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Climate impact modelling concepts 

Knowledge of hydrologic 
environment and 
historic GW recharge 
and SW runoff Data 

Recharge / runoff 
model 

Rainfall and ET data 
(daily time step) for 
baseline historic 
period (1990 climate) 

Recharge and runoff 
estimates for 
baseline period 
(1990 climate) 

Recharge / runoff 
model 

Synthetic rainfall and 
ET data for future 
time horizon  
(e.g. 2030 climate) 

Recharge and runoff 
estimates for future 
time horizon  
(e.g. 2030 climate) 

Recharge and runoff 
changes for future 
time horizons  



Recharge modelling concepts 

Net downward flux through the lowest soil 
segment is considered to be the flux to 
groundwater. 

Model contains a water 
retention and hydraulic 
conductivity description 
for each soil segment 
  

hm(θ),  K(θ)   
hm(θ),  K(θ)   
hm(θ),  K(θ)  
 

water table 

Modelled 
soil profile 
  

PET 

AET 

• Rainfall & PET 
• Soil hydrology 
• Vegetation coverage 
• Water table depth 





Reduction in average annual rainfall produced by the four different GCMs under the 
B1 and A2 emissions scenarios. Results are based on historic rainfall data taken from the Sheringa 
weather station (BoM station #18045) located within the Musgrave PWA 
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Modelled changes in average annual recharge for the Musgrave PWA for the 
different GCMs, emissions scenarios and time horizons considered, as estimated by 
the LEACHG models 
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Changes in average annual rainfall versus changes in average annual recharge for 
the Musgrave PWA.  
Trend line is a tanh relationship, dashed lines show the upper and lower 95% bounds. 
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Recharge and runoff 
changes for future 
time horizons  

Knowledge of hydrologic 
environment and 
historic GW recharge 
and SW runoff Data 

Recharge / runoff 
model 

Rainfall and ET data 
(daily time step) for 
baseline historic 
period (1990 climate) 

Recharge estimates 
for baseline period 
(1990 climate) 

Recharge / runoff 
model 

Synthetic rainfall and 
ET data for future 
time horizon  
(e.g. 2030 climate) 

Recharge estimates for 
future time horizon  
(e.g. 2030 climate) 

Groundwater level 
variations in future 
timescales  

MODFLOW model MODFLOW model 
Knowledge of hydrogeol 
environment & historic 
GW levels 

Simulation of historic 
groundwater level 
variation 



HARTT model: Hydrograph and Rainfall Time Trend  

Deptht = k0 + (k1 x AARRt ) + (k2 x t) 

𝐴𝐴𝑅𝑅𝑡  =   Σ(𝑀𝑖 − 𝐴/12) 

Cumulative deviation from mean rainfall 

AARRt  =  Accumulative Annual Rainfall Residual at time t 

Deptht  = Groundwater standing water level at time t 

Variation in groundwater level 

Starting water 
level/depth 

Rainfall-dependent 
water level factor 

Background trend 
•  Time-dependent 
•  Independent of            

rainfall variation 







    
   Projecting wetland levels into the future… 



Projecting wetland levels into the future… 



Projected surface water levels for Middlepoint Swamp for 
selected climate change scenarios to 2030 

Projecting wetland levels into the future… 





However… 
• This model shows what happens to GW levels only if 

they continue to respond to variations in rainfall in the 
same way as they have for the past 15-20 years 

• Unquantified part of historic response is due to irrigators 
also responding to rainfall variations 

• Model does not include change in ET due to higher 
temperatures in future 

• Model is used here to project levels outside of the range 
in which it was calibrated  
 



Knowledge of hydrologic 
environment and 
historic GW recharge 
and SW runoff Data 

Recharge / runoff 
model 

Rainfall and ET data 
(daily time step) for 
baseline historic 
period (1990 climate) 

Recharge estimates 
for baseline period 
(1990 climate) 

Recharge / runoff 
model 

Synthetic rainfall and 
ET data for future 
time horizon  
(e.g. 2030 climate) 

Recharge estimates for 
future time horizon  
(e.g. 2030 climate) 

Groundwater level 
variations in future 
timescales  

MODFLOW model MODFLOW model 
Knowledge of hydrogeol 
environment & historic 
GW levels 

Simulation of historic 
groundwater level 
variation 

MIKE-SHE? 

HYDRUS package with MODFLOW? 

UZF package with MODFLOW? 





Applications for resource planning 

Water security 
planning for Adelaide 

Conservation planning 
for wetland ecosystems 
in south east SA 

Infrastructure design: 
lowered section of 
South Road upgrade 
(Adelaide North-South 
Corridor) 

Planning example Analysis tool Data requirement Unknown 

Likely change in supply 
capacity of Mount Bold 
Reservoir? 

Likely change in wetland 
vegetation composition 
in response to drying 
climate? 

Likely change in 
groundwater table depth 
in western Adelaide? 

Mt Bold Reservoir 
catchment model 

Vegetation response 
model 

Groundwater level 
variation model 

Wetland water level 
model 

Rainfall and PET in 
Onkaparinga 
catchment: past and 
future 

Rainfall in the 
Southeast: past and 
future 

Rainfall in western 
Adelaide past and 
future 



Observed Emissions and Emissions Scenarios 

Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial 
Large and sustained mitigation is required to keep below 2ºC 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

Data: CDIAC/GCP/IPCC/Fuss et al 2014 

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/
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