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Abstract

Closed-form analytical solutions for assessing the consequences of climate change
on fresh groundwater oceanic island lenses have been developed by hydrogeologists during
the last decade. Based on existing equations, this study focuses on the case of strip oceanic
islands when three combined effects of climate change are observed to affect the freshwater
lens volume and its groundwater resource renewal: sea-level rise, erosion, and change in
groundwater recharge rates. New equations, integrating these combined effects of climate
change on fresh groundwater resources are provided. These equations are solved by a novel
methodology based on a Dupuit-Forchheimer groundwater flow model that allows for
determination of the hydrogeological parameters included in the equations. The approach is
illustrated with the strip island of Savary, which is located along the Pacific coast of Canada
in the province of British Columbia. This example illustrates, on the one hand, the volume
depletion of the island freshwater lens and, on the other hand, the decrease of the renewal
rate of groundwater. The proposed approach can be applied to any strip islands worldwide
to assess the cumulative effects of sea-level rise and shore erosion on groundwater resources,
depending on the predicted climate change scenarios. The results can then help decision-
makers to anticipate the effects of climate change on the groundwater availability in strip

oceanic islands and plan future groundwater use accordingly.

Keywords: Climate change, Island hydrology, Groundwater resources, Analytical solutions,

Sea-level rise
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1. Introduction

Small oceanic islands rely usually more on groundwater resources than surface water
resources for the water supply. Ensuring water supply for oceanic island communities is a
constant challenge worldwide because oceanic islands are surrounded by seawater that
intrudes into the island aquifer. Freshwater contained in island aquifers is represented by a
lighter freshwater lens floating above the denser saltwater. This freshwater lens is
replenished by precipitation that infiltrates into the subsurface and discharges to the ocean
along the island coasts. Oceanic islands can be densely populated considering their attractive
environment and the pressure on fresh groundwater resources can be high, making water
supply a real challenge, increased by the fact that freshwater is threaten by the surrounding
seawater intrusion (Oude Essink, 2001; White and Falkland, 2010; ).

Climate change makes freshwater resources in coastal environments more vulnerable
(Melloul and Collin, 2006). One of the consequences of climate change is changes to the
pattern and intensity of precipitation, which consequently has an impact on groundwater
recharge in aquifers. In addition to the changes in precipitation, two other consequences of
climate change that particularly affect coastal environments are sea-level rise and shore
erosion (Terry and Falkland, 2010). Both effects amplify ‘seawater intrusion’ because they
result in an inland progression of seawater, often called ‘land-surface seawater inundation’.
Depending on the climate change scenario, the cumulative effects of freshwater
replenishment changes and increased seawater intrusion may have dramatic effects on water
supply in oceanic island environments. For this reason, the impacts of climate change on

groundwater resources in oceanic island aquifers must be anticipated depending on climate
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change scenarios, in order to help decision makers plan for future possible groundwater use
and to make development plans accordingly.

During the last decade, the issue of the impacts of climate change and more specifically of
sea-level rise on seawater intrusion in oceanic islands has gained interest worldwide. These
impacts have been investigated either with numerical modeling (Sulzbacher et al., 2012;
Lemieux et al., 2015; Gulley et al., 2016) or analytical modeling (Ketabchi et al., 2014;
Morgan and Werner, 2014; Chesnaux, 2016). However, most of the studies were principally
numerical investigations that were conducted for cases of specific islands and their results
could not be extended for general cases. Also, except for the study by Lemieux et al. (2015),
the combined effects of sea shore erosion and sea-level rise on the characterization of land-
surface inundation were not considered, ie only the effects of sea-level rise were
investigated.

This study proposes an analytical methodology based on the previous analytical
developments of Chesnaux (2016) to investigate the cumulative effects of climate change,
i.e. changes in groundwater recharge rate, sea-level rise and sea shore erosion, on freshwater
resources in the case of strip oceanic island unconfined aquifers. From this methodology, the
effects on both the freshwater lens volume and the annual recharge (freshwater renewal
capabilities) can be quantified with different scenarios of climate change. This simple
methodology is first presented with the analytical equations to be used and the island
hydrogeological information that is required to solve the equations. The methodology is then
illustrated with the specific case of a Pacific island located on the West Coast of Canada:
Savary Island, British Columbia, when different scenarios of the impacts of climate change

are investigated.
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The results obtained from the analytical analysis will be useful to evaluate future freshwater
availability and to plan future use of fresh groundwater resources in a sustainable manner.
The same methodology could be applied to any case of strip oceanic islands worldwide when

the assumptions for the application of the analytical methodology can be made.

2. Analytical methodology

Strip islands are elongated islands whose length is significantly greater than their width, with
a longitudinal axis of symmetry. The proposed methodology to assess the impacts of climate
change on groundwater resources in an oceanic strip-island unconfined aquifer is designed
to be conducted in five steps:

1. The first step consists of testing whether the simplified Dupuit-type analytical
groundwater flow model of the freshwater lens of the strip oceanic island can be
applied to the island that is being considered. For this, it must be verified that the
assumptions required by the Dupuit flow-type model are satisfied. Piezometric
observations on the island must be available in order to create a piezometric map and
to investigate if this map can be fitted to a Dupuit-type flow conceptual model of the
island.

2. When the Dupuit-type flow assumptions are verified, the equations developed by
Chesnaux (2016) can be used to calculate the change of the volume of the freshwater
lens with sea-level rise. Note that before conducting this calculation, the
hydrogeological parameters contained in the equation of Chesnaux (2016) must be

determined.
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3. The effects of coastal erosion can be included in the Chesnaux (2016) equation in
order to obtain a new equation that now combines the effects of sea-level rise and
coastal erosion, to determine the global change in the volume of the freshwater lens
with climate change.

4. The total loss of recharge of the island with climate change can be calculated from
the loss of land due on sea-level rise and coastal erosion combined with the recharge
rate that may also evolve with climate change. The predicted values of the loss of
recharge can then be compared with the fresh groundwater uptake from the island
residents in order to determine if the groundwater exploitation, depending on future
scenarios of developments, will not exceed the renewal rate of groundwater resources
in a context of climate change

5. Finally, a sensitivity analysis can be conducted on the results of both the changes of
the volume of the freshwater lens and the change of total recharge of the lens
considering different predicted scenarios of sea-level rise and coastal erosion, as well

as recharge rates due on precipitation changes.

2.1 Dupuit-type groundwater flow model of the strip-island unconfined aquifer

The steady-state regional flow solution for strip oceanic islands is given in the framework of
Dupuit’s assumptions (Dupuit, 1863): the island aquifer is unconfined and saturated,
homogeneous and isotropic with a hydraulic conductivity represented by a unique value K
that is constant. This value can, however, represent an equivalent average value for a system
of multi-layered aquifers. The equipotential surfaces are vertical and the velocity is uniform
over the entire depth. In the case of oceanic islands, a freshwater lens floats on top of

saltwater, such that the interface between the freshwater and saltwater is considered as an
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impermeable boundary for freshwater. Also, the aquifer is considered to be uniformly
recharged and its discharge into the ocean is represented by a constant head boundary
condition. In this study, the closed-form solutions are developed for a constant value of the
rate of recharge; but in a context of climate change, recharge rates may also be subject to
changes. Lastly in terms of limiting assumptions, the transition zone between the freshwater
lens and the saltwater is not taken into account, assuming a sharp interface between
freshwater and saltwater.
One-dimensional equations for groundwater flow in oceanic islands have been addressed by
Fetter (1972). The problem is defined using coordinates (x, y), but the flow is considered
horizontal and one-dimensional according to the Dupuit approximation, and indicates that
the hydraulic head is dependent only on x. The vertical plane, defined by x = 0, represents
the axis of symmetry of the island and also represents the water divide (hydraulic gradient
is zero), since the down-gradient boundary is a hydraulic head that is the same on both sides
of the island. The length of the island is defined theoretically to be infinite; whereas its half
width is L (the total width of the island is 2L). Due to the symmetry of the island, the problem
is solved between x = 0 to x = L (Figure 1(a)).

Figure 1(b) describes the oceanic island system considered. The solution for the
elevation of the water table above sea-level, /(x), is given by Fetter (1972), and is expressed

as follows:

M= K Grran .
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Where W is the recharge rate [LT-'] of the aquifer, K its hydraulic conductivity [LT-1], pr is
the density of freshwater, ps is the density of saltwater, and 4p = p; - ps. Note that the ocean
surface is taken as the datum for the heads /(x). Equation (1) was obtained by Fetter by
combining Darcy’s law and the Ghijben-Herzberg relation (Drabbe and Badon Ghijben,
1889; Herzberg, 1901), giving the position of the freshwater/saltwater interface. This latter

relation is written as follows (Equation (2)):

ps Ps
2(x) = ;= h(0) = 5, h(0) @

where A(x) is the elevation of the water table above sea-level, and z(x) is the depth to the

fresh-saline interface below sea-level.

2.2 Freshwater lens volume of the strip island

The volume of the freshwater lens of the strip oceanic island is given by Chesnaux (2016).
In the framework of this study, where climate change will affect the volume of the lens, let’s
write V; [L?] to be the volume of the lens per unit length of the island at time ¢ and L, to be
the half-width of the island [L] at time ¢. The total volume of the freshwater lens per unit

length of the island at time ¢ is written as follows (Equation (3)):

mn, (W pr
ve="0 {1 +5) 12 G)
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with n, the effective porosity of the aquifer.
The volume of the lens will change with L, and, in a context of climate change, L, will

diminish with the effects of both sea-level rise and coastal erosion.

2.3 Land-surface inundation: Sea-level rise and coastal erosion
Sea-level rise and coastal erosion are parameters that must be predicted by climatic models.
The rates of sea-level rise and coastal erosion will be used to determine the change in the

strip island width, which is represented by the variation of L, with time (Figure 1(b)).

2.3.1 Sea-level rise

Let’s define S, to be the sea-level at time 7 and AS, to be the change of sea-level over time #:
A4S, = S-Sy with Sy and S, the initial sea-level and the final sea-level after time ¢, respectively.
If 4S; > 0, sea-level has risen during # and conversely if 4S; < 0, sea-level has dropped during
t. A change of S (45, over time ¢ will cause a change of L (4L~=LL,) over time ¢t depending

on 6, the slope (angle of the shore face compared to the horizontal) of the island aquifer

(Equation (4)):
AS,
ALT T tan6 )

The resulting inundation of the strip island in the case of sea-level rise 4Ss; r during ¢ is of

ALg r = -AS/tanf as ALg;  is negative and A4S positive.
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2.3.2 Coastal erosion

While sea-level rise is usually considered to represent the main impact of climate change on
coastal aquifers, other impacts such as coastal erosion can also be expected. Coastal erosion
will diminish the width of islands and the erosion rate can be noted as 4Lcg. This erosion
rate corresponds to the loss of coastal land (4L is negative) during a given period of time.
Usually, erosion is expressed as a length of width of coast lost per year. This loss will cause
the progression of seawater into the land, having comparable effects of sea-level rise. Indeed,

both sea-level rise and erosion lead to land-surface inundation.

2.3.3 Total land-surface inundation
The total land-surface inundation, noted as AL (negative value), due to climate change
expresses the total loss of land due on the combination of sea-level rise (4Lg ) and coastal

erosion (4Lcg). AL can therefore be expressed as (Equation (5)):

AL = ALSLR + ALCE = -AS/tanb + ALCE (5)
2.4 Changes in freshwater lens volume

After there is a change of the width of the island with climate change over time ¢, the

consecutive change in the volume AV of the freshwater lens can be determined by using

Equation (3) to yield Equation (6):

W =V—vo="3" [f(1+5) - (1F—18) =5 [Z(1+5) - AL- (AL +2Le)  (6)
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Combining Equations (5) and (6) gives an expression of the change of volume of the

freshwater lens (per unit length of the strip island) with sea-level rise and erosion (Equation

(7):

m, W Py AS AS
AV =~ }?(1 + E) : (ALCE - m) *(ALcE — fang t2Lo) (7)

Equation (7) is the closed-form solution for calculating the change of volume of the
freshwater lens in a strip oceanic island as a function of the initial half-width L, of the island
and the slope 6 of the coast when sea-level rises by 4S and when coastal erosion (loss of
width of the island) is 4Lcz. Note that 4V is per unit length of island and that its value is
negative.

Equation (7) depends on the recharge rate W that can also change over time with climate
change and it can be observed that the change of volume is directly proportional to the root

square of the rate of recharge.

2.5 Groundwater total recharge

Groundwater recharge rates W, [LT-'] may change with climate change over time 7 on the
one hand but on the other hand the total recharge, noted R;, will diminish with climate change
due on the loss of land surface (land surface inundation). The total groundwater recharge of
the freshwater lens R, [L?] at time ¢ during a period of time A¢ per unit length of the strip
island corresponds to the recharge rate W during the period of time A7 multiplied by the

surface of the strip island of width 2L, at time ¢ per unit length of the island (Equation (8)):

ScholarOne support: (434)964.4100 11



249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

Hydrogeology Journal

R,=2-L W, At (8)

The value of the total recharge R, during a period of time At indicates the amount of
freshwater that is renewed in the lens during 4¢. This amount theoretically corresponds to
the amount of water that can be tapped in the lens without depleting the resource (the rate of
uptake should not exceed the rate of renewal). Consequently, characterizing the value of R,
in a context of climate change is of crucial interest and importance for decision-makers since
it corresponds to the maximum value of fresh groundwater that can be exploited in the lens
during a period of time Az.

R, represents a threshold value when planning on future scenarios of possible water use when
one includes the effects of climate change on both land inundation and groundwater recharge

rates.

3. Illustration with a case study: example of Savary Island, Canada

3.1 Description of Savary Island and its hydrogeological features

Savary Island is a long and narrow oceanic island on the Pacific coast of British
Columbia, Canada, measuring approximatively 7.5 km long in an east-west direction and
0.6 to 0.8 km wide in a north-south direction. It can be considered as a strip island, with the
initial assumption that it satisfies the conditions for the application of the Dupuit
approximation on the freshwater lens of the island (this assumption will be verified in this
study, based on the results obtained from the interpolation of the water table elevations).

Savary Island is exposed to the consequences of climate change, including sea-level rise

ScholarOne support: (434)964.4100 12
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combined with an intense erosion of its coast. For these reasons, Savary Island offers the
typical and representative conditions to illustrate the methodology proposed in this study, to
quantify the consequences of climate change for strip oceanic islands.

The mean shore slope of the island is 40 m/km. Savary Island is located 150 km
north-west of Vancouver and the island is populated with 100 permanent inhabitants whereas
it can be populated with 500 inhabitants during the summer season since it is very attractive
to tourism. The island relies on only its fresh groundwater lens for water supply (domestic
use only). Savary Island is composed mainly from sand (known as Quadra sand) deposited
by glaciers during the Pleistocene. This sand deposit forms an aquifer, for which the mean
hydraulic conductivity has been determined with a pumping test: average K = 5x10~ m/s
(Thurber Engineering Ltd., 2003). Homogeneous and isotropic conditions can be considered
for this aquifer. The effective porosity n, of the aquifer is 0.3. The island receives an average
of 1,100 mm precipitation per year from which 23% is recharge for the aquifer, making W
equal to 250 mm/year (Pacific Hydrology Consultants LTD., 1987). A groundwater well
database is available and contains information for 48 domestic wells (British Columbia
Government, 2020); the British Columbia Water Resources Atlas is a GIS based system that
provides aquifer maps and water well information (stratigraphy, static water levels and
specific capacity tests). Figure 2 shows a map of Savary Island with the digital elevation
model (DEM) based on LiDAR data and the locations of the domestic wells. Figure 2 shows
that the distribution of the domestic wells is not uniform, with most of the wells located in

the western and eastern parts of the island where urban development is found.
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Regarding the scenarios of sea-level rise and coastal erosion, a constant rate of sea-level rise
of 0.7 mm/year (for the next 100 years) was selected as proposed by Forbes et al. (2004) and
a constant average rate of coastal erosion of 0.2 m/year, specifically for Savary Island, has

been considered according to Thurber Engineering Ltd. (2003).

3.2 Results

It is first verified that the Dupuit model can be applied to the groundwater system of Savary
Island based on the piezometric map of the freshwater lens of the island. Once the Dupuit
flow model is verified, the equations for assessing the impacts of climate change are then

applied to draw conclusions on the consequences of climate change for the next 100 years.

3.2.1 Flow model: interpolated hydraulic heads in the aquifer of Savary Island

The piezometric data at the 48 wells are included in the well database used to create the
piezometric map of Savary Island (Figure 3). Water levels /(x) corresponding to elevation
of the water table above sea level are interpolated considering a quadratic relationship of the
squared hydraulic heads and the spatial distance according to Equation (1) when the Dupuit
assumptions are considered for the flow model. Note that the application of the Dupuit
assumption is later verified with the constant parameters of the regression equation obtained
from the interpolation. Figure 3 shows the interpolated water table position map (or
piezometric map) of the Savary Island freshwater lens aquifer. Interpolation was realized
using the ArcGIS software. Note that the piezometric map was generated only for the
western part of the island, where there were sufficient observation wells (used to constrain
the interpolation of the water levels) with a satisfying density and distribution (see Figure 2)

to apply the interpolation of the piezometric observations in the wells.
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The interpolated water-table-elevation profile A(x) obtained along cross section A-A’ of
Figure 3 is shown in Figure 4. The freshwater lens thickness, which equals A(x) + z(x), is
calculated from Equation 2 with the /(x) interpolated values and is represented in Figure 4.

Note that the cross section A-A’ has a length (equal to 2L) of 660 m (L=330 m).

By plotting the squared water table elevation (4?) as a function of x (along cross section A-
A’ with x=0 centered on A-A’), a second degree polynomial relationship is obtained since a
quadratic interpolation was applied to generate the water table elevation map satisfying the
Dupuit-Forchheimer theory (Equation 1). After applying the quadratic regression to 4% vs. x,
the resulting equation is written as: 2> = -5x10-%x? + 0.53 with % and x expressed in meters

(Figure 5).

Therefore, the constant (Ap x W/K)/(p+Ap) in Equation 1 equals 5x10°. With p (density of
freshwater) equal to 1 and Ap equal to 0.25, it follows that W/K is equal to 2x104. Comparing
this value obtained from applying the Dupuit model of the freshwater lens of Savary Island
with the observed value of W/K allows one to evaluate the validity of applying the Dupuit

model for Savary Island. With a recharge value of 250 mm/y (i.e. 8 <10~ m/s) and a hydraulic

ScholarOne support: (434)964.4100 15
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conductivity value of 5x10- m/s, it follows that W/K is equal to 1.6x10-. This value is very
close to the value of 2x10* obtained from the Dupuit model. Such a small difference shows
that the hydrogeological conditions on Savary Island allow the application of the Dupuit
model from which the analytical solutions for assessing the consequences of climate change

can be determined as presented earlier.

3.2.2 Impacts of climate change: variations of the volume of the freshwater lens and of the
total recharge

The future impacts of climate change on the groundwater resources in Savary Island are
calculated with Equations (7) and (8) taking into account the cumulative effects of sea-level
rise and coastal erosion. Table 1 summarizes the parameters and the mean values that are

considered to solve the equations in the specific case of Savary Island.

Table 1. Input parameters considered for the case of Savary Island.

Parameter Value
L (Initial average half-width of Savary Island, m) | 330
Total length of Savary Island (m) 7,500
Average shore slope (m/km) 40
Tané 0.04
Hydraulic conductivity K (m/s) 5x1073
Annual recharge rate W (mm/y) 250
Effective porosity 7. 0.3
Mean annual sea-level rise (AS per year, m/y) 0.007
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Mean coastal erosion rate (ALcg per year, m/y) 0.2

The initial total volume (present volume at initial time) of the freshwater lens is calculated

N,

w
by Vo= ;(1 + %) : (L(z)) - 7,500 and is equal to ~ 31 million m?.

The changes in the total freshwater lens volume A4V are calculated for the next 100 years
from an annual basis using Equation (7). The results are presented in Figure 6 where the
effects of sea-level rise on the one hand and the effects of coastal erosion on the other hand

can be visualized.

In the example presented in Figure 6, the respective effects of sea-level rise and coastal
erosion on the decrease of the volume of the freshwater lens are comparable, with coastal
erosion having an effect slightly greater than sea-level rise. In total, after 100 years, it can
be observed that the freshwater lens volume will have diminished by more than 22% due to
climate change (freshwater lens volume to be ~24.4 million m? in 2120 whereas it is ~31
million m? in 2020). Note that the recharge rate has been considered to be fixed at W = 250
mm/y but this rate may also evolve with climate change and the calculations conducted with
Equation (7) could be conducted accordingly when considering variable values of W. This
is the same for the rates of sea-level rise and coastal erosion that have been taken to be
constant for the next century; these rates could evolve over time and could be changed
accordingly. A further sensitivity analysis could be conducted from Equation (7) when

changing the values of the different parameters.
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A last analysis of the impacts of climate change on Savary Island’s groundwater resources
consists of assessing the renewable volumes of the total groundwater recharge in the island,
to be calculated from Equation (8). This total recharge to be defined over a period of time
defines the amount of freshwater that could potentially be extracted without depleting the
freshwater lens. The total recharge over a period of time, expressed in Equation (8), defines
the total flux of infiltrated freshwater flowing through the lens, from recharge with rainwater
to discharge to the ocean. Today, the total recharge for year 2020 calculated from Equation
(8) is 1.24 million m?® with L, = 330 m. Considering that 100 inhabitants currently live
permanently on Savary Island and that they consume ~350 L per day and per inhabitant, the
total amount of freshwater tapped each year in the freshwater lens is ~13,000 m?3. This
volume of consumed freshwater consequently corresponds to ~1% of the renewable annual
rate of freshwater of the island. This value of 1% is low but it should be reminded that this
is a minimal rate because the population of the island can increase to several hundreds when
including the visitors during the summer season. In 100 years, with the predicted effects of
climate change using Equation (5), that considers both effects of sea-level rise and coastal
erosion, the land-surface inundation is calculated to be 37.5 m, from which 17.5 m of land
loss will be due on sea-level rise and 20 m of land loss will be due to erosion. The new mean
value of half-width of the island after 100 years, L1, will therefore be 292.5 m. Applying
Equation (8) to this new value of L yields a total annual recharge of 1.1 million m? for year
2120 if the recharge rate W is considered unchanged. This new value of total recharge is to
be compared with the value of 1.24 million m? for today, in 2020, and shows a decrease of
more than 11% of the groundwater transiting in the lens. If the population is unchanged in

100 years (still 100 inhabitants on Savary Island), then the water consumption will
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correspond to a new value of 1.16% of the renewable annual rate of freshwater of the island

in 2120, ie an increase of 0.16% on the previous rate of 2020.

4. Discussion and conclusion

The proposed methodology to assess the impacts of climate change in the strip oceanic island
of Savary Island could be extended to any strip oceanic island worldwide when it can be
verified that Dupuit flow assumptions apply to groundwater flow in the freshwater lens.
From the proposed equations and considering Dupuit assumptions, both the effects of
climate change on sea-level rise and coastal erosion can be evaluated on the change of
volume of the freshwater lens on the one hand and on the change of total recharge in the
island on the other hand. Considering the uncertainties that exist both on the hydrogeological
parameters of the island and on the predicted scenarios of climate change, sensitivity analysis
can be conducted from the proposed equations to determine different possible scenarios as a
function of the values of the parameters involved in the predictions. The accuracy of the
predictions not only depends on the accuracy of the climate prediction models, but also on
the accuracy of the hydrogeological model. The results obtained for the impacts on fresh
groundwater resources strongly depend on the strength and reliability of the climate models.
The uncertainties relating to coastal erosion values represent a limitation of the predicting
model. Indeed, a uniform sea-level rise may lead to a non-uniform coastal erosion of the
shore; for this reason, considering a mean coastal erosion rate may be a limiting assumption.
It should be noted that the rate of recharge may vary with climate change. This variation

should be predicted and taken into account in the equations, in addition to sea-level rise and
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coastal erosion, when assessing the impacts of climate change on fresh groundwater
resources.

The protection of the shore against coastal erosion could lower the impacts of climate change
on inland inundation. Land reclamation could also be considered to reduce the impacts of
sea-level rise and coastal erosion, since the reclamation mitigates the effects of loss of land
due to erosion and coastal inundation.

The proposed equations may prove to be useful to not only predict how island fresh
groundwater resources will deplete with climate change but also to manage future
groundwater use in regards to available resources in a context of increase of coastal and
island populations. Although the proposed model requires one to consider assumptions that
simplify the reality, it remains that the proposed equation can still give a first estimate of the
impacts of climate change. Finally, the advantage of using a simplified model and simple
closed-form analytical solutions is that practitioners and decision makers can easily include

the solutions in their toolbox with very limited costs.
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FIGURE CAPTIONS:
Figure 1 (a): Cross-section of the hydrogeological conceptual model in a strip-island
unconfined aquifer (left hand side) and (b) Effects of sea-level rise and coastal erosion (right

hand side).

Figure 2: Location of Savary Island, digital elevation model (DEM) and locations of the

domestic wells.

Figure 3: Interpolated observed water-table elevations in the western part of Savary Island.

The water-table elevations are expressed in meters above sea level.

Figure 4: Digital elevation model (DEM), water table profile and saltwater/freshwater

transition zone modeled along the cross section A-A’ according to the Dupuit model.

Figure 5: Interpolated squared saturated thickness (4?) along cross section A-A’ in Savary

Island.

Figure 6: Prediction of the variation of volume of the freshwater lens of Savary Island with

sea-level rise and coastal erosion for the next 100 years.
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Figure 1 (a): Cross-section of the hydrogeological conceptual model in a strip-island unconfined aquifer (left
hand side) and (b) Effects of sea-level rise and coastal erosion (right hand side).
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Figure 2: Location of Savary Island, digital elevation model (DEM) and locations of the domestic wells.
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Figure 3: Interpolated observed water-table elevations in the western part of Savary Island. The water-table
elevations are expressed in meters above sea level
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Figure 4: Digital elevation model (DEM), water table profile and saltwater/freshwater transition zone
modeled along the cross section A-A’ according to the Dupuit model.
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Figure 6: Prediction of the variation of volume of the freshwater lens of Savary Island with sea-level rise and
coastal erosion for the next 100 years.
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