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Abstract: Problems connected with water resources and their exploitation, in combination with the general environmental crisis,
have been continuously increased. The situation is expected to be sharpened in the future due to the intensity of
extreme meteorological phenomena. Especially in the case of the urban water, an important factor that affects the
demand, is the water price. This paper examines the impact of different climate conditions and pricing policies on the
water demand of the city of Volos (Central Greece). In the future, the reduction of rainfalls, the augmentation of the
temperature and the recognition of the economic value of the water are expected. The aim of this study is the water
balance forecast in the city of Volos and the evaluation of various parameters affecting the demand, such as water
price, temperature and rainfall. Time series data of water consumption levels were collected from databases of Water
Utility of Volos, while raw meteorological data were retrieved from the city’s weather stations, and the elasticities of
the parameters were found. Combining the above, nine scenarios were developed, the future water demand was
estimated until 2028 and the water balance was calculated using WEAP software. Then, a scenario comparison was
conducted in order to export more conclusions referring to the future consumption. The results prove that rational
water pricing can lead to remarkable water conservation, but it should not be the only management measure from the
Water Utility of Volos, in order to ensure the water resources sustainability.

Key words: Urban water demand; forecasting; Volos city; water pricing; scenario analysis; WEAP

1. INTRODUCTION

It is obvious that problems connected with water resources and their exploitation in combination
with the general environmental problems has been continuously increased. The causes of the water
crisis differ from country to country and from region to region, depending on natural, economic,
social and political conditions that prevail. However, a more systematic approach could recognize
the existence of common characteristics (Serageldin, 1995).

The situation is expected to be sharpened in the near future due to the impacts of the climate
change, with the reduction of rainfalls, the increment of the temperature and the intensity of
extreme meteorological phenomena (IPCC, 2001; 2007). Another factor that will affect directly the
water resources demand in the future, at least in Europe, is the water price. The economic value of
the water has been systematically downgraded so far, considering the underpricing or even with the
free supply of water in most cases (Mylopoulos, 2004). This underpricing has led to an ineffective
water use, in the urban sector, regarding the maintenance and the control of the networks, as the
citizens do not accept to pay for the improvement of these services (Mylopoulos, 2004). The
recognition of the economic value of water has to be taken into account, according to the European
Directive 2000/60/EC (WFD, 2000). Accordingly, efficient use is defined as a pattern of use that
maximizes the benefits arising from the exploitation of water resources (Tietenberg, 1996). Of
course, Greece faces the above issues, and additionally, the water resources management in most
regions is a supply management, regardless the water demand. This confrontation is ineffective, and
leads with mathematic certainty to an impasse, having as main characteristics the exhaustion of the
water and the economic resources (Brundtland, 1987).

Today, a more viable and environmental — friendly approach is necessary, which will manage the
water demand, in order to ensure the resource’s sustainability (Mylopoulos and Kolokytha, 1998;



2 S. Sfyris et al.

Fafoutis, 2008). A widely used technique from Water Utilities all over the world is the forecast of
the water demand. As several experts (Gardiner and Herrington, 1990; Fafoutis et al. 2008, Billings
and Jones, 2008) have mentioned, Water Utilities need to predict accurately the water demand for
the next 20-30 years, in order to make a plan on new water sources, operational, investment and
management decisions (Donkor et al., 2012).

This study simulates the urban water demand in the city of Volos and makes a twelve-year
forecast, taking into account the climatic and water pricing conditions mentioned above, under
various scenarios, in order to propose sustainable solutions and alternative management policies
(Mylopoulos et al., 2017). The paper is an update to previous researches (Mylopoulos et al., 2001;
Mylopoulos and Mentes, 2005; Fafoutis, 2008), chronologically and methodologically;
chronologically because this study forecasts the water demand until 2028 and methodologically
because the model uses more socioeconomic variables, additionally to the meteorological ones. The
aim of this annual long-term forecasting is to provide a basis for a better planning to the Water
Utility of Volos.

As Donkor et al. (2012) noted, there is not a generally accepted time frame for the forecast, but
an annual forecast spanning ten years has prevailed to be considered as a “long-term” forecast
(Gardner and Herrington, 1990; Billings and Jones, 2008; Ghiassi et al., 2008). Although a growing
body of literature has analysed urban water demand forecasting techniques, the application is
notoriously difficult, as it is fraught with many problems, usually lying to the nature, the quality of
the available data and the number of variables (Arbu¢s et al., 2003, Donkor et al., 2012, Mylopoulos
et al, 2017). In line with this, the followed approach attempts to improve the previous
methodologies used on the water demand forecast of Volos. The study is specialized in the city of
Volos and it does not suggest significant methodological differences from the existing forecast
models, because it mainly attempted to provide additional support and further evidence to the local
Water Utility, with the available data. Apart of this limitation, the results are enriched with the
study of the future water balance, and the need of technical measures is highlighted, not only for the
coverage of the water needs, but for the sustainability of the resources, too.

2. STUDY AREA

Volos is the capital of the prefecture of Magnesia, in Thessaly, which is the center of the Greek
mainland (Figure 1). It is located approximately equidistant from Athens and Thessaloniki, the
country’s two main urban centers. Volos has a population of approximately 144,420 inhabitants.
The climate is characterized Mediterranean with an average annual temperature of 16.4 °C and
504 mm of annual rainfall (Mylopoulos et al., 2017). The Municipal Water Utility of Volos is
responsible for the urban water supply in the city. Also, the Industrial Area is under the Municipal
Water Utility of Volos (Fafoutis, 2008; Mylopoulos et al., 2017).

The city faces problems of water adequacy, mainly due to the leakages, which are estimated to
be above the 40% of the total supplied water, especially during May to September, according to the
Water Utility’s database. Furthermore, major environmental issues arose the last decades, creating
many environmental problems on the quantity and the quality of the water resources. The main
problems according to Mylopoulos and Mentes (2005) are the overexploitation of the groundwater,
the pollution of the groundwater with fertilizers (from the agricultural water use), with chemicals
and heavy metals (from the industrial water use) and the salinization of the ground water. An
additional issue is the lack of the implementation of the appropriate economic tools in water
resources management, such as pricing, according to the most recent studies (Fafoutis et al., 2008).

The reorientation of the urban water management towards sustainability is closely connected
with the use of demand management practices in order to achieve an appropriate balance between
capacity expansion and water conservation (McNeil and Tate, 1991; Alamanos and Betsios, 2014).
This constitutes the theoretical base for the followed methodology. For the analysis’ needs the
broader study area was divided into five main sectors; Sectors 1, 2, 3 and 4 cover the urban area,
while the fifth sector covers the Industrial Area.
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Figure 1. The city of Volos
3. METHODOLOGY

3.1 Development of the water demand forecasting model

The followed methodology is a classical demand forecasting process, based on what Brekke et
al. (2002) terms “unit water demand analysis”. This approach employs the consumption per unit of
a citizens’ category, hereby expressed in water meters, to the annual water demand. Billings and
Jones (2008) and Jentgen et al. (2007) have noted that in practice, this is the simplest model used by
most utilities. All that is required is to estimate the specific water consumption per capita per day
and the number of water meters, in order to obtain a forecast. In our case, the described model has
been enriched with one or more of the following parameters (Xi): water pricing, temperature and
rainfall. Thus, the forecast equation used for the demand model is:

Q=N q* - (XX - (X Xa) ... K Xi)" (1)

where:

Qy: the residential water consumption for the month m

N:  the number of water meters

q*: the specific consumption per capita per day in the base year
dm: the number of days in each month

Xiy: the value of parameter 1 in the year of prediction y

Xip: the value of parameter i in the base year b

Bi:  the elasticity of parameter i

The prediction equation was first used in the “Build Forecasting Model” of the IWR-MAIN
software (AIWR, 1987) and since has been used in various similar studies, for the same purpose
(Mentes, 2001; Alamanos and Betsios, 2014; Sfyris, 2017). Furthermore, it is a transparent, easily
understandable method and, as Hagen et al. (2005) noted, it has been judged to provide the right
balance between data needs and accuracy (Donkor et al., 2012). Therefore, it is not surprising that
the 65.4% of the utilities surveyed in Billings and Jones (2008) were using this approach.

The reliability of the forecast, according to the review of Donkor et al. (2012) is questionable
depending on the quality of the consumption data. In this study, the R* was examined, in order to
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prevent any reliability doubts (or a controversial reliability), and it was estimated 0.9011.

For the application of the model in the urban water demand of Volos, three more variables were
used: temperature, rainfall and water price. The base year was 2012 and the forecast period is 2016-
2028.

3.2 Data used

Time series data of water consumption levels and the number of water meters, in each
consumption sector of the city from 2007 to 2015 were collected from the databases of Volos’
Water Utility. The water consumption levels were inserted in the model in the form of 3-month
period water consumption records. The raw data concerning rainfall and temperature were retrieved
from the meteorological station in the center of the city.

The elasticities of the parameters used in the forecast model were calculated from the data
acquired from a field survey, during which 236 questionnaires were filled out in face-to-face
interviews (Mylopoulos, 2015). The elasticity of a parameter indicates how much the variable
affects the water consumption. When the elasticity is positive, the water demand increases when the
value of the parameter increases. However, when the elasticity is negative, an increase of the value
of the parameter leads to a decrease in water demand. Thus, it is a measure that concepts the
consumers’ responsiveness to each variable’s differences, and especially for the water price, it is a
matter of great interest (Mylopoulos and Kolokytha, 1998; Merrett, 2005).

The survey took place from November 2012 till June 2013. The questionnaires dealt with the
social characteristics, the water consumption and conservation, and the willingness of the sample 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. From the collected data, the
elasticity of each parameter was calculated as the proportionate difference in the quantity purchased
divided by the proportionate difference in price paid. The values of the elasticities used in this
paper, are -0.524 for the water price, 0.109 for the temperature and -0.026 for the precipitation
(Mylopoulos, 2015).

3.3 Water balance and scenario analysis

The water needs are covered by 5 springs and 40 wells, and the water is collected in 8 reservoirs
(Mylopoulos et al., 2017). From the databases of the Municipal Water Utility, the typical annual
water supply is 14.3 hm’. Also from the Water Utility’s estimations, the losses are considered to be
approximately 40%. Given the above, the monthly (and thus the annual) water balance was
calculated for the period 2007-2015 and for the years of the forecast (2016-2028), taking, of course,
into account the water losses.

The analysis was formulated using the following assumptions: in all scenarios the water meters
have a steady increase in the forecasting period, according to the trendline equation, which was
originated from the data referring to the number of water meters in the years 2007-2015. Moreover,
the specific consumption per capita per day in the base year was considered constant through the
forecasting years and was calculated by dividing the total annual consumption to the residents and
the days of the base year. The water supply has been considered stable, because the supply works
have been designed (from the construction studies) to be capable to give the designed water supply,
even under extreme conditions.

For the purposes of the study, nine scenarios were developed and simulated. The scenario
analysis is the same proposed by Mentes (2001), Kasiteropoulou (2004), Fafoutis (2008) and
Mylopoulos et al. (2017). The studied scenarios in this work examine mainly climate and water
pricing policy changes:

= Scenario 1: price of water is stable from 2012 to 2028
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= Scenario 2:
= Scenario 3:
= Scenario 4:
= Scenario 5:
= Scenario 6:

= Scenario 7:
= Scenario 8:

= Scenario 9:

increase in water price so that the real price of water will remain stable and equal
to the real price of water in 2012

drought for years 2016 and 2028 (a 5% increase of temperature and a 10%
decrease of rainfall every four years)

wet weather conditions for years 2016 and 2028 (a 5% decrease of temperature
and a 10% increase of rainfall every four years)

a 5% increase of the real price of water every four years (base year 2012)

a 10% increase of the real price of water every four years (base year 2012)

a 20% increase of the real price of water every four years (base year 2012)

a 20% increase of the real price of water every four years and wet weather
conditions (a 5% decrease of temperature and a 10% increase of rainfall every
four years)

the real price of water is stable from 2012 to 2028 and drought (a 5% increase of
temperature and a 10% decrease of rainfall every four years).

All the above scenarios were simulated using the WEAP software (Water Evaluation And
Planning system), which supports the analysis of various scenarios for integrated water resources
management and helps design the policy of their exploration (weap21.org). The schematic of the
city was set up first. Then, the supply sources (groundwater), the reservoirs and the demand sites for
each water sector of the city were placed, and all the above were connected with transmission links

(Figure 2).

Figure 2. The schematic of the model in WEAP

4. RESULTS AND DISCUSSION

The studied scenarios do not attempt to predict the future, but to examine the results under
different (and extreme) possible future conditions. “Analysts and decision makers often construct
scenarios to better understand the consequences of choices or policies on a wide range of plausible
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future conditions. This is particularly useful when there are great uncertainties about how the future
may evolve. Sometimes scenarios explore outcomes that are unlikely or incongruent with current
decisions and policies. Sometimes these scenarios are purely descriptive and are designed to study
outcomes that had not previously been considered. Sometimes the scenarios are quantitative and
represent discrete outcomes drawn from a range of possible futures” (Gleick et al. 2003, DWR,
2009, 5-32).

4.1 Water demand

The water demand of the city of Volos, for each scenario, as resulted from the forecast model is
presented in Figure 3.

11

10

CONSUMPTION (HM?)

2015 2017 2019 2021 2023 2025 2027 2029

—&—Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Scenario 6 =—+—Scenario 7 —#— Scenario 8 —&— Scenario 9

Figure 3. Total water consumption (hm’) for years 2016-2028 under scenarios 1-9

It is evident that there are notable differences in water demand levels under the examined
scenarios. Important increases in water consumption levels appear under scenarios 1, 2, 3, and 9. In
every scenario with an increment of the real water price (scenarios 5, 6, 7 and 8) there is a decrease
in water consumption. Under scenarios 5 and 6 the water demand increases less than in scenarios 7
and 8. Finally, the consumption’s variation of scenario 4 is not significant in comparison with the
consumption of 2012, especially from 2019 and later.

4.2 Water balance

The water balance was calculated for every scenario, as mentioned above. The overall results are
presented in Figure 4.

The findings mentioned above are fully justified: the water balance of scenario 1 is in line with
the predictions of the continuous deterioration of the available water resources. Thus, the necessity
of reducing the water losses is proved to be mandatory. The results of scenarios 3, 4 and 8 were as
expected, due to their extreme climate changes.

Regarding the water balance of the other scenarios, compared to scenario 1 (do-nothing), it is
observed that the increasing water price has a positive impact on the water balance (scenarios 5, 6
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and 7), otherwise the unmet demand will be significant (scenarios 2 and 9) as shown in Figure 5.
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Figure 5. Percentage change (%) of water balance every four years under scenarios 2- 9 compared to scenario 1

4.2 Comparison
4.2.1 Water pricing policies

The scenarios referring to water pricing policies are 1, 2, 5, 6 and 7. In these scenarios the water
demand levels are affected by the real price of water (besides the increase of water meters that
affect all studied scenarios). Scenario 1 simulates the future demand by assuming that no pricing
measures are taken by the Municipal Water Utility of Volos. The differences in water demand
levels, by comparing scenarios 2, 5, 6, 7 with scenario 1, are caused exclusively by the changes of
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the real price of water. Therefore, it is obvious how the real price of water eventually affects the
future water consumption.
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Figure 6. Percentage change (%) of total annual consumption every four years under scenarios 2,5,6,7 compared to
scenario 1

From the above, the importance of the water pricing is shown, as an economic demand-
management tool. Especially, the effect of the water pricing scenarios in the demand decrement is
equivalent with a potential increment in the water supply, regarding the water balance.

Furthermore, the pricing policies of scenarios 1 and 2 lead to an immense augmentation of the
demand, compared to the other scenarios. This shows the need of the recognition of the full water
value through its pricing policy, in order to protect the limited water resources.

4.2.2 Climate scenarios

Scenarios 3 and 4 examine the effect of the future water consumption on the demand. Scenarios
3 and 4 examine dry and wet conditions for the upcoming years respectively, using as base scenario
the pricing policy described in scenario 2 (stable price). In scenario 2 the future consumption is
affected only from the increment of water meters, while in scenarios 3 and 4 the future consumption
is affected additionally from the climate changes (Figure 7). Therefore, the differences in the future
consumption levels of scenarios 3 and 4 compared to scenario 2, are solely due to the changes in
temperature and rainfall.

From this comparison, it is clear that the climate changes will not affect critically the levels of
future consumption, although very extreme changes in temperature and rainfall are assumed, that
are hardly possible to be verified.

The climate scenarios differ from pricing policies scenarios, discussed so far, since here the
changes in the parameters affecting them are independent of the human managerial factor.
Nevertheless, the results are very useful, since for example in case of drought, the future
consumption, requires a proper demand management policy, rational pricing and public awareness
and information policy in order to cover it.

The comparison of the above results is in line with the findings of Bithas and Stoforos (2006). In
scenarios referring to water pricing policies where the real water price increases, the water
consumption decreases. Furthermore, they are justified from the study of Ghiassi et al. (2008),
which resulted that the long-term forecasts are more influenced by socio-economic factors (like
water price), in contrast with short and medium-term forecasts, that are more influenced by the
climate.
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Figure 7. Percentage change of total annual consumption every four years under scenarios 3 and 4 compared to
scenario 2

5. CONCLUSIONS

A new survey has been conducted in the city of Volos, in an attempt to give a useful feedback to
the Water Utility of Volos, in order to face the challenge of the coverage of the future water demand
and achieving cost-effectiveness. Different scenarios focusing on water pricing and climate change
were investigated.

Forecasting demand leads to the determination of the optimal future level of water use and hence
to the design of the future capacity of the water supply system (delivery networks and processing
plants). Water supply infrastructure is considered to be expensive, especially as far as urban uses
are concerned (Bithas and Stoforos, 2006).

The selected prediction equation shows that the effect of elasticities on the future water demand
is significant, since they indicate the exponential change of each parameter. The fact that the
equation allows changing each parameter separately while keeping the others constant, shows the
impact of each variable on the total future consumption.

The study did not intend to define a new equation or methodology, but to simulate the condition
of water supply and demand in the city of Volos. That led to the conclusion that the demand
increases significantly. The exploitation of the water resources is proved insufficient (a large
number of wells is being used, draining the aquifer), while water underpricing is prevailing.

Water pricing is proved to be a very important financial tool for the water demand management,
since it is the only factor perceived directly by the consumers and is compatible with the principles
of the Sustainable Water Resources Management and the Water Framework Directive 2000/60/EC
(WFD 2000; Fafoutis 2008). This is also reinforced by the results of scenario 5, where a small price
increase leads to significant water saving. In any case, the Water Utility of Volos should adopt a
water policy directed towards to the water demand management, the reduction of the losses and the
implementation of rational water pricing, in order to achieve water conservation and sustainable
use.

The actions proposed to the Water Utility of Volos is the combination of technical measures, in
order to form a coherent water management strategy. These techniques can be classified into three
categories (Flack, 1985):

1. Economic techniques

2. Structural and operational techniques

3. Socio-political techniques.
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One of the key recommendations made in Billings and Jones (2008) is the comparison of the
forecasted values with the observed ones. This is also strongly recommended in this study, and
proposed for future research, along the lines proposed by Shlyakhter et al. (1994) and Fischer et al.
(2009). Other suggestions for future research is the examination of the forecast accuracy using
statistics, such as Mean Absolute Deviation (MAD), Mean Absolute Percentage Error (MAPE) and
Mean Squared Error (MSE), the attempt to make a sectoral instead of an overall forecast. Also the
usage of real climate change scenarios (e.g. RCPs changes of temperature and rainfall) could be
more realistic.

The use of a strictly technical solution of discovering new resources to meet the demands has
turned out to be a strategy that leads to the exhaustion of the resources. Demand management
should replace supply management, with the emphasis on the application and use of economic
instruments (Mylopoulos and Mylopoulos, 1999). Demand management entails the formulation and
use of effective economic instruments in order to limit demand and increase efficiency. It should be
considered as one of the most important components of sustainable water resources management
(Winpenny, 1994). An integrated pipe-network management, based on modern systems and
techniques could save 20 - 35 % of the total volume of water needed. This solution can ensure that
all present and near future water needs will be covered, with the smallest possible environmental
impact. The only prerequisite is that all the authorities dealing with the subject should cooperate in
order to overcome all administrative and political difficulties.
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