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ABSTRACT 

The risk of salinization of coastal aquifers due to anthropogenic and climate drivers shows the 
importance of evaluating their effects using methodologies that adequately represent the 
freshwater-saltwater distribution in these areas. This research sought to compare different 
methodologies to estimate the saltwater intrusion in coastal aquifers, such that the case study areas 
evaluated are in Australia. The first step was assessing the parameters to be used, which were obtained 
from local and global sources. Subsequently, this information was the input data in five 
methodologies that ranged from the simplest to the most complex. Finally, climate change 
simulations were done to evaluate future stress scenarios. The comparison of data showed large 
differences between the values of the parameters obtained from local and global sources. The 
results obtained from the methodologies were influenced by the hydraulic conductivity, the 
geological layering and the hydraulic gradient. Climate change scenarios presented high levels 
of saltwater intrusion and decreased volumes of fresh groundwater. Despite global datasets should 
be used carefully, these are a good starting point in areas with scarce information. All 
methodologies were able to represent the saltwater-freshwater distribution, but its accuracy is 
highly influenced by the input data used. 

INTRODUCTION 

Coastal areas are the most densely populated 
areas in the world (Post, 2005). In 2001, 
approximately more than half of the world’s 
population lived within 200 km of a coastline 
(UN-Oceans, n.d.). The increase of human-
related activities causes shortages of fresh 
groundwater in these coastal areas (Oude 
Essink, 2001). Two types of methodological 
approaches are currently used to evaluate the 
freshwater-saltwater distribution in aquifers: 
(1) analytical formulas and (2) variable-density
groundwater and coupled salt transport
modelling. Those vary in data requirements and
complexity. However, the hydrogeological and
climatic available data needed to accurately
model coastal aquifers and salinization effects,
on a global scale, is not enough. Therefore, it is
important to focus on the development of new
methodologies that, under these limitations,
represent the processes of the coastal aquifer
and evaluate their sensitivity to different
anthropogenic and climate change scenarios.

This research aims to compare (1) the use of 
different methodologies and (2) the input data 
to evaluate how these represent the freshwater-
saltwater distribution in the subsurface under 
present and future scenarios. 

To achieve this, the research was divided in 
three sub-research questions. First, to gather a 
compare coastal aquifer data from local and 
global-scale sources. Second, to evaluate its 
saltwater-freshwater distribution using different 

methodologies. Finally, to assess the effects of 
different climate change scenarios on the 
saltwater intrusion process. 

In this context, Australia was chosen as the 
case study area because it counts with 
saltwater intrusion (SWI) studies (“A national-
scale vulnerability assessment of seawater 
intrusion” (Ivkovic, Marshall, et al., 2013) and 
has the necessary amount of local data to be 
used as a benchmark to test the different 
methodology approaches proposed. 

BACKGROUND 

SWI is the encroachment of saline water into 
fresh groundwater regions in coastal aquifer 
settings (Werner & Simmons, 2009). The 
density differences generate a fresh-saline 
interface, influencing the groundwater system 
by affecting the piezometric heads. 

Werner et al. (2012) says that a characteristic 
of SWI models is the variation of density due to 
the difference in salinity between seawater and 
freshwater. Also, he mentions two flow model 
types: (i) Interface models and (ii) Variable-
density models. While the first type assumes an 
interface with two immiscible fluids, the second 
one considers a transition zone with finite 
thickness and none constant water density. 

Werner & Ward, et al. (2012) presented an 
analytical solution methodology to analyse 
interface models. This approach assumes a 
SWI at steady-state, homogeneous conditions 
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and a cross sectional evaluation of the aquifers 
(Figure 1). Likewise, the conceptualization 
considers two zones: Zone 1, where there is 
only fresh water and complies with the condition 
x ≥ xT; and Zone 2, which contains both fresh 
and salt water and 0 ≤ x< xT. 

 

Figure 1: Conceptualization of a steady-state sharp-
interface: unconfined aquifer setting 

Source: Werner, Ward, et al., 2012 

Where: Wnet = distributed net recharge, including infiltration, 
evapotranspiration and distributed pumping (L/T), 
qb = lateral flow exchange with aquifers landward of the 
inland boundary (L2/T), q0 = discharge to the sea (L2/T), 
z = interface depth (L), z0 = horizontal base of the aquifer 
below sea level (L), h = fresh water thickness (L), 
xT = location of the salt water wedge toe (L), hf = hydraulic 
head (L) by the Badon Ghijben-Herzberg relation. 

The equations considered in this research can 
be found at Werner & Ward, et al. (2012). 

Variable-density models are solved using 
numerical solutions. SEAWAT is a finite-

difference groundwater model that couples 
MODFLOW and MT3DMS functionalities. This 
software can solve the variable-density 
groundwater flow equation (Langevin et al., 
2008) (Equation 1). 
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Equation 1 

Where: ρ0 = fluid density (ML-3) at the reference 

concentration and reference temperature, µ = dynamic 

viscosity (ML-1T-1), K0 = hydraulic conductivity tensor of 

material saturated with the reference fluid (LT-1), 

h0 = hydraulic head (L) of the reference fluid of a specified 

concentration and temperature, Ss,0 = specific storage (L-1), 

defined as the volume of water released from storage per 

unit volume per unit decline of h0, t = time (T), θ = porosity 

(-), C = salt concentration (ML-3), q's = source or sink (T-1) of 

fluid with density ρs. 

Besides, SEAWAT can also solve other 

equations such as solute transport, state for 

fluid density and transport of multiple solute 

species. For this research, the modelling 

platform to be used is iMOD-SEAWAT, which is 

a modified version of SEAWAT v4.00.05. 

METHODOLOGY 

Diagram 1 shows the methodology workflow 
which seeks to answer each sub-research 
question previously mentioned. 

 

Diagram 1. Methodology workflow 

Part 1 – Selection of the case study area 

Australia was selected as the general case 
study area because it counts with enough local 
information to do the input data comparisons 
and the simulations. 

From the project “A national-scale vulnerability 
assessment of seawater intrusion” (Morgan, 

Werner, Ivkovic, et al., 2013), 28 zones were 
considered at risk of SWI. 

Based on the geological composition of the 
groundwater systems (unconsolidated 
sediments) and the input data requirements of 
the proposed methodologies, only eight interest 
areas were finally selected (Figure 2). 
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Figure 2: Location of case study areas (WGS 84) 

Part 2 – Data collection 

This stage was focused on determining how the 
different data sources (local and global-scale) 
can influence the results of SWI calculations 
and simulations. 

Local-scale data 

This was compiled from several reports 
(indicated in the bibliography section) so as 
Australian Groundwater Explorer website. 
Table 1 shows the local-scale data considered. 

Table 1. Local-scale data 

Parameter/component Source 

Hydraulic conductivity (m/d) 

Reports1 

Net recharge (m/d) 
(Infiltration, EVT and Distributed pumping) 

Inland boundary distance from the 
coastal boundary (m) 

Head level at the inland boundary 
condition (m) 

Porosity (-) 

Depth to the basement rock (m) Bore 
logs2 Groundwater system layering 

Note: EVT = Evapotranspiration. 

(1) Morgan, Werner, Ivkovic, et al. (2013), Ivkovic, 

Marshall, et al. (2013), Ivkovic, Dixon-Jain, et al. (2013) 

(2) Australian Government - Bureau of Meteorology (n.d.) 

Bore logs were analysed to determine the 

sediment distribution of the coastal aquifer and 

to correlate it with hydraulic conductivity values. 

Global-scale data 

The lack of measured data led water science 
community use freely available global datasets. 
For this research, the global-scale data was 
retrieved from reliable open sources, such as 
Universities and water-related institutions 
(Table 2). 

Those datasets were processed to obtain the 
parameters needed in accordance to the 
modelling requirements. Porosity value was 
assumed to be equal to 0.25 (Ivkovic, Marshall, 
et al., 2013) due to the lack of an available 
dataset. 

Table 2. Global-scale data 

Parameter/component Source 

Hydraulic conductivity (m/d) 
(Permeability) 

GLHYMPS 2.0 

Net recharge (m/d) 
(Precipitation and EVT) 

MODIS 

Inland boundary distance from 
the coastal boundary (m) 

(Topography and Water table) GEBCO, 
Fan (2013) Head level at the inland 

boundary condition (m) 
(Topography and Water table) 

Depth to the aquifer base (m) Zarmsky (2018) 
Note: EVT = Evapotranspiration. 

Step 3 – Methodologies to estimate SWI 

The aim of this step is to assess the possibility 
of representing the freshwater-saltwater 
distribution using the global and local-scale 
data. Five different methodologies (M) were 
tested to evaluate how these simulate the SWI 
if the case study areas. 

M1 – Analytical solution 

This approach aims at applying analytical 
formulas, based on Werner et al. (2012), as a 
simple tool to avoid modelling knowledge. 
According to its conceptual model (Figure 3) 
and the methodology detailed in Section 
“Background”, global and local-scale data were 
used (Table 1 and Table 2). 

 

Figure 3: Conceptualization of M1 

M2 - Henry case conceptualisation modelling 

The Henry case is a benchmark for density-
driven groundwater flow simulations because it 
has an analytical solution. It assumes a 
hypothetical rectangular coastal aquifer with 
homogeneous and isotropic media. It has 
impermeable upper and lower boundaries 
which has constant freshwater flux from one 
side and a constant saltwater head on the other. 

Burdekin 

Bowen 

Pioneer Valley 

Burnett Heads 

Stuarts Point 

Hat Head 

Stockton 

Botany Sands 
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M2 was setup using the iMOD-Python toolbox 
(Visser & Bootsma, 2019) and simulated with 
iMOD-SEAWAT (Verkaik & Janssen, 2015), 
according to the conceptualization (Figure 4) 
using global and local-scale data. 

It assumed a General Head Boundary (GHB) 
condition at the inland zone, as well as a 
Recharge (RCH) on the first layer of it. 

 

Figure 4: Conceptualization of M2 

M3 - Synthetic conceptualisation modelling 

Seeking for a closer-to-reality model, the 
SEAWAT (Langevin et al., 2008) code was 
used for the simulation of a synthetic Python 
model, based on Zamrsky (2019). 

M3 considers the continental shelf and slope 
four times larger than the inland zone. Also, the 
aquifer thickness is constant along the profile. 
For the inland zone, the boundary condition 
was the GHB, assuming Drains (DRN) and 
RCH on the first layer (Figure 5). Global and 
local-scale data was evaluated. 

 

Figure 5: Conceptualization of M3 

M4 - Complex conceptualisation modelling 
using global datasets 

M4 is based on the methodology from Zamrsky 
(2019), which only uses global-scale data 
(Table 2) and statistical analysis (Figure 6). 

 

Figure 6: Conceptualization of M4 

For each COSCAT area (Laruelle et al., 2013), 
values were measured and fitted to a lognormal 
distribution to obtain randomizations of 
recharge values by creating new datasets with 
the same mean and standard deviation. 

The geological complexity of the inland and 
shelf zones was obtained based on 
Karssenberg (2018). This geological data was 
used to run randomly generated realizations 
that varied parameters such as number and 
thickness of aquifer and aquitard layers, based 
on previously defined ratios of fine and coarse 
sediments. 

Five realizations, that considered a varying 

recharge and geology, per cross section were 

considered to assess the uncertainty of these 

parameters. M4 was applied only to 6 case 

study areas due to research restrictions. 

M5 - Complex conceptualisation modelling 
using collected bore log data 

M5 is based on M4 Python model (Figure 6), 
maintaining the boundary conditions and input 
data, but modifying the geological information 
according to the bore log data retrieved. The 
same six profiles evaluated in M4 and five 
realizations for recharge were considered. 

Finally, a simultaneous comparison and 
analysis among the results from all the 
methodologies was carried out. 

Step 4 – Climate change scenarios 

Climate change assessment considered 
possible scenarios of sea-level rise and 
variation in the net recharge (Table 3). For the 
latter, global and local-scale data was used. 

Table 3. Climate change scenarios to be considered 

 
Recharge multiplier 

0.25 0.75 1.00 1.25 

Δ
H

s
e

a
 (

m
) 0.0     

0.2     

1.0     

2.0     

Note: ΔHsea = Change in sea level 

To evaluate this, the M5 model was considered. 
The simulations for each scenario were run until 
reaching the steady state conditions of salinity 
distribution, adding 1000 extra years after this. 

The calculations were only performed for two 
case study areas (Stockton and Stuarts Point), 
which were used as a reference of the possible 
climate change effects. 

RESULTS 

Data collection 

Bore logs interpretation 

Table 4 presents the distribution of the aquifer 

sediments, which were grouped by the 
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permeability of each layer in High (HP - gravel 

and sand) and Low (LP - silt and clay). 

Highlighted case study areas showed variable 

sediment types along the profile, while the other 

ones indicated that their composition is majorly 

permeable sediments. 

Table 4. Composition of low and high permeable 
layers based on bore logs analysis 

Studied areas Permeability of layers 

Botany 90%HP, 10%LP 

Bowen 14%LP, 36%HP, 23%LP, 5%HP, 23%LP 

Burdekin 13%LP, 8%HP, 19%LP, 54%HP, 6%LP 

Burnett Heads 14%LP, 8%HP, 34%LP, 16%HP, 28%LP 

Hat Head 90% HP, 10%LP 

Pioneer Valley 18%HP, 73%LP, 9%HP 

Stockton 90%HP, 10%LP 

Stuarts Point 90%HP, 10%LP 

Note: HP = High permeability, LP = Low permeability. 

Percentages start from the surface towards the bottom 

Hydraulic conductivity 

Values obtained from local sources are much 

larger than the global ones, with differences up 

to five orders of magnitude. This means that this 

global dataset would be underestimating these 

parameters. 

According to Freeze & Cherry (1979), the local 

values can be classified as clean sand while the 

global ones show clean sand, silty sand and 

unweathered marine clay. However, the bore 

log analysis indicated a mismatch between 

measurements and gathered data. 

Depth to aquifer base from mean sea level 

Values from global datasets are larger than the 

local-scale ones, with differences up to 11 times 

the depth. Based on the bore logs analysis, 

global data is overestimating, while the local 

values are comprised among the observations. 

Recharge 

The values from global datasets are lower in 

comparison to the local-scale ones, except in 

Botany and Bowen. Besides, while global 

recharge does not account the effect of 

pumping or irrigation, local recharge does it. 

Negative values indicate a water availability 

deficit because the evapotranspiration is higher 

than the precipitation (Burdekin case). 

Distance to the inland boundary condition and 
head level 

Despite the distance to the inland boundary 

condition does not follow a specific pattern 

among the data, 6 out of 8 case study areas 

showed a good match. 

In case of the head at the inland boundary 

condition, global data showed larger values 

than the local one. Regardless the differences 

between them are not that big, since this 

measurement is influenced by the location 

defined, it is automatically different too. 

Porosity 

Local data values ranged from 0.1 to 0.3. For 

the global data, a constant value of 0.25 is 

assumed. Table 5 shows the data collected. In 

general, a clear discrepancy between global 

and local-scale data is observed. 

Methodologies to estimate SWI 

Each methodology evaluated the SWI length 

and the freshwater volume, using global and 

local-scale data, where corresponded. 

Saltwater intrusion length 

The comparison among the calculated SWI 

lengths per methodologies allowed grouping 

M1, M2 and M3 for local and global input data 

separately to a better analysis. M4 and M5 does 

not follow a clear pattern (Figure 7). 

Table 5. Comparison of local-scale and global-scale collected parameters 

Case study 
area 

kx (m/d) Wnet (mm/y) zb (m) hf (m) x (m) n (-) 

Local Global Local Global Local Global Local Global Local Global Local Global 

Botany 30 0.0001 430 820 25 77 1.2 2.7 1000 3500 0.3 0.25 

Bowen 100 26 40 77 20 165 0.8 6.4 1000 6890 0.1 0.25 

Burdekin 50 26 100 -226 38 186 0.5 3.1 850 656 0.3 0.25 

Burnett Heads 100 4 90 40 15 167 0.8 4.7 750 1425 0.3 0.25 

Hat Head 20 0.1 270 55 35 131 5 9.6 1750 625 0.1 0.25 

Pioneer Valley 160 4 110 95 30 120 3.2 4.8 1600 2397 0.1 0.25 

Stockton 20 0.1 280 118 15 230 2.5 8.5 1400 846 0.1 0.25 

Stuarts Point 20 0.0001 270 -57 35 81 5.5 4.6 1750 1500 0.1 0.25 

Note: kx = hydraulic conductivity, Wnet = distributed net recharge, zb = depth to aquifer base from mean sea level, hf = head at the 
inland boundary condition, x = location of the inland boundary condition, n = porosity. 
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Figure 7: All methodologies - Saltwater intrusion length (m) 

Note: Column bars follow the order depicted in the legend. 

M1, M2 and M3 can be considered as 

consistent methodologies as their results are 

similar. Conceptualizations of M1 and M2 are 

also similar in terms of boundary conditions and 

model domain. 

M3 considers the topographic relief of the 

coastal aquifer. Due to this, for Hat Head, it was 

possible to observe that freshwater flowed 

towards the continental zone due to the high 

hydraulic gradient. Furthermore, M3 allows a 

more realistic representation of the net 

recharge due to the effect of the DRN. In this 

regard, despite larger SWI were expected as 

less recharge occurs, this effect was not 

observed in every case. 

Global hydraulic conductivity values are lower 

than local-scale ones, which clearly influenced 

the calculation. Botany Sands and Stuarts 

Point, for M1, M2 and M3, non SWI was 

obtained due to the very small hydraulic 

conductivity value registered (0.0001 m/d). 

Nonetheless, other parameters such as 

hydraulic gradient, obtained from the inland 

head and the distance to the coast, may 

contribute to balance the density effect. 

M4 and M5 were analysed separately from the 

previous methodologies as their conceptual 

model and some of the input data are different. 

Conceptual differences between M4 and M5 

are the sediment layers and the hydraulic 

conductivity. While M4 considers intercalated 

layers of high and low permeable material and 

a capping clay layer on the surface of the 

continental shelf, M5 consider bore logs data. 

This differences led to non-similar results. 

The study cases were evaluated in two groups: 

i. Groundwater systems with highly permeable 

sediments and, ii. Groundwater systems with 

high and low permeability. 

The first type comprises Botany Sands, Hat 

Head, Stockton and Stuarts Point. Geological 

layering in M5 considers highly permeable 

material and a thin superficial clay layer (Figure 

8). 

 

Figure 8: Botany Sands - Comparison between 
geology for M4 (realization 1) (upper) and M5 (lower) 

For Stockton, in M4, the heads at the dune 

nearby the coast were larger than in M5, where 

they have decreased. In M4, the larger 

hydraulic gradient was causing the freshwater 

flow to be pushed towards the sea, causing no 

SWI. In M5, the hydraulic heads at the dune are 

lower, and now the large hydraulic heads are 

occurring far from the coast. This has reduced 

the hydraulic gradient, meaning that the 

discharge flow is less, so there are more 

possibilities for the SWI to occur as there is a 

lower flow coming from inland. It is likely that 

the larger hydraulic heads in M4 were caused 

by the clay capping layer that existed in this 

setup, which is not occurring in M5 due to the 

change in geology. 

A lower scale of this effect occurs in Botany 

Sands and Hat Head, allowing SWI. 

For Stuart Point, the SWI occurs in the 

continental shelf area. This is due to the larger 

hydraulic conductivity values in M5, which 

allows freshwater to push outwards the SWI. 

For the second type, it encompasses Bowen 

and Burdekin. These cases show intercalated 

hydraulic conductivity layers of high and low 

permeability sediments, similar to M4 setup 
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(Figure 9). However, while M4 presents SWI, 

M5 does not (0 m). 

 

Figure 9: Burdekin - Comparison between geology for 
M4 (realization 1) (upper) and M5 (lower) 

Both setups present a thick clay layer on top of 

the system which is affecting the freshwater 

discharge at the coast, increasing the hydraulic 

heads in the system. Also, in M5, the hydraulic 

conductivity value of the highly permeable 

material is equal to 30 m/d while in M4 it is 

between 0.1 and 1 m/d. Therefore, freshwater 

horizontal movement towards the shelf area is 

easier in M5 setup, avoiding SWI. This occurs 

in M4 driven by the density variation effect. 

Freshwater volume 

Models which used global datasets showed 

much larger inland and continental shelf 

freshwater volumes than local-scale, M4 and 

M5 ones (Figure 10 – Upper part). Furthermore, 

considering the inland area only, it is observed 

freshwater volumes cover over 80% of them in 

most of the cases (Figure 10 – Lower part). This 

represents a large availability of fresh 

groundwater inland. 

Stockton, Burnett Heads and Burdekin showed 
the largest differences among the results (M1, 
M2 and M3 vs M4 and M5). This fact indicates 
that the different representation of the SWI is 
most likely due to the variations in geological 
considerations. 

 
Figure 10: Inland freshwater volume (m3/m and %) 

Note: Column bars follow the order depicted in the legend. 

Climate change scenarios 

Case 1 - Stockton 

Results of SWI for both datasets showed that, 

as the sea level increases and the recharge 

reduces, the SWI increases. Therefore, the 

fresh groundwater source is helping to reduce 

the intrusion. Freshwater volume results 

followed the same pattern as the SWI lengths. 

Case 2 - Stuarts Point 

Variations in the SWI for both data sources start 

when the sea level rise reaches 1 m. However, 

local data resulted in larger SWI than global 

one. For the freshwater volume, in both case, 

the most critical scenario occurred at minimum 

recharge and maximum sea level rise. Diagram 

2 shows the results. 

DISCUSSIONS 

Differences in global and local-scale data 

It was possible to confirm the initial assumption 

of this research: results of different SWI 

methodologies will highly depend on the 

accuracy of the input data used. 

Primarily, bore logs’ information helped to 

identify the heterogeneity conditions of some 

groundwater systems. This consideration 

affects the flow movement expectation in 

comparison to a one in a homogeneous media. 
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Diagram 2. Results of climate change scenarios – Stockton and Stuarts Point 
Note: KRCH = Recharge multiplier, ΔHsea = Change in sea level (m). 

In this regard, for the hydraulic conductivity, 

global datasets values were comparatively 

lower than local-scale ones. This parameter 

was influential in the determination of the SWI 

length. In case of the depth to the aquifer base 

from mean sea level, the same pattern was 

observed. This affects the calculation of the 

available freshwater volumes. 

For the net recharge, it was obtained from the 

difference of precipitation and EVT for global 

datasets. This approach could be improved 

incorporating river-aquifer water exchange and 

pumping effect, as it is in local-scale data. 

Besides, negative net recharge values are not 

realistic unless the groundwater level is above 

the extinction depth. 

The distance to the inland boundary condition 

and the head at this point define the 

groundwater gradient, which is influential in the 

SWI simulations. Defining the location of the 

inland boundary condition only based on 

topography variations may not be accurate 

since other local processes could influence the 

groundwater system. The use of measured 

hydraulic heads or results from a calibrated 

groundwater model might give a better glance. 

For the porosity, since no global dataset was 

available to define it so, default values used in 

groundwater models were assumed (0.25). 

In summary, there are many differences among 

global and local-scale information and a lot of 

variability when comparing the results. Despite 

the global datasets seemed to not be accurate 

enough, these may be more representative at a 

different scale (e.g. data-scarce zones). 

Data sources in SWI simulations 

Five methodologies were applied to evaluate 

the SWI distribution in coastal aquifers using 

local and global-scale data, where possible. 

The analytical solution calculation (M1) allows 

an easy approach when a first estimation and 

only broad information are needed. A density-

variable groundwater flow simulation (M2) 

considered the same assumptions as M1. M3 

encompassed the inland and offshore areas of 

the aquifer, considering the topography. This 

approach showed that offshore freshwater 

discharge could occur in certain cases and the 

importance of unsaturated zones. 

These three methodologies presented similar 

results when using the same type of data. 

Therefore, the use of any of them for a first 

impression is possible, unless further local 

groundwater processes occur (e.g. rivers). 

M4, a global datasets-based methodology, 

considered the uncertainty in recharge and 

geology: realizations. The recharge is 

statistically estimated and the geology model 

considers capping clay layers. It has a 

predefine set of profiles locations and 

consumes larger computational resources. M5 

is based on M4 concept, but uses the geology 

layering from the bore logs. Due to limitations in 

the conceptualization of M4, only two types of 

sediment were used in the M5 model. 

These last approaches did not show similar 

results for the SWI length. Where intercalated 

geological layers were simulated, the heads 

distribution are affected by the clay capping 

layers and the hydraulic conductivity, reducing 

the possibility of coastal freshwater discharge. 
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SWI simulation results are mostly influenced by 

the input data. Despite it is important to better 

represent the coastal groundwater system, it 

leads to larger degree of uncertainties. Besides, 

normalised volumes of fresh groundwater of at 

least 80% occur in most of the cases, meaning 

that the SWI is incipient or does not have 

potential of reaching further inland under the 

conditions evaluated. 

Climate change possible effects 

The higher recharge rates reduce the intrusion 

effect, increasing the freshwater flow discharge. 

Therefore, the more net recharge, the less SWI. 

On the other hand, sea level rise is a head 

increase at this point, causing the conditions for 

SWI to increase as well. The larger the 

increase, the more intrusion will occur. 

CONCLUSIONS 

The comparison of different methodologies to 

estimate the freshwater-saltwater distribution in 

coastal aquifers was successfully achieved. 

This followed a stepwise approach where five 

approaches were evaluated based on local and 

global scale data. The research considered the 

use of 8 case study areas located in Australia. 

A comparison of the input data available 

showed that global datasets has important 

differences with local data. Bore logs 

information provided important details about the 

groundwater system. 

The evaluation of the influence of the input data 

on the methodologies showed that the most 

influential parameters were: hydraulic 

conductivity and gradient, groundwater system 

heterogeneity and layers conceptualization. 

The evaluation of the offshore parts brings 

insight on the continental shelf processes. Also, 

input data accuracy affects SWI length and 

freshwater volume calculations. 

Under climate change conditions, the most 

critical scenario of SW intrusion would occur 

when recharge rates are decreased and sea 

water levels rise. The results per case study 

area highly depend on the characteristics of the 

groundwater systems in question. 

Given the limitations of the research, the most 

accurate methodology could not be defined. 

However, M1 would be advisable for a quick 

first estimate, such that M3 would be the next 

step, aiming for a better representation of the 

system. M5 is the final step towards a closest to 

reality model since the geological layering is 

considered. 
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