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Abstract: Over the last decades, the quality and quantity of the Mediterranean freshwater resources
have significantly deteriorated due to climate change, unsustainable utilization, user conflicts, and
seawater intrusions. On the small and remote island of Vis, where similar issues prevail, the need
for alternative water management solutions has yielded managed aquifer recharge (MAR) as a
promising option for increasing the safety and resilience of the local and autonomous water supply. By
performing a cost–benefit analysis (CBA) to evaluate the feasibility of the deployment of an infiltration
pond method in the Korita well field, the results evidenced a positive financial performance and
sustainability of the proposed MAR solution. In addition, the overall economic benefits of the project,
quantified through the willingness-to-pay method, significantly exceeded its costs, as evidenced by
the high benefit/cost ratio of 2.83. The most significant uncertainty related to the infiltration pond
method is represented by the high sensitivity to changes in the applied hydrological assumptions
(i.e., the evaporation coefficient and number of annual infiltration pond recharges). This study aims
to contribute to the understanding of interrelated socio-economic factors of MAR projects in karst
aquifers, and represents the first of its kind in Croatia.

Keywords: managed aquifer recharge; karst; island; feasibility study; Croatia

1. Introduction

Since the beginning of the 20th century, freshwater withdrawal and use have substan-
tially increased to sustain the global population increase and the economic shift towards
more resource-intensive production [1]. These trends represent a significant management
challenge in areas with an arid and semiarid climate, such as the Mediterranean region.
Here, freshwater resources, represented mostly by groundwater, are spatially and tempo-
rally limited and often highly vulnerable. The Mediterranean region and its groundwater
resources have been facing increasing anthropic pressure in the last decades to support
the growing population [2], and the consequent increases in living standards, agricultural
and industrial developments, as well as tourism [3]. Currently, approximately 20% and
53% of the Mediterranean population live under permanent and summer-related water
stress, respectively [4]. It is anticipated that this condition will further be intensified by
climate change, user conflicts, rapid urbanization, industrialization, and the unmanaged
development of tourism. In particular, sustainable water management remains a great
challenge in the scattered environment of the Mediterranean islands. Islands nearby the
coast could be connected to the water supply system of the mainland, while small or remote
islands generally depend on desalination units, boats, or rainwater harvesting for their
water supply. Furthermore, they could host small aquifers that rely on precipitation as a
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sole recharge of groundwater. Irregular precipitation regimes, coupled with a relatively
small surface area, as well as a high risk of seawater intrusion, stipulate a shift towards
innovative and resilient water management (e.g., managed aquifer recharge, rainwater
harvesting, reuse of treated municipal wastewater or brackish water, and a reduction in
losses from distribution systems).

Over the last decades, managed aquifer recharge (MAR) methods have emerged as a
promising new strategy for groundwater replenishment. MAR is an umbrella term that
refers to a suite of recharge methods that maintain, enhance, or secure groundwater systems
under stress [5]. These methods focus on collecting excess water (e.g., stormwater, flood
water, purified urban wastewater, and desalinated water) and recharging intentionally
into aquifers for subsequent recovery or for improving the groundwater quality [6]. Some
benefits of MAR systems over surface reservoirs include lower capital costs, an avoidance
of evaporation losses, subsurface treatment benefits, scalability, and proximity to areas
where it is needed [7]. Globally, the highest MAR capacity was achieved by India, Australia,
and the USA. In Europe, Germany, France, and the Netherlands have the highest number
of active sites [8]. In the Mediterranean region, the number of active sites is relatively
marginal in comparison with the EU or global standard, with the exception of several
dozen sites located in Spain, Italy, Israel, and Tunisia [9].

Over the last decades, significant progress has been achieved in understanding the
geological, hydrogeological, and infrastructure-related considerations to make MAR more
effective (e.g., [5,10–13]); however, critical evaluations of the most appropriate, site-specific
designs and implementations are limited. To assess the merits and viability (i.e., feasibility)
of a MAR project, a cost–benefit analysis is commonly used [14]. A cost–benefit analysis
assesses the economic feasibility of a project by comparing all the relevant costs (e.g., direct
and indirect, or private and public) and benefits of a project, and the validation for the
investment is given when the total economic value of the benefits exceeds the project
costs [15]. For MAR projects, the benefits to water resources management need to be
considered. MAR solutions tend to be economically feasible when the recharged water
is applied for high-value use (e.g., the drinking water supply), particularly in areas with
significant climatological and hydrological challenges (e.g., scattered island communities,
arid to semiarid climates, or a limited recharge area) and/or when alternative solutions are
either technically unsuitable or more cost-intensive [16,17].

Croatia has abundant groundwater resources, but the coastal aquifers are suffering
increasing pressure as for similar resources in the Mediterranean region. This pressure is
enhanced by the concomitant sudden increase in tourist arrivals and prolonged droughts
during the summer months, as well as the precipitation decrease and the increasing fre-
quency and intensity of storms during winter months. Furthermore, most of Croatia’s
coastal and island aquifers are karst aquifers [18], with a heterogeneous permeability
field fostered by large conduits being a preferential path for seawater infiltration. In such
aquifers, the underground mixing of seawater and groundwater forms wide transition
zones and wedges. Among the 718 islands and islets in the Croatian part of the Adriatic
Sea, some have favorable hydrogeological conditions, where karst aquifers are protected
from seawater intrusions by geological or structural barriers (e.g., Vis, and Rab), enabling
an autonomous water supply [19]. Additionally, some islands have freshwater lakes or
brackish marshes. The inherent complexity of karst aquifers, coupled with the irregular
precipitation regimes in the Mediterranean region, as well as the rapidly changing hydro-
dynamic conditions in karst aquifers, pose a significant challenge for the investigation,
utilization, and management of their water resources.

The aim of this study is to evaluate the costs and benefits of the deployment of MAR
on the island of Vis in Croatia (Figure 1a). In this case, the MAR concept is based on the
recharge of the karst aquifer by the infiltration pond method, commonly used to recharge
unconfined aquifers. The aim of MAR is to enhance and secure the quantitative status
of groundwater resources in a karst aquifer, which endures high stresses during the dry
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summer season, and to foster further development of the island community by providing
additional and much-needed freshwater resources.
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Figure 1. (a) The geographical position of the island of Vis in the Adriatic Sea, with towns of Vis
and Komiža (white dots), the highest peak Hum (triangle) and Korita wells (blue dots), (b) with the
proposed location of the MAR site (red polygon) and the BO1 and BO2 wells (blue dots) within the
Korita well field. On-site conditions in the Korita well field: (c) view from BO1 well towards NE, and
(d) from BO2 towards SW.
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In particular, the island of Vis was chosen due to its autonomy in terms of wa-
ter supply, which is uncommon for most islands in the Adriatic and Mediterranean
seas [18–21]. However, the karstic aquifer from which the groundwater is abstracted,
as mentioned above, is under considerable stress during the dry summer season, and
reductions for consumers have occurred on several occasions in the last decade. In addition,
the demand for additional freshwater resources on the island of Vis is imposed by: (i) its
remote position in the Adriatic Sea, (ii) a fivefold increase in population during the summer
months, (iii) high variability in precipitation, (iv) climate change, and (v) an increase in
local agricultural and industrial production [22–24]. Furthermore, alternative solutions to
meet the increasing freshwater demand (e.g., desalination plant, rainwater harvesting, and
the construction of a submarine water supply pipeline) are not adequate considering the
cost–benefit and long-term sustainability issues.

Firstly, an overview of the geographical and socio-economic aspects of the study area
is given. Then, the geological, hydrogeological, and climate settings are described, as well
as the conceptual model of the proposed MAR solution. A historical analysis of the water
demand and future utilization scenarios are provided, supporting the cost–benefit analysis
of the MAR solution on the island of Vis.

2. Study Area
2.1. Territorial, Demographic, and Economic Aspects

The island of Vis is located in southern Croatia, in Split-Dalmatia County. Figure 1
shows the geographical position of the island as well as the position of the proposed MAR
site within the main water supply site on the island—the Korita well field.

The island of Vis is located 43 km from the mainland and has a surface area of
89.7 km2, being the ninth largest island in the Adriatic Sea [25]. There are two towns on the
island: the town of Vis in the northeast and the town of Komiža in the western part of the
island. Other smaller settlements are situated in the island’s interior.

In the last population census of 2021, the island of Vis had 3312 inhabitants [26]. Due
to the age structure of the population, the island of Vis has negative demographic statistics
with negative birth rates.

The economy of Vis is primarily based on tourism and agriculture. The island is a
well-known destination in terms of summer tourism. In the period from 2010 to 2019, it
experienced an increase of approximately 90% in tourist arrivals (Figure 2) [27]. Presently,
the annual number of tourist arrivals is approximately 50,000 and it is expected to increase.
Tourism on the island of Vis is extremely seasonal, with the high season spanning from
June to September. Private accommodation in households, accounting for more than
80% of all tourist capacities, is in most cases not suitable for off-season stay. With only
11% of the total island’s accommodation capacity, both hotels on the island are closed in
the off-season.

2.2. Geology, Hydrogeology, and Climate

The complex relief on the island of Vis is the result of interrelated geological, tectonic,
paleo-geomorphological, paleo-climatological, and anthropogenic processes. The relief
consists of three hilly chains, with two valleys of an E–W orientation between them. The
highest peak is Hum (587 m a.s.l.). The Korita well field is located in the Korita valley, a
dextral valley along the Dol polje (Figure 1a).

The main hydrostratigraphic units on the island of Vis are (i) Cretaceous limestones
and dolomites, which host a karst aquifer with heterogeneous transmissivity depending
on the variable karstification degree of the different carbonate rocks, (ii) the volcanic–
sedimentary–evaporite complex of Komiža bay, composed of various lithological units that
collectively function as a hydrogeological barrier, and (iii) quaternary deposits, represented
mostly by discontinuous terra rossa cover in karst poljes that decrease infiltration and locally
act as a hydrogeological barrier [18,28–30].
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cantly lower in 2020, reflecting the lockdown due to the COVID-19 pandemic.

Favorable geological and hydrogeological conditions enabled the formation of high-
quality karst aquifers from which the groundwater is abstracted. The water supply system
is comprised of five drilled wells in the Korita well field, wells K1 and B1 near Komiža, and
the Pizdica spring. The maximum pumping capacity at Korita is approximately 42 L/s
from all wells, and the groundwater quality is excellent since the aquifer is protected from
seawater intrusions by various hydrogeological barriers [18]. The wells K1 and B1 and
the Pizdica spring in the western part of the island provide a total of approximately 5 L/s,
and here the water quality is variable and mostly depends on the seasonal hydrological
conditions [21]. In the last several years, the annual quantity of the abstracted groundwater
has ranged from 300,000 to 450,000 m3, depending on the summer tourism demand, and
there are 4150 registered water users on the island. The sole recharge of the island’s aquifer
is the local precipitation, and most of the natural recharge occurs from October to March.
Based on the analogous karst regions and climate types, the average annual recharge equals
approximately 40% of the annual precipitation. The main potential source of groundwater
quality deterioration is seawater intrusion.

The climate of Vis is classified as a Mediterranean climate with dry and hot summers
(Csa) [31,32]. Due to the island’s position in the open sea, there is a strong maritime in-
fluence reflected in the mitigation of climate extremes [33,34]. In the period from 1991 to
2019, the mean annual air temperature at the Komiža meteorological station was 17.1 ◦C,
and the mean annual precipitation was 775 mm (with a minimum 487 mm and maximum
1269 mm; Figure 3). Within the analyzed period, the annual seasonality index after Walsh
and Lawler [35] ranged from 0.65 to 0.93, reflecting mostly seasonal regimes of precipitation
with periodical drier periods. The majority of precipitation occurs during the colder parts of
the year (i.e., October–March). There are no permanent surface water bodies on the island,
and significant surface runoff occurs only after storms or long rainy periods. A slightly in-
creasing trend in the mean annual air temperature (Figure 3) is consistent with the recorded
global trend, as well as regional trends in the Mediterranean and Adriatic regions [36–39].
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According to the available data, the average annual potential evapotranspiration (PET) is
0.65, ranging from 0.8 during the summer to 0.3 during the winter [18,33,34].
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Figure 3. Time series of the mean annual air temperature and precipitation measured at the meteoro-
logical station Komiža from 1991 to 2019.

2.3. Conceptual Model of the Proposed MAR Site

The conceptual model for MAR on the island of Vis is based on recharge by the
infiltration pond method. It is a surface spreading method: water is directly flooded or
stored within a confining structure and then slowly infiltrated into the aquifer through
a permeable subsurface, mimicking natural infiltration [40]. If the soil or bedrock has
low permeability, ditches, infiltration galleries, or wells are commonly used to bypass the
low permeability zone. Furthermore, surface spreading methods are commonly used to
recharge unconfined aquifers. The target for the artificial recharge is the unconfined karst
aquifer in the Korita water supply site, which meets the geological and hydrogeological
prerequisites for the application of MAR [18,21]. The conceptual model of the infiltration
pond at the Korita well field (Figure 4) is based on (i) the revitalization and enclosure of the
abandoned channel and pond system used for the discharge of stormwater towards the sea
(Figure 1c,d), (ii) the construction of a spill dam to enable the accumulation of water, (iii) the
removal of topsoil to enhance the natural infiltration, and eventually, (iv) the construction
of an infiltration ditch or gallery that serves as a sink in order to control the infiltration and
water quality issues (e.g., turbidity). The size of the proposed infiltration pond is 9272 m2,
and its average depth is 2.5 m, providing a total pond capacity of approximately 23,180 m3

(Figure 4).
Based on the available climatological and hydrological studies, the infiltration pond

would be filled with variable dynamics during different periods of the year. The highest
rainfall on the island is expected in the winter, early spring, and late autumn months, and
most of the source water for MAR would be secured during these periods. Given the
depth of the groundwater table (approximately 120 m) and the favorable hydrogeological
properties of the karst aquifer in the Korita well field (i.e., its sufficient storage capacity and
matrix-dominated flow; [18,21]), the conceptual model envisions that the water recharged
during the wet period would have a positive long-term effect on the local groundwater
level and assist with peaks in demand during summer.
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Figure 4. (a) The schematic conceptual model of the proposed MAR site within the Korita well
field. Surface runoff from the surrounding hills is accumulated in the channel and pond system,
(b) enclosed by a spill dam at the northern end, (c) from where it is slowly infiltrated through
the fractured rock mass towards the saturated zone at the approximate depth of 120 m, and
(d) subsequently abstracted by the Korita wells. P is the mean annual precipitation, PET is the
potential evapotranspiration, and V is the volume (i.e., the capacity of the pond).

3. Materials and Methods
3.1. Analysis of Water Supply and Demand

Analyses of the water demand on the island of Vis were performed based on the data
provided by the local water supply company—“Vodovod i odvodnja otoka Visa” (Water
supply and drainage of the island of Vis). The analyzed period spanned from 2014 to 2020.
Furthermore, the projection of the future water demand was made under the assumption
of further development of tourism on the island that can be reasonably expected given the
strategic development plans of the town of Vis and the town of Komiža, and the actual
growing attractiveness of the island as a tourist destination. Table 1 shows the assumptions
used in the projection of the future water demand.
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Table 1. Assumptions for the projection of future water demand on the island of Vis.

Consumer Group Assumptions Used

Households

The towns of Vis and Komiža are continuously implementing a
pro-natal policy that shows promising results. The island’s
population is slowly increasing. Various activities and campaigns
are continuously carried out among the inhabitants to raise
awareness of the importance of water consumption reduction. At
the same time, habits and needs are changing, as well as the age
structure of the inhabitants. The final assumption used is a
continuously increasing future water demand by the local
population by 0.5% per year.

Tourism

Following the Development strategy of the town of Vis
2021–2027 [41], the towns of Vis and Komiža will support
investors in constructing new tourist accommodation capacities
(i.e., hotel and apartment accommodation). The newly built
capacities will affect the increase in tourist arrivals in the
pre-season (May) and the increase in tourist traffic during the
2025 season and beyond. We assumed that the newly built
capacities would impact the water consumption in May by 5%, in
June and September by 7%, and during July and August by 10%.
Hence, an overall increase in the water consumption in tourism
by 20% by 2028 is foreseen.

Economy

In the future, the resource-intensive economy will not be present
on the island. On the other hand, the island is increasingly
turning towards smart growth and development. Furthermore,
the island is becoming a comfortable place to live and work,
attracting new investments in modern technologies and activities
that accompany sustainable development. Even though the
island’s economy is developing, the island is not affected by the
intensive exploitation of natural resources.

Losses in the water supply
distribution system

Based on the recent trends and data provided by the local water
supply company, the continuous investment in the renovation,
development, and improvements of the water distribution system
will reduce water losses from the current 25% to 18% by 2029.

3.2. Cost–Benefit Analysis

Cost–benefit analysis (CBA in further text) is a systematic method that assesses the
economic feasibility, profitability, and sustainability of a project by comparing all the
benefits and costs [42], and can be expressed as:

∑T
t=1 =

Bt − Ct

(1 + r)t (1)

where t is time, T is the time horizon, Bt is the expected stream of benefits, Ct is the expected
stream of costs, and r is the discount rate. The criterion for the approval of the construction
of the MAR system is that the total economic value of benefits should exceed the total costs.

In particular, the CBA employed in this paper encompasses the (i) financial (i.e.,
cost) analysis, and the (ii) economic (i.e., benefit) analysis. The main methodological
approach for the financial analysis is based on the methodology proposed by the EU [43,44].
Additionally, the economic analysis was attributed by the experiences and data from
specific MAR projects (e.g., [17,44–48]).

3.2.1. Financial Analysis

The financial analysis aims to verify the project’s financial viability from the position
of the investor. The main outputs of the financial analysis are the financial net present value
(FNPV) and the financial internal rate of return (FRR). The FNPV shows the present value
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of the difference between the costs and benefits of the project (net cash flow) and determines
whether the revenues can cover the investment and operational costs. A positive FNPV
shows that the project is profitable and should, therefore, be accepted on a financial basis,
while a negative FNPV indicates that the project entails a loss and should be rejected. The
FRR shows the discount rate at which the difference between the costs and benefits (net
cash flow) has a net present value of zero. If the FRR is higher than the financial discount
rate, the project brings a profit.

The following assumptions have been used in the financial analysis:

• Prices (e.g. construction works, investigations, materials, and labor hours) available
on the Croatian market from 2020 were used to ensure the comparability of the costs
and benefits, converted to EUR according to the fixed conversion rate from 2022;

• A 30-year reference period was applied, following the most common methodologies
for MAR projects [17,47,48];

• A 4% financial discount rate was applied [43];
• The MAR project will generate direct revenues in the form of the additional water

distributed and billed to the consumers on the island of Vis.

The main investment and capital costs associated with the construction of the infil-
tration pond include (i) the costs of detailed site investigations (e.g., geological, hydroge-
ological, geophysical, and geodetic investigations), (ii) the cost of project documentation
and associated studies (e.g., permits and environmental impact assessments), (iii) construc-
tion costs (e.g., excavation and removal of topsoil and shrubbery from the existing pond
structure, construction of a dam, construction of the infiltration gallery, and sealing off
the sides and the bottom of the pond), (iv) the costs of mandatory water quality tests, and
(v) the supervision costs. The main operating and maintenance costs include (i) the operat-
ing cost of groundwater use, (ii) labor costs, (iii) electricity costs, (iv) the analysis of water
quality, (v) infrastructure maintenance costs (including periodical cleaning of structures
and equipment), and (vi) the costs of water treatment (i.e., chlorination).

The direct revenues of the project were estimated based on the current price of water
paid by the users on the island of Vis. In the revenue projection, it was assumed that
the water price for the final consumers on the island of Vis would remain unchanged
throughout the reference period.

3.2.2. Economic Analysis

The economic analysis of the project assesses the project’s contribution to overall well-
being and is performed from the point of view of society; hence, an economically justified
project creates the goods and services that society needs, contributes to productivity and
economic growth, and creates sustainable jobs. The main outputs of the economic analysis
are the economic net present value (ENPV), the economic internal rate of return (ERR), and
the benefit/cost ratio indicator (B/C).

Additionally, non-market effects were also considered in the economic analysis. MAR
projects are commonly associated with (i) improved access to drinking water in terms
of availability, reliability, and quality of service, (ii) groundwater ecosystem conversion,
(iii) additional quantity of drinking water during periods of scarcity (e.g., dry and summer
seasons), and (iv) increased attractiveness of an island as a tourist destination and additional
accommodation capacities. Non-market effects were quantified by the willingness-to-pay
(WTP) method. The WTP method was conducted through an online survey from 11 August
2021 to 31 August 2021. The online survey was distributed through several local Facebook
groups and profiles, as well as mailing lists with various local stakeholders. During the
given period, 157 completed surveys were received, representing 5.2% of all the adult
inhabitants of Vis island, i.e., 11% of all households on the island (assuming that one
completed survey represented one household). Based on the WTP method, the total annual
average premium was obtained and applied in the economic analysis.
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4. Results and Discussion
4.1. Analysis of Water Supply and Demand

Figure 5 shows the annual water consumption in the period from 2014 to 2020. Losses
in the water distribution system amounted to approximately 25%.
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Figure 5. Annual water consumption and water losses (in m3) on the island of Vis from 2014 to 2020.

Water consumption on the island of Vis is slightly increasing, and the most significant
influence on the increasing trends can be attributed to the increase in tourist arrivals and
overnight stays on the island (Figure 2). The highest water consumers are households
(~255,000 m3/a), followed by tourism and agriculture (~90,000 m3/a) and public insti-
tutions (~6700 m3/a). Water consumption among the local population did not change
significantly over the years, which could be attributed to the awareness of the inhabitants
about the need for continuous water saving.

A distinct increase in water consumption during the summer months is evident
in Figure 6. In August, the water consumption was the highest, and this represents
approximately a six-fold increase compared to the winter months, which commonly had
the lowest water consumption. The year 2020 was a non-specific year in terms of water
consumption; however, in August, the water consumption was very high compared to
the remaining summer season due to the arrival of many domestic guests. The water
consumption data in 2020 shows the significance of tourism in terms of water consumption
on the island. By applying the assumption from Table 1, the future demand was projected
until 2030 (Figure 6).

Figure 7 shows the long-term comparison of the water acquired through MAR and
the projection of water demand in the period from 2021 to 2050. It was considered that
the MAR solution in Vis could provide a baseline of 3.5 recharges of the infiltration pond
per year, corresponding to a gross quantity of water acquired through MAR of 81,130 m3.
Evapotranspiration and losses in the water supply system could reduce the net amount
of water acquired through MAR. Considering that most of the recharge would occur
during the colder parts of the year (October–March) and that the infiltration pond would
be devoid of trees and plants (i.e., the transpiration component of evapotranspiration
could be neglected), an evaporation coefficient of 0.35 was applied. Loss from the water
supply system amounted to 25%, with an assumed reduction to 15% after 2030. Therefore,
the net annual volume of water acquired through MAR was obtained by subtracting the
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evaporation and water supply losses from the gross quantity, resulting in a net volume of
40,565.00 m3, representing the baseline scenario.
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Figure 7. Long-term projection of increase in water demand and net annual volume of water acquired
through MAR in the period from 2021 to 2050. Net annual volume of water acquired through MAR
was obtained by subtracting the evaporation and water supply system losses from the gross quantity
(i.e., 81,130 m3). A sharp increase in water demand in the period from 2021 to 2028 was imposed by
the new hotel capacities foreseen by the urban development plans. After 2030, a linear increase of
water demand of 0.5% per year was projected, with the assumption that the losses in the distribution
system will further decrease to 15% in 2031.
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At the beginning of the projection (i.e., in 2021), the entire additional water demand
could be covered by the MAR. Additionally, the recharged quantity surpassed the increase
in water demand in the first years of the project, hence, the cumulative annual (“unspent”
water) would remain in the aquifer for subsequent recovery in the upcoming years. Af-
terward, approximately half to one-third of the demand could be covered in the mid-term
and long-term, respectively (Figure 7).

It is an essential fact that the further development of the island of Vis depends on
the ability and success of providing additional quantities of drinking water. The available
quantities meet the current demand, despite the risks, periodical reductions, and difficulties
during summer. Without providing additional water quantities, further development of
the island could be significantly hindered. Furthermore, the strategic development plans
of the towns of Vis and Komiža include several activities and projects that are directly
linked to the additional demand for water on the island (e.g., expansion and construction
of additional hotel accommodations).

4.2. Cost–Benefit Analysis

Financial and economic calculations in this paper were performed considering the
baseline of 3.5 recharges per year of the infiltration pond; however, to obtain more realistic
insight into the feasibility and sustainability of the MAR project, several scenarios (from 1
to 10 infiltration pond recharges annually) reflecting the expected hydrological scenarios
were taken into account.

The total investment cost for the deployment of the infiltration pond method on the
island of Vis is approximately EUR 417,128 (Table S1 of the Supplementary Material). The
material investments (e.g., site preparation, construction works, and the installation of asso-
ciated engineering equipment) represent 49.28% of the total investment, while non-material
investments (e.g., preparation of the project and permits, project management, labor costs,
supervision and audit, and promotion and visibility) represent 50.72%. Deployment of
the MAR facility will generate direct financial revenue in the form of the charged price of
the additional quantity of water distributed to the final consumers. Since the operation
phase of the MAR facility is expected to start in the 3rd year of the project, revenues are not
expected during the first two years of the project. The projection of the revenues is shown
in Table 2.

Table 2. The projection of the annual revenues of the MAR project.

Year of Operation Revenues from Water
Pricing (EUR)

Revenues from the Fixed
Monthly Fee (EUR)

1–2 0 0
3 13,425 0
4 15,357 0
5 38,307 1918
6 57,274 3835
7 59,425 4166
8 56,299 4498
9 40,639 4612
10 40,639 4727
11 43,233 4842
12 43,233 4956
13 43,233 5071
14 43,233 5186
15 43,233 5300

16–30 43,233 5415

Applied prices in the projection of revenues are—1. Water supply service: (i) 1.05 EUR/m3 for households,
(ii) 1.41 EUR/m3 for economic subjects, and (iii) 0.90 EUR/m3 for public institutions; 2. Fixed monthly fee:
(i) 4.77 EUR/month for households, (ii) 117.86 EUR/month for hotels, (iii) 7.43 EUR/month for small and medium
tourist accommodation facilities, and (iv) 10.61 EUR/month for large tourist accommodation facilities.
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Based on the estimated investment costs and revenues of the project, the annual cash
flow and other financial indicators were calculated. The annual cash flow is negative in the
first two years of the project, i.e., during the construction phase when there are no revenues.
After the first two years and during the project lifespan, the financial viability of the project
is verified by a positive cash flow. Furthermore, financial indicators evidenced the financial
rationality of the project, i.e., the rationale of the project for the investor. The financial rate
of return on investment was calculated based on estimated incremental costs and revenues.
The MAR project was compared to the “business as usual” scenario, which represents a
situation without such an investment. The calculation of the financial indicators was based
on the estimated costs and revenues of the pilot project in the 30-year reference period,
taking the financial discount rate of 4% into account. The results showed that, from a
financial point of view, this investment would be profitable and would bring a minimum
positive financial net present value (i.e., FNPV > 0) and a positive financial internal rate of
return (i.e., FRR > 4%) (Table 3).

Table 3. Financial indicators for the project performance.

Financial Discount Rate 4%

FNPV EUR 91,044
FRR 5.74%

NPV of the investment EUR 391,359
NPV of the residual value 0

NPV of revenues EUR 707,198
NPV of costs EUR 224,795

Financial discount rate: 4%. FNPV: financial net present value. FRR: financial internal rate of return.

To identify the critical variables of the project, a sensitivity analysis was performed.
Critical variables were considered those whose variations would significantly impact the
project’s financial or economic performance. A variable was considered critical if a variation
of ±1% of the value adopted in the baseline case would rise to a variation of more than 1% in
the net present value. All three analyzed variables (i.e., the operating revenues, investment
costs, and operating costs) are critical, with the assumption that all other variables would
remain unchanged. The sensitivity analysis evidenced:

• A 1% decrease in the operating revenues causes a decrease in the NPV of 7.71%;
• A 1% increase in the investment costs causes a decrease in the NPV of 4.30%;
• A 1% increase in the operating costs causes a decrease in the NPV of 2.47%.

These results point to the high risk of the project and the need for significant at-
tention in its planning. The FNPV becomes negative (i.e., the project becomes finan-
cially irrational) with the following variation of each variable (with the other variables
remaining unchanged):

• The operating revenues are reduced by 13%;
• The investment costs are increased by 24%;
• The operating costs are increased by 41%.

The financial analysis of the project and the sensitivity analysis highlighted the operat-
ing revenues as the most sensitive variable. Furthermore, the risk of an insufficient source
water (i.e., rainfall) is one of the most significant risks associated with the project and could
directly impact the revenues of the project. Considering possible hydrological scenarios
regarding the dynamics of the infiltration pond recharge and a loss of source water due
to evaporation, the physical and financial impacts of the project under these scenarios are
presented in Tables 4 and 5.
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Table 4. The physical and financial impacts of the project in various hydrological scenarios (i.e., the
annual number of infiltration pond recharges).

Scenario
n * of

Recharge
Gross Annual
Quantity (m3)

Net Annual
Quantity (m3) ** NPV (EUR)

Coverage of Additional Needs for Drinking Water (%)
Short-Term Medium-Term Long-Term

0 (base) 3.5 81,130 40,565 91,044 100 50 33

A 1 23,180 11,590 −336,611 100 14 10

B 2 46,360 23,180 −163,548 100 30 20

C 5 115,900 57,950 336,783 100 100 50

D 10 231,800 115,900 655,817 100 100 100

* n refers to the number of infiltration pond recharges per year. ** Evaporation losses of 35%, as well as 15% losses
from the water supply system were considered in all scenarios.

Table 5. The physical and financial impacts of the project considering various evaporation losses.

Scenario
Evaporation

Loss (%)
Gross Annual

Quantity (m3) *
Net Annual

Quantity (m3) ** NPV (EUR)
Coverage of Additional Needs for Drinking Water (%)

Short-Term Medium-Term Long-Term

0 (base) 35 81,130 40,565 91,044 100 50 33

A 20 81,130 52,735 271,826 100 100 50

B 50 81,130 28,396 −58,185 100 35 25

C 65 81,130 16,226 −195,498 100 18 15

* Base scenario of 3.5 recharges annually was considered in the evaporation projections. ** Losses from the water
supply system (i.e., 15%) were taken into consideration in all scenarios.

Due to the small amount of recharged water through MAR, scenarios A and B would
yield a negative NPV and fail to meet the financial requirements of the project. Larger
amounts of recharged water are provided in scenarios 0, C, and D; therefore, positive
financial results and coverage of an additional water demand are evidenced.

Furthermore, considering the potential loss of source water due to evaporation, several
scenarios were performed to investigate its effect on the annual net amount of the source
water in the infiltration pond, reflecting the MAR operation in different seasons (i.e., high
evaporation in spring and summer, and low evaporation during winter and autumn).
Following the available literature sources as well as the hydrological studies performed
on the island of Vis, the base scenario assumed 35% of the annual evaporation loss as an
average annual value. In Table 5, the project performance under the changing evaporation
scenarios is shown.

Different hydrological scenarios and evaporation loss rates evidenced the high sen-
sitivity of the project. Scenarios 0 and A, accounting for evaporation losses of 35% and
25%, respectively, yielded a positive NPV; therefore, the project is financially viable under
these scenarios. The changing climate directly affects those variables and more detailed
local-scale climatological and hydrological studies are necessary to mitigate the risks or to
modify the conceptual design of the project (e.g., construction of additional accumulation
structures), in order to avoid financially unfavorable scenarios that would endanger the
project’s implementation.

Public infrastructure projects are often not intended to generate profits, but their
fundamental objective is to create a wider scope of benefits for the target groups and
beneficiaries. As the starting point of an economic analysis, cash flows from the financial
analysis were considered. Furthermore, the transition from a financial to economic analysis
required the following adjustments:

1. Fiscal corrections: taxes and subsidies are transfer payments that do not repre-
sent actual economic costs or benefits to society. The following fiscal corrections
were made:

• All prices were considered excluding indirect taxes (e.g., VAT as an indirect tax);
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• Input prices were considered excluding direct taxes (e.g., tax on income that is
part of gross salaries);

• All prices were considered without subsidies and other transfers provided by
the public authority (e.g., grants and government incentives).

2. Conversion from market prices to economic prices. Here, specific conversion factors
were applied to the market prices according to the EU CBA methodology, excluding
direct taxes and compensations for market failures, in order to reflect their social
value. The following specific conversion factors were applied:

• A figure of 0.834 for labor costs, 0.917 for construction costs, 0.807 for non-
material costs, 0.900 for operating costs, and 1.000 (no conversion) for materials
and equipment.

3. A social discount rate of 5% was applied in the economic analysis [43]

Based on the above assumptions and the transformation of the financial categories
to economic ones, the economic (social) indicators of the pilot project on the island of Vis
were calculated. The economic analysis encompassed the direct social benefits and costs
of the pilot project (i.e., the market benefits and costs from the financial analysis, which
we have transformed into economic categories through adjustments) and its non-market
benefits and costs. The non-market benefits and costs encompassed input obtained through
the willingness-to-pay (WTP) method, as well as direct benefits for the tourism sector (i.e.,
improved attractiveness of the island as a tourist destination). The economic analysis of this
pilot project evidenced that the socio-economic impacts of the project would significantly
exceed its socio-economic costs; therefore, the economic indicators are very favorable
(Table 6).

Table 6. Economic indicators for the project performance.

Economic Indicator Calculated Indicator Value Referential Value

ENPV EUR 801,354 >0
ERR 22.59% >5%
B/C 2.83 >1

NPV of economic benefits EUR 1,237,639 >than NPV of economic costs
NPV of economic costs EUR 436,295 <than NPV of economic benefits

Social discount rate: 5%. ENPV: economic (social) net present value. ERR: economic (social) internal rate of return.
B/C: benefit/cost ratio indicator.

The economic net present value of the project at the economic discount rate of 5% is
positive and amounts to EUR 801,354. The economic internal rate of return of the project is
22.59% and significantly exceeds the economic discount rate of 5%. The economic benefits
of the project are higher than the economic costs, as evidenced by the B/C indicator of 2.83,
indicating EUR 1 of the investment returns as EUR 2.83 of the economic benefits.

Furthermore, an economic sensitivity analysis was performed following the same
methodology as the financial sensitivity analysis. The sensitivity analysis for various
scenarios with changing variables is shown in Table 7.

Table 7. Sensitivity analysis of the economic variables.

Scenario Variable Change (%) ENPV (EUR) Change in ENPV (%) Evaluation of
the Variable

0 (base) – – 801,354 – –
A Revenues from tourism −1 796,900 −0.55 non-critical
B Financial revenues −1 795,185 −0.77 non-critical
C Investment costs +1 798,676 −0.33 non-critical
D Operating costs +1 799,651 −0.21 non-critical

The sensitivity analysis evidenced that the project is stable from a socio-economic
point of view and is not very sensitive to small changes in the value of the tested variables.
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5. Conclusions

Globally, MAR schemes play an important role in the sustainable management of
water resources and represent an emerging technique to address water quantity and qual-
ity challenges. The underlying motives for the assessment of a MAR feasibility on the
island of Vis are imposed by the increasing trends in water demand (an approximately
75,000 m3 increase of the water demand by 2030, corresponding to ~20% of the current
annual pumping quantity), an erratic and changing climate (e.g., an increase in air tem-
perature and a decrease in winter precipitation and natural recharge of the aquifer), and
an increase in the arrival of tourists (doubling from 2010 to 2019), which will further be
aggravated by the new hotel capacities from 2025 onward. The proposed MAR project on
the island of Vis was assessed by using a CBA, a widely used tool for the assessment of
water management projects. The conceptual model for MAR on the island of Vis is based
on the artificial recharge by the infiltration pond method. The total investment cost for the
deployment of the infiltration pond in the Korita well field is slightly over EUR 400,000
and is made up of relatively simple operations. The results of the CBA indicated that the
infiltration pond method is justified in financial and economic terms. During the 30-year
reference period, the project would entail a financial profit, evidenced by the positive
financial net present value and internal rate of return. The most significant underlying
problem of the project is its relatively high riskiness and high sensitivity to changes in
the applied assumptions in the financial analysis. In particular, variations in the number
of pond recharges per year and evaporation coefficient play a crucial role in the financial
performance of the project; however, the rationale of the project is further supported by
the positive economic indicators, encompassing the direct social benefits and non-market
effects, as quantified through the willingness-to-pay (WTP) method. The economic benefits
of the project significantly exceed its costs, as evidenced by the positive economic net
present value and economic internal rate of return, as well as a high benefit/cost ratio
of 2.83. Given the favorable financial and economic indicators of the project, it would
be inadvisable to reject it on the basis of its high riskiness. To mitigate the uncertainty
regarding the hydrological assumption on the number of recharges of the infiltration
pond and the evapotranspiration coefficient, further hydrological studies are required,
focusing on establishing a high-resolution precipitation monitoring network (ideally on
the proposed MAR site in the Korita well field), as well as numerical hydrological and
hydrogeological models.

This paper could provide an asset to water supply operators and hydrogeologists,
as well as to policy and decision-makers, particularly in areas where a MAR is feasible
and a suitable option for addressing issues of water quality or quantity. Currently, both
the EU and Croatia struggle with certain gaps in management and legislation related to
the operation of MAR facilities. The uncertain climatic future and the emerging problems
in water management, however, urge the prompt reaction of key decision-makers to
institutionally support the implementation of MAR projects, particularly in the context
provided by the several directives and plans of national and international institutions.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/su15139934/s1, Table S1. The total investment cost for the deployment of
the infiltration pond method.
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1:50. In Sheets Vis 3 and Biševo 1 with Part of the Sheet Vis 4 and Islands Sv Andrija, Brusnik, Jabuka and Palagruža; Croatian Geological
Survey: Zagreb, Croatia, 2012.

30. Korbar, T. Orogenic evolution of the External Dinarides in the NE Adriatic region: A model constrained by tectonostratigraphy of
Upper Cretaceous to Paleogene carbonates. Earth Sci. Rev. 2009, 96, 296–312. [CrossRef]
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