Variability of Rainfall
‘

• The majority of storm events had a Morans I value close to zero corresponding to a random spatial pattern (Fig. 5).
• The CV values for most storms were <0.75 and only approximately 5% of the events had CVs >2. 
• Collectively, the CV and Moran’s I results show that similar amounts of rain can be witnessed across the catchment during 

storms; however, the spatial footprint of individual storms is diverse and slightly random where there is no definite clustered 
or dispersed spatial pattern. 

• The storm patterns are influenced by the variable size, speed, and direction of rain events which play a significant role in the 
spatial distribution of rainfall including which gauges receive these amounts. 

• The spatial variability among the 155 storm events is significant. 

Stage 2: Modelling
• In all three scenarios, the modelling results indicate that as rainfall magnitude and intensity increase, runoff 

amounts and, consequently, the runoff ratios increase (Fig. 6).
• The effects of land cover on runoff generation is greater for lower rainfall intensities. By increasing rainfall intensity, 

the influence on land cover decreases, however, this relationship is not linear. 
• Poor soil conditions are associated with higher runoff ratios due to heavy grazing, compacted soils, and lower cover 

and organic matter. Comparatively, high-very high land cover is associated with better soil conditions and, 
subsequently, experiences less runoff. 

Results and Discussion: 
Stage 1a: Temporal Variability of Rainfall
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• The daily rainfall statistics showed high temporal 
variability at all rain gauge stations (Fig. 2).

• Considerable variations in the average annual 
rainfall occurred during the 7-year period of record, 
accentuated by El Niño and La Niña events, 
associated changes in rainfall patterns, and extreme 
weather events occurring in the region (Fig. 3).

• The temporal variability of mean monthly rainfall 
exhibited distinct wet and dry seasons 
corresponding to the Australia summer monsoon 
season (Fig. 4). 

• Therefore, whilst the Weany Creek catchment 
receives large amounts of rain in individual events, 
the temporal variability is rather complex. 

Methods:
Stage 1a:

A python code was used to organise the rainfall data into regular time intervals. These 
data were then used to derive daily, monthly, and annual statistics to portray the 

temporal variability of rainfall.

Stage 1b:
The raw rainfall data were then processed using the Rainfall Intensity Summarisation Tool 

(RIST) to derive data for individual storm events. The RIST output was applied to an 
assessment  framework that combines the Coefficient of Variance (CV) and Moran’s I to 

present the spatial variability of rainfall.  

Stage 2:
A lumped rainfall-runoff model was constructed using the Hydrological Modelling System 

developed by the Hydrologic Engineering Center (HEC-HMS). The model was calibrated 
and tested using data from three storm events. Observed and simulated hydrographs of 
these events were compared and the model parameters were adjusted accordingly to 

allow the model to portray realistic outputs. 

The IFD  and annual exceedance probability (AEP) information from BOM was then 
entered into the model to simulate runoff. Three land surface scenarios were tested by 
altering the infiltration loss rates. The model outputs represent how rainfall variability 

and land surface conditions can influence runoff . 
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Conclusions:
• Whilst some trends could be identified, the temporal and 

spatial variability of rainfall in the catchment remains rather 
complex and inconsistent particularly across shorter time 
intervals

• Hydrological models are useful for assessing the effects of 
changes in rainfall and land cover on runoff generation in the 
catchment. 

0

0.5

1

1.5

2

2.5

3

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Co
ef

fic
ie

nt
 o

f V
ar

ia
nc

e

Moran's I

Least 
Spatial 

Variability

Most 
Spatial 

Variability

Fig. 5

1215.1

875.8

479.7
423.0

329.7

467.4

766.2

0

200

400

600

800

1000

1200

1400

2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17

Ra
in

fa
ll 

Am
ou

nt
 (m

m
)

Water Year Fig. 3

Fig. 4

0

5

10

15

20

25

63.2 (130.51) 50 (153.43) 20 (228.15) 10 (278.96) 5 (328.78) 2 (391.54) 1 (438.37)

Ru
no

ff 
ra

tio
 (%

)

AEP (%)

Scenario I: Poor soil surface condition
Scenario II: Moderate soil surface condition
Scenario III: Good soil surface condition

Fig. 6

0

20

40

60

80

100

120

0 2 4 6 8

Da
ily

 R
ai

n 
(m

m
)

Daily Exceedance Probability 

VP

CosmOz

VPFlume1

VPRG1

VPRG2

VPRG3

VPRG4

VPRG5

Fig. 2


	Slide Number 1

