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BACKGROUND

• Climate change is a serious 
problem. Its unusual behavior is 
not in control of humans.

• Water resources affected by 
climate change result in the 
increase of rainfall and floods OR 
the decrease of water availability 
and supplies (Wood & Green 
2011). https://climate.nasa.gov/system/content_pages/main_images/1320_effects-image.jpg



BACKGROUND

• Adelaide is the Australian driest 
capital city with a yearly precipitation 
of 552 mm on average (Paton, Maier 
& Dandy 2013).

• Only limited research focused on 
climate change impact on water 
resources in Adelaide (Paton, Maier 
& Dandy 2013; Paton, Dandy & 
Maier 2014).

• This research focuses on Myponga
Reservoir in Adelaide, Australia. Myponga Reservoir

https://media-cdn.tripadvisor.com/media/photo-s/0b/ab/c6/d7/photo1jpg.jpg



RESEARCH AIM AND OBJECTIVES

AIM: to investigate the climate change impact under different emissions scenarios 
on water availability of Myponga Reservoir.

• Develop a methodology to assess the climate change impact on reservoir inflow
• Identify and evaluate rainfall trend under climate change conditions
• Investigate and evaluate the climate change impacts on reservoir inflow

OBJECTIVES



LITERATURE REVIEW

• In the last 10 years, a fall in flow rates occurred in South Australia because of 
climate change (Wood & Green 2011)

• Water supply system will be under pressure because climate is changing towards 
drier and warmer in many places (Wiley & Palmer 2008; Durdu 2010; Koua et al. 
2014)

• Many research studies focused on climate change influences on the water supply 
system have been conducted with different methods 
General Circulation Models (GCMs) x Emissions scenarios



CASE STUDY

• Myponga Reservoir located 
about 60 km south of 
Adelaide and in the south-
west of Myponga
Catchment

• Area: 124 km2

• The reservoir totally 
receives water from its local 
catchment, Myponga 
Catchment

(Google Map)

Myponga Reservoir

Myponga Reservoir

Myponga Catchment



RESEARCH METHODS

Modeling approach to the assessment of climate change impact on inflow of Myponga Reservoir 

Development of rainfall-runoff 
model (PCSWMM)

Future inflow data
(entering the reservoir)

Evaluation of the future water 
supply

Climate change projections

Data collection
(daily flow, rainfall, evaporation)

Climate model
(2 GCMs x 3 scenarios)

Model calibration and validation
(base inflow data)

Monthly rainfall change data
(2030s, 2050s and 2070s)



RESEARCH METHODS

1. Selection of rainfall-runoff model
• US Environmental Protection Agency’s 

Storm Water Management Model (SWMM)
• Input parameters: physical and hydrological 

parameters
• SWMM and its commercial versions have 

been applied for catchments in Adelaide 
(Lee, Hewa & Pezzaniti 2008; Wella-Hewage
2013; Mosharraf 2016)

• This research used PCSWMM by CHI

https://pbs.twimg.com/profile_images/6213873986693
32480/qC8iv1o3.png



RESEARCH METHODS

2. Data collection

• Daily flow data
Gauging station: A5020502
Source: Surface Water Archive of the
Government of South Australia

• Climatological data
Rainfall data: 23808, 23823, 23738 
Evaporation data: 23783

Source: Bureau of Meteorology (BOM) 

• Digital Elevation Model (DEM)
Source: Geoscience Australia Location of the Myponga gauging station catchment and 

the selected rain gauges



RESEARCH METHODS

3. Initial modelling development
• Catchment delineation: DEMs + watershed delineation tool
• Initial input parameters: Mosharraf (2016) 
• Infiltration rate: Horton’s equation
• Flow routing: Dynamic Wave routing 



RESEARCH METHODS
4. Model calibration and validation
• The Sensitivity-based Radio Tuning Calibration (SRTC) tool (PCSWMM)
• Calibration: 01/01/1993 – 31/03/1998
• Validation: 01/01/2000 – 28/02/2003
• Model performance evaluation

Variable Equation Range

Nash-Sutcliffe 
Efficiency (NSE) 
Coefficient

𝑁𝑁𝑁𝑁𝑁𝑁 = 1 −
∑𝑖𝑖=1𝑛𝑛 𝑄𝑄𝑖𝑖𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑄𝑄𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠

2

∑𝑖𝑖=1𝑛𝑛 𝑄𝑄𝑖𝑖𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎 2 -∞ – 1

Water balance (WB) 𝑊𝑊𝑊𝑊 =
∑𝑖𝑖=1𝑛𝑛 𝑄𝑄𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠

∑𝑖𝑖=1𝑛𝑛 𝑄𝑄𝑖𝑖𝑜𝑜𝑜𝑜𝑜𝑜
− 1 0 – 1

where 
𝑄𝑄𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠= Simulated discharge at time i, 
𝑄𝑄𝑖𝑖𝑜𝑜𝑜𝑜𝑜𝑜= Observed discharge at time i, 
𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎= Average of observed discharge,
n = Total number of time-steps in the 
calibration period



RESEARCH METHODS

5. Determine future climate change projections
• Climate Futures Exploration tool from the Climate 

Change in Australia website 
(https://www.climatechangeinaustralia.gov.au)

• Climate change scenarios: the Representative 
Concentration Pathways (RCPs) - RCP2.6, RCP4.5 
and RCP8.5)

• General Circulation Models (GCMs)
CESM1-CAM5 (A)
CNRM-CM5 (B)
• Future periods: 2030s, 2050s and 2070s

(CSIRO & Bureau of Meteorology 2015)

https://www.climatechangeinaustralia.gov.au/




6. Determine future reservoir inflow

• Adjustment function of PCSWMM
• Monthly rainfall data (scale)
• Future outflow data of Myponga Catchment (inflow of Myponga Reservoir)



RESULTS

1. Model calibration and validation

Process Time period NSE value WB value
Calibration 01/01/1993 – 31/03/1998 0.282 0.056

Validation 01/01/2000 – 28/02/2003 0.259 0.053
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2. Changes in rainfall under climate change in South Australia
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2. Changes in rainfall under climate change in South Australia

• In general:
Model A: the study area would be drier
Model B: the study area would be drier excluding RCP8.5 in terms of annual 

rainfall

Rainfall 
changes

CESM1-CAM5 (A) CNRM-CM5 (B)

Minimum Maximum Minimum Maximum

Monthly -46.6% +33.4% -29.4% +58.4%

Yearly -25.4% -1.2% -0.2% +7.4%



0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

0

10

20

30

40

50

60

70

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

M
on

th
ly

 a
ve

ra
ge

 in
flo

w
 (M

L/
d)

Baseline

2030

2050

2070

CESM1-CAM5 (A) CNRM-CM5 (B)

RC
P2

.6
RC

P4
.5

RC
P8

.5

Monthly average inflow (ML/d) of Myponga Reservoir predicted by two GCMs in 
the future periods (2030s, 2050s and 2070s) under RCP2.6, RCP 4.5 and RCP 8.5

3. Climate change impacts on 
monthly mean flows of 
Myponga Reservoir

*Summer: Dec-Jan-Feb; Autumn: Mar-Apr-May;
Winter: Jun-Jul-Aug; Spring: Sep-Oct-Nov

• In autumn (MAM) and summer 
(DJF), the monthly average flow 
tends to be close to the 
baseline

• In winter (JJA) and spring 
(SON), monthly average flow is 
lower than the baseline in 
general, excluding RCP8.5 in 
the 2030s predicted by model B



4. Climate change impacts on total flows of Myponga Reservoir

• The range of total flow changes (%) 
RCP2.6: -38.2% - +4.1%
RCP4.5: -40.5% - -3.8%
RCP8.5: -61.3% - +19%

Changes in total inflow (%) of Myponga Reservoir predicted by two GCMs in the future periods (2030s, 2050s and 2070s) 
under RCP2.6, RCP 4.5 and RCP 8.5; CESM1-CAM5 (A); CNRM-CM5 (B)
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• Model A: decrease in total flow under RCPs
• Model B: similar trend for most of RCPs 

and the future periods, excluding the 
2050s under RCP2.6 and the 2030s under 
RCP8.5



5. Changes in Flow Duration Curve 
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5. Changes in Flow Duration Curve 

• High, medium and low flows were predicted to decrease under most of RCPs in 
the 2030s, 2050s and 2070s

• Predictions of model B under RCP8.5 have an opposite trend



DISCUSSION

• The modelled flows were not well matched the observed flows. This 
underestimation/overestimation is caused by the insufficiency of rain gauging 
stations (Barbur et al. 2016)

• The unsatisfactory value of NSE results from the uniformity of many input 
parameters used for all sub-catchments of Myponga Catchment

• The big differences between predictions of two GCMs and three RCPs is the 
uncertainties in this research
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DISCUSSION

• The decrease in high, medium and low flows indicates that the frequency and 
magnitudes of droughts will increase in the future.

• The increase in high, medium and low flows under RCP8.5 predicted by model B 
(CNRM-CM5) is caused by the increase of predicted rainfall.



CONCLUSION AND RECOMMENDATIONS

1. Major outcomes
• Most of the climate change scenario projections indicated that the annual and 

monthly rainfalls will be reduced in the future under climate change impact.
• In summer and autumn months, monthly average reservoir inflows will not have 

notable changes. In winter and spring months, these reservoir inflows will be 
decreased in most of the future periods.

• According to most of projection scenarios of climate models, the total inflow into 
the reservoir will be decreased.

• There is an increased probability of occurrence of droughts in the future as 
indicated by the decrease of high, medium and low flow quantiles.



CONCLUSION AND RECOMMENDATIONS

2. Recommendations
• Improve the SWMM model quality of Myponga Catchment
• Investigate the two remaining reservoirs in the southern water supply network in 

Adelaide: Mount Bold and Happy Valley 
• Apply additional GCMs to investigate the uncertainties
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