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Abstract:  According to the Water Framework Directive, water pricing could become an incentive for a sustainable and 
environment-friendly water resources management. The recuperation of the full cost of water services has therefore 
emerged as a key objective of the water policy in the Member States. In the present research a questionnaire survey 
was performed with personal interviews in households in the city of Volos, Greece, in order to evaluate various 
aspects of current water policy, to investigate the perspectives of water saving, to evaluate water price elasticity, and 
to determine the willingness to pay for changes in the water service level. Based on these data and estimations, the full 
water cost for the city of Volos is calculated, including, apart from the direct cost, the environmental and the natural 
resources cost. The results from this research contain useful effects, especially for the Water Utility, in order to face 
the challenge of complying with the Water Framework Directive. Furthermore, the outcomes were compared to those 
of two previous surveys and essential conclusions concerning water pricing and public participation were drawn. The 
interest of these outcomes grows if taken into account the fact that the new research was, in contrast to the older ones, 
conducted in an economic crisis environment. 
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1. INTRODUCTION 

The ongoing acute global water crisis is very closely related to the unilateral water supply 
management. A turning point is considered to be the implementation of the European Water 
Framework Directive 2000/60 (WFD, 2000), which plans and sets the political and institutional 
framework for the integrated management of water recourses. It introduces a shift from water 
supply management to water demand management and focuses on active public participation, 
emphasizing on water economics and especially water pricing policies (AWWA M1, 2000). 

According to the WFD, all Member States should include specific incentives in their water 
pricing policies, in order to motivate consumers towards a more effective water use and hence 
contribute in achieving the environmental objectives of the European Directive. Water pricing 
policies should incorporate the use of economic principles such as effective pricing derived from 
cost recovery assessments. The principle of recuperation of the total cost of water services - 
including the environmental cost and the natural resources cost - has to be taken into consideration. 
The full water cost recovery analysis has therefore become an important step towards a sustainable 
and environment-friendly water resources management. However, water pricing policies can 
become an effective tool in demand management only if they are appropriately implemented and 
regulated within the local institutional, political and social constraints (Boland, 1993, OECD, 2002). 
For instance, in order to ensure water pricing acceptability and transparency in water resources 
management, a broad institutional reform might be necessary. Supplementary measures, such as 
reduction of water losses, water saving adjustments as well as public information campaigns 
towards a more efficient water use could enhance the effectiveness of cost recovery pricing. In the 
recent years, one of the factors which plays a very important role for any water pricing policy 
attempt is the country’s economic situation. The question that arises is what happens when a 
specific country – such as Greece - falls into a state of economic recession? How does the crisis 
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affect the water policy? 
In water economics, when trying to answer such questions, one has to examine the consumer’s 

willingness to pay (WTP) for the specific policy (Pouta et al., 2002). The term of WTP actually 
describes the expected amount a consumer is willing to pay for a given service or a given change in 
service level, as well as the expected percentage of consumers who are willing to pay. As expected, 
WTP depends on a large number of factors, such as population and consumers’ income, public 
awareness about water services, reliability of the water utility, etc. A critical factor is the economic 
situation of the country. Given the economic crisis in Greece during the past five years, an 
assessment of the evolution of the WTP before and after the crisis could be of great interest. 

In our research, a new survey has been performed in the city of Volos, Greece, regarding the 
residential sector. Various aspects of the current water policy have been evaluated as well as the 
perspectives of water saving. Furthermore, new approaches toward sustainable water management 
in the water supply sector are being explored and the water price elasticity is being assessed. After 
approaching the WTP, the full water cost for the city of Volos was estimated. All results were 
compared to those of two previous surveys and essential conclusions concerning water pricing and 
public participation were drawn.   

2. THE STUDY AREA 

The study area is the wider region of the city of Volos, Greece. With a population of 
approximately 144,000, Volos is the capital city of the prefecture of Magnesia (Figure 1).  

 

Figure 1. The study area: Volos, Greece. 

It is located approximately equidistant from Athens and Thessaloniki, the country’s two main 
urban centres, in the centre of the Greek mainland.  

The Municipal Water Utility of the city of Volos is responsible for the city’s urban water supply. 
The data of the specific research was acquired from a field survey, during which questionnaires 
were filled out in face-to-face interviews. The survey took place from November 2012 till June 
2013. A total of 236 questionnaires were completely filled out and suitable for further use.  

The method used was probability sampling, which refers to any sampling procedure that relies 
on random selection according to which there is a known and equal probability for every unit to be 
chosen as a unit of the sample. Each sector’s participation in the sample was calculated based on 
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information supplied from the National Statistical Service of Greece.   
Each questionnaire can be divided in three parts. The first section, “Social Characteristics”, 

determines the identity of the subject. Social characteristics (such as sex, age, education etc.) as 
well as general information regarding the residences, the members of the family, the family income 
etc. are being inquired. The next section, namely “Water Use and Conservation”, deals with water 
consumption and use in the city of Volos (water tank, water pump, water breakdown, quality of life 
– consumption of water). In this section, there are questions inquiring the citizens’ opinion as far as 
water quality and policy matters (water consumption, water problems, quality of life) are concerned, 
as well as questions examining the water supply policy (work infrastuctures, public information and 
education on the problems of water supply). The “Water Pricing Policy”, which is the third part of 
the questionnaire, examines consumers’ willingness to be informed and take part in water 
conservation programs as well as their willingness to pay in order to improve the services provided 
by the Municipal Water Utility.  

3. MAIN SURVEY FINDINGS 

3.1 Water pricing issues  

One of the main issues to be investigated is the public’s opinion regarding water pricing 
schemes. A 67.4% of the consumers believe water should be charged according to consumption, 
whereas a further 22.7% reject the current water pricing policy (flat-rate charge plus increasing 
block tariffs). Consumers are not in favour neither of the flat rate tariff (6.9%) nor of charges 
according to the size of the residence (tariff per square meter) (3.0%) (Figure 2).  

 

Figure 2. Public preferences on water pricing schemes. 

There is no denying that the water price is low, in fact it is so low, that nearly half of them 
(46.2%) don’t even know its actual price. This doesn’t provide incentives for consumers to reduce 
their water consumption.  

3.2 Water quality and quantity issues 

Most consumers (84.3%) are very concerned about future water problems in Greece, and 
especially in the wider region of Volos. Furthermore, the quality of tap water is not satisfactory, 
since only 1 out of 5 (21.2%) think it is of good quality. This is due mainly to the old and poorly 
maintained supply infrastructure, which causes problems both in the taste and odor of tap water, 
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rather than to the actual water quality (Figure 3).  

 

Figure 3. Reasons for not preferring tap water. 

Water quality and quantity seem to be the main problem for more than half of the consumers. 
Only 4.7% consider sufficiency to be a more serious problem than pollution. 31.4% believe there is 
a water quality problem as opposed to a 7.6% who believe there is no significant water problem. 
Obviously, water quality problems that are strongly connected with health risks seem to occupy 
consumers more than water availability problems which tend to be underestimated (Figure 4).  

 

Figure 4. Water quality and quantity problems. 

3.3 Water supply and pricing policy 

The construction of new engineering projects seems to be the most effective solution for the 
control of water problems, according to 45.3% of the consumers (Figure 5). Consumers tend to pass 
their responsibility on to the water supply authorities, demanding the construction of new projects, 
instead of adopting water saving policies. It is obvious that consumers should receive more 
information regarding the importance of water demand management in order to actuate them 
towards a demand oriented water use policy.  

Almost half of the consumers (46.2%) don’t pay attention to the price of water as they state that 
they don’t even know it. Few are those (2.1%) who think that the price of water is low, as can be 
seen in Figure 6.  



European Water 49 (2015)   93 

 

The current water price in the city of Volos does not appear to be an incentive for its 
conservation, since only 1 out of 3 consumers controls his consumption in relation to its price. 

Half of the respondents (49.1%) don’t believe in the effectiveness of water pricing, indicating 
either that residential water use is inelastic to price or that the current water rate structure is far from 
acting as an incentive for water conservation (Figure 7). 

 

Figure 5. Water problems policy. 

 

Figure 6. Valuation of water price.  

 

Figure 7. Current water price as an incentive for water conservation.  
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Irrespective of what consumers think about the price of water, many (75.1%) declare that they do 
not wish to contribute to the improvement of the services and network of the water utility, 
considering that an increase of the water price will mean a respective increase of the Water Utility’s 
welfare (Figure 8).  

 

Figure 8. Willingness to pay extra for service improvements. 

3.4 Public awareness and participation in water conservation programs 

Figure 9 shows that consumers are highly interested (91.4%) in receiving information from the 
Municipal Water Utility regarding the city’s water supply problems as well as other water related 
issues (Figure 9).  

 

Figure 9. Consumers’ briefing desire.  

Information should be provided through a special edition dispatched together with the water bill, 
since local media (radio, TV, newspapers), the Internet and magazines are considered to be less 
important (Figure 10). 

Furthermore, there is a very high willingness (85.8%) to participate in water conservation 
programs. This is of great significance when applying water conservation programs, since, in case 
of no participation, there is always the risk of failing to achieve the goal (Figure 11). 
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Figure 10. Public preference of information exchange. 

 

Figure 11. Willingness to take part in water conservation programs. 

According to the results of the study, it is more likely for a well-informed consumer to be 
inclined to reduce his water consumption. Educational programs on the importance of water 
conservation could be effective water saving tools.  

Public media messages and printed materials increase public awareness and encourage 
conservation whereas educational, rebate and retrofit programs are useful in order to promote the 
installation of water efficient devices such as water-efficient plumbing codes designed to reduce 
long-term water demand. An ongoing information campaign has proven to be more effective, as the 
effect of publicity exists only as long as the publicity continues (Billings & Day, 1989). 

4. ELASTICITY OF WATER DEMAND  

A matter of great interest in analyzing the economic demand for water is consumers’ 
responsiveness to price differences. One measure of this concept of responsiveness is called the 
price elasticity of demand and is equal to the proportionate difference in the quantity purchased 
divided by the proportionate difference in price paid (Merrett, 2005).  

A basic and non-complicated equation that can describe some observations (y), which depend on 
a set of variables (x), takes the following form (Aiew et al, 2004). 

yit = a + ∑
=

K

k
kitk x

1

β + vi + uit                      i = 1, 2,…, N            t = 1, 2,…, T (1) 
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where, y is the dependent variable in observation i at time t, xkit is the vector of specific selected 
variables, α, βk are the coefficients to be estimated, vi is the unexpected regime of the dependent 
variable and uit is the error term. 

The sample consists of the 236 residential consumers, who were interviewed through the 
questionnaires mentioned in the survey performed. Water consumption levels were inserted in the 
model as time series data and were provided by Municipal Water Utility of the city of Volos in the 
form of 3-month period water consumption records from years 2007 to 2012 (24 time series 
observations in total). 

Price structure and changes in pricing policy were also collected by the Municipal Water Utility 
of the city of Volos. There are different expressions of water price (average, marginal and 
difference) that have been used in various studies of water demand and the adequate specification of 
the price in water demand models is an econometric issue of great importance. 

The water pricing policy for the residential sector which was applied in the city of Volos until 
2005, was an increasing block rate system with five water brackets with a fixed service charge of 15 
m3/trimester. From 2006 to 2011 the residential customers were charged based on a six-block rate 
structure combined with a same fixed service charge. The year 2012 the Water Utility, took into 
consideration the results from previous studies and changed the fixed service charge from 15 
m3/trimester to 10 €/trimester for water and 4 €/trimester for sewerage services, providing an 
incentive to the consumers for lower water consumption. Table 1 shows the water pricing policy for 
the year 2012. 
 

Table 1. Water pricing policy for the year 2012. 

Consumption 
(m3/trimester) 

Water 
(€/m3) 

Sewerage 
(€/m3) 

1-25 0.50  0.29  
26-40 1.13  0.63  
41-50 1.16  0.68  
51-60 1.33  0.70  
61-80 1.58  0.80  
>81 2.02  1.06  

 
The average price (AP) is defined as the water bill paid by the consumer divided by the amount 

of water consumed. The marginal price (MP) is the price that a consumer should pay, according to 
the water price structure, for the next cubic meter of water. This principal is based on consumers’ 
attempt to optimize their utility function. The difference variable depicts the difference between the 
real water bill and the bill that should be paid if all the bulk of water was valued according to MP. 
In this study, Average Price (AP) and Marginal Price (MP) plus the Difference (D) variable are 
used and both of them are adjusted by the consumer price index (CPI), provided by the Hellenic 
Statistical Authority (EL.STAT). 

The other statistically significant independent variables that are selected from the initial survey 
and inserted in the model are: 

§ the educational level of consumers, declared by the variable edu and equals 1 for first-degree 
education, 2 for second-degree education and 3 for third-degree education.  

§ the respondents’ income: the consumers sorted their family income in four predefined 
categories found in the questionnaire: a) < €6,000 b) €6,000 - €12,000 c) €12,000 - €20,000 
and d) > €20,000. The value of the dummy variable of income dinc is 0, when the income 
belongs to the two first categories (< €6,000 and €6,000 - €12,000) and 1, when the income 
belongs to the next two categories (€12,000 - €20,000 and > €20,000). 

§ The number of the family members (mem),  
§ the size of the dwelling (m2) in square meters and  
§ the floor (fl)  
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Monthly climatic data (T: temperature in °C and R: precipitation in mm) were obtained from the 
records of the meteorological station of the city of Volos and inserted in the model. 

The data used in the model have the form of panel data, which are a combination of cross-section 
and time series. In order to derive direct price elasticity estimates of water demand a log 
transformation of Equation 1 is used. Equation 1 was solved twice, using the statistical package 
SPSS (Espey et al, 1997), one for the average price (AP) and one for the marginal price (MP) plus 
the difference (D) in order to estimate the coefficients of the independent variables of each equation 
(Equation 2a and 2b). Finally, two logarithmic 3rd degree equations have prevailed, one for the 
model of Average Price (AP): 

lnQ =  0.170*(lnAP)3 – 0.743*(lnAP)2 – 0.524*lnAP + 0.025*dinc +  

                0.109*lnT + 0.083*mem – 0.162*edu + 3.889 (2a) 

and one for the model of Marginal Price plus the Difference (MP+D): 

lnQ =  -2.381*(lnMP)3 + 4.366*(lnMP)2 – 0.366*lnMP – 0.090*(lnD)3 + 0.101*(lnD)2  

– 0.185*lnD - 0.032*edu - 0.026*lnR + 0.070*fl + 0.047*lnm2 + 2.347 (2b) 

where, Q is the water consumption, AP is the average price, MP is the marginal price, D is the 
difference variable, m2 is the size of the residence, mem are the members of the family, fl is the 
variable for floor, edu is the educational level, dinc is the dummy variable for income, R is the 
precipitation and T is the temperature. 

For a single change in water tariff (change both in price and in the lower and upper limits of the 
consumption scales), the reaction of the consumers can be described by the sum of the marginal 
price (MP) and the difference variable (D). The third-degree equations that result after the addition 
of coefficients of MP and D and keeping all the other variables constant (setting their mean values 
as coefficient) are described in Equations (3a) and (3b) for the average and marginal price model, 
respectively: 

lnQ = 0.170*(lnAP)3 – 0.743*(lnAP)2 – 0.524*lnAP + 4.097 (3a) 

lnQ = -2.390*(lnMP)3 – 4.467*(lnMP)2 – 0.551*lnMP + 2.372 (3b) 

The own price elasticity is negative and its absolute value is less than one (-0.524 and -0.551), so 
the water demand in the city of Volos is relatively inelastic and water consumption changes less 
than proportionately with price. A 10% increase in price, leads to a 5.24% or 5.51% reduction of 
water consumption. The high value means that the current water policy can act as an incentive for 
water conservation. The income elasticity is 0.025; this means that a 10% increase in income leads 
to a 0.25% increase of water consumption. Water demand curves estimated using the equations 
above are presented in Figure 12 and differ significantly. They are both asymptotic for null price of 
consumption. 

4.1 Earlier surveys of water demand curves 

Prior to the present, two more surveys were conducted in the city of Volos, also from the 
Department of Civil Engineering of University of Thessaly. The first one took place in the year 
2005. The sample was 966 questionnaires, corresponding to an equal number of households, and the 
water demand curve was estimated using the same method (Contingent Valuation Method) and a 
similar questionnaire with the survey of 2012 (Mylopoulos & Fafoutis, 2012). In the year 2011, a 
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second survey was conducted using the Stated Preference Analysis this time (Mylopoulos et al, 
2014). The sample consisted of 125 households and a completely different questionnaire was used 
from the ones of 2005 and 2012, due to the different method used (Stated Preference Analysis instead of 
Contingent Valuation Method). Moreover, as one can see, the size of the sample is different in the 3 
studies. This matter doesn’t influence the results and their interpretation.  

 

Figure 12. Demand curves of average (AP) and marginal (MP) water price for the year 2012 in the city of Volos, 
Greece. 

In the survey of the year 2005 the second degree equation of the curve is described by Equation 
(4): 

lnQ = -3.700*(lnP)2 – 0.995*lnP + 3.271 (4) 

Equation (4) was estimated using the marginal water price. The own price elasticity is -0.995 and 
the income elasticity is 0.005. By comparing it with the curve (3b), which is also estimated using 
the marginal price, the demand elasticity, in the present survey, is in absolute value lower (-0.551) 
than the one of 2005 (-0.995). This means, that from 2005 to 2012, the sensitivity of the price in the 
city of Volos, is lower and that the demand for water has become more inelastic according to price. 
The households tend not to reduce their water consumption as expected as a counter measure for 
water price increase (Figure 12a). On the other hand the income elasticity has increased by 5 times 
at the same time. This can be explained by the economic crisis that Greece faces the last five years. 

In the survey of the year 2011, the second degree equation of the demand curve is estimated 
using the average water price (Equation 5).  

lnQ = -0.478*(lnP)2 – 0.776*lnP + 3.213 (5) 

By comparing it with the curve (3a), which is also estimated with the average price, it is clear 
that the demand elasticity is in absolute value lower in the present study (-0.524) than in the 2011’s 
survey (-0.776), and combined with an even larger price elasticity in the 2005’s survey (-0.995), 
leads to the conclusion that the consumers tend to reduce less their consumptions through time 
(their demand is becoming more inelastic). 
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Figure 12a. Water demand curves for the years 2005 and 2012 in the city of Volos, Greece. 

 

Figure 12b. Water demand curves for the years 2011 and 2012 in the city of Volos, Greece. 

5. FULL WATER COST RECOVERY 

Recovery of the full cost of water services is being referred in Article 9.1 of the Water 
Framework Directive 2000/60. The full water cost consists of the following cost components 
(WATECO, 2003; Rogers et al, 1998): 

§ the supply (or direct) costs (investments, operation and maintenance, labour, administrative 
costs and other direct economic costs). 

§ the resource costs (the loss of profit due to the limitation of available water resources). 
§ the environmental costs (the total cost from the damage on the environment and aquatic 

ecosystems caused by the water uses and services). 
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5.1 Supply (direct) costs 

Supply or direct costs are the costs produced by providing and administering water services. In 
this context, they can be broken down into a number of cost elements:  

§ The Annual Equivalent Capital Costs (AEC), which, in turn, include new investment 
expenditures and associated costs, depreciation of the existing infrastructure (annualized cost 
for replacing existing assets in the future) and the opportunity cost of capital. 

§ The Operational and Maintenance Costs (OMC), representing the cost of keeping a facility 
running and also the cost of maintaining existing or new assets until the end of their useful 
life.  

§ The Administrative and Other Costs (AOC) related to water resources management. 

DC = AEC + OMC + AOC (6) 

Data concerning water production and consumption, as well as financial data (balance sheet) 
used for the Supply Cost estimation, were provided by the Water Utility of Volos. It should be 
mentioned that in our case, the Supply cost includes the internal environmental cost as well, which 
is paid by the consumers through the sewerage fee in the water bill. The sewerage fee is 0.63 € per 
m3 of consumed water.  

 
Table 2. Direct Costs (€) for the year 2012. 

Debit interests and other charges 523,759.36 

Depreciation of fixed assets 5,881,058.32 
Annual Equivalent Capital Costs (AEC) 6,407,817.68 

  Cost of sales (including capital costs) 13,105,725.59 

Cost of capital -6,407,817.68 

Operational and Maintenance Costs (OMC) 6,697,907.91 

  Administrative expenses 2,944,888.36 

Extraordinary and non-operating expenses and losses 1,059,755.55 

Administrative and Other Costs (AOC) 4,004,643.91 
  

Direct Costs:   DC = AEC + OMC + AOC = 17,110,369.50 

 
The Direct Costs (DC) for the year 2012 are €17,110,369.50 (Table 2). The water consumption 

for the same year is 8,388,956 m3. Thus, the Total Direct Costs per consumed m3 of water are: 

DC = €17,110,369.50/ 8,388,956 m3 = 2.04 €/m3 

The Direct Costs for the year 2005 were estimated at 1.45 €/m3. In order to make the comparison 
more objective, the costs are divided by the Consumer Price Index (CPI) of the year 2005 based on 
the year 2012 which is: CPI = 0.8135:  

DC = 1.45 / 0.8135 = 1.78 €/m3 

The Direct Costs have increased by 15% over the last seven years (Table 5). 

5.2 Resource costs 

The cost of foregone opportunities, which other uses suffer due to the depletion of the resource 
beyond its natural rate of recharge or recovery, is defined as Resource Cost (WATECO, 2003). 
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Having the availability of water resources and the demand curve as given data, Resource Costs 
(RC) can be assessed by estimating the water price before and after the reduction of water 
resources. The resource cost increases considerably when water shortages occur for certain water 
uses and tends to zero when the water demand for all uses is adequately covered. Resource costs 
equal the difference between the economic value in terms of net benefits of present or future water 
use and the economic value in terms of net benefits of the best alternative water use (Drafting 
Group ECO2, 2004).  

In our case, having estimated the demand curve (Figure 12), the Resource Cost assessment was 
based on the estimation of the water price before and after the depletion of water resources (Figure 
13). The balance prices before the reduction of the water resources (water availability conditions) 
can be estimated maximising the consumption in the water demand curve. Thus, the consumption in 
water availability conditions would be: 

Qa = 55.33 m3/trimester. 

According to the literature, the minimum required water consumption should not be lower than 
100 litres per inhabitant per day. Thus, in the case of Volos, the minimum required consumption is 
18 m3/trimester. In an earlier survey (Fafoutis, 2008), the consumption in water shortage conditions 
in the city of Volos was Qs = 17.69 m3/trimester, which is very close to the minimum required. 

By inserting the values of water consumption in the demand curve, the water price can be 
calculated in both water availability and water shortage conditions: 

Water availability conditions:  Qa = 55.33 m3/trimester → Pa = 2.70 €/ m3 

Water shortage conditions:  Qs = 17.69 m3/trimester → Ps = 4.24 €/ m3 

Finally, the resource costs (RC) are: RC = Ps - Pa = 4.24 – 2.70 = 1.54 €/m3. 
The Resource Costs in the year 2005 were estimated 0.49€/m3. Divided by the Consumer Price 

Index (CPI), the resource costs of 2005 in 2012 prices are: 

RC = 0.49 / 0.8135 = 0.60 €/m3 

The difference between the Resource Costs of 2005 and 2012 is very high (156%). It is clear that 
this cost has increased significantly over the last seven years, reflecting the value of water (Table 5). 

5.3 Environmental costs – Willingness to pay assessment 

To assess the cost of damage that water uses impose on the environment and ecosystems, several 
methods can be used: 

§ Market methods 
§ Methods based on costs 
§ Preference methods 
§ Willingness to pay methods. 
 
Recently, various models have been developed to measure how people value natural resources. 

To quantify environmental resources and express environment values in money terms, in order to 
make them commensurable with other market values, two basic concepts are being used: the 
concept of individual willingness to pay (WTP) and the willingness to accept compensation 
(WTAC) concept (Coursey et al., 1987). Especially the WTP approach has been given peer review 
endorsement and has become the most frequently applied method (Arrow et al, 1993). 

The utility-theoretic is one of the most frequently performed approaches in willingness to pay 
(WTP) studies (Hanemann, 1984).  In these studies, the respondent’s income is often defined in 
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terms of income categories, through a specific question. The income variable is usually entered as a 
continuous variable by using: 

§ the midpoint of the income categories  
§ the category number (c = 1, 2,..., n)   
§ n dummy variables in which di = 1, if c = i to represent the various income 

brackets/categories. 
 
Having specified the income variable using the four predefined categories of the questionnaire 

mentioned above, the choice of the functional form of the utility function is the next step for the 
econometric model. In Table 3 nine potential model specifications are being presented. The 
columns characterize the models depending on the way the income variable is being processed; the 
rows characterize the models in terms of their functional specification. Most Contingent Valuation 
studies treat the income as a continuous variable, typically using dummy variables di, inputed 
income y, or the income category c, and such models are presented in columns 1, 2 and 3 (Aiew et 
al, 2004). 

 
Table 3. Utility function models. 

 
In Table 4 the estimated willingness to pay functions of the models exhibited in Table 3 are 

being presented. The estimated WTP value was found to be 31.14 €/year for models 1-3 (linear 
models) and 16.16 €/year for models 5-9 (logarithmic models). The applied method is linear 
regression using the statistic software SPSS. 
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Table 4. Willingness to pay functions. 

Model Willingness to pay functions 

1 WTP = 17.1180 + 75.8820*d1 + 0.0000*d2 + 13.5490*d3 + 9.0750*d4 

2 WTP = 49.5810 – 0.0010*y 

3 WTP = 58.0940 – 9.1970*c 

4 N/A 

5 lnWTP = 2.3310 + 1.4050*d1 + 0.0000*d2 + 0.6940*d3 + 0.4440*d4 

6 lnWTP = 2.8200 + 0.0000*y 

7 lnWTP = 2.8850 – 0.0350*c 

8 lnWTP = 4.4890 – 0.1790*lny 

9 lnWTP = 3.0170 – 0.2350*lnc 
where: 
d1, d2, d3 and d4 :  the dummy variables of income 
y  :  the income variable 
c  :  the income category variable 
WTP  :  willingness to pay 

 
As mentioned before, the environmental costs are rather complicated and can be assessed by 

using one of the willingness to pay methods. The Contingent Valuation Method (CVM), which is 
based on the estimation of the consumers’ willingness to pay for the preservation of an 
environmental good, through the use of questionnaires, has been so far successfully used for the 
calculation of the Environmental Costs (EC) (Fafoutis et al., 2008). In our case the estimation is: 
WTP = 31.14 €/yr. The total number of counters in the year 2012 was 69,384 but only the 25% of 
them (i.e. 17,010 households) are willing to pay extra for service improvements. Hence, the 
environmental costs (EC) of water are:  

EC = 31.14 €/yr * 17,010 = 529,691.40 €/yr 

The total water consumption for residential use in the city of Volos, for the year 2012, is 
7,427,612 m3/yr. Thus, the environmental costs (EC) per cubic meter of consumed water are: 

EC = 529,691.40 €/yr  / 7,427,612 m3/yr = 0,07 €/m3 

The same costs for the year 2005 were estimated at 0.16 €/m3. Divided by the Consumer Price 
Index (CPI), the environmental costs of 2005 in 2012 prices are:  

EC = 0.16 / 0.8135 = 0.20 €/m3 

The observed reduction of the environmental costs by 65% is due to the fact that the consumers’ 
willingness to pay (WTP) is reduced by 37% compared to the WTP of 2005 and furthermore the 
number of the consumers, who are willing to contribute financially, is reduced by 50% since 2005. 

5.4 Full Cost Recovery 

Having defined the three cost components, the full water costs (FC) for residential use for the 
year 2012 are: 

FC = DC + RC + EC = 2.04 + 1.54 + 0.07 = 3.65 €/m3. 

According to the 2nd block tariff, the water price for the year 2012 was 1.76 €/m3. The Cost 
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Recovery Rate (CRR) for this difference is:  
CRR = 1.76 / 3.65 = 48.2%, a rate proving that if the Water Utility of Volos was forced to 

comply with the WFD demand for full cost recovery, it should more than double the price of water. 
The relevant full costs for the year 2005 in 2012 prices are 2.54 €/m3, which means that the full 
water costs have also increased by 44% in 7 years. 

Table 5 compares the price elasticity, income elasticity, direct costs, resource costs, 
environmental costs and full cost for the two surveys conducted in years 2005 and 2012. 

6. CONCLUSIONS 

A new survey has been conducted in the city of Volos, having several useful outcomes, 
especially for the Water Utility, in order to face the challenge of complying with the Water 
Framework Directive. For instance, based on the survey’s results, more billing periods can be 
suggested, as users who are more frequently billed might be expected to understand better the tariff 
structure and the relation between the use and the size of the bill. Furthermore, as water 
conservation programs are widely accepted by the public, efforts to implement such programs 
should be launched. Public awareness as well as the general environmental education of consumers 
is considered of great importance for the successful implementation of demand management 
programs. Campaigns should be worked out in order to actuate consumers towards low water 
consumption technologies and generally a demand oriented water use policy. In general the Water 
Utility should adopt advanced technologies for demand management through a series of incentives, 
reuse of treated wastewater, installation of water saving and conservation equipments, consumers’ 
awareness and education. In addition, in order to comply with the principle of full cost pricing, as 
stated in the Water Framework Directive, the Water Utility should introduce changes in pricing 
procedures and cost recovery.  

 
Table 5. Elasticity and costs comparison for the years 2005 and 2012. 

 2005 2012 Difference 
Price elasticity -0.995 -0.524 -47.34% 
Income elasticity 0.005 0.025 400.00% 
Direct costs (€/m3) 1.78 2.04 14.61% 
Resource costs (€/m3) 0.60 1.54 156.67% 
Environmental costs (€/m3) 0.20 0.07 -65.00% 
Full cost  (€/m3) 2.54 3.65 43.70% 

 
In the present survey the demand elasticity has decreased by 47.34% compared to 2005. This 

means that during this 7-year period the sensitivity of the price in the city of Volos is lower and that 
the demand for water has become more inelastic according to price (Figure 12a). On the other hand, 
the income elasticity has increased 5 times. One would expect a direct effect of the crisis on water 
demand elasticity. Indeed, citizens who in general tend to economize under such circumstances 
should tend to reduce their consumption as a counter measure for water price increase. It appears 
though, that the water-consumer relation is more complex and does not lead to such straightforward 
reactions. 

On the contrary the economic crisis has affected seriously the consumers’ willingness to pay. 
Within the last 7 years WTP has been reduced by 37%. More impressive is the reduction of the 
consumers who are willing to contribute financially; they have been reduced by 50% since 2005. 
This is a very critical element that the Water Utility should take into serious consideration before 
the design of any new water policies. 

As far as the price of water is concerned, the Direct Costs have increased by 15% over the last 
seven years, while the most significant increase is observed at the resource costs which have 
increased by 156%, reflecting the value of water. The observed reduction of the environmental costs 
by 65% is expected, due to the consumers’ willingness to pay reduction, but is not enough to equal 
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the increase of the other two cost elements. Thus, the full water costs have increased by 44% in 7 
years. Consequently, to fulfil the requirements of Article 9 of the Water Framework Directive for 
full cost recovery, the Water Utility should raise the water price by 107.4%.  
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