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• The Water Framework Directive (WFD) 

2000(60) has been established with the 

aim of improving water quality in 

Europe and achieving a good quality 

status for all European river basins by 

2021/2027, promoting a common 

management framework.  

• The cost of achieving full compliance 

could be high but the Directive allows 

for derogations if the costs of meeting 

the environmental objectives are 

considered disproportionate (Metcalf 

et al., 2012). 

Water Policy in EU 



• Even though the Directive does not 

explicitly demand a Cost-Benefit Analysis, 

disproportionate costs are practically 
identifiable after a CBA (as also indicated 

in the so called WATECO (2003) 

guidelines and other related documents), 

where benefits are assessed through 

elicitation of citizens’ willingness to pay for 

achieving a good level of water quality 

and related ecosystem services. 

Disproportionate costs in WFD 



• An emerging issue in environment valuation 

studies is the analysis of the determinants of 

preferences/WTP for specific use and non use 

values associated with a project.  

• It is important to deepen the analysis of the 

socio-psychological determinants of the 

households’ preferences in order to identify 

those elements that could be a hinder to the 

adoption of effective measures.  

• This type of investigation has been relatively 

disregarded in previous studies dealing with 

valuation of ecosystem services of water 

resources 

Objective of the study 



• We apply a set of Posterior Analysis 

methods to examine the conditional 

distributions of attribute estimated by a 

RPL model for identification of 

socioeconomic, demographic and 
psychological factors influencing 

individual preferences and WTP 

 

• Posterior Analysis on conditional 

distributions has been applied by Train 

(2003), Hess (2007), Richter and Weeks 

(2016).  

Innovative aspects of the study 



• Attributes: 
o Ecosystem quality -> ecological status indicators and/or 

water quality/appareance (Hanley et al., 2006; Alvarez-

Farizo et al., 2007; Brouwer, 2008, 2015, 2016; Martin-

Ortega e Berbel, 2010; Garcia-Llorente et al., 2012; 

Kataria et al.,2012; Doherty et al., 2014; Meyerhoff et al., 

2014; Marsh e Phillips, 2014, 2015; etc.) 

o Recreational activities (Martin-Ortega e Berbel, 2010; 

Stithou et al., 2012; Hynes et al., 2012; Bliem et al., 2012; 

Kataria et al., 2012; Garcia-Llorente et al., 2012; Doherty 

et al., 2014; Buckley et al., 2016) 

o Tap water services (Alvarez-Farizo et al., 2007; Rungie et 

al., 2014; Latinopoulos, 2014; Brouwer et al., 2015; 

Czajkowski et al., 2015 ; Dauda et al., 2015) 

o Flood risk and general bank conditions (Hanley et al., 

2006; Hensher et al., 2006; Alvarez-Farizo et al., 2007; 

Garcia-Llorente et al., 2012; Kataria et al., 2012, Doherty 

et al., 2014; Ryffle et al., 2014; Brouwer et al., 2016; 

Stithou et al., 2012) 

 

Review of the literature 



• Determinants of WTP: 
o Socio-demographic variables: income (Alvarez-Farizo et al., 

2007; Buckley et al., 2016; Brouwer et al., 2016); education 
(Alvarez-Farizo et al., 2007; Bliem et al., 2012; Garcia-Llorente 
et al., 2012; Buckley et al., 2016) 

o Socio-psychological factors: 

• Attitudes, perception and behavior:  

1. perception of ecological condition/perception of 
impacts on local economy (Alvarez-Farizo et al., 2007); 

2. attitudes towards water restrictions, intention to 
compliance; values, perceived behavioral control, 
network effects (Cooper et al., 2011);  

3. attitudes towards environmental and health risk (Hunter 
et al., 2012);  

4. direct/option use values, bequest values, existence 
values, indirect value (Halkos and Matsiori, 2014); 

5. economic development/environmental protection 
perceived importance (Buckley et al., 2016; Garcia-
Llorente et al., 2012); 

• Previous experience of water restriction or flood 
(Brouwer et al., 2015; Latinopoulos, 2014) 

• Information on water conditions (Cooper et al., 2011; 
Kataria et al., 2012) 

 

Review of the literature 



• We estimate a Multinomial Logit model, a 
Latent Class model, and a Random 
Parameter Logit: the latter is the preferred 
model according to standard model 
selection criteria  

• In order to identify which variables affect 
individual choices, we first attempted fitting 
RPL models with heterogeneity in mean 
and/or in variance, but the results have been 
quite disappointing and do not allow to 
correctly identify individual characteristics 
that influence citizens’choices 

• To overcome this issues we decided to adopt 
the procedures described in Train (2003), 
Hess (2007), Richter and Weeks (2016)and 
select relevant covariates through a Posterior 
Analysis procedure 

Methodological Issues 



Case study • Typical hydrological 

Mediterranean system 
• Highly irregular seasonal 

flow patterns observed 

in nearly all rivers 

• 34 large reservoirs 

(artificial lakes) store 

and provide raw water 

for residential, 

agricultural and 

industrial uses -> 

quantity and quality 

problems 

• Strong interconnections 

among reservoirs -> 

complex infrastructural 

system -> one Water 

Basin 

 
 

 



Survey • Two preliminary 
research phases 
before survey 
administration: a desk 
analysis and a 
qualitative research 
(in-depth interviews 
with privileged 
interlocutors and 
focus groups with 
citizens) 

• The questionnaire was 
administered 
between February 
and May 2017 to 804 
individuals with quota 
sampling on the adult 
resident population  

31% 

6.7% 

6% 

4.4% 

4.4% 

13% 

27% 

7.5% 



The questionnaire 
• Demographic and socio-economic characteristics  

• Perception of citizens about the quality of water supplied in the 

municipality of residence, consumption habits and purchase of 
bottled water or other sources  

• Knowledge and frequentation of the rivers and lakes of Sardinia  

• Values, beliefs, attitudes in relation to the rivers and lakes of 
Sardinia 

• Knowledge of the theme "water resources": characteristics and 
conditions of the waters of rivers and lakes in Sardinia and analysis 

of the perception of the relationship between production activities, 

water uses and alteration of the natural conditions of the 

watercourses, on the one hand, and hydrogeological risk, quantity 

and quality of water resources, on the other. 

• Direct experience of critical issues related to the water system 

(non-dispensing, non potability, turbidity, low pressure) or to floods 

and risk perception (probability of occurrence and quantification 
of damage in the event of qualitative or quantitative problems or 

flooding events)  

• Sources of information on issues related to water resources 

(traditional media, internet or reference network) and citizens' 

perception of easy access to them 

 



Choice Experiment Design 
• The Choice Experiment (MNL d-efficient) 

design consists in a set of 36 combinations.  

• Each respondent faced 6 cards and each 
card was made up of three scenarios: one 
scenario representing the status quo and two 
intervention scenarios.  

• Scenarios were made of the following 
attributes and levels: 
o Water Ecosystem Improvement (30% of water resources 

classified as “scarce quality”; 15%; 0%) 

o Water Service Improvement (10% of municipalities with water 
service problems; 0%)  

o Jobs lost as a result of the renaturation of river belts (0 jobs lost; 
180 jobs lost; 400 jobs lost) 

o Reduction of Hydrogeological Risk (30% of municipalities with 
areas classified as areas with high hydrological risk; 10%) 

o Improvement of Recreational Activities (recreational activities 
only in few rivers and lakes; recreational activities in most rivers 
and lakes) 

o Increase of Local Taxes (0 tax increase; +40€/year; +90€/year; 
+150€/year). 

 



Choice Card Example 
Scenario A Scenario B Status Quo 

Percentage of rivers and 

lakes classified as 

“SCARCE quality” 

ecosystems 

0% 15% 30% 

Percentage of 

municipalities with serious 

water service problems 

10% 0% 10% 

Jobs lost as a result of the 

renaturation of river belts 
400 180 0 

Percentage of Sardinian 

municipalities with areas 

classified as at “higher 

hydrological risk” 

30% 10% 30% 

Recreational uses in rivers 

and lakes 

Possible  

only in a few 

Possible 

in most 

Possible  

only in a few 

Annual increase of Local 

Taxes 
40 Euro 90 Euro 0 



• We estimate a Multinomial Logit, a Latent 

Class and a RPL model 

• The RPL model with all attribute coefficients 

specified as Normal distributions, but 

Ecosystem_15 and Water Service which are 

fixed, is the preferred specification according 

to standard model selection criteria  

Model estimation results 



Variables Random Parameter Logit 

  Means of random 
parameters 

Std. Devs. of random parameters 

Ecosystem_15 
0.952*** 
(0.086) 

-- 

Ecosystem_0 
1.094*** 
(0.095) 

0.863*** 
(0.125) 

Water service  
0.258*** 
(0.058) 

-- 

Jobs_180 
-1.194*** 
(0.107) 

1.459*** 
(0.156) 

Jobs_400 
-2.156*** 
(0.117) 

1.343*** 
(0.134) 

Hydrogeological risk 
0.784*** 
(0.076) 

1.066*** 
(0.103) 

Recreational activities 
0.316*** 
(0.068) 

0.948*** 
(0.097) 

Tax 
-0.096*** 
(0.009) 

0.100*** 
(0.012) 

Status Quo 
-0.637*** 
(0.125) 

1.822*** 
(0.121) 

N. of individuals /obs. 804/4824 
Log lik./AIC/BIC -4328.387/8730.76 /8834.46 
R2 Adj. 0.178 



Results 

• The coefficients are all significant and with the 
expected signs  

• We observe a less than proportional increase in: 
o the variable that indicates a reduction from 30% to 15% of the 

percentage of water bodies with a low ecological status, and the 
one that indicates a reduction from 30%  

o job losses associated with the redevelopment of river-basins 

This would imply a decreasing marginal utility, or an 
embedding effect (as also seen in Bliem et al., 2012; 
Metcalfe et al., 2012; Brouwer et al., 2016). 

• Most respondents prefer proposals for action to 
the current situation 

• However, 58 respondents (7% of the sample) 
preferred never to choose the intervention 
situation;  

• In general, they stated that they do not trust in 
public authorities effectiveness in managing 
water problems and that they do not want to 
pay other taxes.  



Kernel density of the conditional 
means distributions 

Ecosystem_0. % negative: 0.0 Jobs_180. % positive: 5.6 Jobs_400. % positive: 0.6 
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Pairwise correlations in distributions 
of conditional means 

  Ecosystem_

0 
Jobs_180 Jobs_400 

Hydrogeol. 

risk 
Recreation Taxe Status Quo 

Ecosystem_

0 
1.000             

Jobs_180 0.041 1.000           

Jobs_400 0.060* 0.184*** 1.000         

Hydrogeol. 

risk 
0.009 0.037 0.208*** 1.000       

Recreation -0.048 0.175*** 0.059* 0.114** 1.000     

Tax 0.235*** 0.223*** -0.024 0.228*** 0.140*** 1.000   

Status quo -0.237*** -0.290*** -0.256*** -0.284*** -0.205*** -0.468*** 1.000 



• Individual coefficients estimated with 

RPL model are analyzed through a 

cluster analysis (k-means method) 

• We obtain 2 clusters 

• To identify characteristics associated 

to the two clusters, we analyze (T-test 

on means) differences of our socio-

economic, demographic, socio-

psychological variables, between 

clusters. 

Cluster Analysis 



Cluster 1 (55%)  Cluster 2 (45%)  

Higher (utility) coefficients: 

Ecoystem_0; Hydrogeological Risk; 

Recreation 

Higher (disutility) coefficients: 

Jobs_180; Jobs_400; Tax 

Younger 

Higher education levels and income 

Experience of  water service problems 

Aware of  the impacts of  individuals’ 

behavior on water quality 

Perceive future flood risks 

Aware of  causes of  flood risk 

Water conditions affect local economy  

Diversified information/Better informed 

Residents in Nuoro more likely  

Nobody always selected Status Quo   

Older 

Lower education levels and income 

Agree on measures for drinking 

water quality for families 

Some against additional recreational 

activities 

Environmental protection is not an 

individual’s responsibility  

Water conditions do not affect local 

economy  

Environment protection hinders 

economic development 

Traditional media/Less informed 

Residents in Oristano more likely 

Some always selected Status Quo 



• A Logit model is applied to estimate the 

probability of Cluster membership, conditional on 

covariates  

• We also estimate a LC model on the choice 

data, where class membership is conditional on 

covariates.  

• The two models retain all variables that resulted 

significant at least at 5% level in the previous 

analysis based on the t-test of means by cluster 

• The Posterior Analysis on the conditional 

distributions and the LC model give similar results: 

so our results are validated 

• The RPL model fits the data better, and the 

Posterior Analysis on the conditional distributions 

gives more information than the LC. The LC 

model would be rejected on the basis of AIC/BIC 

tests, which select the RPL model.  
 

Cluster Determinant Analysis 



Cluster determinants 
Logit Model Latent Class 

Variables 
Coeff. 

(std. err.) 
Coeff. 

(std. err.) 

Constant 
-0.231* 
(0.123) 

-0.567*** 
(0.204) 

Income 
0.549*** 
(0.153) 

0.547*** 
(0.192) 

Environment Conscious 
0.232*** 
(0.077) 

0.263*** 
(0.094) 

Utilitarians 
-0.131* 
(0.076) 

-0.137 
(0.095) 

Flood causes 
0.202*** 
(0.076) 

0.251*** 
(0.092) 

Future_floods 
0.159** 
(0.074) 

0.177** 
(0.090) 

Traditional media 
-0.246*** 
(0.076) 

-0.373*** 
(0.096) 

Nuoro residents 
-0.497* 
(0.294) 

-0.925*** 
(0.358) 

Education - 
0.475** 
(0.212) 

N. of individuals /obs 804/804 804/4824 

Log likelihood -523.79 -4435.46 

R2 Adj. 0.057 0.16 



• We estimate average values of the estimated 
willingness to pay using the coefficients of the 
Multinomial Logit, Latent Class and Random 
Parameter model. 

• The MNL and LC model WTPs are calculated on 
the entire sample 

• The RPL model WTP are been calculated 
removing  outliers (i.e. values exceeding the 99% 
percentile of the WTP distribution) and taking into 
account only significant parameters with a 
correct sign 

• A partial exception has been made for the 
Recreational activities: in this case, in fact, 
average values are calculated without removing 
incorrect signs, given the high number of 
individuals who would perceive a loss of utility 
from an increase of this attribute. 

• Results are in line with previous studies 

Willingness to Pay 



Variables MNL 
RPL 

(Cond. Distr. means ratio) 

RPL 

(Unconditional 

Distribution) 

  Mean 

[Confidence Interval] 

n. obs 

Mean 

[min – max] 

n. obs 

Mean 

[min – max] 

n. obs 

Ecosystem_15 

105.18 

[79.30 - 131.06] 

804 

156.17 

[41.61-1307.25] 

797  

152.76 

[3.36 – 1909.86] 

619 

Ecosystem_0 

127.87 

[100.75 -154.99] 

804 

194.13 

[12.32 – 1881.87] 

778 

184.00 

[0.28 – 3040.88] 

636 

Water service 

23.59 

[9.04 - 38.13] 

804 

42.78 

[11.29 – 357.63] 

772 

40.83 

[0.10 – 539.46] 

660 

Jobs_180 

-139.85 

[-178.14 - -101.56] 

804 

-181.58 

[-1236.41 - -5.05] 

735 

-207.47 

[-3877.47 - --1.53] 

572 

Jobs_400 

-240.70 

[-281.54 - -199.86] 

804 

-353.15 

[-3073.37 - -11.46] 

791 

-285.45 

[-3705.22 -  -0.22] 

648 

Hydrogeological risk  

100.59 

[79.92 - 121.26] 

804 

156.35 

[3.31 – 1687.32] 

728 

208.82 

[0.23 – 6781.61] 

569 

Recreational activities 

42.04 

[26.33 - 57.75] 

804 

65.48 

 [-269.26 - 1205.35] 

712 

38.92 

[-1007.98 – 1611.83] 

719 



Variables MNL LC 
RPL 

(Cond. Distr. means ratio) 

  Mean 

[Confidence Interval] 

n. obs 

Mean 

[min – max] 

n. obs 

Mean 

[min – max] 

n. obs 

Ecosystem_15 

105.18 

[79.30 - 131.06] 

804 

93.72 

[33.68 – 152.66] 

804 

156.17 

[41.61-1307.25] 

797  

Ecosystem_0 

127.87 

[100.75 -154.99] 

804 

114.11 

[42.39 – 184.51] 

804  

194.13 

[12.32 – 1881.87] 

778 

Water service 

23.59 

[9.04 - 38.13] 

804 

28.99 

[14.10 – 43.61] 

804 

42.78 

[11.29 – 357.63] 

772 

Jobs_180 

-139.85 

[-178.14 -101.56] 

804 

-101.15 

[-142.62 - -60.43] 

804  

-181.58 

[-1236.41 - -5.05] 

735 

Jobs_400 

-240.70 

[-281.54 -199.86] 

804 

-194.25 

[-205.10 - -183.2] 

804 

-353.15 

[-3073.37 - -11.46] 

791 

Hydrogeological risk  

100.59 

[79.92 - 121.26] 

804 

84.85 

[24.65 – 143.94] 

804 

156.35 

[3.31 – 1687.32] 

728 

Recreational activities 

42.04 

[26.33 - 57.75] 

804 

37.33 

[8.37 – 65.77] 

804 

65.48 

 [-269.26 - 1205.35] 

712 



• In our study,  estimation of an RPL model with 
heterogeneity in mean (and/or variance) did not 
produce satisfactory results, while the Posterior 
Analysis uncovered correlations between 
attributes’ coefficients and socio-economic, 
demographic and socio-psychological variables.  

• We identified main determinants of the 
preferences in our context, and especially 
variables representing socio-psychological 
characteristics (retrieved through psychometric 
scales designed ad hoc), such as ethical values 
(Environmental Consciousness), perception of 
flood risk and awareness of its causes.  

• These findings can be useful to target 
communication campaigns and actions to 
promote support of the adoption of the 
measures required to achieve the WFD 
objectives. 

 

Conclusions 
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