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FOREWORD 
The current deliverable refers to the outcomes of Task 15.3 “Economic Analysis”.  

Task 15.3 aims at analyzing MARSOL DEMO projects from a socioeconomic point of view by means of 
Cost-Benefit Analysis (CBA). To this direction, the results of the financial analysis (Task 15.2) will be 
used after appropriate ‘modification’ of the financial cash flows. The ‘adjustments’, among others, 
involve monetizing environmental and social costs and benefits generated by MAR technologies by 
means of environmental valuation techniques. For the scope of the project both primary and 
secondary approaches are used.  

This report illustrates the results of the primary valuation surveys that were conducted in three 
MARSOL demo sites, namely Lavrion (Greece), River Brenta (Italy) and Algarve (Portugal), with the 
collaboration of EPEM, SGI and TARΗ. 
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1 INTRODUCTION 
The purpose of the economic analysis of the MARSOL Sites is to assess their socioeconomic 
performance considering relevant socioeconomic indicators. A first step towards conducting the 
economic analysis is to establish non-market economic values for MAR technologies and groundwater, 
i.e. values that people place on certain natural resources. 

For the scope of the project both primary and secondary approaches will be used. This report focuses 
on the results of primary valuation research, which was conducted by means of a stated preference 
non-market valuation approach, namely the Contingent Valuation (CV) method. The CV technique was 
chosen because is capable of measuring the Total Economic Value (TEV) of environmental goods and 
services. The latter includes use and non-use values, i.e. the values many people place on certain 
natural resources (such as groundwater), even when they do not use them now nor plan to do so in the 
future. Thus, the CV method has become a common tool to groundwater valuation and applications of 
CVM are met in the literature for European countries, USA and other countries. 

The analysis aims to estimate society’s willingness to pay (WTP) for preserving and improving 
groundwater via MAR programmes, and through this, to measure the non-market benefits generated 
by such actions. In order to collect the information needed, three primary surveys were carried out at 
three respective MARSOL demo sites, namely Lavrion (Greece), River Brenta (Italy) and Algarve 
(Portugal), with the collaboration of EPEM, SGI and TARH.  

The questionnaire used was initially designed by EPEM and was discussed with the WP Leader (i.e. 
SGI). Then, it was finalized among the partners involved in the Task (i.e. SGI, EPEM and TARH) in two 
Skype meetings on January 28, 2015 and on April 22, 2015. Prior to conducting the surveys, the 
questionnaire was tested in one of the sites (Lavrion) in order to identify questions that could be 
misunderstood or any other potential problems that could lead to biased answers. After that, brief 
guidelines on how the surveys should be conducted were prepared by EPEM and distributed among 
the partners. 

The information gathered by the three surveys was then processed by EPEM. The objective of the 
analysis was threefold: 

(a) to investigate people’s knowledge and attitude about existing groundwater management 
practices and their beliefs about groundwater and its perceived benefits;  

(b) to estimate people’s support and their WTP for groundwater protection and preservation, 
with an emphasis on MAR; 

(c) to address the question of how valid and reliable is the international transfer of non-market 
values in the subject under investigation. 

To this end, the results of this report provide a piece of information that will be used, together with the 
results of the financial analysis, for the social Cost-Benefit Analysis of the MARSOL Demo sites. 
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2 ECONOMIC VALUE OF MAR 

2.1 Valuing the benefits of MAR 
The managed aquifer recharge (MAR), which is defined as “intentional banking and treatment of waters 
in aquifers” (Dillon, 2005), offers a number of benefits. For instance, MAR systems can provide either 
additional water being available in times of scarcity, improvement in water quality, or a combination 
of both (Maliva, 2014). By adding water to storage in an aquifer, MAR stabilizes or even increases 
water levels for later use (i.e. abstraction benefits). In addition, potential in-situ benefits result from 
may arise, such as reduced groundwater pumping costs, prevention of saline-water intrusion, 
maintenance of environmental flows, avoidance of land subsidence, deferred expansion of water 
facilities, hydraulic control of contaminant plumes, enhancement of wellfield production, etc. (Todd, 
1965; Pyne, 1995; NRC, 1997; Pratt Water 2004; Khan et al., 2008; Maliva, 2014). 

MAR like any other economic activity, has to be economically feasible; otherwise it will not be 
implemented. The financial feasibility of MAR projects depends upon a number of parameters affecting 
the costs of the project, such as capital expenses, operating costs (labor, energy, maintenance, etc.) and 
its revenues (the latter being mostly derived from the sales of water for a variety of uses). 
Nevertheless, as Todd (1965) noted “…It is clear the analysis of the benefits of artificial recharging is 
dependent on what value can be assigned to a unit volume of water….in assessing the benefits of artificial 
recharge, consideration must be given to the importance of water to the total economy, to the value of 
water for various uses, as well as to the direct and intangible benefits that may accrue…” (quoted by 
Maliva, 2014). Indeed, water also social and environmental values that are difficult to quantify in 
terms of the market. This means that the benefits of MAR projects cannot and should be based solely 
on the market revenues. MAR projects could improve the quality of lives of the people by several ways 
and, thus, the total economic value of the recharged water, which includes its abstraction value plus in-
situ use and non-use values derived from groundwater being in place, should be estimated (further 
details are provided in Section 3.1). The latter are based on people’s willingness to pay (WTP) an 
amount of money in order to avoid degradation of groundwater and its consequences on health, 
amenity, economy, etc. or their willingness to accept (WTA) a compensation in order to suffer the 
impacts incurred (Freeman III, 2003). The economic value to society of a good or service is the 
aggregate of the WTP of all individuals. It is evident that the economic value of water is not a fixed; 
rather it is affected by the circumstances (e.g. scarcity of water resources due to drought or over-
pumping), and individual preferences. 

Nowadays, there exist a number of non-market valuation techniques, which differ in data 
requirements, assumptions regarding economic agents, and values that they are able to capture. 
Broadly speaking, these techniques are divided into the following three categories: (a) direct market 
valuation approaches, (b) revealed preference approaches and (c) stated preferences approaches 
(Chee, 2004; TEEB, 2010). The methods that could potentially be used to value MAR projects are 
illustrated in the following Table 2-1.  
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Table 2-1: Methods to monetize benefits of managed aquifer recharge (MAR) systems  

Method    Description   
Market prices    Value of water determined by actual prices set by willing buyers and sellers in a 

competitive market.   
Alternative cost    Value of water storage or treatment is determined from the cost of the least 

expensive alternative that provides comparable benefits.   
Value marginal 
product   

 The value of water is quantified from the marginal productivity of water, i.e., the 
extra value of output that can be obtained from additional applications of water.   

Contingent value    Survey-based methods to determine an individual’s willingness to pay or willingness 
to accept compensation for a good or service.   

Hedonic property 
value   

 Value of water is inferred from market transactions (e.g., real estate sales) that are 
linked to the value of water.   

Defensive behavior    Value of a safe and reliable water supply can be estimated from expenditures to 
avoid exposure to unsafe water.   

Damage cost    Value of water is estimated from damage costs avoided, such as health impacts or 
drought damage.   

In-situ groundwater 
value   

 MAR system value is estimated from costs avoided resulting from groundwater 
being in place, such as pumping and land subsidence costs.   

Source: Maliva, 2014 

 

The first category involves market prices, replacement costs, damage avoided costs, alternative costs, 
and productivity change costs. The principal assumption of these methods is that if people incur costs 
to avoid damages caused by lost groundwater services or to replace the services of groundwater, then 
those services are worth at least what people have paid to replace them. The main advantage of these 
methods is that they use data from actual markets, and, hence, reflect actual preferences (TEEB, 2010). 
On the other hand, however, the market prices and costs do not reflect the total value of water due to 
the difference between the market price and people’s WTP, which is known as Consumer Surplus (CS) 
(Damigos, 2006). 

The revealed preference methods elicit preferences from the actual behavior of individuals based on 
market information and use (Damigos, 2006): (i) household production function methods based on the 
demand for complements and substitutes; and (ii) hedonic price analysis of decomposing prices for 
market goods to extract embedded values for related environmental attributes. The two main methods 
within this approach are the Travel Cost Method (TCM) and the Hedonic Pricing Method (HPM).  

The TCM is commonly used to measure the demand for recreational activities and can be interpreted 
as a special case of the household production function method. It is based on the rationale that the 
time and travel cost expenses that people incur to visit a site (direct expenses and opportunity costs of 
time) represent in some way the recreational value of the site.  In the context of TCM, the economic 
value derives from a trip generating function (which is the ‘demand’ function of the site under 
investigation) which is statistically determined by means of multiple regression analysis from zonal or 
individual travel cost models. The independent variables describe the cost of travel, (e.g. on-site costs, 
fuel, tolls, etc.), socio-economic characteristics of visitors (income, education, age, gender, etc.), 
characteristics of the site, substitute sites, travel time and others, depending on the selection of the 
model (Damigos, 2006). The HPM is based on the assumption that changes in environmental quality 
are capitalized into property values, since environmental attributes influence individuals’ decision on 



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
5 

 
 

the consumption of the commodity (Lancaster, 1966). In other words, it is assumed that dwelling 
prices differ with respect to: (a) housing characteristics (square footage of the home, number of 
rooms, quality of accommodation, etc.), (b) neighborhood characteristics (level and quality of social 
infrastructure, housing density, traffic, and presence of other facilities) and (c) the quality of the 
environment (air pollution, noise level, view, etc.)(Damigos, 2006).  

Finally, stated preference approaches attempt to elicit individuals’ preferences directly by means of 
social surveys on hypothetical changes in the quantity or quality of environmental and/or social goods 
and services. The main types of stated preference techniques are: the Contingent Valuation method 
(CVM) and the Choice Modelling (CM). Furthermore, Group Valuation (GV) approaches are also 
considered in this category (TEEB, 2010).  The most important of these techniques is the CVM, which 
is described in detail in Section 3. CM refers to a family of survey-based methods for modeling 
preferences for goods, where goods are described in terms of their attributes and the levels that they 
take (Hanley et al., 2001). The main CM variants are (Bateman et al., 2002): (i) Choice Experiments 
(CE); (ii) Contingent Ranking (CRank); (iii) Contingent Rating (CRat); and (iv) Paired Comparisons 
(PC). Nevertheless, only CE can provide WTP estimates consistent with the usual measures of welfare 
changes, under the prerequisite that a status quo option is included in the choice set (Hanley et al., 
2001). GV combine stated preference techniques with elements of deliberative processes from 
political science (TEEB, 2010) and are used as a means to capture value types that may escape 
individual based surveys (Spash, 2008).  

 

2.2 Literature review 
Water as a resource provides goods and services to humans which are utilized by agriculture, 
households and industry. The provision of these goods and services is often interrelated, and 
dependent on the quantity and quality of the available water. Governance and allocation of water 
involves management considerations of its characteristics as a vital resource (Turner et al., 2004).  

Aquifer recharge is very important for understanding the groundwater-part of the hydrologic cycle, as 
well as to study applications of water-resources management, and it is defined as water moving from 
the soil surface, through an unsaturated zone, into a saturated zone. Natural and artificial recharge 
actions usually involve the same types of processes, although artificial recharge is bound to create 
situations that would be otherwise unusual for nature (e.g. a thick unsaturated zone under an artificial 
pond). Irrigation and other water-use practices can contribute to recharge, typically in ways analogous 
to precipitation or surface water, depending on the mode of application (Nimmo et al., 2005).  

According to relevant literature, natural and artificial (or managed) aquifer recharge fall under the 
regulating ecosystem services of the Millennium Assessment (Kumar et al., 2010), i.e. water regulation, 
and they can be valued (monetized) using conventional environmental economics methodologies (see 
below). In the available case studies, we come across valuations referring either to natural or managed 
recharges, but not of both. In addition, there are various occasions of groundwater valuations per se. In 
the latter case, and considering the hydrogeological concept that (under proper governance) 
exploitable groundwater is only the annual recharge. Therefore, it is reasonably assumed that 
groundwater valuations refers to natural groundwater recharge.  
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2.2.1 Recharge valuation 

Acharya & Barbier (2000) applied the production function of agriculture to value the groundwater 
recharge function of the Hadejia-Nguru wetlands in northern Nigeria. The groundwater recharge 
function supports dry season agricultural production which is dependent on groundwater abstraction 
for irrigation. The authors stress that “groundwater recharge is of considerable importance to wetland 
agriculture and reduced recharge resulting in lower levels of groundwater will result in high welfare 
losses for the floodplain populations.” Furthermore, the analysis had taken place in a regularly 
inundated area with appropriate groundwater stocks.  

The researchers analysed the main cultivated crops (wheat and vegetables), through a survey for 
farmers and estimated the output prices through market surveys conducted with the 5 years prior to 
the publication. Changes in the irrigation inputs are connected to crop yields, taking in to account the 
technical capacity of the pumping and transport systems. The authors assessed the sensibility of the 
irrigation system to water availability and hence to water recharge. The study shows that recharge 
changes resulting in lowering the aquifer level by 1 m impose a welfare loss equal to 7.6% decrease in 
household annual income for vegetable growers (from 430 $ to 397 $) and to 77% decrease for wheat 
and vegetable growers (from 430 $ to 99 $).  

Kaiser & Roumasset (2002) examined the effect of forests on natural aquifer recharge, thus indirectly 
valuing recharge. The authors argue that, since ‘no markets exist for the indirect service a forest 
provides by increasing groundwater recharge’, valuations rely on Contingent Valuation Methods. 
Nevertheless, they propose an alternative, less controversial methodology for valuing certain services, 
based on benefit-cost project analysis. The case study includes the interlinked Ko‘olau Watershed and 
the Pearl Harbor Aquifer (USA), the former providing 133 million gallons/day out of the 281 million 
gallons/day of the total aquifer recharge (45%). Through a demand-function model, the authors 
estimate the Ko‘olau forested watershed’s NPV for aquifer recharge between 1.42x109 $ and 
2.63x109$, depending on the discount rate and calculated as the difference between two levels of 
forest quality (related to a reduction of 41 million gallons/day. The total annual income produced by 
aquifer recharge of 133 million gallons/day alone (excluding other benefits of conservation) is 
138x106 $, or 0.71 $/m3.  

Bian et al. (2013) attempted to value the ecosystem services of playa lakes in the Southern High Plains 
region of North America, which provide several ecosystem services for humans, including recharge to 
the Ogallala aquifer. The Ogallala aquifer occupies 450,000 km2, it is part of eight states, and provides 
irrigation water to over 25% of the irrigated land in the United States. The focus of the authors is on 
playas, which are small, isolated ephemeral wetlands, and the main freshwater wetlands habitat of the 
High Plains region of the Southern Great Plains of North America. The concept of the authors is that it 
is feasible to determine the value of playa recharge to farmers who irrigate from the Ogallala aquifer. 
The assumptions made here are: (i) that farmers irrigate to maximize profits (given the water 
resource constraints); (ii) that playas have a localized effect on water-wells level and water 
availability; (iii) that there can be proxies for lack of water-level withdrawal from wells; and (iv) that 
cotton, the main cultivated plant in the area, can be used as a proxy for all plants. The models used 
determine the marginal effect on a well drawdown of an additional unit of water in the close-by playas.  

The valuation was based on the estimation of the marginal value (shadow value) of decreasing depth-
to-water in the local wells for cotton farmers. Results show that, depending on the groundwater table 
elevation and the distance from the playas, farmers are willing to pay 90 $ to 157 $ per 1 m of level 
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increase or, differently, 0.14 $ to 0.88 $ per hectare of playa (wetland) area increase. The models 
suggest that playas have greater value for farmers with shallow water, and with low saturated 
thickness, because the marginal effects of playas decrease with depth, and because the value of 
additional water increases as saturated thickness decreases. The authors stress that “Clearly, the 
model reported here is insufficient to adequately capture the true dynamic between playa lake water 
and well drawdown.” 

Latest research by Maliva (2014), shows that the value of water in MAR systems can be valued through 
direct and indirect measures of willingness to pay, as presented in Table 2-1. The author presents only 
generic values related to the value of water in agriculture (0.001$/m3 to 0.79$/m3), as well as the cost 
for an ‘aquifer storage and recovery’ for 90 days per year are between 0.30$/m3 to 0.70$/m3.  

Table 2-2: Methods to monetize benefits of managed aquifer recharge (MAR) systems [Source: Maliva, 
2014, adapted by authors] 

Method Description 
Market prices Value of water determined by actual prices set by willing buyers and 

sellers in a competitive market. 
Substitution cost Value of water storage or treatment is determined from the cost of the 

least expensive alternative that provides comparable benefits. 
Value of marginal 
product 

The value of water is quantified from the marginal productivity of water, 
i.e., the extra value of output that can be obtained from additional 
applications of water. 

Contingent value Survey-based methods to determine an individual’s willingness to pay or 
willingness to accept compensation for a good or service. 

Hedonic pricing Value of water is inferred from market transactions (e.g., real estate sales) 
that are linked to the value of water. 

Defensive 
behaviour 

Value of a safe and reliable water supply can be estimated from 
expenditures to avoid exposure to unsafe water. 

Damage cost Value of water is estimated from damage costs avoided, such as health 
impacts or drought damage. 

In-situ 
groundwater 
value 

MAR system value is estimated from costs avoided resulting from 
groundwater being in place, such as pumping and land subsidence costs. 

2.2.2 Wastewater reuse valuation 

Extending the literature review to willingness to use wastewater as a substitute for irrigation 
groundwater, we observe that farmers in various areas are willing to pay for wastewater reuse. Botzan 
et al. (1999) attempted a benefit-cost analysis for groundwater recharge program in San Joaquin 
Valley of California, under semiarid to arid climate and repetitive drought conditions. Although the 
authors refrain from revealing actual monetized costs and benefits, they present model results for 
benefit to cost ratios, thus revealing “substantial annual benefits in case of artificial recharging, over 
the last two-thirds of the simulated interval”.  

Carrera-Hernandez (2006) presents an approach for recharging the Mexico City aquifer. After 
extensive costing calculations in relation to the project (CAPEX: 711 M$US; OPEX: 0.34 $US/m3; Total for 
50years: 0.22 $US/m3), the author calculates the opportunity cost of this solution by calculating the 
alternative cost of diverting water from neighboring catchment areas (0.343 $US/m3). The author 
concludes that although the opportunity cost of the aquifer recharge is higher than the actual cost of 
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this solution, not ‘exporting’ water scarcity to other catchments can be considered the best solution for 
Mexico City.  

Birol et al. (2007) investigated farmers’ opinion (n=97) of adoption of a new program for utilization of 
wastewater reuse to recharge a local aquifer in Cyprus. Results were used to assess the economic 
viability of the program. To this effect a CVM survey was implemented in 2006, to valuate farmers’ 
WTP for using treated wastewater in Akrotiri Aquifer. Farmers (a vast majority of 94%) were willing 
to pay 0.63 €/m3 for recycled water of low quality and an extra 0.22 €/m3 for recycled water of high 
quality. The paper omits to compare expected revenues from such programs to the expected cost of 
water reuse. In a follow-up survey, in the same area by the same authors (Birol et al., 2009), using a 
Choice Experiment (n=286), it appeared that farmers and near-by residents are all willing to pay for 
“the aquifer management plan which proposes replenishment of the aquifer with sufficiently high 
quality and quantity of treated wastewater to ensure the current water quality and quantity and the 
resultant ecological conditions are sustained, and the highest possible number of farmers remain 
employed”. The average WTP for farmers and residents was 0.57 €/m3 and 1.31 €/m3 respectively.  

Menegaki et al. (2007) discuss the social acceptability and valuation of recycled water in the Greek 
island Crete. The values reflect the consumers' and farmers' attitudes under water scarcity conditions 
and full dependence on agricultural production. Farmers are willing to pay on average 0.15 €/m3 
(roughly 55% of the current fresh water price), for using treated wastewater instead of groundwater.  

Tziakis et al. (2009) present the results of a survey implemented in the island Crete (Greece) exploring 
the WTP of farmers for recycled water. Farmers’ mean WTP for recycled water from wastewater 
treatement was 61.2% the price of fresh water, which corresponds to 0.0872 €/m3. 

Alfarra et al. (2013) investigated the potential reuse of treated wastewater (TWW), blended with fresh 
water, for irrigated agriculture in the Jordan Valley (JV). They had chosen a sample of aprox. 400 
farmers and asked if the latter would accept TWW, their willingness to pay (WTP) for it, and the 
reasons and opinions behind their decision. Almost all respondents accepted the reuse of TWW and 
55 % or more were willing to pay more than five times of the standard price of fresh-water. The WTP 
for TWW ranges from 0.009 €/m3 (for farmers who are acquainted to wastewater reuse) to 
0.045 €/m3 (for farmers who are in areas under stress and who are not acquainted to wastewater 
reuse). This clearly reflects the water scarcity problem but also the willingness of the farmers to invest 
in additional water sources. Regional analysis showed that access to freshwater resources reduced the 
interest to use TWW, since the concern for the level of water tariffs had an influence. Decisions for 
higher bids were positively influenced by a more solid ownership, increased opinion of direct relatives 
and more information on environmental impacts and negatively by the concerns on psychological 
effects. 

2.2.3 Groundwater valuation 

Groundwater valuation, as mentioned above, is a more generic approach which under certain 
assumptions may lead to recharge valuation. The literature on groundwater valuation is more 
extensive than wastewater reuse or MAR, and researchers use all available primary (Averting 
Behavior, Substitution Cost, Contingent Valuation, Choice Experiment) and secondary (Value Transfer, 
Meta-analysis) valuation techniques. In the following paragraphs, we limit the literature review to 
stated preference and secondary techniques.  
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The ‘Committee for valuing groundwater’ of the US National Research Council (CVGW, 1997) has 
recognised CVM in national and international level. In parallel with USA, economists in Europe hae 
also recognised the need for groundwater valuation (Tervonen et al., 1994; Press & Söderqvist, 1998; 
Stenger & Willinger, 1998) and in the latest decades we see a new trend for CVM applications on 
groundwater (Hasler et al., 2005; Aulong & Rinaudo, 2008). Applications are also met in other parts of 
the world, such us Canada (Traore et al., 1999), China (Wei et al., 2006), the Philippines (Martinez & 
Prantilla, 2007), Jordan (Salman & Al-Karablieh, 2004), and Iran (Khorshiddoust, 2004). 

Tentes & Damigos (2011), present the results of a CVM survey in Asopos river basin groundwater 
valuation (Greece). The valuation scenario included a plan for rehabilitation of groundwater pollution 
under an extensive informal industrial area. The econometric analysis, showed that the annual value of 
groundwater in the area is 1.3 M€.  

Examining the use of Choice Experiments for groundwater valuation, Liu et al. (2012) assessed the 
farmers’ willingness to pay for alternative groundwater management scenarios. They do not conclude 
to a final valuation, but they estimate only partial values. In the case of Koundouri et al. (2012), a 
groundwater system in Finland had been examined, which is sensitive to climate change and natural 
variance. The results showed that the households were willing to pay one-off payments of 23 €, to 
secure proper management and secure a non-depletion of the stocks in the aquifer, the lakes and the 
local springs.  

The research by Lundhede & Hasler (2005) and by Hasler et al. (2005), have a common case study and 
they include applications and comparison between CVM and DCE, for various groundwater protection 
scenarios in Denmark. The results showed that valuations through DCE are up to 4 times greater than 
valuations through CVM (191 €2012 versus 44 €2012), although WTP for using treated groundwater για 
through DCE was ‘only’ 70% than that on CVM (56 €2012 versus 32 €2012).  

Tentes & Damigos (2014), presented the results of a DCE research on the value of Asopos river basin 
valuation, which can be compared to previous results (Tentes & Damigos, 2011). The authors conclude 
that the estimated economic value of groundwater is 3-4 times larger than CVM estimations, reaching 
up to 4.7 M€ per year.  

The first critical applications of the Value Transfer (VT) method on groundwater seem to begin in 
2001, with the aim to check the accuracy of the method on 12 aquifers in the USA (Vanderberg et al., 
2001). The results of this research are compatible to older findings for other goods. Tentes & Damigos 
(2012a) in a relevant VT study present the basic literature on groundwater valuation through VT.  

In addition, Bann & Wood (2012) analyse the state of groundwater in South Africa region (Southern 
Africa Development Community – SADC). They use the groundwater services and goods to value the 
water resource. Their methodology (tested in 4 pilot sites) was based upon considering all the 
potential services that groundwater provides, towards improvement of human welfare, including 
provisioning services (such as water for domestic use, agriculture and industry); regulating services 
(such as the recharge of surface waters and carbon storage benefits); and cultural services (such as the 
tourism associated with wildlife at groundwater-fed watering holes). A Tier 1 valuation was based on 
market pricing and value-transfer approaches and provided an initial view of the economic value of a 
resource in relation to a certain use. A Tier 2 valuation was proposed where more certainty in 
decision-making was required (results not mentioned). The Tier 1 valuations for the area, where uses 
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were mostly dominated by mining, showed that the value of groundwater was between 113 $/m3 and 
143 $/m3. The number studies used for this valuations were judged by the authors as ‘very low’.  

The application of Meta-analysis (MA) on groundwater valuation is extremely limited in the available 
literature. As a first-timer for groundwater Boyle et al. (1992) gather all available studies up to 1993 
and valuate groundwater, under various conditions of uses and environmental goods. Poe et al. (2001) 
revise the older MA analysis of Boyle et al. (1992) and they conclude that mixing elements from 
studies of various types and different theoretical schemes may guide researchers to misleading 
magnitudes in the valuation functions.  

2.2.4 Primary conclusions 

The available literature on aquifer recharge valuation leads to the following conclusions:  

1. There is a lack of studies on the social costs and benefits of MAR technologies. The literature 
addresses the natural groundwater recharge, and therefore we can derive values for MAR only 
indirectly. 

2. The wastewater reuse valuations refer to a resource which is a substitute for groundwater, 
thus providing mere indications of value and do not consist a direct approach. In addition, 
wastewater reuse is related to non-consumptive uses (potable water, food manufacturing) and 
therefore the value of MAR in relation to water availability for other uses is addressed only 
indirectly. 

3. The general approaches for valuing groundwater refer to hypothetical or actual programmes 
for groundwater protection or groundwater rehabilitation. In some cases, such as programmes 
for improvement of quantity and/or quality, values can be also related to MAR, nevertheless 
issues of scale should be taken into account. 

4. MAR programmes lack both primary and secondary valuations and the collection of primary 
studies is minuscule. 

The diverse nature of the approaches on groundwater values, is complemented by the diverse nature 
of the reported values themselves. The literature reports unit values related to water quantity or to 
proxies, such as water level, water surface area, land area etc. In addition, stated preference 
techniques report values per household or per aquifer, although environmental needs and problems 
are not uniform across a groundwater body. Moreover, issues of time-scale prevail, since MAR 
programmes may vary in duration.  

To conclude, there is a need for an organised valuation strategy for MAR solutions, and to optimise or 
integrate various valuation approaches, in order to achieve meaningful and comparable results. 
Towards this end, a coherent and targeted valuation of MAR solutions is proposed in the following 
sections.  
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3 METHODOLOGY 

3.1 Non-market valuation 
The majority of goods and services provided by the environment have no obvious market and, 
consequently, price. This is related to the so-called “market failures”, which mean that the market 
place does not reflect their true social worth (Turner et al., 1994). The reason we have to use valuation 
is “…inseparable from the choices and decisions we have to make about ecological systems….” (Costanza, 
2000). The theoretical edifice of (economic) choice is neoclassical welfare economics (Just et al., 2004). 

The criteria for choice can be manifold: economic, moral, cultural, ecological etc. From an economic 
point of view, the monetary measure of the change in society’s well-being resulting from a change in 
the quality or the availability of an environmental asset is based on its Total Economic Value (TEV), 
which, in turn, can be disaggregated into use values and non-use (or passive use) values.  

Use values involve (Damigos, 2006): 

 direct use (i.e. actual use of an environmental good or service for commercial purposes or 
recreation), 

  indirect use (i.e. benefits from ecosystem services and functions rather than directly using 
them) and  

 option value, i.e. the value of ensuring the option to use a resource in the future, which could be 
seen as an insurance premium.  

Non-use values derive from the knowledge that the environment is maintained and include (DEFRA, 
2007): 

 altruistic values, which are related to the use of environmental goods and services from others,  

 bequest values that reflect values that people may hold for ensuring that their heirs will be 
able to use a natural resource in the future and  

 existence values which reflect the fact that people value resources for moral reasons, unrelated 
to current or future use 
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Figure 3-1: Values within the TEV approach 

 

The last three decades there is an increasing effort to incorporate monetary values in decision-making 
process, at different levels, in order to internalize impacts that have been traditionally considered 
externalities and, consequently to be directed to more informed and fair choices from a social 
viewpoint. Non-market valuation can play a role on three different levels of policy making:  

 on the level of individual project appraisal by assessing social costs and benefits of private 
investments;  

 on the level of policy assessment by evaluating cost and benefits of existing and/or proposed 
legislation (i.e. ex ant and ex post evaluation). 

 on a macroeconomic level towards assessing the sustainability performance of national 
economies by supplying monetary figures for depreciation of natural capital that can be then 
embedded to national economic accounts (Nordhaus, 2006).  

Although there are several difficulties in applying environmental valuation techniques in project 
appraisal, there exist certain advantages that result in better decisions (Kula, 1994). Monetizing 
environmental and social costs and benefit can serve four basic services, according to Bonnieux & 
Rainelli (1999): 

 Firstly, it could contribute to public debate and awareness concerning environmental damage 
and benefits. 

 Secondly, it could direct to better decisions by using a cost-benefit analysis  

 Thirdly, it could distinguish the optimal alternative among competing options 

Total Economic Value 
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Direct use Indirect use 

Consumptive Non-
consumptive 
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 Fourthly, it could support and justify the decisions taken by state authorities, e.g. 
environmental agencies, and other organizations, with respect to the proposed project. 

 

3.2 The Contingent Valuation Method 
The Contingent Valuation (CV) method, which is implemented in our survey, is in use for over 40 years 
in over 50 countries by government agencies and international organizations and is perhaps the most 
frequently and widely applied stated preference valuation technique (Carson, 2004). The CV approach 
is a survey-style technique that relies on a hypothetical market. The method is based on a structured 
questionnaire, which contains issues about the problem investigated. To this end, a sample of the 
population of interest is asked a set of questions that includes, among others, a critical question about 
respondents’ hypothetical maximum WTP for preserving an environmental asset or their minimum 
WTA for suffering the loss of that asset.  

The method has two advantages over indirect methods (i.e. market and revealed preference 
approaches). Firstly, it is capable of capturing non-use values and, secondly, WTP answers go directly 
to the theoretically corrected measures of utility changes (Turner et al., 1994; Perman et al. 2003). 
Furthermore, CV is a very flexible technique and, thus, it can be used in estimating the economic value 
of variety of environmental and other non-market assets (e.g. cultural goods).  

Nevertheless, the method is not problem-free; there is considerable controversy over whether it 
adequately measures people's WTP for environmental quality owing to its hypothetical character and 
the fact that a social survey takes place (e.g. Diamond & Hausmann 1994; Navrud & Pruckner 1997; 
Ajzen et al. 2004). Two are the major points of argument over the use of CVM, as mentioned by Carson 
(2000). The first one is whether or not non-use values should be included in an economic analysis. The 
whole subject gained considerable notoriety, apart from pure scientific interest, after the D.C. Circuit 
Court of Appeals in its Ohio v. U.S. Department of Interior ruling that allowed the inclusion of non-use 
values in natural resource damage assessments (US District Court of Appeals, 1989). The second point 
concerns mainly some technical problems involved in CV studies, including (e.g. Bateman et al., 1995; 
Hanemann, 1996; Carson, 1997 & 2000; Champ et al., 2002; Damigos, 2006; Carson & Groves, 2007): 

 Information bias, since it is assumed that people understand the good in question and reveal 
their preferences as they would in a real market.    

 Strategic bias that is related to Individuals’ efforts to direct the survey at specific results. 

 Hypothetical bias, since respondents do not actually pay for the proposed actions and, thus, it 
is possible to overestimate the amount that they would pay in a real situation. 

 Payment bias that refers to the influences posed by the proposed method of payment.  

 Part-Whole bias (also mentioned as embedding effect), which is related to the effect of the 
scale or the scope of the environmental good or the information provided via the hypothetical 
scenario. 

 WTP vs. WTA, which leads to observed differences in the estimates. Yet, the utility theory 
predicts that for commodities where there are limited possibilities for substitution WTA 
could be much greater than WTP. 
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It should be mentioned, however, that the abovementioned biases could be reduced at a great extent 
or even eliminated by a proper survey design and that the overall process has significantly improved 
as other relative scientific fields have shown considerable improvements (Tentes & Damigos, 2012b). 

 

3.3 Theoretical model 
As mentioned, the CVM relies on a direct questionnaire approach, asking a sample of individuals to 
state their hypothetical maximum WTP or their minimum WTA. These values derive from the Hicksian 
welfare measures of the compensating variation (CoV) and the equivalent variation (EV). More 
specifically, WTP is the maximum amount an individual would pay to gain an environmental 
improvement (CoV) or to avoid an environmental deterioration (EV), while WTA is the minimum 
amount an individual would take as a compensation to accept an environmental deterioration (CoV) or 
to forgo an environmental improvement (EV) (Bateman et al., 2002). In principle, WTP or WTA 
formats could be used interchangeably to elicit individuals’ preferences for change in the level of 
environmental goods and services (Venkatachalam, 2004). However, stated WTA is commonly greater 
than stated WTP, as indicated by many empirical findings. Theoretical and experimental research 
efforts have explained the WTA/WTP disparity based on the ‘prospect theory’ (e.g. Kahneman & 
Tversky, 1979), the elasticity of substitution between environmental and market goods (e.g. 
Hanemann, 1991), the ‘property rights’, etc. (Venkatachalam, 2004). 

The two measures differ by the implied assignment of property rights (Champ et al., 2003). For 
instance, if the initial utility level (status quo) is the basis for comparison (i.e. the property rights is the 
status quo) and an environmental improvement is considered, the compensating welfare measure 
should be used. However, if the environmental improvement aims at restoring an environmental 
damage (i.e. the property rights corresponds to the final utility after the change) then the equivalent 
welfare measure should be used.  

In our case, the maximum WTP is the change in income that makes an individual indifferent between 
the two situations, i.e. the original quantity and quality groundwater prior to implementing a 
structured program of artificial aquifer recharge projects and other related actions q0 with an income y 
and the improved quantity and quality of groundwater due to the proposed preservation and 
protection program q1 with an income y-WTP, according to the following indirect utility function: 

V(p, q0, y) = V(p, q1, y-WTP) 

The WTP of respondents in order to implement the proposed preservation and protection program of 
groundwater is also defined with the following expenditure function: 

WTP = e(p, q0, U0) – e(p, q1, U0) 

where p is a vector of prices for marketed goods, q1and q0 represent the final (i.e. improved) and the 
initial (i.e. status quo) level of groundwater resources, U0 is the reference utility level given by the 
indirect utility function V(p, q0, y) and y is the income. In other words, the individuals must spend 
more, remaining at utility level U0, in order to ensure that the quantity and quality of groundwater is 
improved. 
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3.4 Questionnaire formation 
The questionnaires used in the surveys include the same questions and elements, to provide for 
comparable results. Since survey areas in Portugal are mostly of agricultural character, while this in 
not the case in Italy and Greece, questions related to agricultural use have been omitted in the 
questionnaires used in the latter countries.  

The general structure of the questionnaire follows the general guidelines that have been published for 
CVM surveys, based on the NOAA panel report (Arrow et al., 1993), which states the conditions of 
validity, taking into account the inquiries set by Hausman (1993), through his critical analysis of CVM.  

Assistance has been sought for in the textbooks by Bjornstad & Kahn (1996) and later by Bateman & 
Willis (2001) and Bateman et al. (2002). In addition, the contribution of the textbook by Alberini & 
Kahn (2006) was very important for the preparation, the checking and the compilation of the 
questionnaire. In parallel, the CVM textbook by FAO (2000) has been taken into account.  

The approach that has been generally accepted as more efficient in CVM, which is also reflected in 
recent CVM survey examples, starts with general questions on the environment. Gradually, the 
questions become more specialised in the valued good and they are supplemented by valuation 
questions and end with demographic questions. Relevant examples are found on the surveys of Tejam 
& Ross (1997), FAO (2000), Hasler et al. (2005), Whitehead (2006), Brouwer & Martίn-Ortega (2012) 
and of others. 

More specifically, for the needs of the present surveys, the questionnaire that has been utilized is 
presented in full in Annex 1 and it comprises the following discrete sections:  

i. Question Group 1: the questions aim at eliciting respondents’ views on the state of the 
environment in general, as well as for the specific good in question. These questions are 
considered as preparation of the respondents for the valuation questions.  

ii. Question Group 2: the questions regard the valuation of the good, and they follow a short 
text which describes the characteristics of the hypothetical market, within which each 
respondent must value the good. In the valuation question the valuation vehicle and means 
of payment are referred to.  

iii. Question Group 3: the group includes census questions which enable the control of the 
stratification of the sample and the correlation of social attributes to perceptions.  

iv.  Question Group 4: the group includes 3 questions for interviewers. The questions aim at 
recording the impression of the interviewer in relation to the interviewee and the course of 
the interview, to enable ex post interpretation or validation of the answers in a consistent 
manner.  

Group 1 includes 15 questions, grouped into discrete sub-groups. The first sub-group investigates the 
views towards current environmental conditions in the respondent’s area and calls for evaluation of 
identified problems. The second sub-group concentrates on groundwater and its current status in the 
are. The third sub-group investigates the views regarding the need of certain measures for the 
protection and the remediation of groundwater, as well as the bodies responsible for such measures. 
The respondents are asked to determine their impact on groundwater, the potential effectiveness of 
measures and to define the roles of themselves and of the state.  
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Group 2 includes the description of a hypothetical but realistic scenario for the protection of the good 
as follows:  

“Suppose a management plan was proposed for groundwater for the next five years that tried 
to balance the needs of users of groundwater, such as farmers, industries, and citizens, with the 
goals of preserving and protecting groundwater quality and quantity, as well as groundwater-
dependent ecosystems. 

The plan would include a number of actions, such as tightening of water pollution rules, 
restricting discharges of municipal and industrial wastewater into the environment, 
construction of central sewage systems, increase of monitoring and enforcement activities to 
prevent illegal dumping, adoption of more environmentally friendly farming practices, 
establishment of public education programs, etc. More importantly, the proposed plan would 
implement a structured program of artificial aquifer recharge projects. The main objective of 
artificial aquifer recharge is to store excess water and thus to increase available reserves of 
groundwater for later use, while improving water quality. In addition, artificial aquifer 
recharge may promote recovery of overexploited aquifers, prevent seawater intrusion, reduce 
groundwater salinity, etc. 

However, if this plan was adopted, it would cost money. Assuming that economic activities, 
such as industry, agriculture, etc., would pay the cost of reducing the impacts that come from 
them, citizens would also be asked to financially contribute to this plan.” 

Following, the basis for eliciting the respondent’s WTP is set, as the result of two consequent 
questions: 

 The first question (#16) gives the opportunity to select the payment vehicle among alternative 
voluntary options. 

 The second question (#17) provides a set of payment cards, with fixed amounts from which 
the preferred maximum amount must be selected, as follows: 

If you were given the choice to make a monetary contribution, through your preferred way of 
donation, towards supporting the groundwater preservation and protection plan, what is the 
MAXIMUM amount you would be willing to pay per month over a five year period?  

When you answer the question, please consider your current income, and remember that you, like 
everybody else, have many other things, such as housing, food, clothing, utilities, entertainment, 
etc., to spend your money on besides preserving and protecting groundwater 

 

The selection of continuous or discrete amounts is of certain importance for the survey, since it defines 
the way that replies will be analysed. According to previous experience with groundwater valuation 
(Tentes & Damigos, 2011) there are sufficient evidence to support the use of payment cards.  

€0 €1 €2 €5 €10 €15 €20 €25 €30 €35 €40 €50 >€50 (specify) €_______ 
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In addition, concerning the payment vehicle, the use of the voluntary offer has been selected (instead 
of the compulsory) because previous experience has shown that it can by-pass any objections on 
behalf of the respondents regarding the role of the state policies in the current status of the good. The 
disadvantage of the approach is that it may not provide a good incentive for stating true WTP 
(Whitehead, 2006), although this view has been doubted several times in the past (e.g. Wiser, 2007).  

For the respondents that declared 0 WTP, the reasons of denial are further examined in a special 
question (#18), and the denials are categorized as ‘protest responses’ and ‘real non-payments’. For 
those who stated a non-zero WTP, an open question for justification is also included (#19). 

To estimate non-use values, one of the three different methods presented by McClelland et al. (1992) 
has been selected, i.e. the percentage ratio: the respondents, following to the WTP question, are asked 
to declare the percentage which they consider representative of the bequest value, the non-
paternalistic altruism value and the existence value. This approach was selected because it allows for 
the direct determination of all parts of TEV.  

Therefore, the respondents are asked (#20) to distribute the amount offered to the following distinct 
categories:  

1. Use of groundwater by the members of the household 

2. Use of groundwater by other members of the local community 

3. Use of groundwater by future generations 

4. Use of groundwater by groundwater-dependent ecosystems 

From the abovementioned options, the last 3 refer to non-use values.  

The last question (#21) in Group 2 is related to the respondent’s certainty of the valuation answers 
and requires a certainty rating from 1 to 10.  

Group 3, that follows includes 12 questions, which aim at recording: 

- Gender  

- Age class 

- Marital status 

- Household size 

- Place of residence 

- Household housing 

- Sewage system availability 

- Annual water bill 

- Education 
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- Employment status 

- Income class 

In statistical surveys with personal interviews, it is not rare that the main questionnaire is escorted by 
an additional short questionnaire, which the interviewers should answer after finishing the interview. 
The information provided by such a questionnaire is related to the interviewer’s understanding of the 
honesty of the interviewees, their apparent way of life and their role in the household. The information 
may prove useful during the stage of the data preparation for analysis. Although the approach is not 
usually met in CVM surveys, it has been applied by Tentes & Damigos (2011) in the past and it prove 
useful.  

 

3.5 Data analysis 
Data from payment cards can either be treated as continuous information on WTP or, more correctly, 
as interval-type data (Hanley and Barbier, 2009). The standard procedure is to assume true WTP is the 
mid-point between the amount at which the respondent said “yes” and the amount at which he/she 
said “no” (Cameron, 1987). Nevertheless, when the respondent is asked to pick the maximum amount 
he/she is willing to pay, Haab and McConnel (2003) suggest that the interval should go between the 
amount at which the respondent said “yes” and the next lower amount. 

To this end, the analysis was conducted by means of non-parametric and parametric approaches 
assuming both continuous (via mid-points) and interval point data (e.g. Cameron & Huppert, 1989).  

Parametric estimation relies on models that conform to economic theory (Bateman et al., 2002). 
Furthermore, parametric estimation is also used to reveal the conditional relation of WTP and the 
respondents’ characteristics, i.e. beliefs, attitude, socioeconomic profile, etc. The strong points of 
parametric estimation are that it allows imposing preference axioms relatively easy, combine 
experiments and extrapolate calculations to different populations without constraining exclusively to 
the sampled population (Torero et al., 2003). On the other hand, the use of parametric distribution to 
approximate the distribution of WTP represents a fairly large assumption (Bateman et al., 2002). The 
main advantage of non-parametric estimation is that it does not rely on distributional assumptions, 
and, hence, it provides distribution-free welfare estimates (Haab and McConnell, 2003). Its main 
drawback is that it does not provide information whether WTP is systematically influenced by 
respondent’s characteristics (Bateman et al., 2002).  

Given that each approach has advantages and disadvantages and relies on and provides different 
pieces of information, both approaches were implemented to analyze WTP responses, a practice which 
is common practice in CV literature (e.g. Hutchinson et al., 2001; Crooker and Herriges, 2004; Blaine et 
al., 2005; Andersson et al., 2013). 

Next sections provide information on the non-parametric and parametric models used to analyze the 
continuous (i.e. mid-points) and interval point data. 
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3.5.1 Non-parametric estimation of WTP 

3.5.1.1 Non-parametric analysis of interval point data  

Payment card data can be analyzed via the Turnbull non-parametric approach (Haab and McConnel, 
2003), which is be known as the Turnbull distribution-free estimator (Turnbull, 1975) and was 
originally used in CV by Carson et al. ( 1994) and Haab and McConnell (1997), as noted by Haab and 
McConnel (2003). Variants of the estimator have been proposed by Kristrom (1990) and by McFadden 
(1994). 

The definitions and parameter relations that are used in deriving the Turnbull estimator are 
summarized in the following table. 

Table 3-1: Definitions and Relations for Turnbull Estimator 

Parameter Definition Relation 

fj Pr(€tj-1 ≤ WTP < €tj)  

Fj Pr(WTP ≤ €tj) =  

fj {f1, f2,…,fM+1} fj = Fj - Fj-1 

FM+1 
CDF at upper bound of WTP 

Typically tM+1=∞ 
FM+1 = 1 

F0 

CDF at lower bound on WTP 

Typically t0 = 0 
F0 = 0 

M Number of bids  

Yj Number of ‘yes’ responses to bid tj  

Nj Number of ‘no’ responses to bid tj  

Tj Total number offered bid tj Tj = Nj + Yj 

    Source: Haab and McConnel (2003) 

 

The log-likelihood function to estimate Fj, j = 1,2, ..., Μ  subject to the monotony restriction (Fj ≤ Fj+1 | ∀j) 
is: 

( , , … , | , , ) = [ ln + ln (1 − )] 

The log-likelihood maximization problem, imposing the monotony restriction, becomes: 

, , … , [ ln + ln (1 − )] 
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The problem can be written in terms of the probability mass points {f1, f2,…, fM, fM+1} instead of the 
distribution function {F1, F2,…, FM}, where fj = Fj – Fj-1 is the weight of the distribution falling between 
price j and the previous price. 

Then, the log-likelihood maximization can be rewritten, as follows: 

max ( | , , ) = ( ln + ln 1 − ) 

subject to fj ≥ 0 for all j. 

To find the solution to the likelihood maximization problem, the set of first order conditions must be 
solved recursively (for a detailed analysis refer to Haab and McConnel, 2003). The maximum 
likelihood estimation of the distribution function at each price point is: 

= =  

Substituting for fk, the maximum likelihood estimate for an arbitrary fj simplifies to: 

= −  

Thus, the maximum likelihood estimate for the probability that WTP falls between two bids is 
therefore just the difference in the 'no' proportions between those bids, provided the response ‘no’ 
proportions are monotonically increasing. 

To estimate the lower bound on expected WTP, consider that the expected value of the random 
variable WTP is assumed to be distributed between 0 and U 

( ) = ( ) 

where U is the upper bound on the range of WTP. 

Given the bid ranges of WTP, the expected WTP can be written as:  

( ) = [ ( )

∗

] 

where t0=0 and tΜ+1=U.  

Since ( ) is an increasing function, and provided that 

( ) ≥ ( ) 
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The ( ) is: 

( ) ≥ [ − ]

∗

 

Substituting for  and simplifying notation so as = ∗, a consistent estimate of the lower 

bound of WTP is, as follows: 

( ) = ∗ − ∗

∗

 

where ∗ =
∗

∗  , ∗ = 0 and ∗
∗ = 1.  

Following a similar procedure, the upper bound on willingness to pay can be defined as: 

( ) = ∗ ∗ − ∗

∗

 

In this case, however, the upper bound on the range on WTP has to be estimated ad hoc, since ∗  
must be defined and ∗ is the highest offered bid. 

  

Since ∗ ‘s are normal and  are fixed, the ( ) is also normal and, thus, it can be written as 

follows: 

( ) = ∙ ∗

∗

 

The lower bound of E(WTP) for a payment card bids turns out to be (Haab and McConnel, 2003): 

( ) = ( )/  

where tk(i) is the amount picked by the respondent i 

 T is the total number respondents 

Since the ( ) is normal , the variance of the lower bound WTP estimate is: 

( ) = ∗

∗

+ ∗ , ∗

∗∗

 

which simplifies to 
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( ) =
∗ 1 − ∗

∗

∗

− = 

 ∗ ( − )

∗

 

The Turnbull provides also an estimate of the range in which median WTP lies. Since the ‘no’ response 
proportions are consistent estimates of the distribution point masses at each bid, the bid for which the 
distribution function passes 0.5 is the lower bound on the range of median WTP. 

3.5.1.2 Non-parametric analysis of mid-point data 

The non-parametric estimation of the mean or the median WTP, for mid-point data was achieved 
through the Kaplan-Meier estimator (Kaplan & Meier, 1958). The estimator can be classified under 
empirical survival analysis, providing an exceedance probability, based on the WTP amounts in the 
sample (Bateman et al., 2002).  

The mean WTP is taken from the following:  

][)( 1
0

jj

J

j
j CCCSC  






 

where ̅= the mean WTP value 

Cj = the ordered WTP values from lowest to highest. C0 is equal to zero and CJ is the largest 

value in the sample  

( )  = the empirical estimate of the survivor function at each of the Cj 

The median value is calculated to the point at which the survivor function reaches a probability of 0.5. 

The necessary estimation includes the following: 

In the sample of N answers, all individual J non-negative values of WTP are classified on ascending 
order. So the WTP percentage are marked as Cj where j belongs to [1, J] and J≤N. The value C1 is equal 
to the lowest value of the sample (usually a zero) and CJ is equal to the maximum value in the sample.  

The total number of responses in a sample with WTP greater than Cj is given by: 

=  ℎ  

where hk is the number of responses in the sample with WTP-amount equal to Ck. 

 

So, the survival function of WTP is calculated by the number of greater WTP amounts as a percentage 
of the total number of observations in the sample. If the WTP amount is the highest, then the survival 
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function is zero. To graphically depict the survival function the Kaplan & Meier (1958) method 
assumes that between 2 consequent WTP amounts Cj and Cj+1 the function is stable and the probability 
of the value Cj is:  

 

where j = 0 to J          

Given that the WTP interval is bounded above at the maximum WTP, the estimation is fully 
conservative, because it is implied that in population there cannot be a WTP amount greater than the 
maximum WTP of the sample. 

3.5.2 Parametric estimation of WTP 

In parametric estimations, the aim is to adjust a theoretical mode on the sample observations that 
have been actually collected and recorded. The theoretical model (Clinch & Murphy, 2001) can be 
either a simple probability density function or an equation or a group of equations which connects 
through coefficients (parameters) WTP to the survey variables (opinion or census). Occasionally, we 
may connect the logarithm of WTP to variables or logariths of variables. Usually the estimations are 
bounded by two questions: 

i. Is the respondent willing to pay any amount for the protection/preservation of the good in 
question? This underlining question in this case is: does the respondent agree to 
participate in the proposed hypothetical market? 

ii. What is the maximum amount that the respondents would donate, based on their social 
and demographic characteristics? 

The answer to the first question will define two partial populations inside the main population: the 
part whose members are not willing to pay for the good and the part of the respondents that would 
actually pay (i.e. they are inside the hypothetical market). The answer to the second question will 
show which characteristics of the population are statistically significant for the estimation of the 
overall WTP.  

According to Bateman et al. (2002) there are two alternative approaches to the problem of creating 
WTP models.  

i. The construction of the respondents’ indirect utility function 

ii. The construction of the respondents’ bid function  

In the present report we will be only concerned with the latter, as more direct to estimate and manage.  

An important issues which the research should confront is to take into account for the zero-bids 
during model calibration, whether these are related to real indifference for the good or to low income, 
or even to protest behaviour against the overall valuation of the good (Strazzera et al., 2003).  
According to Bateman et al. (2002), in order to clarify the role of zero-bids when distributing WTP, we 
should define probability p for zero (a spike, as it is usually referred to in the statistical jargon) or we 
should model the zero-bids using alternative methodologies. 

N

n
CS j

J )(




MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
24 

 
 

3.5.2.1 Parametric analysis of interval point data 

Responses to the payment card can be treated in a parametric model by specifying willingness to pay 
as: 

WTP = μ + ε 

where μ is the mean 

 ε is the error term distributed as independent normal with mean 0 and variance σ2. 

 

Supposing that there are K payments, t1, ..., tK, arranged in ascending order so that tk > tk-1, the 
probability that a respondent picks the payment tk is the probability that his/her WTP lies between tk 

and tk+l, i.e.: 

Pr( ℎ  ) = Pr( < < ) 

Assuming linearity, then (Haab and McConnel, 2003): 

Pr( ℎ  ) =
1

( )
( )/

( )/
 

 or 

Pr( ℎ  ) = (( − )/ ) − (( − )/ ) 

where (( − / ) is the standard normal CDF estimated at tk-1 

The last equation can be written in the form of log-likelihood function, as follows (Haab and McConnel, 
2003): 

lnL = ln ( (( ( ) − )/ ) − (( ( ) − )/ ) 

The latter is an interval regression model, which takes into account the interval nature of the data and 
exploits more information, and, thus, increases efficiency with the least ambiguity regarding the 
recovered preferences (Haab & McConnell, 2003). More specifically, the interval data model states that 
the probability that the true WTP of a respondent, lies in the interval [WTPL, WTPU] is given by:  

=)>)<(=)≤≤(
iiii LiUiLiU WTP(WTPProb-WTPWTPProbWTPWTPWTPProb  

)()(
σ

)
Φ

σ

)
Φ

i

iL

i

iU E(WTP-WTP
-

E(WTP-WTP
ii  

where WTP is assumed to follow a distribution with a standard normal cumulative distribution 
function (Φ).  
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The model is estimated using maximum likelihood estimation (Cameron & Huppert, 1989). If there is a 
zero payment option, then a spike model can be formed, such as that introduced by Kriström (1997), 
as described in later section. 

The interval model maximizes the likelihood of an individual’s WTP that lies between the amount 
finally chosen on the payment card, WTPL, and the next larger amount, WTPU. As mentioned, Haab and 
McConnel (2003) suggest that the WTPU should be the amount at which the respondent said “yes” and 
WTPL should be the next lower amount when the respondent is asked to pick the maximum amount 
he/she is willing to pay. 

 

3.5.2.2 Parametric analysis of mid-point data 

The parametric estimation of mid-point WTP followed the model proposed by Reiser & Sechter 
(1999), which is an extension of the spike model introduced by Kriström (1997). Moreover, this is a 
model which captives the population of interest as if it is divided into two sub-populations. One sub-
population is not willing to pay for the environmental good in question, while the other is willing to 
pay and the distribution of this WTP is continuous.  

More specifically, dealing with WTP without using explanatory variables, if p is the probability that a 
randomly selected respondent has a WTP=0 and if F(x), x>0 is the continuous CDF for the willing to 
pay sub-population, then the CDF for the responses w to an open-ended question is: 
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For an observed sample of n individuals, we hold δi = 1, if WTP w of the i-th individual is zero, and δi = 
0 in any other case of non-zero w (wi>0). The likelihood function can be written as: 
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where f is calculated as the derivative of F  

Πwi>0 represents the product of all respondents with an observed w>0.  

The method of Reiser and Shechter (1999) proposes to divide the likelihood function into two 
independent parts which can be separately maximised to provide for maximum likelihood estimates of 
the unknown parameters, i.e.  
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Maximizing the first equation, we take:  

n
p i 
ˆ

 

which is the percentage of the observed zeros in the sample.  

In order to maximize the second equation, which refers to WTP amounts, we should select a suitable 
distribution function for F (e.g. normal, lognormal, Weibull, etc.). For instance, in the case that non-
zero payments follow the lognormal distribution, we take: 
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Then, we can estimate the mean and median of WTP, as follows (Bateman et al., 2002): 
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The parametric estimation of the mean and median of the voluntary contribution, taking into account 
explanatory variables, can be realized through the model of Reiser & Shechter (1999), after adapting 
distributions F and p. By introducing the index i in p and F (hence also in f), the first part of the 
likelihood function can be adapted using a logistic regression (logit) model, calibrated to interpret the 
respondents answers to the binary WTP question based on opinion and census variables. The second 
part of the likelihood function includes the maximization of a cumulative density function F, using a 
general linear regression model. 
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4 CS1 - LAVRION 

4.1 Area characteristics 
The Lavrion Technological & Cultural Park (LTCP) MARSOL site is a project aimed to develop and test 
new technological devices and software to measure recharge in different situations and to 
continuously monitor the qualitative characteristics of the groundwater. The case study combines 
several water problems (seawater intrusion, water scarcity, overexploitation, karst aquifers, etc.) and 
MAR application is envisaged to combat all those. The intervention will be focused in the infiltration of 
wastewater in pilot infiltration basins which, however, are yet to be constructed. 

LTCP is located at the coastal area of Lavrion, Attica, within the wider area of Athens (Fig. 4-1). Lavrion 
combines all typical Mediterranean water problems and lies in a dry area, characterized by average 
annual precipitations lower than 400 mm. This situation got even worse in the last years, due to the 
decreasing rainfall trends imputable to climate change. The site involves a typical Mediterranean 
coastal aquifer system (containing both alluvial and karstified aquifer layers), supporting both 
irrigation and drinking water demands of the area.  

The entire aquifer system suffers from:  

 water shortage resulting from both anthropogenic activities (overexploitation) and natural 
conditions (decreasing precipitation trends due to climate change); 

 deterioration of groundwater quality due to the intrusion of seawater.  

 

Figure 4-1: DS1 Project domain 

MAR in this case is achieved through infiltration basins that will be fed with wastewater. Therefore 
MAR will be used both for aquifer recharge purposes (i.e. increase in quantity) and for treatment 
purposes (improve the quality of water, since some mining, industrial and agricultural sources of 
pollution are present in the area). 
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4.2 Data collection 
The survey was conducted via face-to-face interviews. In total, six (6) interviewers were chosen after a 
preliminary selection process, who attended a two-days training seminar about the subject of the 
survey, the contents of the questionnaire and on how to approach the respondents and collect the 
information. The survey was carried out between April 1 and May 15, 2015 involving residents of the 
Lavrion municipality and the surrounding communities. In total, 370 completed questionnaires were 
collected through personal interviews and the response rate was around 70%. 

Respondents were selected on a random basis at different locations across Lavrion municipality and 
the surrounding communities and at different parts of the day to ensure a cross section of residents. 
Towards reducing non-response bias, attention was paid to design the survey properly, e.g. use of a 
short-length questionnaire with clear and concise wording, use of well-trained interviewers, etc. 
Furthermore, response rates were closely monitored on the basis of age, gender and socioeconomic 
group quotas during data collection in order to come up with a sample that was reasonably 
representative of the population of interest. However, small deviations between census data and 
sample demographics may be mentioned. The demographic characteristics of the sample are given in 
Table 4-1. 

The demographic characteristics of the sample reflect the social background against which attitudes 
and perceptions develop. As a basis for their investigation the 2011 national census is taken (ELSTAT), 
since these are the latest data available during the research period. The elements of the national 
census of 2011 have been published today (2015) in the settlement scale only with regard to the 
permanent population, while household data do not cover small scale settlements in the study area. 

Table 4-1: Sample demographics (CS1) 

Variable Types Relative 
Frequency 

Gender Female 52.4% 
Male 47.6% 

Age group Less than 44 50.0% 
From 44 to 64 years 31.5% 
More than 64 years old 18.5% 

Marital 
status 

Married/Cohabiting 56.5% 
Not married 31.5% 
Divorced/widowers 12% 

Members 
per HH 

1 9.7% 
2 25.8% 
3 24.4% 
4+ 39.7% 

Employment Working (full-time, part-time, self, etc.) 58.8% 
Unemployed 9.5% 
Retired 21.2% 
Student 5.2% 
Housekeepers 4% 

Education No schooling completed 0.8% 
Elementary school 9.5% 
Middle school 8.4% 
High school 33.7% 
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Variable Types Relative 
Frequency 

Trade/technical/vocational training 6.7% 
College degree (2 years) 9.5% 
Bachelor’s degree (3 years or more) 25.5% 
Master’s degree 4.3%  
Doctorate degree 1.4% 

Household 
Income 

Less than €10,000 20.5% 
€10,000 - 19,999 40.8% 
€20,000 - 29,999 23.5% 
€30,000 - 39,999 10.0% 
€40,000 - 49,999 3.2% 
€50,000 - 59,999 0.9% 
€60,000 - 69,999 0.6% 
More than €90,000 0.6% 

 

4.3 Descriptive statistics 
The respondents were asked for the three most important problems in their everyday life. 
Environmental problems are the most important problem for 10% of the sample and the second or 
third most important for 46% of the population. Therefore, despite the fact that unemployment 
prevails as a public issue (84.5%), environment is among the three most important issues for more 
than 50% of the respondents. This response is somewhat justified by the fact that 50% of the 
respondents are ‘satisfied’ or ‘somewhat satisfied’ by the environmental status of their areas. In 
addition, the state of the environment, according to their perception, is staying the same or getting 
better in the last five years (70.7%). The statistical tests showed that this perception does not have a 
statistically significant difference with respect to the place of residence. Focusing on the three most 
important environmental issues in the area, the respondents underline seawater pollution (61%), soil 
pollution (55%), as well as deforestation (40%) and air pollution (42%) as most crucial. Highlighting 
the problem of seawater pollution in coastal areas is very common in Greece, and compatible with the 
findings of previous surveys on groundwater in the country (Tentes & Damigos, 2011).  

Given the abovementioned perceptions, it is somewhat surprising that more than 50% of the 
respondents believe that protecting the environment is more important than job creation, while 27% 
believe that ‘Creating and protecting jobs’ is more important and 22% are not sure. The chi-square test 
showed that the decision is significantly affected by the place of residence of the respondents, with the 
respondents living in Lavreotiki emphasizing on the protection of the environment and the level of 
education (lower education respondents tend to promote the creation of jobs, while those with a 
higher degree and post-graduate studies favour the protection of the environment).  

The majority of the respondents have never heard about groundwater from the media (any type) and 
only 44% have ever heard a few (40%) or many (4%) times (Fig. 4-2).  
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Figure 4-2: Frequency of information on groundwater from the media 

The most referenced answers mentioned by the respondents were: 

 Aquifer pollution and contamination risk 

 Groundwater shortages 

 Heavy metal pollution 

 Industrial and agricultural pollution 

 Sea-water intrusion 

In addition to the previous, the answers of the respondents to the question on the self-rating of the 
knowledge about groundwater-related issues showed that there is a lack of information on 
groundwater. More specifically, 86% of the respondents stated that they have a poor or fair knowledge 
of groundwater and only 14% have good or better knowledge (Fig. 4-3). Non-parametric tests showed 
that the knowledge around groundwater issues is related to gender, with women being less 
acquainted than men, and sewage (respondents not being served by a sewage network have better 
knowledge). 
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Figure 4-3: Level of knowledge of groundwater (self-rating) 

Additionally, 67% of the respondents declare that they have not used groundwater in the past, while 
approximately 25% have used in the past and 7% still use it. The prior use of groundwater is not 
statistically related to the level of knowledge. The same non-relation stands also between knowledge 
and type of groundwater use. Regarding prior use of groundwater, 10% of the respondents have used 
it for drinking purposes, 5% for cooking, 9.5% for laundering, 25% for irrigation and 3% for other 
uses.  

The 57% of the respondents state that they have heard of problems related to groundwater quality or 
quantity. The percentage somehow contradicts the 56% of the respondents stating that they have 
never heard of groundwater in the media. Prior knowledge of groundwater-related perceptions in 
other parts of Greece (Tentes & Damigos, 2011) show that the contradiction maybe explained by the 
fact that people tend to self-educate and/or take the advice of experts in order to understand how 
water management systems work. The abovementioned perception is statistically related to the level 
of education of the respondents (the percentage of the respondents that have heard of groundwater 
problems increases with education level – Fig. 4-4).  

Regarding the reasons behind groundwater degradation, the respondents pinpoint ‘lack of public 
awareness’ as the major driver (35%) and ‘poor implementation of legislation’ as the second most 
important driver (33%). Around 90% of the respondents recognize that it is important or very 
important that the competent authorities (agencies) protect or preserve groundwater. Nevertheless, 
half of the respondents believe that these authorities do not have the necessary capacity to fulfil this 
obligation. This perception is statistically correlated with the level of education; as the level of 
education increases, the percentage of respondents who believe that public agencies do not have the 
capacity “to carry out policies and responsibilities for the protection and preservation of groundwater” 
increases, as well.  
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Fair, 37.5%

Good, 12.0%

Very good, 1.6%
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Figure 4-4: Level of prior information on groundwater problems based on education level of the 
respondents (Level 1: no-schooling or obligatory schooling, Level 2: technical education, Level 3: higher 

education) 

In addition, 88% believe that the protection/preservation of groundwater by the public (individuals) 
is important or very important. Regarding perceived household impacts on groundwater, 68% of the 
respondents believe that they do not have an impact groundwater quality and/or quantity and 
statistical tests showed that this belief is not related to past use (or non-use) of groundwater. The 
prevailing pressures on groundwater are wasting of water (quantity issue, 13%) and municipal 
wastewater discharge (quality issue, 9%). In parallel, 66% of the respondents believe that they impact 
groundwater as much as the other households, while 26% believe they impact less and only 8% 
believe they impact more than others. This perception is related to the level of education, with the 
percentage of respondents who believe that they have impacts on groundwater increasing with 
education (Fig. 4-5).  

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are 43%, while 51% prefer not to pay 
for preservation and 6% do not believe that there should be a preservation plan. In line with this, 
respondents have been divided into those who believe that the public should pay for preservation and 
protection of groundwater (40%) and those who believe otherwise (60%). 
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Figure 4-5: Impacts on groundwater, against the level of education 

The opinion about who should pay for preserving groundwater is statistically dependent on the 
household size (households with more than 3 members on average believe that the public should pay 
for preservation), the existence of sewage system (the majority of those who have a sewage network 
in their area believe that the public should not pay for groundwater preservation), and income (as 
income increases across the sample the belief that the public should pay prevails). This is presented in 
Fig. 4-6. The mean income of those believe that the public should not pay is 16800 €, while the mean 
income of those who believe that the public should actually pay for groundwater preservation is 
22000 €.  
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Figure 4-6: The ‘public should pay’ for groundwater preservation against income 

 

4.4 WTP results 

4.4.1 WTP responses 

After describing the policy scenario, respondents were asked to indicate their favour way towards 
supporting the groundwater preservation and protection plan. Around 44.5% of them said that they 
would prefer to make a voluntary donation to environmental/conservation organization. Moreover, 
30.8% they would prefer to pay through water bills, 16% through municipal taxes, and 5.5% through 
higher income taxes. The rest of the respondents pointed out other payment vehicles.  

Respondents were then asked to state maximum WTP amount per month for the next five years that 
their household could provide towards supporting the proposed policy scenario. In this survey, 235 
respondents, out of 368 (63.9%) agreed to pay at least 1 € for the proposed plan, while the rest 133 
(36.1%) refused to pay any amount.  

Those who answered ‘no’ supported their decision as follows: 

i. ‘I cannot afford it’: 51.1% 

ii. ‘It is the government's responsibility’: 25.6% 

iii. ‘The proposed plan is not feasible, good enough, convincing, etc.’: 6.8% 

iv.  ‘I already pay enough municipal/income taxes’: 3.8% 

v. ‘Industries, farmers, etc. should pay: 1.5% 

vi. ‘I don't care much about preserving and protecting groundwater’: 2.3% 

Moreover, 8.3% of them did not provide support for their preferences. 

Reasons i, iii and vi (i.e. around 60%) are considered ‘true zero WTP-amounts’, while cases ii, iv and v 
are recorded as protest responses (i.e. 31%) (e.g. Halstead et al., 1992; Jorgensen et al., 1999; 
Strazzera et al., 2003; Meyerhoff & Liebe, 2008). The treatment of “protest zeros” is an open issue in 
the literature. While the stand approach consists of including only true valuation responses in the 
analysis, some researchers argue that protesters would more probably vote against the proposed 
policy and they are better treated as true “no” responses, since a selective data removal may affect the 
validity of the estimates (e.g. Halstead et al., 1992; Jorgensen and Syme, 2000; Carson and Hanemann, 
2005). Halstead et al. (1992) argue that protest bids can be considered as legitimate zero valuations, 
when the CV survey aims at measuring the values of policy options rather than a specific good. Thus, 
following Halstead et al. (1992), and given that in the case presented what is being valued is actually a 
potential policy scenario, it was assumed that the stated objections can be deemed as legitimate zeros, 
representing preferences that are not favourable to the proposed policy. 

The rest of the respondents (around 64%) offered from 1 to 200 € per month for the next 5 years for 
supporting the proposed policy. Before any attempt on interpreting the respondents answers to the 
WTP, we tried to identify extreme values (outliers). According to Dalmau-Matarrodona & Puig-Junoy 
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(2001), outliers are “either low income respondents who gave WTP amounts representing an implausibly 
large percentage of their income, or upper-income respondents who gave a very low WTP, although their 
answers to other questions indicated strong demand for the good”. The literature on outliers in 
statistical samples proposes various methods for approaching the issue, but their very rare analytic 
methodologies in relation to environmental economics. In a similar case, Desvousges et al. (2010), who 
evaluated research results related to open-ended WTP-amounts, report various criteria for locating 
outliers: 

i. The answers that the respondents provide in a follow-up question on the respondents’ 
motivations when stating their WTP. 

ii. The WTP values in relation to the income. Ratios above certain percentage of the income 
(which the authors calculate based on the sample characteristics) are considered extreme. 

iii. Truncating a certain percentage of the WTP-amounts from both ends of the WTP distribution 
(usually 5-10%). 

Following Tentes and Damigos (2012b), outlier analysis was based on a two-step approach: first, 
analysis of bids versus income was conducted and a new variable was constructed assuming that bids 
should not exceed a certain fraction of income, i.e. WTP cannot exceed ability-to-pay (Bateman et al. 
2002) and, then, simple statistical definition of outliers was based on this new variable, using box-
plots and histograms (Fig. 4-7).  The analysis showed that 6 bids resulted in WTP-to-Income ratios 
from 4% to more than 15%, which were irrationally high compared to the rest of the sample. All the 
remaining amounts correspond to less than 3.5% of respondent’s income. 
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Figure 4-7: Box-plots of stated non-zero WTP-to-income ratios  

The respondents who agreed to contribute to the plan were then asked to distribute is into the 
following categories: 

 Part Α: their own use of groundwater (corresponds to use value) 

 Part Β: so other households in the area can use groundwater  (corresponds to non-
paternalistic altruism, which is considered non-use value) 

 Part C: for future generations to be able to use groundwater (non-use value) 

 Part D: for the preservation of groundwater dependent ecosystems (non-use value) 

On average, respondents offer 29% of their WTP amount for ensuring groundwater use for their 
household (use value); 13% for ensuring groundwater use for other households (non-use altruistic 
value); 34% for ensuring groundwater use for future generations (non-use bequest value); and, finally, 
24% for protecting the groundwater ecosystems (non-use existence value).  

The results imply that the estimated non-use value is 71% of the total economic value (TEV). These 
results are quite compatible with results from previous research on the value of groundwater in 
Greece (Asopos river basin), where non-use values were approximately 69% of the TEV of 
groundwater (Tentes & Damigos, 2012b). At a general TEV level, the results seem also compatible with 
other international results e.g. of Kaoru (1993), but not with some other like McClelland et al. (1992).  

4.4.2 Non-parametric estimation of WTP 

4.4.2.1 Analysis of interval point data 

Using the Turnbull estimator, the non-parametric mean of positive WTP bids is found equal to 7.7 
Euros per household per month (95% C.I. 6.8 - 8.7) and the median equal to 5.0 Euros per household 
per month. Given that positive bids were stated by the 64% of the respondents, the mean WTP for the 
entire population is estimated at 5.0 Euros per household per month (95% C.I. 4.3 – 5.5) and the 
median equal to 3.2 Euros per household per month.  

4.4.2.2 Analysis of mid-point data 

The estimation of the mean and median WTP was calculated through the Kaplan-Meier estimator, 
using the upper (WTPU) (i.e. the mid-point between the amount at which the respondent said “yes” 
and the next higher amount) and lower (WTPL) mid-point amounts (i.e. between the amount at which 
the respondent said “yes” and the next lower amount) from the payment cards. 

The results for the positive bids are summarized in the following Table 4-2 (the survival functions are 
illustrated in Figures 4-8 and 4-9). Given that positive bids were chosen by 64% of the respondents, 
the mean and median WTP values for the entire population, as estimated by the Kaplan-Meier 
estimator, are given in Table 4-3. 

Table 4-2: Kaplan-Meier estimates for upper and lower mid-point amounts (positive bids only) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 
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WTPU 9.9 9.0 10.9 7.5 
WTPL 6.1 5.2 6.9 3.5 

 

Table 4-3: Kaplan-Meier estimates for upper and lower mid-point amounts (population) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

WTPU 6.1 5.4 7.0 3.5 
WTPL 3.8 3.2 4.4 1.5 

 

 

Figure 4-8: Kaplan-Meier survival function on WTPU mid-point amounts 
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Figure 4-9: Kaplan-Meier survival function on WTPL mid-point amounts 

 

4.4.3 Parametric estimation of WTP 

4.4.3.1 Analysis of interval point data 

The parametric estimation of the mean and median WTP values for the interval point data was carried 
out by means of interval regression, following a spike model. The analysis was conducted with and 
without covariates, i.e. with and without the use of explanatory variables. Furthermore, two different 
estimates are provided. The first one is based on individual’s WTP that lies between the amount 
chosen on the payment card, WTPL, and the next larger amount, WTPU. The second one follows Haab 
and McConnel (2003), i.e. the WTPU is the amount chosen by the respondent and WTPL is the next 
lower amount. 

A. Parametric estimation without explanatory variables.  

As mentioned, when maximizing the first equation, we take the percentage of the observed zeros in 
the sample, i.e. 36%. In order to maximize the second equation, which refers to WTP amounts, the 
fitting characteristics of various statistical distributions were examined and the best-fitting 
distribution derived was the lognormal, which is one of the regularly met in the literature (Bateman et 
al., 2002).  

The results are presented in the following tables. 

Table 4-4: Parametric estimates of mean and median WTP values (bid and lower amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 5.8 5.2 6.6 3.9 
All 3.7 3.3 4.2 2.5 

 

Table 4-5: Parametric estimates of mean and median WTP values (bid and higher amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 9.9 9.0 11.0 7.6 
All 6.3 5.7 7.0 4.9 

 

B. Parametric estimation with explanatory variables.  

B.1. Analysis of binary WTP 

This analysis, firstly, aims at correlating the answers to the binary question of WTP (i.e. willing to pay 
anything) to opinion and census variables of the respondents, using a logit model. The model 
calibration results (Table 4-6) show that the model is consistent with the expected parameter signs. 
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Table 4-6: Binary logistic model results 

Variable  b Description of variables 

Constant 2.600393** Constant 

AGEN_CAP -.885968*** Perception about the capacity of agencies to protect 
groundwater (1: yes, 0: no) 

PROT_GW .331512* Importance of the protection and preservation of 
groundwater by the general public (1: Not at all 
important - 5: Very important) 

HH_IMP_GW .856111*** Perception of household impact on groundwater quality 
and/or quantity (1: yes, 0: no) 

GW_RESP -2.023226*** Support groundwater protection and responsible to pay 
(1: Protect and support, 2: Protect without support, 3: No 
need to protect GW) 

AGE -.189354** Age of the respondent  

HH_MEMBERS -.263126* Household members 

SEWAGE .706755** Connection with central sewage system 

BILL .008899* Water usage bill 

INCOME .000046*** Total household income 

n = 316, -2LL=287.695, pseudo R2=30.8% 

            *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

 

More analytically, the probability of respondents to have a non-zero WTP increases when:  

i. They believe that the state agencies lack sufficient capacity to adequately protect 
groundwater (negative sign) 

ii. They believe that the protection and preservation of groundwater by the general public is 
important (positive sign) 

iii. They believe that their own household has an impact on GW status (positive sign) 

iv. They believe that there should be a protection and preservation plan for groundwater, and 
they feel some responsibility for paying for it (negative sign) 

v. They are of younger age (negative sign) 

vi. They have less household members (negative sign) 

vii. Their house is connected with a central sewage system (positive sign) 

viii. They pay higher water bills (positive sign). 

ix. They have higher income (positive sign).  

The calculation of the percentage of the respondents who are willing to contribute to the proposed 
policy scenario is estimated from the model by using the mean values of each variable in the equation. 
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In this case the percentage of positive WTP is estimated at 69.7%, which is close to the sample 
percentage (64%).  

B.2. Bid function analysis 

An empirical bid function model, which connects the declared WTP-amount to opinion and census 
variables, was estimated using interval regression analysis. Two different models were regressed with 
different intervals between the logs of: (a) the amount chosen and the next larger amount, and (b) the 
amount chosen and the next lower amount. 

The model calibration results (Table 4-7) show that the model is consistent with the expected 
parameter signs. 

Table 4-7: Bid function model results (interval data) 

Variable b (Low-Bid) b (Bid-High) Description of variables 

Constant -.3473002   . 6534206*  

ENV_COND .1333513**    . 1092221** The level of environmental conditions in the area of 
residence (1: very dissatisfied - 4: very satisfied) 

AGEN_CAP -.186388*   -.1689756*   Perception about the capacity of agencies to protect 
groundwater (1: yes, 0: no) 

PROT_GW .2092587**   .1757021***   Importance of the protection and preservation of 
groundwater by the general public (1:Not at all 
important - 5: Very important) 

SEWAGE -.2628724**   -.1893505** Connection with central sewage system 

BILL .0051805***   .0039148*** Water usage bill 

INCOME .0000168***   .0000129*** Total household income 

 n=209 

-LL=333.6098 

n=209 

-LL=342.8618 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

 

More analytically, the respondents’ WTP amount increases when:  

i. They are more satisfied with the level of environmental conditions in the area of residence 
(positive sign) 

ii. They believe that the state agencies lack sufficient capacity to adequately protect 
groundwater (negative sign) 

iii. They believe that the protection and preservation of groundwater by the general public is 
important (positive sign) 

iv. Their house is not connected with a central sewage system (negative sign) 

v. They pay higher water bills (positive sign). 

vi. They have higher income (positive sign).  
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Applying the spike, the mean WTP value using the bid selected and the next lower amount is equal to 
5.4 Euros (median: 3.9 Euros) per household and per month for the positive bidders, and 3.7 Euros 
(median: 2.7 Euros) per household and per month for total population, accordingly. 

Using the bid selected and the next higher amount, the mean WTP value is estimated at 9.4 Euros 
(median: 7.6 Euros) per household and per month for the positive bidders, and 6.6 Euros (median: 5.3 
Euros) per household and per month for total population, accordingly. 

4.4.3.2 Analysis of mid-point data 

The parametric estimation of the mean and median WTP values for the mid-point data was carried out 
by means of the spike model of Reiser & Shechter (1999). The analysis considered both the upper 
(WTPU) (i.e. the mid-point between the amount at which the respondent said “yes” and the next higher 
amount) and lower (WTPL) mid-point amounts (i.e. between the amount at which the respondent said 
“yes” and the next lower amount) from the payment cards, and was conducted with and without 
covariates. 

A. Parametric estimation without explanatory variables.  

Just like in the case of interval point data, maximizing the first equation of the model results in the 
percentage of the observed zeros in the sample, i.e. 36%. Similarly, the second log likelihood equation 
was maximized assuming a lognormal distribution of the lower and upper midpoints.  

The results are presented in the following tables. 

Table 4-8: Parametric estimates of mean and median WTP values (lower mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Positive bidders 6.2 5.5 7.1 4.0 
All 4.0 3.5 4.5 2.8 

 

Table 4-9: Parametric estimates of mean and median WTP values (upper mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Positive bidders 10.1 9.2 11.2 7.8 
All 6.5 5.9 7.2 5.0 

 

B. Parametric estimation with explanatory variables.  

The binary logistic model results are identical to those presented in Table 4-6. 

The bid function used was based on lognormal empirical regression model considering only positive 
WTP values. As in the case of non-parametric estimates both lower and upper mid-points were used. 
The results are presented in Table 4-10. 
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Table 4-10: Bid function model results (mid-point data) 

Variable b (Low) b (High) Description of variables 

Constant -.3174976   .723784**    

ENV_COND .134812**   .1073621**    The level of environmental conditions in the area of 
residence (1: very dissatisfied - 4: very satisfied) 

AGEN_CAP -.2018664*   -.1674643*   Perception about the capacity of agencies to protect 
groundwater (1: yes, 0: no) 

PROT_GW .2111097**   .169191***   Importance of the protection and preservation of 
groundwater by the general public (1:Not at all 
important - 5: Very important) 

SEWAGE -.2429196**   -.1794138**   Connection with central sewage system 

BILL .0052049***   .0038282***   Water usage bill 

INCOME .0000165***   .0000124***   Total household income 

 n=211 

Adj.R2=17.6% 

n=211 

Adj.R2=17.0% 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

According to the econometric model, the respondents’ WTP amount increases when:  

i. They are more satisfied with the level of environmental conditions in the area of residence 
(positive sign) 

ii. They believe that the state agencies lack sufficient capacity to adequately protect 
groundwater (negative sign) 

iii. They believe that the protection and preservation of groundwater by the general public is 
important (positive sign) 

iv. Their house is not connected with a central sewage system (negative sign) 

v. They pay higher water bills (positive sign). 

vi. They have higher income (positive sign).  

The mean WTP value using the lower mid-point amount is equal to 5.8 Euros (median: 4.0 Euros) per 
household and per month for the positive bidders, and 4.0 Euros (median: 2.8 Euros) per household 
and per month for total population, accordingly. 

Using the upper mid-point bid, the mean WTP value is estimated at 9.7 Euros (median: 7.9 Euros) per 
household and per month for the positive bidders, and 6.8 Euros (median: 5.5 Euros) per household 
and per month for total population, accordingly. 

 

4.5 Conclusions 
This section summarizes the findings of the CV survey conducted at Lavrion MARSOL Demo site in 
order to estimate local society’s WTP for supporting a groundwater preservation and protection plan 
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that would implement a structured program of artificial aquifer recharge projects, and other relevant 
actions. 

According to the main findings of the study, about 94% of the respondents feel that there should be a 
groundwater preservation and protection plan, and 43% said that they also feel that it is their 
responsibility to pay for it.  

Concerning the financial support for the proposed policy, the elicited value was zero for 36% of the 
respondents. According to the answers given to the follow-up question, more than half (51.1%) of 
those who refused to pay anything said that they couldn’t afford it due to low income. This finding 
indicates that society’s WTP for such a program could be much higher under different economic 
conditions and it has also been observed in other CV surveys that were conducted in rural areas in 
Greece (Damigos et al., 2015). 

On average, the respondents who agree to contribute to the proposed policy offer 29% of their WTP 
amount for ensuring groundwater use for their household (use value); 13% for ensuring groundwater 
use for other households (non-use altruistic value); 34% for ensuring groundwater use for future 
generations (non-use bequest value); and, finally, 24% for protecting the groundwater ecosystems 
(non-use existence value). The results imply that the estimated non-use value is 71% of the total 
economic value (TEV).  

The mean monthly WTP (considering parametric and non-parametric estimation methods for both 
interval and mid-point data) are presented in the following Table 4-11. 
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Table 4-11: Summarized estimates of mean WTP values for the total population (interval and mid-point 
data - € per household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Interval – Non-parametric 5.0 4.3 5.5 3.2 
Interval – Parametric (no covariates) 
bid and lower amount 

3.7 3.3 4.2 2.5 

Interval – Parametric (no covariates) 
bid and higher amount 

6.3 5.7 7.0 4.9 

Interval – Parametric (with covariates) 
bid and lower amount 

3.7 3.5 4.0 2.7 

Interval – Parametric (with covariates) 
bid and higher amount 

6.6 6.3 6.9 5.3 

Mid-point – Non-parametric (lower) 3.8 3.2 4.4 1.5 
Mid-point – Non-parametric (upper) 6.1 5.2 6.9 3.5 
Mid-point – Parametric (no covariates) 
(lower) 

4.0 3.5 4.5 2.8 

Mid-point – Parametric (no covariates) 
(upper) 

6.5 5.9 7.2 5.0 

Mid-point – Parametric (with covariates) 
(lower) 

4.0 3.8 4.3 2.8 

Mid-point – Parametric (with covariates) 
(upper) 

6.8 5.5 7.1 5.5 

 

 A very conservative estimate would be around 50 Euros per household per year, and a relatively 
conservative estimate is of the order of 80 Euros per household per year.   
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5 CS2 - BRENTA 

5.1 Area characteristics 
The Schiavon MARSol DemoSite is the pilot for a large scale project aimed to the recharge the aquifer 
of the Brenta portion of the High Veneto Plain with the main purpose to balance the increase in 
withdrawals allocated to municipal and industrial users and additionally recharging the currently 
depleted aquifer, implementing extensive Forested Infiltration Areas and with costs to be shared by 
municipal, industrial and agricultural users. 

The site is located close to an agricultural area in Schiavon municipality in the Province of Vicenza 
(Italy) within the Resurgence Belt i.e. an area between the High North East Prealpine system and the 
Low Veneto Plain characterized by the presence of resurgence springs. The NE Prealpine system 
constitutes an aquifer with abundant freshwater of very good quality in which rain and snow 
precipitations allow the storage and the release of waters in the environment through glaciers, lakes, 
springs, rivers, and groundwater bodies. Nevertheless, the NE Alpine system is extremely vulnerable 
to effects of climate change and the current water resource management. 

In the last 30-40 years, the water table has slowly but progressively declined, numerous wetlands have 
been desiccated and the aquifers have depressurized as result of overexploitation; these negative 
effects are likely to worsen in the next decades as the frequency and intensity of droughts and water 
scarcity intensify. Still, groundwater can remain the primary water source for the Italian Northern 
Adriatic basins if managed in a sustainable manner and, even better, if recharge is established. 

 

 

Figure 5-1: Cross section of the Resurgence Belt in the Veneto Plain 

Source: MARSOL Partner 

MAR in this case is achieved via a 1.4 ha-large Forested Infiltration Area (FIA) used for Aquifer Storage 
and Recovery (ASR). The FIA uses furrow irrigation for ensuring infiltration into the aquifer at a rate 
estimated between 20 and 50 l/s/ha. A system of furrows (dug at a space of 7 m from each other, 0.7 
m-deep, 0.7 and 0.3m-wide on top and bottom respectively) is fed by drainage channels connected to 
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the irrigation ditch of the local irrigation network. Fast growing trees are planted on both sides of the 
furrows with a density of about 5,000 trees/ha. The vegetative cycle of trees is 5 years, after which 
they are harvested and chipped. Regeneration occurs without the need of replanting. Trees roots 
facilitate MAR in terms of pollutant removal (nitrates) and infiltration efficiency (preventing 
blockage). The site is provided with drain escape, but water is supplied so that it is all infiltrated. The 
system operates continuously during the non-irrigation period in winter ensuring that ecological flow 
of rivers is maintained, and on an intermittent basis during the irrigation period in summer, totalling 
194 operating days per year. 

 

5.2 Data collection 
The survey was conducted using a telephonic survey with CATI (Computer-Assisted Telephone 
Interviewing) methodology, by professional interviewers. The survey was carried out in March 2015. 
A stratified random sample by Italian province was targeted (Abruzzo, Basilicata, Calabria, Campania, 
Emilia Romagna, Friuli Venezia Giulia, Lazio, Liguria, Lombardia, Marche, Molise, Piemonte, Puglia, 
Sardegna, Sicilia, Toscana, Trentino Alto Adige, Umbria, Valle d'Aosta, Veneto). In this way, each 
province was represented numerically in proportion to its weight within the Italian territory. In total, 
300 completed questionnaires were collected through the interviews and the response rate was 
approximately 60% Respondents were selected on a random basis. Towards reducing bias, the steps 
described in section 4.2 were taken. However, small deviations between census data and sample 
demographics are observed. The demographic characteristics of the sample are given in Table 5-1. 

Table 5-1: Sample demographics (CS2) 

Variable Types Relative 
Frequency 

Gender Female 57.3% 
Male 42.7% 

Age group Less than 44 36.3% 
From 44 to 64 years 35.3% 
More than 64 years old 28.3% 

Marital 
status 

Married/Cohabiting 67.9% 
Not married 19.6% 
Divorced/widowers 12.5% 

Members 
per HH 

1 12.0% 
2 37.7% 
3 22.3% 
4+ 28.0% 

Employment Working (full-time, part-time, self, etc.) 46.4% 
Unemployed 6.4% 
Retired 26.8% 
Student 8.5% 
Housekeepers 11.9% 
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Education No schooling completed 0.3% 
Elementary school 9.0% 
Middle school 12.4% 
High school 31.4% 
Trade/technical/vocational training 13.1% 
College degree (2 years) 9.3.% 
Bachelor’s degree (3 years or more) 22.8% 
Master’s degree 1.7% 
Doctorate degree 0% 

Household 
Income 

Less than €10,000 9.9% 
€10,000 - 19,999 7.2% 
€20,000 - 29,999 7.7% 
€30,000 - 39,999 52.7% 
€40,000 - 49,999 13.5% 
€50,000 - 59,999 3.6% 
€60,000 - 69,999 
€70,000 - 79,999 
€80,000 - 89,999 

1.4% 
1.8% 
1.4% 

More than €90,000 0.9% 

 

5.3 Descriptive statistics 
The respondents were asked for the three most important problems in their everyday life. 
Environmental problems are the most important problem for 11.3% of the sample and the second or 
third most important for 17.7% and 23.3% of the population respectively. The environmental issues 
are second in rank within the first 3 issues (52% in total), while social issues prevail in the other 2 
positions (i.e. unemployment 68% comes first; and crime 46% comes third).  

Additionally, 57% of the respondents are ‘satisfied’ or ‘somewhat satisfied’ by the environmental 
status of their areas and the state of the environment, according to their perception, is worsening in 
the last five years (64%). The statistical tests showed that this perception has a statistically significant 
difference with respect to gender, where the majority of women believe that the environmental status 
is worsening, and the majority of men believe that the status is staying the same or improving. 
Focusing on the three most important environmental issues in the area, the respondents underline 
surface and groundwater pollution (55%), soil pollution (46%), as well as air pollution (44% each) as 
most crucial.  

Under the light of the abovementioned perceptions, approximately 71% of the respondents believe 
that protecting the environment is more important than job creation, while 23% believe that ‘Creating 
and protecting jobs’ is more important and only 6% are not sure. The statistical tests showed that the 
decision is significantly affected by:  

 Ownership of the household residence. The respondents who own their house have a 
preference for environment over jobs.  

 Education Level. The preference of maintaining jobs over the environment is reversely 
proportional to educational level (Fig. 5-2). 

 Employment. Employed respondents prefer maintaining the environment over jobs, but 
unemployed and (mostly) housewives and retired respondents prefer the opposite. 
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 Income. Higher income implies (with few exceptions) higher preference for maintaining 
environment over jobs.  

 

 

Figure 5-2: Opinion on maintaining jobs over the environment in relation to the education level of the 
respondents.  

The relative majority of the respondents (43%) have heard “a few times” about groundwater from the 
media (any type), while 30% have never heard about groundwater from the media (Fig. 5-3).  

 

Figure 5-3: Frequency of information on groundwater from the media 

The answers given to the question on what respondents learn about groundwater from the media vary 
significantly. The answers that relate to groundwater management are the 50% of all answers. 

In addition to the previous, the answers of the respondents to the question on the self-rating of the 
knowledge about groundwater-related issues showed that there is a lack of information on 
groundwater. More specifically, 87% of the respondents stated that they have a poor or fair knowledge 
of groundwater (which is comparable to the result from the other countries) and only 13.3% have 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Education Level 1 Education Level 2 Education Level 3

Creating and protecting jobs

Protection of the environment

Not sure

Never, 30%

A few times, 43%

Many times, 27%



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
50 

 
 

‘good’ to ‘excellent’ knowledge. Non-parametric tests showed that the knowledge around groundwater 
issues is related to: the place of residence. The relation to place of residence is clearly shown in Fig. 5-4 
and it shows a shift towards poor knowledge from South to North Italy (islands are related to both 
south and central Italy).  

 

Figure 5-4: Relation of level of knowledge on groundwater issues against place of residence 

Additionally, only 16% of the respondents declare that they have not used groundwater in the past 
(which is different to what the other 2 surveys revealed), while approximately 84.3% have used it, 
either in the past or in the present. Regarding groundwater use, 51% of the respondents mentioned 
drinking, 75% cooking, 78% laundering and 30% irrigation purposes. As happened in the other survey 
countries, prior use of groundwater does not provide for a clear link to knowledge on groundwater. 

The 60% of the respondents state that they have heard of problems related to groundwater quality or 
quantity. The percentage is compatible with the 38% of the respondents stating that they have never 
heard of groundwater in the media. The abovementioned perception is statistically related to the age, 
marital status and employment status of the respondents, unlike the other two surveys. The 
respondents who have heard of such issues are the majority among: certain age groups (18-24y, 25-
34y), not married individuals, and the unemployed.  

The main concerns of the respondents in regard to groundwater problems are: 

 Natural pollution (40%) 
 Over-pumping (26%) 
 Pollution from industrial wastewater (25%)  
 Pollution from pesticides and fertilizers (23%) 

Further, 97% of the respondents recognise that it is important or very important that the competent 
authorities (agencies) protect or preserve groundwater, an attitude similar to the attitude in Greece 
and Portugal. In addition, a marginal majority of the respondents (53%) believe that these authorities 
do have the necessary capacity to fulfil this obligation. This perception is statistically correlated with 
age: respondents who believe that agencies have the capacity are a majority in ages over 54 years and 
a minority below that age.  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

South Central Islands North East North West

Poor Fair Good Very good Excelent



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
51 

 
 

Regarding the reasons behind groundwater degradation, the respondents pinpoint ‘lack of public 
awareness’ as the major driver (36%) and ‘Lack of appropriate legislation’ as the second most 
important driver (23%), although legislation-related issues dominate the answers (42%). Therefore, 
95% believe that ‘protection and preservation of groundwater by pertinent agencies’ is at 
‘important’/’very important’ and 96% believe that the protection/preservation of groundwater by the 
public (individuals) is ‘important’/’very important’.  

Regarding perceived household impacts on groundwater, 64% of the respondents believe that they do 
not have an impact groundwater quality and/or quantity (between Greece’s 68% and Portugal’s 56%) 
and statistical tests showed that this belief is indeed related to age, residence in Islands District, 
existence of sewage, education employment, and prior use (or non-use) of groundwater (Fig.5-5). 

 

         

Figure 5-5: Beliefs related to household impacts on groundwater in relation to: prior use of groundwater; 
place of residence; and level of education. 

The prevailing pressures on groundwater are wasting of water (quantity issue, 65%); municipal 
wastewater discharge (quality issue, 48%); and inappropriate municipal waste management. In 
parallel, 74% of the respondents believe that they impact groundwater as much as the other 
households, while 3% believe they impact more, while there are 23% of the respondents who believe 
they impact groundwater less than others.  

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are 49% (similar to those in Greece), 
while 48% prefer not to pay for preservation and 3% believe that there need not be a plan for 
preservation. In line with this, respondents have been divided into a vast majority who believe that the 
state should pay for preservation and protection of groundwater (92%) and a minority who believe 
otherwise (8%).  

The opinion on paying for preserving groundwater is statistically dependent on the:  

i. Frequency of information over the media. The more the respondents have heard over 
the media on groundwater, the more inclined they are to think that they have 
responsibility for preservation. 

ii. Prior use of groundwater. Those who have used or still use groundwater are more 
inclined to think that they have responsibility for preservation. 
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iii. Opinion on household impacts. Those who believe that their households have an 
impact on groundwater are more inclined to think that they have responsibility for 
preservation. 

iv. Existence of children in the household. Respondents with children in their households 
are more inclined to think that they have responsibility for preservation. 

v. Level of Education. As the level of education of the respondent increases, they are more 
inclined to think that they have responsibility for preservation (Fig. 5-6). 

 

 

Figure 5-6: The ‘public should pay’ for groundwater preservation against education level 

 

5.4 WTP results 

5.4.1 WTP responses 

Regarding the preferred way of funding the proposed policy, around 24% of the respondents said that 
they would prefer pay through municipal taxes, 23% through water bills, and 21.5% through higher 
income taxes. Furthermore, 17.7% of the respondents were willing to make a voluntary donation to 
environmental/conservation organization and the rest of them pointed out other payment vehicles.  

In total, 158 respondents, out of 300 (52.7%) of the respondents agreed to pay something 1 € for the 
proposed plan, while the rest 142 (47.3%) refused to pay any amount.  

Those who answered ‘no’ supported their decision as follows: 

i. ‘I already pay enough municipal/income taxes’: 38.0% 

ii. ‘I cannot afford it’: 20.4% 

iii. ‘It is the government's responsibility’: 14.1% 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 2 3

Pay for preservation
Not pay for preservation



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
53 

 
 

iv. ‘The proposed plan is not feasible, good enough, convincing, etc.’: 1.5% 

v.  ‘Industries, farmers, etc. should pay: 1.0% 

vi. ‘I don't care much about preserving and protecting groundwater’: 1.0% 

Moreover, around 19% of them did not provide support for their preferences and 5% reported 
another reason. 

Reasons ii, iv and vi (i.e. around 28%) are considered ‘true zero WTP-amounts’, while cases i, iii, and v 
are recorded as protest responses (i.e. 72%) (e.g. Halstead et al., 1992; Jorgensen et al., 1999; 
Strazzera et al., 2003; Meyerhoff & Liebe, 2008). Similarly to the Greek survey, and given that in the 
case presented what is being valued is actually a potential policy scenario, it was assumed that the 
stated objections can be deemed as legitimate zeros, representing preferences that are not favourable 
to the proposed policy. 

The positive bids were analyzed following the approach described in Section 4.4.1.1 in order to 
identify potential outliers. The analysis identified 2 bids as outliers compared to the rest of the sample. 
All the remaining amounts correspond to less than 2.5% of respondent’s income (Fig. 5-7). 

The respondents who agreed to contribute to the plan were willing to offer, on average, 26% of their 
WTP amount for ensuring groundwater use for their household (use value); 19% for ensuring 
groundwater use for other households (non-use altruistic value); 33% for ensuring groundwater use 
for future generations (non-use bequest value); and, finally, 22% for protecting the groundwater 
ecosystems (non-use existence value). The results imply that the estimated non-use value is 74% of 
the total economic value (TEV). 
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Figure 5-7: Box-plots of stated non-zero WTP-to-income ratios  

 

5.4.2 Non-parametric estimation of WTP 

5.4.2.1 Analysis of interval point data 

Using the Turnbull estimator, the non-parametric mean of positive WTP bids is found equal to 8.8 
Euros per household per month (95% C.I. 7.0 – 10.6) and the median equal to 5.0 Euros per household 
per month. Given that positive bids were stated by the 52.7% of the respondents, mean WTP for the 
entire population is estimated at 4.6 Euros per household per month (95% C.I. 3.7 – 5.6) and the 
median at 2.6 Euros per household per month. 

5.4.2.2 Analysis of mid-point data 

The estimation of the mean and median WTP was calculated through the Kaplan-Meier estimator, 
using the upper (WTPU) (i.e. the mid-point between the amount at which the respondent said “yes” 
and the next higher amount) and lower (WTPL) mid-point amounts (i.e. between the amount at which 
the respondent said “yes” and the next lower amount) from the payment cards. 

The results for the positive bids are summarized in the following Table 5-2 (the survival functions are 
illustrated in Figures 5-8 and 5-9). Given that positive bids were chosen by 52.7% of the respondents, 
the mean and median WTP values for the entire population, as estimated by the Kaplan-Meier 
estimator, are given in Table 5-3. 

Table 5-2: Kaplan-Meier estimates for upper and lower mid-point amounts (positive bids only) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

WTPU 10.9 9.1 12.7 7.5 
WTPL 6.9 5.4 8.4 3.5 

 

Table 5-3: Kaplan-Meier estimates for upper and lower mid-point amounts (population) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

WTPU 5.7 4.8 6.7 4.0 
WTPL 3.6 2.8 4.4 1.8 
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Figure 5-8: Kaplan-Meier survival function on WTPU mid-point amounts 

 

 

Figure 5-9: Kaplan-Meier survival function on WTPL mid-point amounts 

 

5.4.3 Parametric estimation of WTP 

5.4.3.1 Analysis of interval point data 

The parametric estimation of the mean and median WTP values for the interval point data was carried 
out by means of interval regression, following a spike model, with and without covariates. 
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Furthermore, two different estimates are provided based on individual’s WTP that lies between: (a) 
the amount chosen by the respondent and the next higher amount on the payment card, and (b) the 
amount chosen by the respondent and the next lower amount on the payment card. 

A. Parametric estimation without explanatory variables.  

As mentioned, when maximizing the first equation, we take the percentage of the observed zeros in 
the sample, i.e. 47.3%. In order to maximize the second equation, which refers to WTP amounts, the 
fitting characteristics of various statistical distributions were examined and the best-fitting 
distribution derived was the lognormal.  

The results are presented in the following tables. 

Table 5-4: Parametric estimates of mean and median WTP values (bid and lower amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Positive bidders 6.8 5.7 8.1 3.6 
All 3.6 3.0 4.3 1.9 

 

Table 5-5: Parametric estimates of mean and median WTP values (bid and higher amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Positive bidders 10.8 9.4 12.4 7.3 
All 5.7 4.9 6.5 3.8 

 

B. Parametric estimation with explanatory variables.  

B.1. Analysis of binary WTP 

This analysis, firstly, aims at correlating the answers to the binary question of WTP (i.e. willing to pay 
anything) to opinion and census variables of the respondents, using a logit model. The model 
calibration results (Table 5-6) show that the model is consistent with the expected parameter signs. 

More analytically, the probability of respondents to have a non-zero WTP increases when:  

i. They believe that there should be a protection and preservation plan for groundwater, and 
they feel some responsibility for paying for it (negative sign). 

ii. They are of younger age (negative sign). 

iii. They pay higher water bills (negative sign). This is consistent with the answers provided 
by the respondents who refused to pay anything. 

iv. They have higher income (positive sign).  
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Table 5-6: Binary logistic model results 

Variable  b Description of variables 

Constant 2.625119*** Constant 

GW_RESP -.6664565*** Support groundwater protection and responsible to pay 
(1: Protect and support, 2: Protect without support, 3: No 
need to protect GW) 

AGE -.3815051*** Age of the respondent  

BILL -.0007299** Water usage bill 

INCOME .0000256*** Total household income 

n = 300, -2LL=352.187, pseudo R2=25.2% 

                *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

The calculation of the percentage of the respondents who are willing to contribute to the proposed 
policy scenario is estimated from the model by using the mean values of each variable in the equation. 
In this case the percentage of positive WTP is estimated at 53.3%, which is close to the sample 
percentage (52.7%).  

B.2. Bid function analysis 

An empirical bid function model, which connects the declared WTP-amount to opinion and census 
variables, was estimated using interval regression analysis. To this end, two different models were 
regressed with different intervals between the logs of: (a) the amount chosen and the next larger 
amount, and (b) the amount chosen and the next lower amount. The model calibration results are 
presented in Table 5-7. 

Table 5-7: Bid function model results (interval data) 

Variable b (Low-Bid) b (Bid-High) Description of variables 

Constant -.4207618 .6401909  

PROT_GW .339054* .2699773* Importance of the protection and preservation of 
groundwater by the general public (1:Not at all 
important - 5: Very important) 

SEWAGE -.5461862* -.4379539* Connection with central sewage system 

INCOME .0000157*** .0000123*** Total household income 

 n=158 

-LL= 286.4114 

n=158 

-LL= 298.2792 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

The model is consistent with the expected parameter signs. More specifically, the respondents’ WTP 
amount increases when:  

i. They believe that the protection and preservation of groundwater by the general public is 
important (positive sign) 

ii. Their house is not connected with a central sewage system (negative sign) 

iii. They have higher income (positive sign).  
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Applying the spike, the mean WTP value using the bid selected and the next lower amount is equal to 
6.5 Euros (median: 3.6 Euros) per household and per month for the positive bidders, and 3.4 Euros 
(median: 1.9 Euros) per household and per month for total population, accordingly. 

Using the bid selected and the next higher amount, the mean WTP value is estimated at 10.5 Euros 
(median: 7.3 Euros) per household and per month for the positive bidders, and 5.6 Euros (median: 3.9 
Euros) per household and per month for total population, accordingly. 

5.4.3.2 Analysis of mid-point data 

The parametric estimation of the mean and median WTP values for the mid-point data was carried out 
by means of the spike model of Reiser & Shechter (1999). The analysis considered both the upper (i.e. 
the mid-point between the amount at which the respondent said “yes” and the next higher amount) 
and lower mid-point amounts (i.e. between the amount at which the respondent said “yes” and the 
next lower amount) from the payment cards, and was conducted with and without covariates. 

A. Parametric estimation without explanatory variables.  

Just like in the case of interval point data, maximizing the first equation of the model results in the 
percentage of the observed zeros in the sample, i.e. 47.3%. Similarly, the second log likelihood 
equation was maximized assuming a lognormal distribution of the lower and upper midpoints.  

The results are presented in the following tables. 

Table 5-8: Parametric estimates of mean and median WTP values (lower mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 7.2 6.0 8.6 3.8 
All 3.8 3.2 4.6 2.0 

 

Table 5-9: Parametric estimates of mean and median WTP values (upper mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 11.1 9.7 12.7 7.6 
All 5.9 5.1 6.7 4.0 

 

B. Parametric estimation with explanatory variables.  

The binary logistic model results are identical to those presented in Table 5-6. 

The bid function used was based on lognormal empirical regression model considering only positive 
WTP values. As in the case of non-parametric estimates both lower and upper mid-points were used. 
The results are presented in Table 5-10. 

According to the econometric model, the respondents’ WTP amount increases when:  
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i. They believe that the protection and preservation of groundwater by the general public is 
important (positive sign) 

ii. Their house is not connected with a central sewage system (negative sign) 

iii. They have higher income (positive sign).  

Table 5-10: Bid function model results (mid-point data) 

Variable b (Low) b (High) Description of variables 

Constant -.3327195 .7296952  

PROT_GW .3313904* .2631848* Importance of the protection and preservation of 
groundwater by the general public (1:Not at all 
important - 5: Very important) 

SEWAGE -.5505206* -.4447947* Connection with central sewage system 

INCOME .0000154*** .0000119*** Total household income 

 n=158 

Adj.R2=5.4% 

n=158 

Adj.R2=5.7% 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

The mean WTP value using the lower mid-point amount is equal to 7.0 Euros (median: 3.9 Euros) per 
household and per month for the positive bidders, and 3.7 Euros (median: 2.0 Euros) per household 
and per month for total population, accordingly. 

Using the upper mid-point bid, the mean WTP value is estimated at 10.9 Euros (median: 7.6 Euros) per 
household and per month for the positive bidders, and 5.8 Euros (median: 4.0 Euros) per household 
and per month for total population, accordingly. 

 

5.5 Conclusions 
This section summarizes the findings of the CV survey conducted at Brenta, in Italy, to estimate local 
society’s WTP for supporting a groundwater preservation and protection plan that would implement a 
structured program of artificial aquifer recharge projects, and other relevant actions. 

According to the main findings of the study, about 97% of the respondents feel that there should be a 
groundwater preservation and protection plan, and 48% said that they also feel that it is their 
responsibility to pay for it.  

Concerning the financial support for the proposed policy, the elicited value was zero for 47.3% of the 
respondents. According to the answers given to the follow-up question, almost half (47.4%) of those 
who refused to pay anything said that ‘they already pay enough’ and 17.5% that this plan should be 
government’s responsibility. In total, protest zeros are around 70% and this finding indicates that true 
society’s WTP for such a program could be much higher. 

The respondents who agreed to contribute to the plan were willing to offer, on average, 26% of their 
WTP amount for ensuring groundwater use for their household (use value); 19% for ensuring 
groundwater use for other households (non-use altruistic value); 33% for ensuring groundwater use 
for future generations (non-use bequest value); and, finally, 22% for protecting the groundwater 
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ecosystems (non-use existence value). The results imply that the estimated non-use value is 74% of 
the total economic value (TEV). 

The mean monthly WTP (considering parametric and non-parametric estimation methods for both 
interval and mid-point data) are presented in the following Table 5-11. 

Table 5-11: Summarized estimates of mean WTP values for the total population (interval and mid-point 
data - € per household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Interval – Non-parametric 4.6 3.7 5.6 2.6 
Interval – Parametric (no covariates) 
bid and lower amount 

3.6 2.8 4.4 1.8 

Interval – Parametric (no covariates) 
bid and higher amount 

5.7 4.8 6.7 4.0 

Interval – Parametric (with covariates) 
bid and lower amount 

3.4 3.6 3.6 2.0 

Interval – Parametric (with covariates) 
bid and higher amount 

5.6 5.4 5.8 4.0 

Mid-point – Non-parametric (lower) 3.6 2.8 4.4 1.8 
Mid-point – Non-parametric (upper) 5.7 4.8 6.7 4.0 
Mid-point – Parametric (no covariates) 
(lower) 

3.6 3.0 4.3 1.9 

Mid-point – Parametric (no covariates) 
(upper) 

5.7 4.9 6.5 3.8 

Mid-point – Parametric (with covariates) 
(lower) 

3.7 3.6 3.9 2.0 

Mid-point – Parametric (with covariates) 
(upper) 

5.8 5.6 6.0 4.0 

 

 A very conservative estimate would be around 40 Euros per household per year, and a relatively 
conservative estimate is of the order of 70 Euros per household per year. 

  



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
61 

 
 

6 CS3 – ALGAVRE 

6.1 Area characteristics 
For the purpose of financial and economic analysis the MARSOL sites PT1 (Campina de Faro) and PT2 
(Querença-Silves) were studied.  

PT1, Rio Seco and Campina de Faro aquifer system aims to demonstrate that the aquifer water quality 
can be improved by means of managed aquifer recharge. For this purpose, infiltration basins 
constructed in the Rio Seco river bed are being tested and monitored, using either the basins 
constructed in 2006 during GABARDINE EU project (PT1_1), which were rehabilitated during 
MARSOL, or the new MARSOL basins (PT1_2) constructed in July/August 2014. Furthermore, 
infiltration in typical existing large-diameter wells (PT1_3) is being tested as a MAR facility to increase 
regionally the water recharge and improve the groundwater quality status, using the water collected 
in the greenhouses roofs during rain events. 

This is an area with a relevant environmental quality problem (agriculture groundwater nitrate 
contamination), requiring appropriate MAR INNO-DEMO solutions. As a matter of fact, a significant 
part of Campina de Faro aquifer system has been declared in 1997 as a nitrate vulnerable zone 
(Portaria nº 1037/97, 1st October), in the framework of the Decreto-Lei nº 235/97 (transposes EU 
Directive 91/676), which aims water protection from diffuse pollution caused by nitrates of 
agricultural sources (Fig. 6-1).  

 

Figure 6-1: Location of the Faro Nitrate Vulnerable Zone and MARSOL-PT study Area 
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A relevant amount of MAR knowledge and groundwater data is available, having been gathered on 
another EU sponsored project, the GABARDINE a 6th Framework Programme for Research, 
Technological Development and Demonstration - Specific Targeted Research or Innovation Project 
(Contract no.: 518118-1) (Lobo-Ferreira et al., 2006a &b; Diamantino et al., 2007; Diamantino, 2009). 

Rio Seco MAR facilities are located in the Rio Seco water course. These facilities stand in the northern 
part of the Campina de Faro aquifer system and so only slightly are influenced by the hydrodynamics 
of this system. However MAR at this point will locally influence the hydrogeology of this system by 
enabling fresh water to renew polluted water existing in the system. This will mainly influence a 
north-south strip of the aquifer system along Rio Seco (Fig. 6-2). 

 

Figure 6-2: Location of the infiltration basins at Rio Seco 

PT2, Querença-Silves limestone karst aquifer system (Algarve) demo site aims to: (1) develop a SAT 
system to improve the water quality of treated effluents from a WWTP (PT2_4), which is currently 
discharging water into Ribeiro Meirinho river (PT2_5), a stream recharging the aquifer; and (2) 
investigate and conceptualize the possibility of enhancing the regional water management to increase 
the groundwater storage in the aquifer using MAR in Cerro do Bardo (PT2_6) where an interconnected 
system consisting of a dug well, a natural sinkhole and a weir, can recharge surplus of surface water 
during wet years. This will contribute to increase the water availability in dry years, facilitating 
downstream water supply.  

The handmade Cerro do Bardo well was built in the late 70’s for irrigation purposes. Around the same 
time, a hydraulic connection was built between the nearby Aivados stream and the CB well in order to 
redirect water from the stream towards the well in flood periods. Around 200 m downstream to these 
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infrastructures, a weir was built in the early 80’s with the goal of further enhancing the aquifer 
recharge potential, which includes a natural sinkhole found between the well and the weir. The well-
sinkhole-weir system suggests adequate conditions for the installation of a MAR project, in ASTR 
framework, given the high infiltration rates and aquifer transmissivity.  

An intertwined superficial water management system already exists between the Odelouca, Funcho 
and Arade dams, which allows for some surplus management (Fig. 6-3). It is estimated that during wet 
years there are surplus of around 70 hm3. Under the framework of the MARSOL project it is intended 
to assess the infiltration capacity of the Cerro do Bardo well-sinkhole-weir system in order to allocate 
surface water surplus and to improve the groundwater system role in the regional integrated water 
management. 

 
 

Figure 6-3: Relative position of Well, sinkhole and weir and possible sources of water for MAR in Cerro do 
Bardo MAR system 

São Bartolomeu de Messines WWTP facility (Fig. 6-4) is working since 2004, with an average outflow 
between 0.262 and 0.418 x 106 m3/year that is directly disposed into Ribeiro Meirinho The 
wastewater originates from a semi-urban area with an aged population, where consumption of 
pharmaceuticals is relatively high.  Based on the range of laboratory flow rates obtained in the two 
basins programmed to be constructed (each one with 15x7 m, cf.) the wastewater volume that could 
be infiltrated ranges from 6 - 25 % of the total SB Messines WWTP outflow volume (approx. 900 
m3/d). 
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Figure 6-4: Schema of the SAT-MAR planned for SB Messines 

 

6.2 Data collection 
The survey was conducted via face-to-face interviews. In total, five interviewers were chosen and 
attended a special training session on the subject of the survey, the contents of the questionnaire and 
on how to talk to the respondents and collect the required information. The survey was carried out 
between June and July, 2015 involving residents of the various regions of Portugal (Alentejo, Algarve, 
Centro, Lisbon, Porto).  

In total, 246 completed questionnaires were collected through the interviews. Respondents were 
selected on a random basis. Towards reducing bias, the steps described in section 4.2 were taken. 
However, small deviations between census data and sample demographics are observed. The 
demographic characteristics of the sample are given in Table 6-1. 

Table 6-1: Sample demographics (CS1) 

Variable Types Relative 
Frequency 

Gender Female 43.9% 
Male 59.3% 

Age group Less than 44 28.9% 
From 44 to 64 years 11.8% 
More than 64 years old 45.5% 

Marital 
status 

Married/Cohabiting 41.1% 
Not married 13.4% 
Divorced/widowers 17.4% 

Members 
per HH 

1 29.0% 
2 27.7% 
3 25.9% 
4+ 59.2% 

Employment Working (full-time, part-time, self, etc.) 12.7% 
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Variable Types Relative 
Frequency 

Unemployed 15.5% 
Retired 11.0% 
Student 1.6% 
Housekeepers 7.3% 

Education No schooling completed 12.2% 
Elementary school 9.8% 
Middle school 20.7% 
High school 4.5% 
Trade/technical/vocational training 5.3% 
College degree (2 years) 24.0% 
Bachelor’s degree (3 years or more) 14.6% 
Master’s degree 1.6% 
Doctorate degree 43.9% 

Household 
Income 

Less than €10,000 30.8% 
€10,000 - 19,999 26.6% 
€20,000 - 29,999 14.3% 
€30,000 - 39,999 13.1% 
€40,000 - 49,999 3.8% 
€50,000 - 59,999 4.6% 
€60,000 - 69,999 3.8% 
€70,000 - 79,999 
€80,000 - 89,999 
More than €90,000 

1.7% 
1.3% 

0% 

 

6.3 Descriptive statistics 
The respondents were asked for the three most important problems in their everyday life. 
Environmental problems are the most important problem for 5.7% of the sample and the second or 
third most important for 12.7% and 19.8% of the population respectively. Therefore, social issues 
prevail (i.e. unemployment 70.2%; poor economy 64.2%; crime 21.3%), environment is forth among 
the most important issues for 38.2% of the respondents. This response is somewhat justified by the 
fact that 70.3% of the respondents are ‘satisfied’ or ‘somewhat satisfied’ by the environmental status 
of their areas. In addition, the state of the environment, according to their perception, is staying the 
same or getting better in the last five years (75.4%). The statistical tests showed that this perception 
does not have a statistically significant difference with respect to the place of residence, gender or 
marital status. Focusing on the three most important environmental issues in the area, the 
respondents underline air pollution (74.1%), surface & groundwater pollution (58.6%), as well as sea 
and soil pollution (47% each) as most crucial.  

Under the light of the abovementioned perceptions, approximately 62% of the respondents believe 
that protecting the environment is more important than job creation, while 15.5% believe that 
‘Creating and protecting jobs’ is more important and 22% are not sure. The statistical tests showed 
that the decision is significantly affected by the place of residence of the respondents, with the 
respondents living in Lisbon and other regions emphasizing less on the protection of the environment 
than respondents living in Norte and Algarve. In addition, the decision is significantly affected by 
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income, and respondents with income below 25,000 € are more inclined towards protecting jobs 
(21%) than those with income over 25,000 € (4%).  

The majority of the respondents (52%) have heard “a few times” about groundwater from the media 
(any type) and 38% have never heard about groundwater from the media (Fig. 6-5).  

 

Figure 6-5: Frequency of information on groundwater from the media 

The answers given to the question on what respondents learn about groundwater from the media vary 
significantly. The answers that relate to groundwater management are the 43% of all answers. 

In addition to the previous, the answers of the respondents to the question on the self-rating of the 
knowledge about groundwater-related issues showed that there is a lack of information on 
groundwater. More specifically, 90% of the respondents stated that they have a poor or fair knowledge 
of groundwater (which is comparable to the result from the other countries) and only 10% have ‘good’ 
or ‘very good’ knowledge (Fig. 6-6). Non-parametric tests showed that the knowledge around 
groundwater issues is related to: the place of residence.  

 

Never, 38.0%

A few times, 
51.7%

Many times, 
10.3%
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Figure 6-6: Level of knowledge of groundwater (self-rating) 

Additionally, 52% of the respondents declare that they have not used groundwater in the past, while 
approximately 45% have used in the past and only 3% still use it. As happened in the other survey 
countries, prior use of groundwater does not provide for a clear link to knowledge on groundwater. 
Regarding prior use of groundwater, 57% of the respondents have used it for drinking purposes, 66% 
for cooking, 49% for laundering and 65% for irrigation.  

The 60% of the respondents state that they have heard of problems related to groundwater quality or 
quantity. The percentage is compatible with the 38% of the respondents stating that they have never 
heard of groundwater in the media. The abovementioned perception is statistically related to the level 
of education of the respondents, as observed in the Greek survey (the percentage of the respondents 
that have heard of groundwater problems increases with education level – Fig. 6-7).  

Around 85% of the respondents recognise that it is important or very important that the competent 
authorities (agencies) protect or preserve groundwater. Nevertheless, half of the respondents believe 
that these authorities do not have the necessary capacity to fulfil this obligation. This perception is 
statistically correlated with the level of education; as the level of education increases, the percentage 
of respondents who believe that public agencies do not have the capacity “to carry out policies and 
responsibilities for the protection and preservation of groundwater” increases, as well.  

 

Poor, 60.0%

Fair, 29.8%

Good, 7.3%

Very good, 2.0% Excelent, 0.8%
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Figure 6-7: Level of prior information on groundwater problems based on education level of the 
respondents (Level 1: no-schooling or obligatory schooling, Level 2: technical education, Level 3: higher 

education) 

The main concerns of the respondents in regard to groundwater problems are: 

 Over-pumping (27%) 
 Pollution from pesticides and fertilizers (50%) 
 Pollution from livestock waste (31%) 
 Pollution from industrial wastewater (29%) and industrial solid waste (26%) 

51% of the respondents believe that the most important reason why there are groundwater quantity 
and quality problems are related to legislation (lack or poor implementation), while 42% believe that 
there is lack of public awareness. Therefore, 86% believe that ‘protection and preservation of 
groundwater by pertinent agencies’ is at least important and 83% believe that the 
protection/preservation of groundwater by the public (individuals) is at least important.  

Regarding perceived household impacts on groundwater, 56% of the respondents believe that they do 
not have an impact groundwater quality and/or quantity (less than in Greece’s 68% and Italy’s 64%) 
and statistical tests showed that this belief is indeed related to prior use (or non-use) of groundwater, 
place of residence and level of education (Fig. 6-8).  
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Figure 6-8: Beliefs related to household impacts on groundwater in relation to: prior use of groundwater; 
place of residence; and level of education. 

The prevailing pressures on groundwater are wasting of water (quantity issue, 39%) and municipal 
wastewater discharge (quality issue, 5%). In parallel, 86% of the respondents believe that they impact 
groundwater as much as the other households, while 14% believe they impact more, while there are 
no respondents who believe they impact groundwater less than others.  

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are a minority of 28% (much lower 
than in the other two surveys), while 62% prefer not to pay for preservation and 10% believe that 
there need not be a plan for preservation. In line with this, respondents have been divided into a 
majority who believe that the state should pay for preservation and protection of groundwater (55%) 
and a minority who believe otherwise (45%). As expected, the payment initiative for a preservation 
plan is highly correlated to the opinion of who should pay for preserving groundwater, as presented in 
Fig. 6-9. 
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Figure 6-9: The opinion of who should be paying for preservation (Industry – State – Citizens) against the 
payment initiative of the respondents (Pay – Not Pay)  

 

The opinion on paying for preserving groundwater is statistically dependent on the: 

i. Environmental condition of the region. Those who believe that the environmental 
conditions are improving are more inclined to think that they have responsibility for 
preservation  

ii. Frequency of information over the media. The more the respondents have heard over 
the media on groundwater, the more inclined they are to think that they have 
responsibility for preservation. 

iii. Knowledge about groundwater issues. Those who have a good knowledge of 
groundwater are more inclined to think that they have responsibility for preservation. 

iv. Prior use of groundwater. Those who have used or still use groundwater are more 
inclined to think that they have responsibility for preservation. 

v. Hearing of any concerns regarding the quality and/or quantity of groundwater. Those 
who have heard of groundwater problems are more inclined to think that they have 
responsibility for preservation. 

vi. Importance of the protection and preservation of groundwater by the public. Those 
who think that it is ‘important’ or ‘very important’ are more inclined to think that they 
have responsibility for preservation. 

vii. Education Level. The more educated the respondents are, the more inclined to think 
that they have responsibility for preservation they are.  

viii. Income range. The more the respondents declare, the more inclined to think that they 
have responsibility for preservation they are (Fig. 6-10).   

 

Figure 6-10: The ‘public should pay’ for groundwater preservation against income 
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6.4 WTP results 

6.4.1 WTP responses 

After describing the policy scenario, respondents were asked to indicate their favour way towards 
supporting the groundwater preservation and protection plan. Around 51.4% of them said that they 
would prefer to make a voluntary donation to environmental/conservation organization. Moreover, 
39.2% they would prefer to pay through water bills, 4.1% through municipal taxes, and 5.4% through 
higher income taxes. The rest of the respondents pointed out other payment vehicles.  

Regarding the support for the proposed policy, 76 respondents, out of 246 (30.9%) agreed to pay at 
least 1 € for the proposed plan, while the rest 170 (69.1%) refused to pay any amount.  

Those who answered ‘no’ supported their decision as follows: 

i. ‘It is the government's responsibility’: 51.2% 

ii. ‘I already pay enough municipal/income taxes’: 16.0% 

iii. ‘I cannot afford it’: 8.8% 

iv.  ‘Industries, farmers, etc. should pay: 5.5% 

v. ‘The proposed plan is not feasible, good enough, convincing, etc.’: 0.5% 

Moreover, around 15% of them did not provide support for their preferences and 3% reported 
another reason. 

Reasons iii and v (i.e. around 14%) are considered ‘true zero WTP-amounts’, while cases i, ii, iv and iv 
are recorded as protest responses (i.e. 73%). Similarly to the Greek and the Italian surveys, it was 
assumed that the stated objections can be deemed as legitimate zeros, representing preferences that 
are not favourable to the proposed policy. 

The positive bids were analyzed following the approach described in Section 4.4.1.1 in order to 
identify potential outliers. The analysis identified 2 bids as outliers compared to the rest of the sample. 
All the remaining amounts correspond to less than 2.5% of respondent’s income (Fig. 6-11). 
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Figure 6-11: Box-plots of stated non-zero WTP-to-income ratios  

The respondents who agreed to contribute to the plan were willing to offer, on average, 27% of their 
WTP amount for ensuring groundwater use for their household for irrigation and other uses (use 
value); 22% for ensuring groundwater use for other households (non-use altruistic value); 28% for 
ensuring groundwater use for future generations (non-use bequest value); and, finally, 23% for 
protecting the groundwater ecosystems (non-use existence value). The results imply that the 
estimated non-use value is 73% of the total economic value (TEV).  

6.4.2 Non-parametric estimation of WTP 

6.4.2.1 Analysis of interval point data 

Using the Turnbull estimator, the non-parametric mean of positive WTP bids is found equal to 5.5 
Euros per household per month (95% C.I. 3.8 – 7.1) and the median equal to 5.0 Euros per household 
per month. Given that positive bids were stated by the 30.9% of the respondents, the mean WTP for 
the entire population is estimated at 1.7 Euros per household per month (95% C.I. 1.2 – 2.2) and the 
median at 0.0 Euros per household per month. 

 

6.4.2.2 Analysis of mid-point data 

The estimation of the mean and median WTP was calculated through the Kaplan-Meier estimator, 
using the upper (WTPU) (i.e. the mid-point between the amount at which the respondent said “yes” 
and the next higher amount) and lower (WTPL) mid-point amounts (i.e. between the amount at which 
the respondent said “yes” and the next lower amount) from the payment cards. 



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
73 

 
 

The results for the positive bids are summarized in the following Table 6-2 (the survival functions are 
illustrated in Figures 6-12 and 6-13). Given that positive bids were chosen by 30.9% of the 
respondents, the mean and median WTP values for the entire population, as estimated by the Kaplan-
Meier estimator, are given in Table 6-3. 

Table 6-2: Kaplan-Meier estimates for upper and lower mid-point amounts (positive bids only) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

WTPU 7.3 5.5 9.0 7.5 
WTPL 4.2 2.8 5.6 3.5 

 

Table 6-3: Kaplan-Meier estimates for upper and lower mid-point amounts (population) 

Mid-
points 

Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

WTPU 2.3 1.7 2.8 0.0 
WTPL 1.3 0.9 1.7 0.0 

 

 

Figure 6-12: Kaplan-Meier survival function on WTPU mid-point amounts 
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Figure 6-13: Kaplan-Meier survival function on WTPL mid-point amounts 

 

6.4.3 Parametric estimation of WTP 

6.4.3.1 Analysis of interval point data 

The parametric estimation of the mean and median WTP values for the interval point data was carried 
out by means of interval regression, following a spike model, with and without covariates. 
Furthermore, two different estimates are provided based on individual’s WTP that lies between: (a) 
the amount chosen by the respondent and the next higher amount on the payment card, and (b) the 
amount chosen by the respondent and the next lower amount on the payment card. 

A. Parametric estimation without explanatory variables.  

As mentioned, when maximizing the first equation, we take the percentage of the observed zeros in 
the sample, i.e. 69.1%. In order to maximize the second equation, which refers to WTP amounts, the 
fitting characteristics of various statistical distributions were examined and the best-fitting 
distribution derived was the lognormal, as well.  

The results are presented in the following tables. 

Table 6-4: Parametric estimates of mean and median WTP values (bid and lower amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 3.8 3.0 5.0 2.1 
All 1.2 0.9 1.5 0.0 

 



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
75 

 
 

Table 6-5: Parametric estimates of mean and median WTP values (bid and higher amount - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 6.9 5.7 8.5 4.7 
All 2.1 1.7 2.6 0.0 

 

B. Parametric estimation with explanatory variables.  

B.1. Analysis of binary WTP 

This analysis, firstly, aims at correlating the answers to the binary question of WTP (i.e. willing to pay 
anything) to opinion and census variables of the respondents, using a logit model. The model 
calibration results are presented in Table 6-6. 

Table 6-6: Binary logistic model results 

Variable  b Description of variables 

Constant -3.248824*** Constant 

GW_USE 1.115009*** Use of groundwater today or in the past (1: Yes, 0: No) 

GW_HEARD .800205** Heard about groundwater concerns (1: Yes, 0: No) 

EDUCATION .176158*** Education level 

INCOME .000020*** Total household income 

n = 233, -2LL=257.256, pseudo R2=21% 

            *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

According to the signs of the empirical model, the probability of the respondents to financially support 
the proposed plan increases when:  

i. They have used (now or in the past) groundwater for various uses (positive sign) 

ii. They have you heard concerns regarding the quality and/or quantity of groundwater 
(positive sign) 

iii. They have higher education (positive sign). 

iv. They have higher income (positive sign).  

The calculation of the percentage of the respondents who are willing to contribute to the proposed 
policy scenario is estimated from the model by using the mean values of each variable in the equation. 
In this case the percentage of positive WTP is estimated at 29.0%, which is close to the sample 
percentage (30.9%).  

B.2. Bid function analysis 

An empirical bid function model, which connects the declared WTP-amount to opinion and census 
variables, was estimated using interval regression analysis. Two different models were regressed with 
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different intervals between the logs of: (a) the amount chosen and the next larger amount, and (b) the 
amount chosen and the next lower amount. 

The model calibration results are given in Table 6-7. 

Table 6-7: Bid function model results (interval data) 

Variable b (Low-Bid) b (Bid-High) Description of variables 

Constant .7566468*** 1.549418***  

GW_HEARD .6705385**   .5204577*** Heard about groundwater concerns (1: Yes, 0: No) 

HH_MEMB -.4206574*** -.3223626*** Household adult members 

INCOME .0000147*** .0000118*** Total household income 

 n=74 

-LL= 100.6876 

n=74 

-LL= 112.1408 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

The parameter signs are consistent with expectations. To wit, the respondents’ WTP amount increases 
when:  

i. They have you heard concerns regarding the quality and/or quantity of groundwater 
(positive sign) 

ii. They have less adult household members indicating increased disposable income (negative 
sign) 

iii. They have higher income (positive sign).  

Applying the spike, the mean WTP value using the bid selected and the next lower amount is equal to 
2.8 Euros (median: 2.0 Euros) per household and per month for the positive bidders, and 0.8 Euros 
(median: 0.0 Euros) per household and per month for total population, accordingly. 

Using the bid selected and the next higher amount, the mean WTP value is estimated at 5.7 Euros 
(median: 4.5 Euros) per household and per month for the positive bidders, and 1.7 Euros (median: 0.0 
Euros) per household and per month for total population, accordingly. 

  

6.4.3.2 Analysis of mid-point data 

The parametric estimation of the mean and median WTP values for the mid-point data was carried out 
by means of the spike model of Reiser & Shechter (1999) considering both the mid-point between the 
amount at which the respondent said “yes” and the next higher amount and the mid-point between the 
amount at which the respondent said “yes” and the next lower amount. The analysis was conducted 
with and without covariates, as well. 

A. Parametric estimation without explanatory variables.  

Just like in the case of interval point data, maximizing the first equation of the model results in the 
percentage of the observed zeros in the sample, i.e. 69.1%. Similarly, the second log likelihood 
equation was maximized assuming a lognormal distribution of the lower and upper midpoints.  
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The results are presented in the following tables. 

Table 6-8: Parametric estimates of mean and median WTP values (lower mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 3.6 2.8 4.5 2.1 
All 1.1 0.9 1.4 0 

 

Table 6-9: Parametric estimates of mean and median WTP values (upper mid-point data - € per 
household per month) 

Population Mean Lower bound 
on mean 

Upper bound on 
mean 

Median 

Positive bidders 6.6 5.5 8.0 4.7 
All 2.1 1.7 2.5 0.0 

 

B. Parametric estimation with explanatory variables.  

The binary logistic model results are identical to those presented in Table 6-6. 

The bid function used was based on lognormal empirical regression model considering only positive 
WTP values. As in the case of non-parametric estimates both lower and upper mid-points were used. 
The results are presented in Table 6-10. 

Table 6-10: Bid function model results (mid-point data) 

Variable b (Low) b (High) Description of variables 

Constant . 7904021** 1. 598921***  

GW_HEARD . 6436741**   . 5126744** Heard about groundwater concerns (1: Yes, 0: No) 

HH_MEMB -.3934131*** -.3132943*** Household adult members 

INCOME . 0000143*** . 0000111*** Total household income 

 n=74 

Adj.R2=25.1% 

n=74 

Adj.R2=24.7% 
 

                         *: Significant at 90% level, **: Significant at 95% level, ***: Significant at 99% level 

The parameter signs are consistent with expectations. To wit, the respondents’ WTP amount increases 
when:  

i. They have you heard concerns regarding the quality and/or quantity of groundwater 
(positive sign) 

ii. They have less adult household members indicating increased disposable income (negative 
sign) 

iii. They have higher income (positive sign).  
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The mean WTP value using the lower mid-point amount is equal to 3.1 Euros (median: 0.0 Euros) per 
household and per month for the positive bidders, and 0.9 Euros (median: 0.0 Euros) per household 
and per month for total population, accordingly. 

Using the upper mid-point bid, the mean WTP value is estimated at 6.1 Euros (median: 0.0 Euros) per 
household and per month for the positive bidders, and 1.8 Euros (median: 0.0 Euros) per household 
and per month for total population, accordingly. 

 

6.5 Conclusions 
This section summarizes the findings of the CV survey conducted at Algarve MARSOL Demo site, in 
Portugal with the aim to estimate local society’s WTP for supporting a groundwater preservation and 
protection plan that would implement a structured program of artificial aquifer recharge projects, and 
other relevant actions. 

According to the main findings of the study, about 90% of the respondents feel that there should be a 
groundwater preservation and protection plan, but only 29% said that they feel that it is their 
responsibility to pay for it.  

Concerning the financial support for the proposed policy, the elicited value was zero for 69% of the 
respondents. According to the answers given to the follow-up question, more than half (51.2%) of 
those who refused to pay anything said that this plan should be government’s responsibility and 
16.0% said that ‘they already pay enough’. In total, protest zeros exceed 70% and this finding indicates 
that true society’s WTP for such a program could be much higher. 

The respondents who agreed to contribute to the plan were willing to offer, on average, 27% of their 
WTP amount for ensuring groundwater use for their household for irrigation and other uses (use 
value); 22% for ensuring groundwater use for other households (non-use altruistic value); 28% for 
ensuring groundwater use for future generations (non-use bequest value); and, finally, 23% for 
protecting the groundwater ecosystems (non-use existence value). The results imply that the 
estimated non-use value is 73% of the total economic value (TEV). 

The mean monthly WTP (considering parametric and non-parametric estimation methods for both 
interval and mid-point data) are presented in the following Table 6-11. 
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Table 6-11: Summarized estimates of mean WTP values for the total population (interval and mid-point 
data - € per household per month) 

Population Mean Lower bound 
on mean 

Upper bound 
on mean 

Median 

Interval – Non-parametric 1.7 1.2 2.2 0.0 
Interval – Parametric (no covariates) 
bid and lower amount 

1.2 0.9 1.5 0.0 

Interval – Parametric (no covariates) 
bid and higher amount 

2.1 1.7 2.6 0.0 

Interval – Parametric (with covariates) 
bid and lower amount 

0.8 0.8 0.9 0.0 

Interval – Parametric (with covariates) 
bid and higher amount 

1.7 1.6 1.7 0.0 

Mid-point – Non-parametric (lower) 1.3 0.9 1.7 0.0 
Mid-point – Non-parametric (upper) 2.3 1.7 2.8 0.0 
Mid-point – Parametric (no covariates) 
(lower) 

1.1 0.9 1.4 0 

Mid-point – Parametric (no covariates) 
(upper) 

2.1 1.7 2.5 0.0 

Mid-point – Parametric (with covariates) 
(lower) 

0.9 0.9 0.9 0.0 

Mid-point – Parametric (with covariates) 
(upper) 

1.8 1.7 1.8 0.0 

 

 A very conservative estimate would be around 15 Euros per household per year, and a relatively 
conservative estimate is of the order of 25 Euros per household per year. 
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7 TRANSFERABILITY OF VALUES 
 

7.1 The Benefit Transfer approach 
In many situations, it is not possible to conduct primary valuation surveys owing to time and/or 
budget constraints.  Nevertheless, it is widely recognized that it is better to have some estimates with 
respect to non-market costs and benefits even if they are partial and inaccurate, since “... some 
valuation explicitly laid out for scrutiny by policy-makers and the public, is better than none, because 
none can mean some implicit valuation shrouded from public scrutiny…” (Turner et al. 1994, p. 109). In 
cases where undertaking primary valuation studies is expensive and time-consuming and, thus, 
impractical, it is necessary to extrapolate data from existing valuation studies with a process known as 
‘benefit transfer’ or ‘value transfer’ (henceforth BT).  

The BT borrows data from the site of the original research (i.e. the ‘study site), in order to transfer 
them to the site of interest (i.e. the ‘policy site’). Several necessary conditions should be met for an 
effective and efficient BT (Damigos et al., 2016). To this end, it is usually reported that the primary 
requirements for accurate BT is correspondence, or similarity between the study site(s) and the policy 
site in regards to the change in the quality (or quantity) of the good, the size and the characteristics of 
the populations affected, and the valuation context (i.e. use, non-use, or total value) (e.g. Rosenberger 
& Loomis, 2001; Spash & Vatn, 2006; Boyle et al., 2009; Johnston et al., 2015). Although the study and 
the policy sites should be perfect substitutes, practically, ‘sufficiently similar’ sites are acceptable 
(Rozan, 2004; Eshet et al., 2007).  

In general, although there have been varying classifications of BT techniques, there are two broad 
approaches to BT, namely ‘unit value transfer’ and ‘function transfer’ (Rosenberger and Loomis, 2003; 
Johnston and Rosenberger, 2010; Johnston et al., 2015). 

Unit value transfers encompass the adjusted (e.g. differences in income or purchasing power, or 
according to expert opinion) or unadjusted (i.e. ‘as is’) transfer of a single (point) estimate from a 
study site, or a measure of central tendency of the estimates from several study sites (such as an 
average value). In most cases, unit values can be relatively simply transferred when the study and 
policy sites are located in the same country, taking for granted that the sites are similar in all 
characteristics (Eshet et al., 2007). In the case of international transfers, unit values are usually 
adjusted to account for differences in income, commodity price levels, cultural and socioeconomic 
factors, etc. Assuming that income is the most influential factor in determining WTP, original values 
from the ‘study’ site(s) are proposed to be adjusted using the following equation (Bateman et al., 
2002): 

= ( ⁄ )  

where p is a character for the policy site and s for the study site, Y is the income per capita and e is the 
income elasticity of WTP. 

Alternatively, in order to offset influences concerning differences of income, price level and time, 
Pattanayak et al. (2002) have proposed the following equation:  
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where p is a character for the policy site and s for the study site, pt refers to the year that the BT study 
is conducted and st refers to the year that the original study was conducted, PPPI is the Purchasing 
Power Parity Index and CPI is the Consumer Price Index.   

Function transfers involve a single benefit function transfer from the study site, or a meta-regression 
analysis function that derives from several study sites (Navrud & Ready, 2007). The simple function 
transfer uses the coefficients of the explanatory variables (e.g. socio-economic characteristics, 
environmental characteristics, etc.) from the selected study site and the values of the explanatory 
variables of the policy site, as follows (Rosenberger & Loomis, 2001; Bateman et al., 2002): 

                                                 = + +    

where WTPij is the WTP of respondent i at the policy site j, Xj is the set of characteristics of the 
environmental good at site j, Zij is the set of respondent’s characteristics i at site j, β0, β1and β2 are the 
model parameters estimated at the study site and εij is the random error. 

If suitable functional relations and parameters are available, then the functional transfer is more 
sophisticated and is assumed to produce more accurate results (Eshet et al., 2007). Nevertheless, the 
functions usually derived from TCM, HPM and CVM studies have low explanatory power, and, thus, the 
transfer of such functions combined with the characteristics of a different population can lead to 
further uncertainties. In this case, the transfer of unit value can be more manageable, as it can be 
adjusted as necessary (Damigos et al., 2016). As mentioned, meta-analysis functions synthesize the 
results from multiple prior studies treating each study site as one observation (e.g. Barton, 2002; 
Johnston and Rosenberger, 2010; Johnston et al., 2015). Meta-regression analysis is commonly 
implemented to explore the variations in welfare measures due to differences in methodological 
assumptions of the valuation studies and, thus, to improve the transfer of values (Eshet et al., 2007).  

Regardless of the BT approach chosen, the effectiveness of the method in terms of reliability and 
validity of the results is still a debateable issue. This is not surprising given that the accuracy of the ΒΤ 
estimates depends on a number of parameters, among others the quality of the original studies, the 
data collection method, the econometric models applied for estimating WTP values, the stability of 
data over time provided that original studies occurred at different points in time, etc. (e.g. Desvousges 
et al., 1992; Downing & Ozuna, 1996; Barton, 2002; Boyle et al., 2009). A number of studies have been 
conducted to test the validity and reliability of BT estimates (e.g. Downing & Ozuna 1996; Kirchhoff et 
al., 1997; Brouwer & Spaninks, 1999; Barton, 2002; Loomis & Rosenberger, 2006; Eshet et al., 2007; 
Boyle et al., 2009; Kaul et al., 2013). For a more complete list of related studies, readers are referred to 
Johnston et al. (2015). The findings of these analyses are broadly similar and mostly intuitive 
(Johnston et al., 2015), e.g. transfers of values for quantities are more accurate than those for qualities, 
the combination of data from multiple studies reduces transfer errors, CV estimates are associated 
with systematically lower transfer errors than other nonmarket valuation techniques, etc. In some 
cases, the transfer errors could be considered acceptable, but in other cases, the disparity between the 
estimates was quite large. For instance, Johnston et al. (2015) mention that the weighted mean 
transfer error of the CVM convergent validity studies in Kaul et al. (2013) was 36%, while the range of 
average transfer in Barton (2002) was 20%  and in Kristófersson and Navrud (2007) was 125%. The 
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range of transfer error within studies with more than two comparisons ranged from 13% (Barton, 
2002) to 312% (Kristófersson and Navrud, 2007). 

Despite the fact that BT has certain transfer errors and, thus, cannot replace original research, it is now 
generally accepted as an appropriate method for valuation, particularly when the degree of accuracy 
does not have to be high, e.g. in cases of initial screening of alternative projects (Eshet et al., 2007). 
Bearing in mind these concerns, this section explores the transferability of the values obtained from 
the three primary surveys, so as to select the most appropriate BT approach for transferring non-
market values to all MARSOL Demo Sites. To this end, unit value and function transfers are applied and 
reliability and convergent validity tests of the transferred estimates are conducted presuming the 
equality of the WTP and the demand function at the ‘study’ and the ‘policy’ sites. 

 

7.2 Methodological background 

7.2.1 Reliability testing 

While transfer error is a form of convergent validity testing, it is commonly denoted reliability testing 
(Johnston and Rosenberger, 2010). The typical focus of reliability testing is on the estimation of the 
percent transfer error between the (adjusted or unadjusted) transferred estimates and the estimates 
of the primary study (Johnston et al., 2015). A smaller difference between the transferred estimate and 
the primary estimate suggests increased reliability and, thus, transferability (ibid.). Aiming at 
analysing the transfer validity of values between the three European sites, reliability tests were 
conducted by estimating the transfer errors between the predicted estimates from the study sites and 
the original estimates at the selected policy site by the formula:  

 

 % =  
| − | 

∗ 100 

where WTPtrans is the transferred (adjusted or unadjusted) estimate from the study site(s) to the policy 
site and WTPobs is the observed (i.e. actual) estimate for the policy site. 

 

The analysis was conducted from n-i countries to country i (i.e. every time two countries acted as the 
study sites and one as the policy site) and the transfer errors were estimated for unadjusted values, 
income adjusted values (for two different income elasticities of WTP), and PPP adjusted values. For 
conciseness reasons, the analysis is being conducted only for the upper midpoint amounts.  

7.2.1 Validity testing 

Validity tests evaluate the statistical equality of transferable components, including model parameters 
(i.e. coefficients), and welfare estimates. In other words, validity tests estimate whether transferred 
estimates converge with the estimates of the primary study. Thus, validity tests can only be conducted 
for sites with known values (Shrestha et al., 2007). 
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There are two general tests of convergent validity, namely the equivalence in welfare estimates and 
the equivalence in model coefficients tests.  

In the equivalence of welfare estimates testing, the roles of the null hypothesis (H0) and the alternative 
hypothesis (HA) are reversed (Kristófersson and Navrud, 2005), i.e.: 

H0: =  

HA: ≠  

where WTPtrans is the transferred (adjusted or unadjusted) estimate from the study site(s) to the policy 
site and WTPobs is the observed (i.e. actual) estimate for the policy site. 

Kristófersson and Navrud (2005) proposed alternatively to test whether the transferred and observed 
values are equal, given a transfer error (or a difference Δ) which is acceptable for a particular 
application, i.e.: 

H0:  -  ≧ Δ 

HA: -Δ≦ - ≦Δ 

where Δ is the tolerance level 

If the null hypothesis is rejected, then we conclude that HA is accepted, i.e. the two are equivalent. Ιf a 
1–2α confidence interval lies entirely between –Δ and Δ, the null hypothesis of non-equivalence can be 
rejected in favour of equivalence at the a level of significance (Hauck and Anderson, 1984;  
Schuirmann, 1987). The equivalence test is at the α level because it involves conducting two one-tailed 
tests (TOST test) that jointly describe the 1–2α level confidence interval, as follows: 

                                                         =  ≥                                             

where D is the difference between the transferred and observed values, t1-a is the t-value relative to the 
significance level together with the degrees of freedom and  is the variance of the difference, and Δ 
is the tolerance level. 

Alternatively, Czajkowski and Ščasný (2010) proposed estimating the Minimum Tolerance Level 
(MTL) θ for equivalence at 95% confidence level, rather than using a tolerance level specified a priori. 
More specifically, they suggest estimating the minimum difference Δ for MTL equal to θ which would 
result in the rejection of the null hypothesis of the equivalence at the usual significance level of 5%, as 
follows: 

min  ∈ [0, +∞) . . Pr ( | − ≥ < 0.05 

The second test is used to check the convergence validity of the function transfer between the study 
and policy sites and is based on the hypothesis of parameters equivalence. There are essentially two 
forms of this test: equality of parameters and equality of models (Bergland et al. 2002; Brouwer and 
Bateman 2005; Johnston et al., 2015). The first form of the test assumes that the parameters (βs) of the 
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function derived for the study site are equal to the parameters of the policy site (βp). Hence, the null 
hypothesis for a statistical valid benefit transfer can be described, as follows:  

H0: =  

where βs and βp are the vector coefficients at study site and policy site, respectively.  

This test may be conducted using Wald, Chow, Likelihood Ratio tests (Brouwer and Spaninks 1999).  

 

7.3 Reliability test results 
The next table summarizes the main descriptive statistics for the three CV surveys, together with 
necessary data for BT testing.  

Table 7-1: Summarized CV surveys descriptive statistics 

 
Greece Italy Portugal 

Sample size 370 300 246 
Mean annual income (euros) 19410 35020 22900 
GDP per capita in PPS_Index (EU28 = 100)*  72 97 79 
GNI per capita (current international $)* 21648 34544 21680 
GNI per capita, PPP (current international $)* 25607 34978 28430 
PROT_GW** 4.476 4.681 4.204 
GW_RESP** 1.631 1.553 1.823 
BILL** 158.412 1013.059 366.000 
Mean WTP per HH.month– Non-parametric – 
positive bids only (euros) 

9.9 10.9 7.3 

Mean WTP per HH.month– Non-parametric – all 
(euros) 

6.1 5.7 2.3 

Mean WTP per HH.month – Parametric (no 
covariates) positive bids only (euros) 

  10.1 11.1 6.6 

Mean WTP per HH.month – Parametric (no 
covariates) all (euros) 6.5 5.9 2.1 

Mean WTP per HH.month – Parametric (with 
covariates) positive bids only (euros) 

9.7 10.9 6.1 

Mean WTP per HH.month – Parametric (with 
covariates) all (euros) 

6.8 5.8 1.8 

*: estimated using 2014 figures and forecasted real GDP growth rate 
**: PROT_GW = Importance of the protection and preservation of groundwater by the general public (1: Not at all 
important - 5: Very important); GW_RESP = Support groundwater protection and responsible to pay (1: Protect and 
support, 2: Protect without support, 3: No need to protect GW); BILL = Annual water usage bill (Euros) 

 

Furthermore, in Table 7-2 the results of the country-specific WTP models are presented. It is noted 
that for testing purposes a Tobit modeling approach was used in order to consider both zero WTP and 
cross-sectional heterogeneity. Given the skewed distribution of WTP amounts and the normality 
assumption underlying the Tobit regression, the dependent variable was transformed into lognormal 
form. In order not to lose any zero bidders in the analysis, the untransformed dependent variable was 
raised by one first, following Brouwer & Spaninks (1999) and zeros were set equal to 0.001.Thus, the 
model can be written as follows: 
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where yi is the observed WTP bid (in the form of ln(WTP+1) by individual i, is the latent measure,  
are the explanatory variables of respondent i, b is the vector of coefficient of corresponding 
explanatory variables, γ is the lower limit (i.e. 0.001), and εi is the error term distributed as 
independent normal with mean 0 and variance σ2. 

All models included four explanatory variables, i.e. importance of the protection and preservation of 
groundwater by the general public (PROT_GW), support protection and responsibility to pay for 
groundwater (GW_RESP), mean annual water bill (BILL) and mean annual household income 
(INCOME).  

Table 7-2: Results from the country-specific tobit models 

 
Greece Italy Portugal 

PROT_GW 0. 1949032* . 4121396* -.01349309 
GW_RESP -1. 176168*** -. 6187581*** -2.581959*** 
BILL 0. 0013257** -. 0008918*** . 0007513*** 
INCOME 0.0000233*** . 0000406*** . 0000139*** 
Constant 1.401494** -1. 064682 4. 725982*** 

σ 1. 422624 1. 890831 . 8520811 
Log Likelihood - 492.1709 - 422.8268 -116.9750 
χ2(d.f.) 109.64(4) 43.48(4) 268.68 (4) 
n 346 298 233 
Positive n 220 156 74 

 

As expected, the respondent’s household income plays a positive and significant role in explaining the 
stated WTP amounts in every country-specific sample. The same stands for the perception about the 
responsibility for paying a protection and preservation plan for groundwater. In addition, the 
respondents who believe that the protection and preservation of groundwater by the general public is 
important are willing to pay more in the Greek and the Italian studies, while in the Portuguese study 
this variable is not statistically significant. Finally, those who pay higher water bills appear to be 
willing to pay more for the proposed plan in the Greek and the Portuguese studies, while the opposite 
stands for the Italian study.  

7.3.1 Unit value transfers 

As mentioned, the unit value transfer analysis was conducted from n-i countries to country i (i.e. every 
time two countries acted as the study sites and one as the policy site) for unadjusted values, income 
adjusted values (using two different income elasticities of WTP), and PPP adjusted values. The results 
are presented hereinafter. 
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7.3.1.1 Unadjusted unit value transfers 

The following tables present the results of the unadjusted unit value transfers assuming each time a 
different policy site. More specifically, the observed values indicate the country used as policy site, the 
transferred values denote the study site and the combined column refers to the transferred average 
value of the two policy sites. For each and every transfer, the estimated transfer errors are provided.  

Table 7-3: Transferred values and transfer errors from Italy and Portugal to Greece (unadjusted values) 

 
Greece Italy Portugal Combined 

Observed mean WTP     
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values     
  - non-parametric positive - 10.9 7.3 9.1 
  - non-parametric all - 5.7 2.3 4.0 
Transfer errors     
  - non-parametric positive - 10.1% 26.3% 8.1% 
  - non-parametric all - 6.6% 62.3% 34.4% 

 

Table 7-4: Transferred values and transfer errors from Greece and Portugal to Italy (unadjusted values) 

 
Greece Italy Portugal Combined 

Observed mean WTP     
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values     
  - non-parametric positive 9.9 - 7.3 8.6 
  - non-parametric all 6.1 - 2.3 4.2 
Transfer errors     
  - non-parametric positive 9.2% - 33.0% 21.1% 
  - non-parametric all 7.0% - 59.6% 26.3% 

 

Table 7-5: Transferred values and transfer errors from Greece and Italy to Portugal (unadjusted values) 

 
Greece Italy Portugal Combined 

Observed mean WTP     
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values     
  - non-parametric positive 9.9 10.9 - 10.4 
  - non-parametric all 6.1 5.7 - 5.9 
Transfer errors     
  - non-parametric positive 35.6% 49.3% - 42.5% 
  - non-parametric all 165.2% 147.8% - 156.5% 
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As shown in Tables 7-3 to 7-5, using the unadjusted mean WTP for the positive bids values from the 
study sites would result in transfer errors between 10%-50%. The transfer errors are higher (i.e. up to 
165%) when the unadjusted mean WTP values for the population are considered. The higher errors 
are observed when the values from the Portuguese study are used. This stands especially for the 
population’s WTP. In addition, it becomes evident that the similarity of the population characteristics 
does not guarantee smaller transfer errors. To wit, according to the descriptive statistics of Table 7-2 
Greece and Portugal appear to be closer in terms of socioeconomic characteristics. Nevertheless, the 
transfer errors between Greece and Italy are much lower. Moreover, it is shown that transferring 
average WTP values is not always the best strategy; nevertheless, and this stands especially for cases 
where observed values for the policy site do not exist, it may be a safer option.    

7.3.1.2 Income adjusted unit value transfers 

7.3.1.2.1 Adjustment with income elasticity of WTP = 1 

As mentioned, the WTP estimates were also transferred after adjusting for mean annual income (in 
national and PPP currency) and an income elasticity of WTP equal to 1. The results are presented in 
the following tables. 

 
Table 7-6: Transferred values and transfer errors from Italy and Portugal to Greece (income without PPP 

adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values         
  - non-parametric positive - 6.8 7.3 7.1 
  - non-parametric all - 3.6 2.3 2.9 
Transfer errors         
  - non-parametric positive - 31.0% 26.4% 28.7% 
  - non-parametric all - 41.4% 62.4% 51.9% 

 

Table 7-7: Transferred values and transfer errors from Italy and Portugal to Greece (income with PPP 
adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values         
  - non-parametric positive - 8.0 6.6 7.3 
  - non-parametric all - 4.2 2.1 3.1 
Transfer errors         
  - non-parametric positive - 19.4% 33.6% 26.5% 
  - non-parametric all - 31.6% 66.0% 48.8% 
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Table 7-8: Transferred values and transfer errors from Greece and Portugal to Italy (income without PPP 
adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values         
  - non-parametric positive 15.8 - 11.6 13.7 
  - non-parametric all 9.7 - 3.7 6.7 
Transfer errors         
  - non-parametric positive 44.9% - 6.7% 25.8% 
  - non-parametric all 70.8% - 35.7% 17.5% 

 

Table 7-9: Transferred values and transfer errors from Greece and Portugal to Italy (income with PPP 
adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values         
  - non-parametric positive 13.5 - 9.0 11.3 
  - non-parametric all 8.3 - 2.8 5.6 
Transfer errors         
  - non-parametric positive 24.1% - 17.6% 3.2% 
  - non-parametric all 46.2% - 50.4% 2.1% 

 

Table 7-10: Transferred values and transfer errors from Greece and Italy to Portugal (income without 
PPP adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values         
  - non-parametric positive 9.9 6.8 - 8.4 
  - non-parametric all 6.1 3.6 - 4.8 
Transfer errors         
  - non-parametric positive 35.8% 6.3% - 14.8% 
  - non-parametric all 165.6% 55.5% - 110.6% 
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Table 7-11: Transferred values and transfer errors from Greece and Italy to Portugal (income with PPP 
adjustment and WTP elasticity=1) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values         
  - non-parametric positive 11.0 8.9 - 9.9 
  - non-parametric all 6.8 4.6 - 5.7 
Transfer errors         
  - non-parametric positive 50.6% 21.4% - 36.0% 
  - non-parametric all 194.4% 101.4% - 147.9% 

 

According to results presented in Tables 7-6 to 7-11 the transfer errors for the positive bids range 
between 3%-50% and for the population between 2%-195%, respectively. Again, the higher transfer 
errors are observed when the values from the Portuguese study are considered. The use of adjusted 
values does not seem to improve always the reliability of the transferred estimates. Thus, to a certain 
extent, the results are contradicting and inconclusive.  The same stands for the use of PPP adjusted 
incomes.  

7.3.1.2.2 Adjustment with income elasticity of WTP = 0.7 

Moreover, the same analysis was conducted using an income elasticity of WTP equal to 0.7, the results 
of which are illustrated in the following tables. 

 

Table 7-12: Transferred values and transfer errors from Italy and Portugal to Greece (income without 
PPP adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values         
  - non-parametric positive - 7.9 7.3 7.6 
  - non-parametric all - 4.1 2.3 3.2 
Transfer errors         
  - non-parametric positive - 20.6% 26.3% 23.5% 
  - non-parametric all - 32.6% 62.3% 47.5% 

 

  



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
90 

 
 

Table 7-13: Transferred values and transfer errors from Italy and Portugal to Greece (income with PPP 
adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values         
  - non-parametric positive - 8.8 6.8 7.8 
  - non-parametric all - 4.6 2.1 3.4 
Transfer errors         
  - non-parametric positive - 11.5% 31.5% 21.5% 
  - non-parametric all - 24.9% 65.0% 44.9% 

 

Table 7-14: Transferred values and transfer errors from Greece and Portugal to Italy (income without 
PPP adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values         
  - non-parametric positive 13.7 - 10.1 11.9 
  - non-parametric all 8.5 - 3.2 5.8 
Transfer errors         
  - non-parametric positive 26.0% - 7.2% 9.4% 
  - non-parametric all 48.4% - 44.1% 2.2% 

 

Table 7-15: Transferred values and transfer errors from Greece and Portugal to Italy (income with PPP 
adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values         
  - non-parametric positive 12.3 - 8.4 10.4 
  - non-parametric all 7.6 - 2.7 5.1 
Transfer errors         
  - non-parametric positive 13.0% - 22.6% 4.8% 
  - non-parametric all 33.1% - 53.3% 10.1% 
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Table 7-16: Transferred values and transfer errors from Greece and Italy to Portugal (income without 
PPP adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values         
  - non-parametric positive 9.9 7.9 - 8.9 
  - non-parametric all 6.1 4.1 - 5.1 
Transfer errors         
  - non-parametric positive 35.8% 7.8% - 21.8% 
  - non-parametric all 165.5% 78.9% - 122.2% 

 

Table 7-17: Transferred values and transfer errors from Greece and Italy to Portugal (income with PPP 
adjustment and WTP elasticity=0.7) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values         
  - non-parametric positive 10.7 9.4 - 10.0 
  - non-parametric all 6.6 4.9 - 5.7 
Transfer errors         
  - non-parametric positive 45.9% 29.1% - 37.5% 
  - non-parametric all 185.4% 114.4% - 149.9% 

 

The conclusions derived from Tables 7-12 to 7-17 are similar to the findings for income elasticity of 
WTP equal to 1. To wit, the transfer errors lie between 5%-45% for the positive bids and between 2%-
185% for the population, accordingly. Again, the higher transfer errors are observed when the values 
from the Portuguese study are considered. The use of adjusted values does not seem to improve 
always the reliability of the transferred estimates, and to a certain extent, the conclusions are again 
contradicting and inconclusive.  Nevertheless, the use of an income elasticity of WTP less than one 
results in lower transfer errors (for the majority of cases) in comparison to the use of an income 
elasticity of WTP equal to 1.  

7.3.1.3 PPP adjusted unit value transfers 

Finally, unit value transfers were conducted after adjusting ‘study site’ estimates for PPP. The results 
of the analysis are presented in the following tables. 
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Table 7-18: Transferred values and transfer errors from Italy and Portugal to Greece (PPP adjusted) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive 9.9 - - - 
  - non-parametric all 6.1 - - - 
Transferred values         
  - non-parametric positive - 8.1 6.7 7.4 
  - non-parametric all - 4.2 2.1 3.2 
Transfer errors         
  - non-parametric positive - 18.3% 32.8% 25.5% 
  - non-parametric all - 30.6% 65.6% 48.1% 

 

Table 7-19: Transferred values and transfer errors from Greece and Portugal to Italy (PPP adjusted) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - 10.9 - - 
  - non-parametric all - 5.7 - - 
Transferred values         
  - non-parametric positive 13.3 - 9.0 11.2 
  - non-parametric all 8,2 - 2.8 3.7 
Transfer errors         
  - non-parametric positive 22.4% - 17.8% 2.3% 
  - non-parametric all 44,2% - 50.5% 35.5% 

 

Table 7-20: Transferred values and transfer errors from Greece and Italy to Portugal (PPP adjusted) 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - non-parametric positive - - 7.3 - 
  - non-parametric all - - 2.3 - 
Transferred values         
  - non-parametric positive 10.9 8.9 - 9.9 
  - non-parametric all 6.7 4.6 - 5.7 
Transfer errors         
  - non-parametric positive 48.8% 21.6% - 35.2% 
  - non-parametric all 191.0% 101.8% - 146.4% 

 

The errors in transferring PPP adjusted estimates are almost identical to those observed when 
transferring income (in PPP terms) adjusted values with unitary income elasticity of WTP. Hence, the 
transfer errors range between 2%-50% for the positive bids and between 30%-190% for the 
population’s WTP values, respectively.  

 



MARSOL Deliverable D15.2 
 

______________________________________________________________________________________________________________________ 
 

 
93 

 
 

7.3.2 Function transfers 

Towards estimating function transferred values, the parameters of the Tobit models (Table 7.2) were 
used. More specifically, the Tobit coefficient estimates were used to calculate WTP in each and every 
‘policy’ site, using the benefit functions from the ‘study’ sites, according to the following equation: 

 
∗ = + , ℎ ~ [0, ] 

 
where x’ is the matrix of explanatory variable values at the policy site, β is the vector of estimated 
Tobit coefficients at the study site and ε is the random error 

Before comparing the transferred values with the ‘observed’ ones, it is necessary to adjust for the fact 
that the regression was performed on a censored data set. To this end, the expected value of latent 
variable y*, the truncated and the censored E[y] from the Tobit model are estimated, as follows (Tobin, 
1958; McDonald and Moffitt, 1980): 

 
   ℎ    ∗: [ ∗] =  

    ( ): [ ] = ( ) ∗ [ + ∗ ( )] 

   | > 0 ( ): [ | > 0] = + ∗ ( ) 

 
where y is the dependent variable,  x’ is the matrix of explanatory variable values at the policy site, β is 
the vector of estimated Tobit coefficients at the study site, z is the standardized normal variable given 

by , Φ(z) is the value of the cumulative normal distribution at z, φ(z) is the value of the standard 

normal distribution at z, σ is the standard error of the Tobit regression and λ(α) is the inverse Mills 

ratio 
( )

( )
 

Since the dependent variable is in lognormal form (i.e. ln(WTP+1)), the censored and the truncated 
means are estimated according to the following equations: 

    ( ): [ ] = exp ( +
2

) 1 −
− −

− 1 

   | > 0 ( ): [ | > 0] =
exp ( + 2 )(1 −

− −
)

1 −
− − 1 

The results of the function transfer exercise are illustrated in the following tables. 
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Table 7-21: Function transferred values and transfer errors from Italy and Portugal to Greece  

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - truncated 8.5 - - - 
  - censored 6.5 - - - 
Transferred values         
  - truncated - 13.5 2.7 8.1 
  - censored - 7.9 2.3 5.1 
Transfer errors         
  - truncated - 58.8% 68.2% 4.7% 
  - censored - 21.5% 64.6% 21.5% 

 

Table 7-22: Function transferred values and transfer errors from Greece and Portugal to Italy 

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - truncated - 13.5 - - 
  - censored - 8.0 - - 
Transferred values         
  - truncated 39.0 - 8.8 23.9 
  - censored 37.8 - 8.7 23.3 
Transfer errors         
  - truncated 188.9% - 34.8% 77.0% 
  - censored 372.5% - 8.7% 190.6% 

 

Table 7-23: Function transferred values and transfer errors from Greece and Italy to Portugal  

 
Greece Italy Portugal Combined 

Observed mean WTP         
  - truncated - - 1.9 - 
  - censored - - 1.4 - 
Transferred values         
  - truncated 9.1 10.8 - 10.0 
  - censored 7.1 5.7 - 6.4 
Transfer errors         
  - truncated 378.9% 468.4% - 423.7% 
  - censored 407.1% 307.1% - 357.1% 

 

The estimated transfer errors are higher than the errors obtained from the unit value transfers, 
ranging between 5% and 400%. The range of the errors is comparable with that reported by 
Rosenberger (2015), who summarizes the reported transfer errors from the benefit transfer literature. 
Nevertheless, and contrary to his findings, the unit value transfers performed better than function 
transfers in our case. 
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7.3.3 Summary of transfer errors 

The following table summarizes the estimated average, min and max transfer errors for each method 
used considering both positive bids only and the entire population. 

In general, PPP adjusted unit value transfers behave better in terms of transfer errors than any other 
approach, presenting an average error of about 20% (min: 2%, max: 165%). On the opposite side, 
function transfers result in very high transfer errors. More specifically, the transfer errors are 20 times 
higher or more than that obtained from the PPP adjusted unit value transfer. Furthermore, it is evident 
that transferring positive WTP values only results in lower errors regardless the transfer method used. 

Table 7-24: Transfer errors summary statistics 

 
Average Min Max 

Unadjusted unit value transfers    
  - Positive bids 26% 8% 49% 
  - Population 74% 7% 165% 
Adjusted unit value transfers (income in national 
currency and WTP elasticity =1)    
  - Positive bids 24% 6% 45% 
  - Population 57% 7% 166% 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =1)    
  - Positive bids 26% 3% 51% 
  - Population 77% 2% 194% 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   

 

  - Positive bids 20% 7% 36% 
  - Population 67% 2% 165% 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   

 

  - Positive bids 24% 5% 46% 
  - Population 76% 10% 185% 
PPP adjusted unit value transfers    
  - Positive bids 20% 2% 36% 
  - Population 68% 3% 165% 
Function transfers    
  - Positive bids 189% 5% 468% 
  - Population 195% 9% 407% 

 

7.4 Convergent validity test results 

7.4.1 Equivalence of welfare estimates 

Given that stated WTP amounts are not normally distributed, the equivalence of welfare estimates was 
tested by means of the non-parametric Mann-Whitney test. The results for both adjusted and 
unadjusted unit value transfers considering positive bid only and the entire population are reported in 
the following Table 7-25. 
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Table 7-25: Equivalence test results for unit value transfers between Greece and Italy 

 M-W statistic Sig. (2-tailed) 
Unadjusted unit value transfers   
  - Positive bids 17753 0.916 
  - Population 47944 0.010 
Adjusted unit value transfers (income in national 
currency and WTP elasticity =1)   
  - Positive bids 13085 0.000 
  - Population 43276 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =1)   
  - Positive bids 13383 0.000 
  - Population 43574 0.000 
Adjusted unit value transfers (come in national 
currency and WTP elasticity =0.7)   
  - Positive bids 13383 0.000 
  - Population 43574 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   
  - Positive bids 13559 0.000 
  - Population 43750 0.000 
PPP adjusted unit value transfers   
  - Positive bids 13559 0.000 
  - Population 43750 0.000 

 

Table 7-26: Equivalence test results for unit value transfers between Greece and Portugal 

 
M-W statistic Sig. (2-tailed) 

Unadjusted unit value transfers   
  - Positive bids 5611 0.000 
  - Population 26758 0.000 
Adjusted unit value transfers (income in national 
currency and WTP elasticity =1)   
  - Positive bids 3746 0.000 
  - Population 24893 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =1)   
  - Positive bids 3746 0.000 
  - Population 24893 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   
  - Positive bids 3746 0.000 
  - Population 24893 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   
  - Positive bids 3746 0.000 
  - Population 24893 0.000 
PPP adjusted unit value transfers   
  - Positive bids 7476 0.121 
  - Population 28623 0.000 
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Table 7-27: Equivalence test results for unit value transfers between Italy and Portugal 

 M-W statistic Sig. (2-tailed) 
Unadjusted unit value transfers   
  - Positive bids 4005 0.000 
  - Population 26583 0.000 
Adjusted unit value transfers (income in national 
currency and WTP elasticity =1)   
  - Positive bids 2743 0.000 
  - Population 25321 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =1)   
  - Positive bids 2748 0.000 
  - Population 25326 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   
  - Positive bids 2743 0.000 
  - Population 25321 0.000 
Adjusted unit value transfers (PPP adjusted income 
and WTP elasticity =0.7)   
  - Positive bids 2748 0.000 
  - Population 25326 0.000 
PPP adjusted unit value transfers   
  - Positive bids 2748 0.000 
  - Population 25326 0.000 

 

The null hypothesis of equal means is rejected at the 1% significance level for all cases except from the 
unadjusted unit value transfer from Italy to Greece and the PPP adjusted unit value transfer from 
Portugal to Greece. All in all, it can be claimed that observed and transferred mean WTP values are 
unequal. 

As regards the function transfers, the one sample t-test was applied to test the null hypothesis H0:  

=  

The results are presented in Table 7-27. 

Table 7-28: Equivalence test results for (censored) function transferred values  

 
To 

From Greece Italy Portugal 

Greece  -- 
  Ho: mean = 

8.0 
p = 0.0000 

 Ho: mean = 
1.4 

p = 0.0000 

Italy 
 Ho: mean = 

6.5 
p = 0.3993 

--  
 Ho: mean = 

6.5 
p = 0.0004 

Portugal 
 Ho: mean = 

6.5 
p = 0.0000 

  Ho: mean = 
8.0 

p = 0.8529 
--  
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According to the results of the equivalency test, the null hypothesis fails to be rejected only when the 
bid function is transferred from Italy to Greece, and from Portugal to Italy. 

7.4.2 Equivalence of models 

The Wald test directly tests the equality of coefficient estimates and is hence considered an 
appropriate test statistic for the hypothesis of equal coefficient estimates (Brouwer and Spaninks, 
1999). The hypothesis of equal regression coefficients is rejected in all cases and for all coefficients on 
the basis of the outcome of the Wald test statistic, which is higher than the critical value at the 0.05 
significance level (Wald test = 153.22, Prob > chi2(10) = 0.0000).   

 

7.5 Conclusions 
This section presented a comprehensive testing procedure for unit value and function value transfers. 
To this end unadjusted and adjusted WTP values were tested in terms of reliability and validity of the 
transferred vs. the observed estimates. As regards the transfer errors, the findings are contradicting 
and inconclusive in many cases. The use of adjusted values does not seem to improve always the 
reliability of the transferred estimates, although the PPP adjusted unit value transfers behaved better 
in terms of transfer errors than any other approach. The average transfer error for the positive bids 
lies between 20% and 25%. Nevertheless, the null hypothesis of equal means was rejected at the 1% 
significance level for all cases but two. All in all, it can be claimed that observed and transferred mean 
WTP values are unequal. As regards the population’s WTP, the average transfer errors are three times 
higher than those of the positive bids. This is mainly attributed to the high percentage of zero 
responses in the Portuguese CV study, almost 75% of them being recorded as protest responses. 

Although the transfer of benefit functions is generally considered the most appropriate approach 
because it enables controlling for environmental and population characteristics between the policy 
site and the study site, the transfer errors in our case were remarkably higher (almost eight times 
higher) than those observed in the unit value transfers. Furthermore the Wald test results indicate 
that the hypothesis of equal regression coefficients is rejected in all cases and for all coefficients.   
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8 CONCLUSIONS 
 

This report focuses on the results of three primary valuation surveys, which were conducted by means 
of the Contingent Valuation (CV) method in Lavrion (Greece), River Brenta (Italy) and Algarve 
(Portugal), respectively, with the collaboration of EPEM, SGI and TARH.  

The analysis aims to estimate society’s willingness to pay (WTP) for preserving and improving 
groundwater via MAR programmes, and through this, to measure the non-market benefits generated 
by such actions. The results of this report provide a piece of information that will be used, together 
with the results of the financial analysis, for the social Cost-Benefit Analysis of the MARSOL Demo 
sites. To this end, the objectives of the analysis were the following: 

(a) to investigate people’s knowledge and attitude about existing groundwater management 
practices and their beliefs about groundwater and its perceived benefits;  

(b) to estimate people’s support and their WTP for groundwater protection and preservation, 
with an emphasis on MAR; 

(c) to address the question of how valid and reliable is the international transfer of non-market 
values in the subject under investigation. 

The main results of the three primary surveys are summarized, as follows: 

 Lavrion (Greece): About 57% of the respondents state that they have heard of problems 
related to groundwater quality or quantity. Regarding the reasons behind groundwater 
degradation, the respondents pinpoint ‘lack of public awareness’ as the major driver (35%) 
and ‘poor implementation of legislation’ as the second most important driver (33%). Around 
90% of the respondents recognize that it is important or very important that the competent 
authorities (agencies) protect or preserve groundwater. Nevertheless, half of the respondents 
believe that these authorities do not have the necessary capacity to fulfil this obligation. 
Moreover, 88% believe that the protection/preservation of groundwater by the public 
(individuals) is important or very important. Regarding perceived household impacts on 
groundwater, 68% of the respondents believe that they do not have an impact groundwater 
quality and/or quantity.  

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are 43%, while 51% prefer not 
to pay for preservation and 6% do not believe that there should be a preservation plan. 
Concerning the financial support for the proposed policy, the elicited value was zero for 36% of 
the respondents. According to the answers given, more than half (51.1%) of those who refused 
to pay anything said that they couldn’t afford it due to low income, while protest responses 
were around 30%. This finding indicates that society’s WTP for such a program could be much 
higher under different economic conditions.  

On average, the respondents who agree to contribute to the proposed policy offer 29% of their 
WTP amount for ensuring groundwater use for their household (use value); 13% for ensuring 
groundwater use for other households (non-use altruistic value); 34% for ensuring 
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groundwater use for future generations (non-use bequest value); and, finally, 24% for 
protecting the groundwater ecosystems (non-use existence value). The results imply that the 
estimated non-use value is 71% of the total economic value (TEV).   

Finally, a very conservative estimate of population’s WTP would be around 50 Euros per 
household per year, and a relatively conservative estimate is of the order of 80 Euros per 
household per year.  

 River Brenta (Italy): Around 60% of the respondents state that they have heard of problems 
related to groundwater quality or quantity. Regarding the reasons behind groundwater 
degradation, the respondents pinpoint ‘lack of public awareness’ as the major driver (36%) 
and ‘lack of appropriate legislation’ as the second most important driver (23%), although 
legislation-related issues dominate the answers (42%). Almost all (i.e. 97%) of the 
respondents recognize that it is important or very important that the competent authorities 
(agencies) protect or preserve groundwater, an attitude similar to the attitude in Greece and 
Portugal. Yet, more than half of them (i.e. 53%) believe that these authorities do have the 
necessary capacity to fulfil this obligation. Moreover, 96% believe that the 
protection/preservation of groundwater by the public is ‘important’/’very important’. 
Regarding perceived household impacts on groundwater, 64% of the respondents believe that 
they do not have an impact groundwater quality and/or quantity (between Greece’s 68% and 
Portugal’s 56%).  

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are 49% (similar to those in 
Greece), while 48% prefer not to pay for preservation and 3% believe that there need not be a 
plan for preservation. Concerning the financial support for the proposed policy, the elicited 
value was zero for about 47% of the respondents. According to the answers given, almost half 
of those who refused to pay anything said that ‘they already pay enough’ and 17.5% that this 
plan should be’ government’s responsibility’. In total, protest zeros are around 70% and this 
finding indicates that true society’s WTP for such a program could be much higher. 

The respondents who agreed to contribute to the plan were willing to offer, on average, 26% of 
their WTP amount for ensuring groundwater use for their household (use value); 19% for 
ensuring groundwater use for other households (non-use altruistic value); 33% for ensuring 
groundwater use for future generations (non-use bequest value); and, finally, 22% for 
protecting the groundwater ecosystems (non-use existence value). The results imply that the 
estimated non-use value is 74% of the total economic value (TEV). 

A very conservative estimate of population’s WTP would be around 40 Euros per household 
per year, and a relatively conservative estimate is of the order of 70 Euros per household per 
year. 

 Algarve (Portugal): Similarly to the other two surveys, about 60% of the respondents state 
that they have heard of problems related to groundwater quality or quantity. Furthermore, 
51% of the respondents believe that the most important reason of these problems is related to 
lack or poor implementation of legislation, while 42% believe that there is lack of public 
awareness. Around 85% of the respondents recognize that it is important or very important 
that the competent authorities (agencies) protect or preserve groundwater. Nevertheless, 
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again half of the respondents believe that these authorities do not have the necessary capacity 
to fulfil this obligation. In addition, 83% of the respondents believe that the 
protection/preservation of groundwater by the public is at least important. Regarding 
perceived household impacts on groundwater, 56% of the respondents believe that they do not 
have an impact groundwater quality and/or quantity (less than in Greece’s 68% and Italy’s 
64%). 

The respondents who believe that there should be a protection and preservation plan for 
groundwater, and they feel some responsibility for paying for it are a minority of 28% (much 
lower than in the other two surveys), while 62% prefer not to pay for preservation and 10% 
believe that there need not be a plan for preservation. Concerning the financial support for the 
proposed policy, the elicited value was zero for 60.9% of the respondents. According to the 
answers given, more than half (51.2%) of those who refused to pay anything said that this plan 
should be government’s responsibility and 16.0% said that ‘they already pay enough’. In total, 
protest zeros exceed 70% and this finding indicates that true society’s WTP for such a program 
could be much higher. 

The respondents who agreed to contribute to the plan were willing to offer, on average, 27% of 
their WTP amount for ensuring groundwater use for their household for irrigation and other 
uses (use value); 22% for ensuring groundwater use for other households (non-use altruistic 
value); 28% for ensuring groundwater use for future generations (non-use bequest value); 
and, finally, 23% for protecting the groundwater ecosystems (non-use existence value). The 
results imply that the estimated non-use value is 73% of the total economic value (TEV). 

Finally, a very conservative estimate of population’s WTP would be around 15 Euros per 
household per year, and a relatively conservative estimate is of the order of 25 Euros per 
household per year. 

As regards the transferability of the estimates, the following conclusions can be drawn by the 
reliability and validity tests: 

 The findings with respect to the transfer errors are contradicting and inconclusive in many 
cases. The use of adjusted values does not seem to improve always the reliability of the 
transferred estimates, although the PPP adjusted unit value transfers behaved better in terms 
of transfer errors than any other approach.  

 The average transfer error for the positive bids lies between 20% and 25%. Nevertheless, the 
null hypothesis of equal means was rejected at the 1% significance level for all cases but two. 
All in all, it can be claimed that observed and transferred mean WTP values are unequal.  

 The average transfer errors with respect to the population’s WTP are three times higher than 
those of the positive bids. This is mainly attributed to the high percentage of zero responses in 
the Portuguese CV study, almost 75% of them being recorded as protest responses. 

 The transfer errors resulted from the transfer of benefit functions were remarkably higher 
(almost eight times higher) than those observed in the unit value transfers, although the 
transfer of benefit functions is generally considered the most appropriate approach. 
Furthermore, the hypothesis of equal regression coefficients is rejected in all cases and for all 
coefficients.   
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