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SUMMARY 
This study was completed to improve hydrogeological conceptualization 
of Bascombe well conservation park area. A SVAT (soil-vegetation-
atmosphere-transfer) model was designed to simulate groundwater 
levels using meteorological data as input. The model was compared and 
constrained based on measured ground water levels. The relationship 
between obtained climatic parameter distributions and groundwater 
recharge is one of the major outputs of the work. The CoupModel was 
selected as a numerical tool to simulate groundwater levels within two 
15-year study periods from (1979-1993) and (1994-2008).The numerical 
model was designed by defining of Soil Hydraulic parameters, drainage 
systems and evaporation procedures. The model was able to show the 
impact of climate change on groundwater and calculate the recharge 
rates for both modeling periods explicitly.  
Model was run for 1000 simulations and further constrained to the 87 
best results with respect to mean error. The GLUE method (Beven and 
Binely, 1992; Beven, 2006) was performed using Monte Carlo random 
sampling of the parameters to quantify the uncertainty of model 
predictions.  
The model was found sensitive to several parameters: DrainLevel (Level 
of assumed drain pipes), DrianSpacing (Distance between drain pipes), 
InitialGroundwater, EquilAdjustPsi (Factor to account for differences 
between water tension in the middle of top layer and actual vapour 
pressure at soil surface), RoughLBareSoil (Surface roughness length for 
momentum above bare soil) and Soil Hydraulic parameters.  
Water balance obtained from the two simulation periods showed 
reasonable difference between Accumulative rainfall and accumulative 
evaporation (Fig. 18). In both periods, values of total rainfall were 
slightly higher than total evaporation. 
Recharge values at depth of 2.6 m showed interesting trends. The 
average recharge value in first period was 0.13 mm/day and in the 
second 0.11 mm/day. The reduction in recharge values in second period 
compared to the first period is attributed to less rainfall and higher 
temperatures in that period. 
Focus on each period individually provides interesting details on 
behavior of the groundwater system. In the first period, several big 
peaks in water flow occurred in 1981, 1989 and 1992 (Fig. 19). These 
peaks happened along with above-average rainfall of 429 mm/year 
during those years. This demonstrates rapid recharge of ground water 
obtained with one month lag after rainfall. Similarly in the second 
period, peaks in water flow were occurred in year: 1996, 2001 and 2005. 
These peaks represent events when average rainfall was 387 mm/year 
(Fig. 20). 
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SUMMARY IN SWEDISH 
Studien slutfördes för att förbättra den konceptuella modellen om 
hydrogeologiska förhållanden i ett naturskyddsområdet i Australien.  En 
mark-växt-atmosfärsmodell utformades för att simulera 
grundvattennivåenr med hjälp av meteorologiska data. Modellen 
jämfördes med observerade grundvattennivåer för att begränsa utfallen 
till de som var rimliga. Samband mellan erhållna parameterfördelningar 
och simulerad grundvattenbildning är viktigta resultat av studien. Som 
numeriskt modellverktyg användes CoupModel där två 15-årsperioder 
(1979-1993 och 1994-2008) valdes ut för att analysera resultaten. 
Modellen uformades genom definition av markfysikaliska parameterar, 
dräneringssystem och avdunstnings egenskaper. Effekter av 
klimatförändringar på grundvattnet påvisades med hjälp av modellen. 
Gundvattenbildningen för de två olika tidsperioderna kunde också 
beräknas och anges med specifika siffror. 
Med modellen gjordes 1000 olika simuleringar som sedan begränsades 
till de 87 som gav de bästa resultaten avseende medelvärden för 
simulerade grundvattennivåer. Den sk GLUE metoden användes som 
bygger på slumpmässig val av parametervärden för att återge 
osäkerheten i modellens utfall. 
Resulaten var känsliga för flera parametrar: DräneringsNivå, 
Dräneringsavstånd, Initial grundvattennivå, Jämviktsjusterings av 
vattenpotential, skrovlighet och porositet för marken. Vattenbalansen 
som erhölls för de två perioderna var rimlig med avseende på 
ackumulerad nederbörd och ackumulerad avdunstning. För bägge 
perioderna var nederbörden något högre än den total avdunstningen. 
Grundvattenbildning till en markhorisont (2.6 m djup) visade intressanta 
trender. Den första perioden fick en skattad grundvattenbildning om 
0.13 mm/dag som sedan minskade till 0.11 mm/dag för den andra 
perioden. Minskningen beror främst på den minskade nederbörden och 
den förhöjda temperaturen. 
Vid betraktande av perioderna var för sig framkom intressanta detaljer 
om grundvattensystemets dynamik.  I den första perioden uppträde flera 
stora flöden för åren 1981, 1989 och 1992. Dessa inträffade då 
årsmedelnederbörden var 429 mm. Vid dessa tillfällen inträffade en 
snabb grundvattenbildning men en månads fördröjning jämfört med 
nederbörden.  På ett liknande sätt inträffade grundvattenbildning för 
åren 1996, 2001 och 2005. Dessa händelser reprsenterar en period då 
årsnederbörden var 387 mm. 
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ABSTRACT 
Access to surface water is limited in Australia and many regions rely on 
groundwater for all their water needs. Most of aquifers are already fully 
allocated and there is an increasing demand for more extraction. During 
drought, drop in rainfall can result in less recharge into groundwater 
system. 
Decrease in rainfall can cause direct and indirect impacts on 
groundwater. Drop in rainfall can result in less recharge into 
groundwater system. Moreover decreased rainfall can cause limited 
accessibility to surface water which results in increased demand for 
extraction. 
Understanding of groundwater recharge mechanism and quantifying 
how far climate change can influence groundwater, plays an important 
role for establishing sustainable extraction without causing any damage 
into environment. 
The CoupModel was selected as a tool to simulate groundwater 
behavior under different Scenarios. Model inputs are derived from 
actual observations, such as climatic data. Few assumptions were 
considered to conceptualize drainage system, such as soil hydraulic 
parameters, drainage system and evaporation procedure. 
The study period is 30 years between 1979 and 2008. Model was run for 
two 15-year periods to identify how far climate change can influence 
groundwater recharge in the study area. 
Eyre Peninsula area is highly dependent on groundwater for town water 
supply, Irrigation and industrial development. Therefore any science 
study would be definitely valuable for groundwater resource 
management of this area. 
 
Key Words: Groundwater, Modelling, CoupModel, Recharge 

INTRODUCTION 
Majority of Australia is located within arid and semi-arid climate. Surface 
water accessibility is very limited due to reduction of precipitation in last 
decades, and this has resulted in increasing more demand for 
groundwater. Industry development, climate change and increasing 
population are increasing pressure on groundwater resources (Barron, 
2011). 
Most aquifers are fully allocated and demands for more extraction are 
increasing. There is clear correlation between rainfall recharge and 
groundwater fluctuations in unconfined aquifers. Groundwater 
fluctuations reflect the variation of the fallen rainfall with a definite lag, 
regulated by depth of aquifer and soil type.  
However many studies have done to evaluate the influence of climate 
change on surface water, there are many regions in Australia that rely on 
groundwater for different purposes ranging from agriculture, industry 
and water supply (Barron, 2011). 
For better understanding of groundwater mechanism of study area and 
to be able to estimate groundwater recharge, groundwater modelling was 
considered as a numerical approach to solve groundwater flow equation. 



Mojtaba Karbasi                                                                                                TRITA-LWR Degree Project 2015:13 
 

2 
 

CoupModel as a modelling tool can specify the importance of involved 
drivers in groundwater fluctuations and recharge mechanisms. These 
drivers rang from rainfall, evaporation, vegetation, soil temperature etc. 
Several studies have been completed to understand the groundwater 
regime in the Eyre Peninsula but none of them occurred in vicinity of 
BWCPA. The important outcome from previous study emphasis that 
there is no regional recharge into quaternary aquifer and rainfall is 
almost the main source of recharge into system. The recharge rate 
estimate ranges from 20 to 35 mm/year.  
In response to limited information regarding the impact of climate 
change on recharge rate in the BWCPA, this study was completed to 
improve the conceptual model of groundwater recharge mechanism 
within the study area.  
Literature review of current researches 
Rise or fall in groundwater recharge mostly reflects increase or decrease 
in rainfall infiltration into quaternary unconfined aquifer, however there 
are exceptions such as wells, same as pumping (Allen et al, 2004). 
Groundwater recharge can be also impacted by rainfall in different 
seasons and intensity (Vivoni et al, 2009). High intensity rainfall in both 
winter and summer can result in higher recharge into groundwater 
system. In Semi-arid area like Eyre Peninsula, climate parameters like 
rainfall intensity and temperature have significant impacts on recharge. 
High intensity rainfall can lead to higher recharge even with decreased 
total annual rainfall (Crosbie et al, 2010). 
It has been shown that rainfall is the most important climate parameter 
influencing recharge, followed by rainfall intensity and temperature 
(McCallum et al, 2010). 
The groundwater recharge on Eyre Peninsula relies on local rainfall 
since there is no regional flow into aquifers within the region. Water-
level fluctuations at the unconfined aquifer show that recharge happens 
after strong precipitation, where surface flow can penetrate through 
sink-holes and reach the water tables. This usually happens when region 
receive more than 60 mm of rainfall in a month between the months of 
May and October (Understanding the Musgrave Prescribed Wells Area, 
2001). 
Recharge estimate from previous study 
Previous studies have used hydrograph and chloride mass balance 
methods to estimate recharge values into unconfined quaternary 
aquifers, estimate recharge values from 28-32 mm/year. Hydrograph 
and chloride mass balance methods are described very briefly in the 
following to identify the reason for differences between the estimation 
values. 
Water Table Method 
The water-table method assumes that rise in groundwater levels in 
unconfined aquifers caused by recharge water reaching the water table 
(Fig. 1). So recharge is calculated as: 

thSyR ∆∆= /*  
Where, Sy is specific yield, h is water table height and t is time 
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Fig. 1. Hypothetical water-level rise in well in response to rainfall. 

 

Even though this method is simple and easy to use, there are some 
difficulties identifying the cause of specific yield and water level 
fluctuations. This method is limited to shallow aquifers which are 
responsive to rainfall (Scanlon et al, 2002). 
Chloride mass balance 
The average recharge rate can be estimated from the knowledge of the 
concentration of the chloride ion in the rainwater and the groundwater 
from the following equation (known as the Schoeller method) for salt 
movement through the unsaturated zone. 
(P-Q) Cp = (Cg - Cd) R where R = recharge (mm/a) 
P = annual rainfall (mm/a) 
Q = surface runoff = 0 mm/a 
Cp = chloride ion concentration in rainwater 
Cg = chloride ion concentration in groundwater 
Cd = ion concentration due to leaching. 
Hydrograph analysis 
Based on the conceptual model, precipitation is the only source of 
recharge into model. To examine how far this assumption is correct, the 
trend analysis of rainfall and water table was completed using HARTT 
method. Water level variations in well BLS 39 were compared with 
rainfall data from ELLISTON station. The result from this section 
provides a clear picture of the impact of rainfall variations on water table 
fluctuations. 
The HARTT method 
HARTT was used to analyse water table changes in response to rainfall 
variations for study areas. HARTT can differentiate between the effect 
of rainfall fluctuation and the underlying trend of groundwater levels 
over time. Rainfall is represented as an accumulation of deviation from 
average rainfall. The method proceeds in two stages. Stage 1; the 
standard HARTT method (Ferdowsian et al, 2001a) is used to estimate 
the time-lag between accumulative residual rainfall (ARR) and its impact 
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on groundwater. Stage two; a regression model is determined to fit 
groundwater level as a function of ARR over time 
The complete equation of HARTT method (3-term equation) is as 
follow:  
Deptht = k0 + (k1 * AMRRt-L ) + (k2 * t)          3_Term Equation 
Where Depth is depth of groundwater below the ground surface, ARR 
is accumulative residual rainfall, (t) is months since observations started, 
(L) is time-lag (in months) between rainfall and its impact on 
groundwater. Parameter (k₀) is approximately equal to the initial depth 
to groundwater and (k₁) represents the impact of above- or below 
average rainfall on groundwater level. The second part of equation 
(k2*t) represents the impact of other factors like pumping that may 
affect the pattern of groundwater movement.   
As it was predicted the model is highly responsive to rainfall. The best 
fit for model was obtained with one month lag between rainfall and its 
impact on rainfall (Fig. 2). 
Table 1. Regression analysis result of water level and rainfall (1 
month delay). 

 
                                         
 
  
 

 

 

 

 

 

 

 
                                       Fig . 2. Water levels with accumulative annual residual rainfall.  
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Objectives 
The general objective of this study is to identify the imapct of climate 
change on groundwater in quaternary unconfined aquifer within the 
study area of BWCPA by calculating groundwater recharge rate. The 
specific objectives of this study can be summarized  as follow: 

• Constructing groundwater model to simulate groundwater level 
fluctuations in unconfined aquifers in Eyre peninsula. 

• Groundwater recharge estimation for two 15-year periods 

• Examining possible impacts of vegetation on groundwater recharge 

MATERIAL AND METHODS 
Physical Setting  
Bascombe well conservation park area (BWCPA) is located within 
Mugrave PWA of Eyre peninsula NRM region of South Australia         
(Fig. 3).Generally, water resources are limited in occurrence throughout 
Eyre Peninsula. There is very little available surface water, however 
there is moderately good supplies of groundwater. The groundwater 
resources of the study area are generally stored within the Quaternary 
Bridgewater Formation Limestone and the Tertiary Sand Aquifers. 
There is a thin layer of soil over unconfined aquifers that cause quick 
infiltration of rainfall recharge (Department for Water Resources, 2001). 
 
Quaternary Aquifer 
The target aquifer for this study is unconfined Quaternary aquifer (Fig. 
4). The water table and salinty of the groundwater  varies within the 
region. The groundwater within quaternary aquifer is of good quality 
and salinity is generally less than 1000mg/L. The extracted aquifer is 
mostly used for townwater supply and stock needs. The groundwater 
flow direction is from south west towards the southern ocean 
(Department for Water Resources, 2001). 

 
Fig. 3. Locality map of Musgrave PWA. 
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Fig . 4. Schematic cross-section of the BWCPA aquifers. 

 
Vegetation 
There is still native vegetation in the area. The native vegetation is 
mostly coastal white malle which has a high drought tolerance and deep 
roots.Malle produces widspread roots and stores water in its rooting 
system and uses them to survive in drought and after fire (Department 
for Water Resources, 2001). 
 
Climate 
Eyre Peninsula area has an arid and semi-arid climate with average 
rainfall of 400 mm/year for the study period between 1979-2008. The 
majority of rainfall occurs in winter months from May to Augustwith 
mean temperatures of less than 20°C. January and February are the 
hottest months with maximum temperature of 38°C.The rate of 
evaporation is very  high in EP area with the average annual pan 
evaporation ranging between 2500 and 3500 mm (Varma, 2012). 
 

Modelling Approach 
The models were run with daily meteorological data and  duration of 
study period is 30-year from 1979-2008. The model was run with 
1000simulations. Initial values were obtained after completing several 
single runs by changing the parameters and parameter values to obtain 
better model responses. The input climatic parameters into model are 
climatological air temperature, net radiation, global radiation, wind 
speed, precipitation andrelative humidity.  Actual values of groundwater 
levels were used as validation data. 
Although the goal of this study is not to simulate accurately the 
response to some specific events, but to perform long-term simulations 
and review the impact of  seasonality changes, a daily time step was 
selected for model simulations. This time step could highlight the 
impact of intese rainfall events on groundwater fluctuations clearly. To 
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study the impact of general hydrogeological regime, model can be run at 
larger time scale and time steps. 
To study the impact of climate change on recharge rates, the study 
period was divided into two 15-year periods. Water level, Temperature 
and rainfall changes were plotted individually for each period to visually 
show to what extent climatic parameters have been changed within the 
last 30 years. The Model was run for each period to estimate the 
recharge rate for each period individually. 
 
Conceptual Model 
To understand the concept of this study, it is vital to recognize the 
characterization of Ground water. Based on the Law of conservation of 
mass for water balance, any change in the water content of soil profileis 
because of either the amount of water added to the soil volume or the 
amount of water taken from soil profile (Fig. 5).  
This technically means any recharge into soil profile ( Rainfall or Lateral 
flow) will result in an increase in groundwater level and any decrease in 
water-levels caused by evapotranspiration or possible groundwater 
extractions. 
Simplified hydrological model was considered to construct the budget 
groundwater flow. The only input component is recharge from rainfall 
and output components are discharge and evatranspiration. Pumping 
and groundwater lateral flow were neglected in this study. 
 

 
Fig . 5. Schematic Groundwater Flow Budget.  
 
 

Groundwater discharge 
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Numerical Model 
The coup model (Jansson and Karlberg, 2004) was chosen as a 
modelling tool to simulate one dimensional hydrogeological process in a 
layered soil profile and estimate recharge rate into system. The 
CoupModel is a great platform for different hydrological models with 
various systems and complexity.  
CoupModel is a physical based model which is one-dimensional water 
and heat model that considers snow, temperature, soil properties, plant 
parameters and meteorological driving factors. This model is developed 
after the original SOIL model which was basically a hydrological model 
for simulating water and heat flow. The CoupModel was developed to 
generalize any type of soil, independent of plant cover also simulating 
the plant growth and nitrogen and carbon cycle. It has the ability to be 
up-scaled to two dimensions by considering additional boundary 
conditions also coupling simulations from a one-dimensional model. 
The CoupModel has the capability to apply the available data which 
allow us to simulate the process in the long run (Wu, 2014). 
Richards’ equation (Richards, 1931) and Fourier equation are two 
fundamental equations that are used by CoupModel to model water flow 
and heat flow respectively. Two combined equations for water and heat 
flow build the stucture of the model. Numerical method solved water 
and heat flow equations, where a vertical soil profile was defined into 
horizontal soil layers. The basic assumptions behind equations are as 
follows (Jansson and Moon, 2001): 
(i) The law of conservation of mass and energy and 
(ii) Flows occur as a result of gradients in water potential (Darcy's Law) 
or temperature (Fourier's law)  
The calculations of water and heat flows are based on soil properties 
including the water retention curve and unsaturated and saturated 
hydraulic conductivity. 
The model uses different numerical methods for different surface types. 
Evaporation from the soil surface is calculated by an iterative energy 
balance approach (Alvenäs & Jansson, 1997) whereas the transpiration 
and interception evaporation were calculated by Penman-Monteith big 
leaf approach to represent evaporation.  The sensible heat flux from the 
big leaf and the corresponding surface temperature of the vegetation are 
calculated based on the residual term of the energy balance for the 
vegetation.  
A detailed description of the model can be found at 
http://www.coupmodel.com (Jansson, 2012). 
Model Simplification 
All numerical models are simplified representations of reality. The main 
simplifications applied in this model are given below; 

• Model does not estimate impacts of vegetation and pumping on the 
groundwater 

• Precipitation is the only recharge into system 
• The inflows to and the outflows from the system are equal and, as a 

result, there is no change in storage within the aquifer 

http://www.coupmodel.com/
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A set of parameters has been selected to be defined to build a numerical 
model based on the conceptual model. 
Model Setup 
Model can be constructed and controlled by selecting various switches 
that enable you to add your model inputs, model equations and select 
the output format (Wu, 2014). 
Meteorological Data 
Climatic data including air temperature, precipitation and wind speed 
were added into model as input. 
Soil Profile 
The soil profile depth is 10 m and consist of 30 layers. The Lithological 
log information of Well BLS39 was extracted from waterconnect 
website database and outlined in table 2. 
Drainage and deep percolation 
The groundwater drainage system is considered as a sink in the one-
dimensional model. There are various methods to model water flows in 
different parts of the soil profile. The methods are selected based on the 
hydrogeological condition of the study area. The physical based-method 
works similar to drainage system. Water flow to a drainage pipe happens 
once the modelled groundwater level is above the bottom level of the 
pipe. Flow, moves from a soil layer to drainage pipe when the soil is 
saturated. 
Hooghout equation was selected as a physical drainage approach (Fig. 6). 
This equation gives better physically picture of flow situation within the 
model. This method considers the impact of radial and horizontal flows 
to the drainage system. As the lower part of the soil profile is saturated, 
deep percolation was defined into the model using LBoundSaturated. 
 
Table 2. Lithological log information of Well BLS39. 

Depth From Depth To Description 

0 4.27 
Limestone - hard - calcreted at 
surface - off-white to pale buff. 

4.27 6.1 

Limestone - abundant pockets of 
stiff grey clay with rare well 
rounded fine quartz off white. 

6.1 7.62 

Sand - very fine to fine sub 
angular to well rounded - abundant 
clay - rare laterite grains - grey-
pale yellow and yellow brown. 

7.62 9.14 

Sand - very fine to medium sub 
angular to well-rounded quartz - 
rare laterite increasing to common 
at 9.14m - pale buff. 

 
Soil Evaporation 
In soil evaporation estimation, crop canopy, availability of water at 
evaporating surface, solar radiation, air temperature, air humidity and 

mk:@MSITStore:C:\Users\mojtaba\Documents\CoupModel\SoilProperties\Coup99.chm::/WordDocuments/drainageanddeeppercolation.htm
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wind are important factors in soil evaporation estimation that result in 
water vapour removal from soil surface (FAO, 1998).  
Evaporation from the soil surface is calculated using physical based 
method. This method calculates the soil evaporation by solving an 
energy balance equation for the soil surface (Fig. 7). 
Evapotranspiration 
Evaporation is a combination of both evaporation and transpiration 
where water from soil and plant moves to air (ET) (FAO, 1998). In this 
model, transpiration and soil evaporation are treated as two separate 
flows. 
Soil Unsaturated Hydraulic Conductivity 
Unsaturated conductivity in the Matric domain is given by the equations 
of Mualem, with the Brooks & Corey equation as a base (Fig. 8).  

 
Where kmat is the saturated matrix conductivity and n is a parameter 
accounting for pore correlation and flow path tortuosity (Pourfathali 
Kasmaei, 2012). 
 
CALIBRATION 
Calibration is a process for quantifying the influence of different 
parameter on modelled results. There are two calibration methods 
available in CoupModel which are Bayesian calibration and General 
Likelihood Uncertainty Estimation (GLUE) method (Beven, 1992). 
Generalized Likelihood Uncertainty Estimation (GLUE) method was 
used for calibration of the model in this study. GLUE using Monte 
Carlo simulation to find acceptable parameter sets based on model 
performance (Wu, 2014). In this study the goodness of model 
performance was ranked by the statistical measures like Mean Error and 
R2. 
Model was run for 1000 simulations and results were filtered by top 87 
best results for mean error. GLUE method (Beven, 1992) was 
performed using Monte Carlo random sampling of the parameters to 
quantify the uncertainty of model predictions. Mean error was used as 
the criteria to evaluate the goodness of fit of the simulations. This 
performance criterion is widely used for calibration of hydrological 
models with observed data.  

 
                                        Fig . 6. Summary of variable and equations for defining drainage system. 

 

 
Fig . 7. Summary of variable and equations for calculating soil 
evaporation. 
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Fig . 8. Summary of variable and equations for calculating 
unsaturated hydraulic conductivity. 
 
A manual calibration was completed by changing model parameter one 
by one, re-running the model to see how these parameters can change 
the model behaviours. 
 Simulations with lower mean error were showing better dynamic in 
simulation. Results were also filter against R2 but the focus of results is 
on groundwater trend than groundwater dynamics. 87 unique 
simulations were identified after applying reasonable thresholds for 
mean error values. Few parameters were found sensitive for 
groundwater simulation during posterior parameter distributions 
process. The model was run with calibrated values and the model was 
shown better performance to the new parameter’s ranges. 
Model was found sensitive to different model parameters including but 
not limited to DrainLevel, Drainspacing, Soil Evaporation, Soil Hydraulic, 
Lambda, Air Entry, EquilAdjustPsi and Initial Groundwater. Generally these 
parameters control the whole groundwater system performance.  
Drainage component of the model was defined based on the physical 
drainage equation. Discharge rate is a function of groundwater depth, 
and discharge rate is reducing by increasing groundwater depth. The 
best model performance was acquired with drain level ranging from 5 to 
6 m. Another element of drainage system is Drain Spacing and based on 
the Hooghout drainage equation; there is inverse relation between 
discharge rate and spacing of assumed drain pipes. In other words, 
discharge rate decrease with increasing space between drain pipes. 
Another important model parameter is soil hydraulic parameters. Soil 
hydraulic parameters were added to model by defining Total 
Conductivity, Matric Conductivity, Lambda and Air Entry in different 
layers. Hydraulic conductivity generally describes how easy water can 
move through soil profile. The best model performance was found with 
total conductivity between 300 and 600 mm/day.  Air entry is another 
important factor that needs to be defined under soil hydraulic 
parameters. The air entry has an inverse relation with water content. The 
model has shown better performance with Air entry between 20 and 
15(cm water) for the first 6 meter of soil profile which is limestone and 
between 15 and 10 (cm water) for the depth from 6 to 9 meter which is 
Sand. 
Model was also very sensitive to PreA0Corr which is wind correction 
for rain precipitation. The best results were obtained within range of 
1.03 and 1.07. The last important parameter for defining model was 
RoughLBareSoilMom which is surface roughness length for momentum 
above bare soil. This parameter reduces by increasing wind speed. Best 
results were captured within range of 0.001 to 0.005 
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After finding the best range for each parameter, model can be run for 
multi-run with more than 1000 run, and then the CoupModel select best 
calibrated values that caused modelled water level be close to reality by 
setting a logical criteria for selecting a best runs. 

RESULT 
The changes of climatic factors including rainfall and temperature were 
plotted for both periods. A Comparison between two periods indicate 
that temperature is increasing while precipitation is decreasing. Water 
level is decreasing for both periods although the gradient of trend line in 
second period is 27% steeper than the first period. 
Rainfall 
Figures 9 and 10 show rainfall variation for both periods. The average 
annual rainfall is 429 mm for the first period between 1979 and 1993. 
The maximum rainfall was recorded in 1992 at 586 and the lowest 
rainfall of 312 mm/year occurred in 1988 (Fig. 9). 
The second period shows big variation ranging from 229 to 592 
mm/year in just  two consecutive years from 2005 to 2006.with The 
annual average rainfall of the second period between 1994-2008 is 387 
mm which is 10% less than the first period (Fig. 10). 
Temperature (Average of maximum temperature) 
Annual averages of maximum temperature for both periods are plotted 
in Figure 11 and Figure 12. Both periods show increasing trend in 
annual average of daily maximum temperature but the gradient of trend 
line for second period is steeper. The average temperature of first period 
is 21.15 while the second period recorded 21.83. 
Water Level 
Figures 13 and 14 are hydrographs of well BLS 39 for the study period. 
Hydrograph of first period between 1979-1993 shows the declining 
trend and annual average reduction in water level in this period is about 
7 cm (Fig. 13). The gradient of trend line of second hydrograph is 
steeper and annual average reduction in water level for period between 
1994 and 2008 is around 9 cm (Fig. 14). The analysis of two graphs 
shows increase of 27% in water level drop for the second period 
compared to the first period. 
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Fig.9. Average annual rainfall variation between 1979-1993. 

 

 
Fig.10. Average annual rainfall variation between 1994-2008. 
 

 
Fig .11. Average of annual daily maximum temperature for first 
period. 
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Fig.12. Average of annual daily maximum temperature for first 
period. 
 

 
Fig.13. Hydrograph of well BLS39 for first period. 
 

 
Fig.14. Hydrograph of well BLS39 for first period. 
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Model Result 
To be able to see the possible effect of climate change on model result, 
model was run for the whole 30-year period and two 15-year periods 
separately. The below results are ensemble of top 87 simulations that 
have a less mean error (Fig. 15, 16 and 17).The low and high limits of 
Mean Error for selection of high performance models were set -1.12 
and 1.6 respectively. Simulations with lower mean error were showing 
better dynamic in simulation. Results were also filter against R2 but the 
focus of results is on groundwater trend than groundwater dynamics. 87 
unique simulations were identified after applying reasonable thresholds 
for mean error values.  
Table 3. Summary of variable, equations and values of model 
simulation. 

 
 

 
Fig. 15. Model simulation Vs measured data (1980-2010). 

 

 
Fig. 16. Model simulation Vs measured data (1979-1993). 
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Fig. 17. Model simulation Vs measured data (1994-2008). 

 

Soil water Balance and Groundwater Recharge Estimation 
Water balance results from both simulation periods show reasonable 
difference between Accumulative rainfall and accumulative evaporation 
(Fig. 18). In both periods, values of total rainfall are higher than total 
evaporation and that’s why the model simulated recharge into system. 
Recharge values to layer 13 (depth 2.6 to 3.10 m) from both simulation 
periods are showing an interesting trend. The average Recharge value in 
first period is 0.13 mm/day, 0.02 mm/day higher than the second 
period. This 15 % reduction in recharge values in second period 
compared to the first period might be contributed to less rainfall and 
high temperature in second period. 
Focusing on each period individually gives us very interesting behavior 
of this groundwater system. In the first period, several big peaks in 
water flow occurred in 1981, 1989 and 1992 (Fig. 19). These peaks 
happened along with above average rainfall of 429 mm/year in those 
years. This is a great indication of rapid recharge into system and 
confirms the correctness of the acquired result by hydrograph analysis 
methods regarding the best fit for the model was obtained with one 
month lag between rainfall and its impact on rainfall. Similarly in the 
second period, there are several significant peaks in water flow in year 
1996, 2001 and 2005 (Fig. 20). These peaks are reflecting above average 
rainfall of 387 mm/year within those years. 
 

 
Fig . 18. Model simulation Vs measured data (1979-1993.) 
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Fig .19.Water flow graph from layer 13th (1979-1993). 

 
Fig .20 .Water flow graph from layer 13th (1994-2008). 
Parameter Distribution 
The model is sensitive to several parameters including distribution for 
Drain Level (Level of assumed drain pipes), drain Spacing (Distance 
between drain pipes), Initial Groundwater, EquilAdjustPsi (Factor to 
account for differences between water tension in the middle of top layer 
and actual vapour pressure at soil surface), RoughLBareSoil (Surface 
roughness length for momentum above bare soil) and Soil Hydraulic, 
Lambda, Air Entry. The parameter distribution was filtered after applying 
constraint by defining acceptable range for mean error value to have 
models with better dynamics. Posterior distribution of the sensitive 
parameters of the model was plotted in below figures.  
 

                                  
                            Fig . 21. Parameter distribution for DrianSpacing and DrainLevel.  
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                     Fig . 22. Parameter distribution for InitialGroundwater(m) and EquilAdjustPsi. 

                                
                        Fig . 23. Parameter distribution for Air Entry and Matrix Conductivity.  

 

DISCUSSION AND CONCLUSIONS 
Model was run for 1000 simulations. Mean error was set to filter the 
simulation results. Top 100 filtered simulations were selected to acquire 
best calibration range for sensitive parameters of the model. Model was 
found sensitive to drainage system conceptual model. Saturation level in 
the model was regulated by drain level and spacing between drainage 
pipes. These two variables govern the level of groundwater in model. 
Model shows better performance when the DrainLevel ranging from -5 
to -7 and DrainSpacing is between 1000 and 2000 meter. 
Model is also sensitive to Soil Hydraulic parameter. Air entry and 
lambda parameters in the soil profile control the amount of water that 
reaches the groundwater. Amount of water that is received by a point is 
directly correlated to the topography of the location. For the majority of 
the simulations with acceptable dynamic and performance, Air Entry 
value is ranging from 20 to 25 cm while Matric conductivity values fall 
between 250 and 1000 mm/day. Role of soil-water retention parameters 
are significant in the saturation level in groundwater which is impacted 
by the effect of drainage pipe spacing. 
Even though the Ensemble of best 100 simulations shows acceptable 
performance, since 2004 there is a meaningful gap between simulation 
and actual groundwater level. This can be attributed to groundwater 
pumping in the region that was not considered in this model. Ensemble 
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of simulations shows great dynamic and model is responding to 
groundwater fluctuations. This is an indication of real and correct 
conceptual model that this study considered for this modelling purpose. 
All in all, the unconfined Quaternary limestone aquifer is very 
responsive to recharge from rainfall. Intensive average water level drop 
at second period compare to first period caused by climate change. Less 
average rainfall and higher average temperature for the second period 
results in less recharge into groundwater system. With continuation of 
climate change trend, native vegetation would be under pressure and will 
be diminished gradually which caused more recharge into system. 
However there would be more recharge into system, the quality of 
groundwater can change with surface salt flushing down into 
groundwater. 
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