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Abstract

The paper presents the results of a contingent valuation survey
alming at assessing population willingness to pay for groundwater pro-
tection in the Upper Rhine Valley (URV) aquifer. The perception
of groundwater pollution issues is first described based on a sample
of 668 questionnaires. Values are elicited for two scenarios consist-
ing of restoring drinking water quality (scenario 1) and eliminating all
traces of polluting substances (restoration of natural quality, scenario
2). Stated WTP amounts are on average equal to respectively 42.6 €
and 77 € per household per year (for a ten years period during which
remediation measures are implemented). Factors determining WTP
are investigated using various multivariate analyses. Finally, the total
benefits associated with each scenario are estimated at the regional
level: 31.3 and 49.3 millions € per year are found for scenarios 1 and
2 respectively.
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1 Introduction

Following the publication of the Water Framework Directive (2000/60/EC)
in 2000, European Member States are currently initiating very ambitious
water protection programs aiming at restoring good ecological and chemical
status for all water bodies before 2015. Whilst the directive defines envi-
ronmental objectives for surface water bodies, it has not been considered
appropriate to define new groundwater quality standards which would be
applied uniformly to all groundwater bodies across Europe. Instead, the
legislator has preferred to leave up to each Member State to determine con-
centration threshold values for all major polluting substances. According to
the recent groundwater Daughter Directive, such thresholds values can be
set at regional or local levels in order to reflect local natural or economic
specific characteristics. The Directive explicitly recognizes that the costs of
groundwater protection actions should remain proportionate with the envi-
ronmental and economic benefits they generate. As a result, policy makers
express a growing demand for economic assessment of costs and benefits
associated to different levels of groundwater protection. However, existing
studies generally focuses on a unique groundwater protection or restoration
scenario and rarely assess the benefits associated with different protection
scenarios. This study presents an attempt to fill this gap through a case
study where the benefits of two groundwater protection scenarios and corre-
sponding environmental quality standards are assessed through a contingent
valuation survey.

2 A presentation of the Upper Rhine aquifer and
groundwater improvement scenarios

The Upper Rhine Valley (URV) alluvial aquifer was selected to conduct a
case study as part of the European 7®* PCRD BRIDGE project. This cross-
border alluvial aquifer, located between Germany and France, extends over
4 200 km? (Figure 1). With a reserve of approximately 45 billions cubic me-
ters of water, that is approximately half of the volume of Lake Geneva, this
aquifer is one of the largest fresh water reserves in Europe. Groundwater
from the URV fulfils 75% of the drinking water needs and about half of the
industrial water needs. More than three millions inhabitants of the Alsace
Region (France) and the Land of Baden-Wurttemberg (Germany) directly
depend on this resource for their water supply. Although usable for drink-
ing purposes without prior treatment in most locations, groundwater has
progressively been affected by diffuse and point source pollution since the
1970’s.

The URV aquifer is severely affected by four major pollutions: nitrates,
pesticides, chloride and Volatile Organic Compounds (VOCs). The nitrate
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Figure 1: Location of the Upper Rhine Valley aquifer (shaded area)

pollution problem is particularly acute on both sides of the Rhine. About
15% of the 1 100 monitored points showed in 1997 a nitrate concentration
exceeding 50 mg/1 and the European guide value of 25 mg/1 was exceeded in
36% of the monitored points. On the French side of the aquifer, atrazine and
its metabolite (desethyl-atrazine) are detected in respectively 59% and 63%
of monitored points in 1997 due to intensive use for maize and vine crops.
Concentrations exceed the drinking quality thresholds (0.1 pg/l) in around
15% of the samples [3]. A large area is affected by chloride pollution, origi-
nating from the potash mining industry, on the French and German side of
the aquifer. The latest maps produced in 2000 show that the plumes extend
over approximately 40 km. Because of the relatively higher density of saline
water, deep layers are more affected than surface layers. High concentra-
tions in VOCs have been detected downstream of several industrial areas.
In a groundwater quality measurement campaign carried out in 1996-97,
VOC were found in 38% of the french and german groundwater samples.
Around 6% of the samples show concentrations higher than 10 pg/1, which
is the maximum value for drinking water use according to the EU standard
[3]. Other contaminants have been locally reported, including heavy metals,
polycyclic aromatic hydrocarbons (PAH) and oils. Nitrates, pesticides and
chloride pollutions benefit from years of investment aiming at shifting in-
creasing concentrations tendancies. Measures will still operate in the next 10
years and positive results can be already observed. Thus, VOCs remain the
fourth and important groundwater problem to consider. VOCs regulations
exist in air pollution sector and contribute to limit groundwater impacts.



Though, as high VOCs concentrations are found in groundwater, specific
measures are to be taken, in order to improve groundwater quality.

3 Methodology

The objective of the study is to assess population willingness to pay for
restoring two alternative levels of groundwater quality [2]. The standard
contingent valuation method is used in order to catch both use and non-use
values. The questionnaire employed is designed for postal mailing. Two set
of questions are asked to respondents: (i) whether or not they are willing to
pay for the proposed scenarios; and (ii) how much they are willing to pay for
each scenario. The elicitation format used is a payment card, range of which
was tested during the questionnaire pretest. The questionnaire includes ad-
ditional questions on groundwater perceptions and uses and socioeconomic
characteristics of the respondents.

The business as usual scenario described in the questionnaire (reference
situation) assumes that in 2015: (i) nitrates, pesticides and chlorides con-
centrations in groundwater should satisfy the standards thanks to the main-
tained efforts to reverse the tendencies; (ii) in the absence of specific VOCs
groundwater protection and remediation actions, VOCs pollution plumes
would extend leading to the contamination of urban drinking water wells
and to negative environmental impacts.

An action scenario, consisting in restoring groundwater quality up to
current drinking water standards, is first considered and assessed by respon-
dents. A second scenario consisting of restoring natural quality (removal of
all traces of solvents) is then assessed by respondents. Scenarios are pre-
sented in Figure 2 below.

The contingent valuation survey was carried out between March and
July 2006. Following a pretest of the questionnaire through 140 face-to-
face interviews, the questionnaire was sent out by mail to 5 000 Alsatian
households. Over this sample, 4 000 households fed through the aquifer
were selected, half in rural localities and half urban areas. The remained
questionnaires (1 000) were sent in municipalities located outside the aquifer
and using other water resources. The data collected are then used to model
households’ decision to pay for the two scenarios (Logit model, where the
explained variable is a binary one taking the value one if the households
accept to pay, zero otherwise). The stated willingness to pay amount is
modelled using a linear regression (excluding protest answers) and a Tobit
model (including and excluding protest answers). Based on the results of
the multivariate analysis, an assessment of the total benefits of each ground-
water protection scenario is carried out, based on assumptions related to the
population concerned by groundwater protection in the region.



Scenario 1

Scenario 2

Objective Restoring drinking groundwater quality Restoring natural groundwater quality (no
traces of solvenis in the long term)
PoM timing 10 years 10 years
Actions - Remediation measures implemented in - Remediation measures implemented in
implemented historical contaminated sites located in areas  historical contaminated sites located in areas

as part of the
scenario

where CS exceeds drinking water threshold
value

- Preventive measures applied (through
regulation) in all enterprises using
chlorinated solvents and located in areas
where concentrations in solvents exceed
drinking water threshold.

where traces of solvents are detected

- Preventive measures applied (through
regulation) in all enterprises using chlorinated
solvents and located in areas where traces of
solvents have been detected

Expected
benefits

- Drinking water quality level restored
within 10 years but traces of CS remain in
the aquifer, with risk of impacts on
ecosystems.

- Reduction in drinking water treatment

- Natural quality restored, traces of CS
disappear within 50 years: natural attenuation
contribution.

- Environmental benefits for ecosystems and
water related species, absence of risk for

cost. humans using groundwater.

- Heritage benefits (for future generations).

Figure 2: Description of groundwater restoration scenarios

4 Empirical results

4.1 Description of respondents’ population

A total of 668 usable questionnaires were returned out of the 5 000 sent
by mail. The response rate (13.4%) is conforming to similar methods. The
survey first allows understanding the perception of groundwater pollution
problem by the population. Concerning the perception of groundwater pol-
lution, 22% of the respondents never heard about Upper Rhine pollution
aquifer cases whereas 54% did. According to the respondents, the main
causes of groundwater pollution are agriculture and industry. When asked
to identify within a list the polluting substances which are present in the
aquifer, respondents mainly quote nitrates (86%) and pesticides and herbi-
cides (84%). They are fewer to quote heavy metals (44%), chlorides (45%)
and hydrocarbons (33%). Chlorinated solvents are quoted by 53%, putting
them in third position after nitrates and pesticides. After having read the
description of the current situation in terms of water quality in Alsace, 82%
declare that they were not well (or not at all) informed about it before
reading the text. Most respondents (80%) consider the two proposed hypo-
thetical scenarios as credible.

Sixty two percent of the respondents accept to contribute to the first
scenario: the mean W'TP declared is 42.6 €2007 per households. In the case
of the second scenario, 54% of the respondents are willing to contribute. The
corresponding mean WTP is 77 €2007 per household. Unexpectedly and
in both scenario cases, the average willingness to pay of respondents living
above with aquifer is not higher than WTP declared by respondents living
outside the aquifer - which was one of the assumptions to be tested. These



values can be compared with the 117 €2007 and 65 €2007 for users and
non-users respectively found in a 1993 contingent valuation assessing WTP
for groundwater protection in the same region [5, 4]. A major finding is the
relatively high protest rate close to 53% for the first scenario (17% for the
second). This attitude is mainly due to the fact that the scenario is perceived
as inconsistent with the polluter pays principle. Other respondents reject
the scenario due to the proposed payment vehicle and assert that they would
be willing to pay but not through an increase of their water bill.

4.2 Models results and aggregation

The results of the linear Logic model shows that the main significant vari-
ables are the realism of the described scenarios, the number of children in
the household, the income and the number of known polluting substances
(Figure 3). The frequency of tap water consumption does not appear as a
significant variable as found by Stenger and Willinger.
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Figure 3: Results of the Logit model for scenarios 1 and 2

Two models were tested to explain stated WTP amounts: linear regres-



sion (Figure 4) and Tobit model. Unexpectedly, the knowledge of the water
bill has a negative impact on the WTP amount. Significant variables are
quite different from the Logit model. They are income, knowledge of wa-
ter bill, concern about groundwater pollution, practice of water activities
(leisure), and use and non-use values of groundwater advocated as motiva-
tions to pay. Explanatory powers of the models are satisfying in each case.
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Figure 4: Results of the OLS regression for scenarios 1 and 2

The predicted WTP range between 19.6 and 29.7 €2007 per household
for the first scenario and between 35 and 50.8 €2007 per household for the
second scenario according to the regression model used and the inclusion of
protest answers or not (Figure 5).



Estimated mean WTP OLS regression Tobit with protests Tobit without protest
(€2007)

Scenario 1 29,7€ 19,6€ 20,7€

Scenario 2 50,8€ 35,7€ 350€

Figure 5: Predicted WTP according to the models

4.3 Aggregation

Finally, the total benefits of the Upper Rhine Valley aquifer are estimated
after a sample bias correction. The average WTP per socio-professional
categories are reported and extrapolate to the Alsatian population according
to its regional socio-professional distribution [1]. Thus, the total benefits of
groundwater protection is estimated at 31.3 million €2007 per year for 10
years for the scenario 1 (drinking quality level) and 49.3 million €2007 per
year for 10 years for scenario 2 (natural water quality level).

5 Conclusion

The results of the survey highlight that the population is concerned by
groundwater protection. The average stated WTP amounts was estimated
at 42.6 €2007 per households and per year for 10 years for restoring drinking
water quality and 77 €2007 per year for 10 years for restoring natural. There
is no statistical difference between WTP amounts declared by households
living above the aquifer (and using it for water supply) and others living out-
side the aquifer. This suggests that groundwater option value and non-use
value are significant. The methodology implemented however did not allow
assessing separately direct use value, option value and non-use values. The
study also reveals that the population is very sensitive to the implementation
of the polluter pays principle. Many respondents have refused to contribute
to the scenarios, arguing that polluters (industries) should pay. Similar atti-
tudes would probably be encountered for all pollution issues where pollution
damage cost can be attributed to legal entities - theoretically liable to pay
for remediation costs.
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