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Introduction 
 

The report that follows is the result of a collaboration between the municipality of Neapolis 
(Lasithi), Crete and faculty and students from Cornell University (Ithaca), New York, and Cornell 
Professors Gail Holst-Warhaft, from the Mediterranean Studies Initiative of the Cornell Institute for 
European studies and Tammo Steenhuis from the Department of Biological and Environmental 
Engineering. Our collaboration began in the summer of 2008, when several researchers from the US 
and Mediterranean region came to Greece to discover what was being done to alleviate problems of 
fresh water pollution or scarcity.  A series of meetings was arranged by Professor Panayiotis 
Nektarios, of the Agricultural University of Athens in areas of the country that had a set of diverse 
water problems. These meetings were held in Oinofyta, where the Asopos River is notoriously 
polluted by industrial waste and agricultural run-off, Argos and Nafplion, where mayors from the 
Argive plain and local experts presented reports on the area’s problems, particularly the 
proliferation of illegal-drilled wells for irrigation, and the resultant problems of salt water 
infiltration and pollution of the ground-water. The third location was Lasithi-Crete, where the 
Mayor of Neapolis, Nikos Kastrinakis, organized an impressive conference on water issues in his 
area of Lasithi and the need for conserving the region’s water. 

 As the only humanist on this trip, Gail decided to use her knowledge of Greek culture, 
especially music, to help draw attention to our project. Her friend Mariza Koch offered to come with 
us on our travels and organize concerts with local school children. 

Not only did she perform at these events, but she taught the children some simple songs about 
water so that they could perform with her. The concerts in Nafplion and Neapolis drew crowds of 
local people to the conferences and helped raise the consciousness of the townspeople to the issues 
we discussed. We left Greece determined to continue our work and see what we could contribute to 
solving the water problems of the country. But it was Mayor Kastrinakis who drew us back to Crete 
and encouraged us to carry out further research in his area. Without his generous encouragement, 
and serious commitment to the conservation of water in his region, this project would never have 
begun. 

 Mayor Kastrinakis promised us that if we returned two years later, he would organize a 
bigger and better conference on water. He encouraged us to bring a group of graduate students to 
work in the village and offered to support their stay. He was as good as his word, and organized a 
two-day conference entitled “Water-Life-Civilization in Crete and the Mediterranean” in July, 2010. 
The conference, supported by the Greek Ministry of Agricultural Development and Food, was 
attended by the President of the Academy of Athens, and a diverse group of scientists, public 
officials, townspeople and Church leaders,  all of them committed to trying to improve the 
conservation and management of water resources on the island and throughout the region. The 
town of Neapolis was unusually fortunate in having a mayor who was committed to the cause of 
improving water management and conservation, but also capable of reaching out to researchers 
and leaders across his island and beyond. With his encouragement and leadership, we were able to 
engage our graduate students in a research project that would result in a water profile of Neapolis 
and its surroundings. 

Three graduate students from Cornell who had the diversity of expertise to gather the data 

necessary for such a project were selected for this project. The students, Michael Bowes, from the 
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Cornell Law School, Sheila Saia from Biological and Environmental Engineering, and Margaret 

Kurth, from the Department of Natural Resources remained for a month in Neapolis to carry out 

their research. They were given access to a wide variety of data on water resources, management, 

policy and governance in the municipality, and with the assistance of the Mayor, his staff, the 

Prefect and other local officials, they were able to accomplish a great deal in a short time. 

What follows is a summary of the results of their research. Obviously there are some gaps in 

their data, but we believe that their report can be a useful model for water-stressed regions of 

Greece and the broader area of the Mediterranean. Unlike some areas of Greece, the municipality of 

Neapolis is not yet facing a water crisis. As the students discovered, it has managed its resources 

carefully in the past, and is fortunate to have sufficient winter rainfall to support traditional 

agriculture of growing olives and moderate tourism. However, like many areas of Greece, Neapolis 

is a town “on the brink”. Any abrupt change could push the area into a situation of severe water 

stress. Irresponsible tourist development or the decision to plant crops that require intensive 

irrigation are the most likely factors to upset the water balance in the region. In our view, the time 

to consider these possibilities is now. We hope that the students’ report provides the municipality 

of Neapolis with a useful model for helping to manage its water resources and some 

recommendations for future planning. The report might also be a model for other regions of Crete 

and Greece to consolidate data on various aspects of water management in order to plan for the 

future and avoid a water crisis.  

We are grateful to all the people of Neapolis and Aghios Nikolaos for their cooperation and 

generosity. We are also grateful to Panayiotis Nektarios of the Agricultural University of Athens and 

to Ekaterini Kamilaki-Polimerou, of the Academy of Athens. Neapolis is an unusual community, and 

is fortunate to have a Mayor and Demos that is deeply committed to its environment and to the 

management of its natural resources. Mayor Kastrinakis (now Deputy Governor of Lasithi) has 

made Neapolis a show-case for what should be done throughout the arid regions of Greece and the 

Mediterranean. He has brought stake-holders, scientists, and other researchers together to consider 

what must be done to manage scarce water resources now and in the future. In the Mediterranean 

fresh water is the single limiting factor for future development. Its importance cannot be 

overestimated. As Mayor Kastrinakis titled his conference: Water-Life-Culture. We dedicate this 

study to him. 

 

 

Gail Holst-Warhaft (Mediterranean Initiative, Cornell Institute for European Studies) 

Tammo Steenhuis (Biological and Environmental Engineering) 
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Neapolis Water Profile 

What is a water profile and why is it important? 

The Neapolis Water Profile describes the current status of water resources within the Municipality 
of Neapolis from the perspective of an engineer, a sociologist, and a lawyer.  We provide a context 
for understanding the necessity of water conservation in this arid Mediterranean region by focusing 
on the physical environment, society and culture, and legislation.  Besides providing a 
comprehensive inventory of Neapolis' water supply, the Neapolis Water Profile can be used to (1) 
develop an integrated water resources management plan for the region, (2) objectively analyze 
future improvements related to water resources conservation, and (3) encourage educational, 
legislative, and financial support for water conservation practices throughout the region and 
abroad.  Because these three areas of focus (i.e. physical environment, society and culture, and 
legislation) are inherently linked, we believe that a water resources management plan that ignores 
any one of them will be considerably less effective.  It should be noted that a municipal merger in 
November 2011 has since absorbed the Municipality of Neapolis, former Municipality of Agios 
Nikolaos, and community of Vrachasios into the new Municipality of Agios Nikolaos. 
 

Physical Environment 

This section provides background information on the topography, vegetation (natural and 
agricultural), soils, aquifer geology, and climate of Neapolis.  We calculate a simple water balance 
and use this to evaluate the water use efficiency of olive and citrus crops.  Finally, we discuss the 
quantity and quality of water resources in the Municipality of Neapolis. 

 

Setting 

Neapolis, one of eight municipalities within the Lasithi Prefecture, is located on the northeastern 
edge of Crete, Greece and has an area of approximately 186 km2.  The municipality’s major city, 
known by the same name, is situated in the middle of a mountainous valley about 15-20 km from 
the Mediterranean Sea coast (Figure 1). 
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Figure 1.  Municipal boundary of Neapolis, Crete, Greece (black outline) before the November 2010 
municipal merger.  Deep (drilled) wells are shown as blue squares and springs are shown as red circles.  
Orange polygons represent populated areas. 

 

Topography, Natural Vegetation, and Soils 

The topography and vegetation in the Municipality of Neapolis is highly variable.  Elevation values 
range from 0 m to 1660 m above sea level and the land is steeply sloped (>10%) except in the valley 
near the city of Neapolis.  It is almost impossible for vegetation to flourish on the harsh, rocky 
terrain to the north of the city (Figure 2).  Most plants found north of the city include shrubs, spiny 
leaved plants, wild herbs (e.g. wild sage and oregano), and other hardy vegetation that is well 
adapted to the arid climate.  In contrast to the north, the landscape to the south of the city is 
covered with forests and can support various agricultural crops (Figure 2).  The plant roots protect 
the soil from the strong ocean winds and the leaf cover provides shade from the hot sun. 
 
While no detailed soil survey has been conducted for the Municipality of Neapolis, dominant soil 
types include yellow and red clayey calceric lithosols (Figure 3) formed from the weathering of 
limestone.  While clayey soils are often classified as poorly drained because of their fine particle 
size, the calceric lithosols in Neapolis are considered well drained because of their substantial rock 
content.  The red calceric lithosol, which gets its coloring from the oxidation of iron within the clay, 
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is locally known as ‘terra rossa’ (Figure 4).  Because it is fertile and fairly well drained, regions 
composed of ‘terra rossa’ soil support wine production as well as other types of irrigated 
agriculture. 

 

Land-Use 

In Crete overall, fruit crops take up about 57% of cultivated land with fallow fields (20%), row 
crops (10%), vineyards (10%), and vegetable crops (3%) taking up the remainder of cultivated land 
(Tsakiris et al 2007).  Agriculture is a dominant land-use type in Neapolis.  Besides grapes, 
Neapolian farmers typically grow vegetables (e.g. tomatoes, peppers, etc.) and a variety of orchard 
crops including olives, fruits, and nuts.  In Neapolis, almonds are used to make a traditional non-
alcoholic drink called soumada that was first developed locally.  Most of the crops grown in 
Neapolis are for subsistence but farmers in other regions of Greece grow large quantities of water 
intensive fruits such as citrus and kiwi for export.  Despite the potential to increase revenue, this 
trend has not influenced crop choice in Neapolis.  Most farmers maintain their olive orchards 
because of limited water supplies and the tree’s ability to withstand drought.  Because most olives 
grown in Neapolis are used for the production of olive oil, they are not irrigated.  According to 
Garakis (personal communication), non-irrigated olives produce a higher grade of olive oil because 
the fruit has a lower water content.  The fruit of irrigated olive trees is usually eaten while it is still 
fresh.  In addition to their olive orchards, most families cultivate a small vegetable garden. 
 

 

Figure 2.  A photograph taken near the city of Neapolis depicts the well vegetated terrain to the south and the 
rocky, exposed terrain to the north of the valley. 
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Figure 3.  Soil map of Crete, Greece (Soil 1986). 

 

 

Figure 4.  Red calceric lithosols found in the Municipality of Neapolis, Crete, Greece.  This soil is locally known 
as ‘terra rossa’. 

 

Other land-use types include residential, commercial, and forested land.  Land-use organizations 
and municipal housing development plans are beginning to address the protection of ‘natura’ 
regions through adoption of various zoning laws.  These sites include exceptionally beautiful 
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natural land as well as ecologically important land (e.g. wetlands).  At present, there are no 
designated protected zones for forests within the municipality. 

Climate 

The eastern and southern regions or Crete are generally more arid than the western and northern 
regions (Tsakiris et al 2007).  Average relative humidity for the year is 63% and ranges from 57% 
in June and July to 68% in December and January (Heraklion 2010).  While no temperature data 
was available for the city of Neapolis, average yearly temperatures recorded in the city of Heraklion 
(50 km away) range from 54F (12C) in January to 80F (27C) in July and August (Heraklion 2010). 
 
Researchers suggest that regional rainfall patterns in Crete are positively correlated with elevation 
(Naoum and Tsanis 2003, Chartzoulakis et al. 2001, Fassoulas and Kritsotakis 2009).  A similar 
trend can be seen when comparing rainfall records for the Neapolis and Exo Potami rain stations 
(Figure 5) located at 240 m and 800 m above sea level, respectively.  The average yearly rainfall 
measured at the Exo Potami station is 60% more than the average yearly rainfall of Neapolis 
(Table 1).  Additionally, the Exo Potami station shows a much larger variation in yearly rainfall as 
compared to the Neapolis station located just south of the city of Neapolis. 

 

 

Figure 5.  Exo Potami and Neapolis rain gauge locations. 
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Table 1. Comparison of rainfall statistics for Neapolis and Exo Potami rain stations. 

Yearly Rainfall Statistics 

Station 
Elevation Above 

Sea Level (m) 

Sample 
Size (yr) 

 

Average 
(mm) 

Maximum 
(mm) 

Minimum 
(mm) 

Standard 
Deviation 

(mm) 

Neapolis 240 63 814 1323 403 188 

Exo Potami 800 66 1392 2374 274 412 

 

Compared to western Crete, eastern Crete receives less rainfall with the majority of storms 
occurring October through February (Kritsotakis 2010).  The average yearly rainfall over a period 
of 63 years was approximately 814 mm (Table 1) and ranged from 403mm in 1995 to 1323 mm in 
1976.  In Neapolis the majority of rainfall occurs from October through March with the highest 
monthly rainfalls occurring in December and January.  During the summer months (June - August), 
there is very little rainfall (Table 2, Figure 6).  A box plot (Figure 6) is used to show the variation of 
monthly averages over all 63 years of data.  Despite some outliers (shown as a red plus), monthly 
rainfall increases from August to January and decreases from February to July.  A year with less 
than 300-400 mm of yearly rainfall is generally considered a drought year.  For example, many 
shallow groundwater wells throughout the municipality ran dry or became salty as over pumping 
lead to sea water intrusion (Gialekalakis personal communication) during 1989-1990 when the 
total yearly rainfall was approximately 330 mm in the city of Neapolis. 

   

Table 2. Comparison of average monthly rainfall for Neapolis and Exo Potami rain stations. 

Average Monthly Rainfall for All Samples (mm) 

Month Neapolis (63 Samples) Exo Potami (66 Samples) 

January 156 280 

February 120 211 

March 105 185 

April 49 76 

May 21 39 
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June 9 13 

July 2 3 

August 1 4 

September 22 23 

October 81 120 

November 99 185 

December 147 275 

 

 

Figure 6.  Boxplot showing month to month variation in Neapolis rainfall over 63 years.  Medians are shown 
as red lines and outliers are shown as red pluses. 
 

Global climate models predict overall decreases in rainfall for Southern Europe and the 
Mediterranean and an analysis of historical Mediterranean rainfall data showed a 20% decline in 
rainfall over the last twenty years compared to the end of the 19th century (Chartzoulakis and 
Psarras 2005).  Rainfall predictions for 2050 suggest 5-20% less annual rainfall with the highest 
declines occurring in the summer months (Chartzoulakis and Psarras 2005).  Despite these 
predicted declines, rainfall data collected in Neapolis and averaged over ten year periods shows no 
downward trend (Figure 8). 
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Figure 7.  Yearly rainfall (mm) versus time (years)  
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Figure 8.  Yearly rainfall averaged over 10 year periods (except for 2000-2004 period).  Rainfall was not 
recorded from 1941 to 1949. 

Surface Water, Municipal Wells, and Aquifers 

Besides an occasional spring bubbling up from the ground or an active ephemeral stream during 
the rainy season (October through March), visitors will notice very little surface water in the 
Municipality of Neapolis.  To the best of our knowledge, there is no stream flow data available for 
the municipality.  Thus, future studies may consider gauging ephemeral streams during the rainy 
season. 
 
Because of the limited surface water supply, public water supply depends primarily on 
groundwater reserves.  The Municipality of Neapolis maintains 19 deep drilled wells (Table 3).  Of 
these, 8 are active throughout the year, 4 are backup wells, and 7 are not used because they are not 
needed or are in disrepair.  Deep drilled well depths range from 34 to 308 m with an average depth 
of 195 m. Pumping rates for the active wells range from 2 to 76 m3 of water per hour with an 
average of 33 m3 per hour.  Minimum and maximum pump operation hours per day are 1 to 18 
hours, respectively.  On average, the pumps are active 8 hours per day.  There is a disconnect 
between predicted water consumption (96,360 m3 per day) as calculated by these average pumping 
rates and municipal estimates for overall water consumption in 2009 (409,000 m3).  This difference 
may be due to the exclusion of small wells, inaccurate assumptions about deep well pump activity, 
or other undocumented losses to the system (e.g. leaky pipes, etc.).  From the municipality’s yearly 
water consumption records, each citizen uses approximately 220 L of water per day compared to 
350 L of water per day for United States citizens (Water 2010).  The magnitude of this difference 
may suggest an existing awareness of water scarcity.  The current pricing structure ensures that the 
municipality does not profit from the sale of water but balances the cost of supply with user fees.  
Water is the cheapest of all utilities; in 2009 the cost of water was €1.12 per m3.  As a comparison, 
the cost of water for residents of New York City is €0.75 per m3 (NYCWB 2011). 
 
 

Table 3.  Depth, Status, and Use of Deep Drilled Wells in Neapolis. 
 

Well Name Depth (m) Status Use 

Saint Onufrios 1 308 In use Domestic 

Saint Onufrios 2 * Backup Domestic 

Trivaksiona 1 290 In use Domestic 

Trivaksiona 2 280 Backup Domestic 

Drasi 1 300 Summer only Domestic & Irrigation 

Drasi 2 300 In use Domestic & Irrigation 

Parakaluri 297 In use Domestic & Irrigation 

Damaka 1 148 Backup Domestic 

Damaka 2 160 In use Irrigation 
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Pera Mera 287 Backup Domestic 

Vrisalaki 37 In use Domestic 

Saint Silas 34 Summer only Domestic 

Kselidonia 165 Not in use Domestic 

Latsida * Not in use * 

Kudumalu 243 Not in use Irrigation 

Vighli 40 Not in use * 

Ninithianu 43 Not in use Domestic 

Technical High School * Not in use Domestic 

Foster Home * Not in use Domestic 

*No data available 
   

 

A study conducted immediately to the east of the Municipality of Neapolis found that groundwater 
recharge rates were primarily dependent on underlying geology (Fassoulas 2009).  The two 
dominant aquifer types in the Municipality of Neapolis are karstic and alluvial (neogene-
quarternary).  Karst limestone is easily weathered and has a relatively high permeability.  
According to Fassoulas and Kritsotakis (2009), karstic aquifers allow approximately 40-55% of 
rainfall to infiltrate.  While high infiltration rates ensure increased aquifer recharge, they can also 
be cause for concern.  Cracks in karst limestone, which are typically formed due to natural 
weathering, can increase the risk of groundwater contamination of shallow wells (Richards 2010).  
More specifically, these cracks serve as paths of least resistance for surface applied nutrients and 
pesticides (Sinkevich 2005).  Once applied to the land, infiltrating water may carry the contaminant 
through the weathered karst and into the groundwater.  Besides the potential for groundwater 
contamination, rainwater entering the karstic aquifer may eventually be lost to the sea via ocean 
springs.  The location of these springs and the amount of water released into the sea is difficult to 
estimate at this time. 
 
Alluvial aquifers are composed of marly limestone or sandstone and have a relatively low 
permeability when compared to karstic aquifers (Fassoulas and Kritsotakis 2009); therefore, they 
will take longer to recharge.  The Cretan alluvial aquifers allow approximately 10-25% of rainfall to 
infiltrate (Fassoulas and Kritsotakis 2009).  

What is a water balance and why is it important? 

A water balance can be used to tally water inputs (e.g. rain), outputs (e.g. evaporation), and storage 
(e.g. aquifer recharge) within a watershed.  The Thornthwaite-Mather water balance (Steenhuis 
and Van Der Molen 1986) is one of the most commonly used methods for estimating water storage 
over time.  The soil is analogous to a bucket with limited water holding capacity (Figure 9).  The 
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amount of water in the bucket increases during rain events and decreases depending on the rate of 
evaporation.  Bringing our analogy back to reality:  when too much water is added to the soil, the 
excess water either runs over the land until it collects in lakes and rivers (i.e. runoff) or infiltrates 
into the ground (i.e. groundwater recharge).  Depending on the underlying aquifer, infiltrating 
water either recharges water wells or is permanently lost to the sea.  Despite estimates, future 
studies are needed to evaluate the actual fractionation of excess water.  What proportion of rainfall 
contributes to runoff in the Municipality of Neapolis and what proportion infiltrates?  Where are 
the ocean springs and how much fresh water is lost to them? 

 

 

Figure 9.  Simplified diagram depicting the Thornthwaite-Mather water balance method.  Rainfall increases 
the moisture content of the soil (shown as a bucket) while evaporation decreases soil water content.  When 
the soil reaches its water holding capacity, the excess water is collected in lakes and streams (i.e. runoff) or 
infiltrates into the ground (i.e. groundwater recharge). 

 

Water managers and policy makers will often use a water balance to develop effective water 
resources management strategies given a variety of scenarios.  If a village is pumping aquifer water 
faster than it can be recharged by rainfall (i.e. negative water balance), water managers can use a 
water balance to suggest solutions that maintain a positive water balance.  Here, we focus on 
various crops scenarios and how they impact the cumulative excess over time. 

 

Primary Water Inputs and Outputs 

As depicted in Figure 8, rainfall represents the primary input to the water balance.  Primary outputs 
for the water balance include evaporation and excess water.  Excess water is defined as the sum of 
surface runoff and infiltration.  During the summer months, the majority of rainfall that does not 
infiltrate is lost to evaporation.  Since there is more rainfall from October to March, water that does 
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not infiltrate may be lost via runoff or evaporation mechanisms.  According to Kristotakis’ (2010) 
study of Crete, about 62% of rainwater will evaporate, 28% will infiltrate, and 10% will be lost as 
runoff into the sea.  This percentage is comparable to studies conducted in southeastern Crete 
(Croke 2000) where the yearly average rainfall and aquifer infiltration rates were nearly equal to 
rainfall and aquifer infiltration rates in Neapolis. 

 

Secondary Water Outputs 

Aquifer withdrawals for domestic, agriculture, and industry represent secondary outputs not 
pictured in Figure 2.  Because surface water is scarce, the municipality depends on groundwater 
reserves to supply water for these three sectors.  Similarly, Chartzoulakis et al. (2001) estimated 
that 87% of water use in the Island of Crete comes from groundwater reserves.  The same study 
also showed that the agricultural sector used the largest percentage of water (84.5%) followed by 
domestic (12%) and industrial (3.5%) water withdrawals.  In the context of Neapolis, one of the 
most intensively pumped deep wells is used solely for irrigation purposes (Table 3).  It is estimated 
that nearly one third of agricultural land in Crete is irrigated (Tsakiris et al 2007).  Since most olive 
trees in the Municipality of Neapolis are grown without irrigation, we suspect that garden 
vegetables (e.g. tomatoes, peppers, onions, etc.) are the main irrigated crop.  In western Crete and 
other regions of the Mediterranean, monetary incentives drive the production of luxury export 
crops such as citrus and kiwi.  In 2008, Greece was ranked as the fourth largest producer of kiwi in 
the world (FAOSTAT 2011).  Between 1988 and 2008 kiwi production increased 90% 
(FAOSTAT 2011).  Despite the importance of kiwi crops, olive production is still more plentiful.  
Greece was ranked third in 2008 for global olive production behind Spain and Italy 
(FAOSTAT 2011). 

 

Neapolis Water Balance 

Currently, domestic and irrigation needs are effectively met by groundwater aquifer supplies.  
However, municipal wells are only able to support growing domestic needs; there may not be 
enough water to satisfy the needs of increasing irrigation demands.  With this in mind, it is easy to 
see that the municipality’s water balance may be profoundly influenced by the decisions of local 
farmers, especially if they choose to grow more water intensive crops that fetch a higher market 
price (e.g. citrus and kiwi).  According to the Food and Agriculture Organization (2010), citrus trees 
require 900-1200 mm of water per year compared to olive trees, which yield fruit in areas with 
400-600 mm of rainfall per year and can survive with as little as 200 mm of rainfall per year.  Since 
heavier use of pesticides and other nutrients may be required to grow water intensive crops, the 
risk of groundwater contamination may also increase.  In the Neapolis Water Balance, we focus 
solely on the change of agricultural water requirements over time because this sector uses the 
largest proportion of water.  Future studies may wish to address the potential impacts of 
population growth or transport of water from one municipality to another on cumulative excess 
water over time. 
 
By applying the Thornthwaite-Mather water balance to the Municipality of Neapolis, we compare 
the impact of two crop scenarios on groundwater resources over time using historical rainfall rates 
(Figure 9).  The first scenario estimates the cumulative excess water over time for non-irrigated 
olive crops and the second scenario repeats this method for irrigated citrus.  We assume a 



18 

 

maximum evapotranspiration of 2 mm/day and 4mm/day in mid July for olives and citrus, 
respectively.  Additionally, we subtract citrus crop irrigation water (700 mm per year) from the 
yearly excess water supply.  After 63 years of growing non-irrigated olive crops, the cumulative 
excess is approximately 36,300 mm compared to 497 mm for irrigated citrus crops (Figure 10).  
Thus we predict that traditional olive production will ensure roughly two orders of magnitude 
more excess water over 63 years than citrus production.  Despite the difficulties in defining in 
specifying the proportion of excess water that recharges the aquifers, these results highlight a 
fundamental management strategy:  it is unsustainable to grown water intensive crops in a water 
scarce region.  An effective first step towards conservation of groundwater resources involves the 
maintenance of traditional drought tolerant crops such as the olive tree. 
 

 

Figure 10.  Cumulative water excess of olive (green diamonds) and citrus (orange squares) over time using 
the Thornthwaite-Mather water balance method. 
 

Limitations of the Neapolis Water Balance 

Applying the Thornthwaite-Mather water balance to the Municipality of Neapolis has several 
limitations.  First, the approach presented here only focuses on cropping extreme conditions.  
Specifically, it simulates cumulative excess over time for a single crop type rather than a mixture of 
different crops.  In reality, farmers will try to diversify their crops to protect themselves from 
unexpected events that may destroy their crop (e.g. drought or pests).  Second, the Neapolis water 
balance assumes a uniform soil type and rainfall rate over the entire municipality.  While this 
assumption may seem unreasonable, it is needed to maintain the simplicity of the water balance 
simulation.  Future researchers may wish to compare simulation results to actual measurements in 
order to summarize other potential limitations of this method. 
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Water Losses 

In a region such as Neapolis where a number of factors may influence water scarcity, effective 
water management depends on the quantification of losses and additions to the system.  Some of 
these factors are associated with:  (1) growing urban populations, (2) climate, (3) irrigation needs 
and (4) tourism.  As the population of Neapolis expands, greater demands for water must be met.  A 
drier climate means less rain to recharge the groundwater aquifers, and thus, a decline in 
groundwater height.  The potential for water scarcity may also increase if farmers decide to grow 
water intensive crops (e.g. citrus and kiwi) rather than drought tolerant ones (e.g. olive trees).  
Much like increasing urban populations, tourism may increase water demand. 
 
In terms of the 8 active wells, half are used for only a portion of the year and the remaining 4 
(Table 3) supply the majority of domestic and irrigation water to the residents of the municipality.  
Hydrometers on the well pumps and in each home or farm are used to measure the amount of 
water pumped and supplied.  By comparing the quantity of water pumped to the actual quantity 
consumed, we determined the percentage of water lost for 4 frequently used wells (Table 3).  It is 
interesting to note that Damaka 2, the largest supply well used for irrigation, lost the most water 
(71%).  Several explanations for the magnitude of this loss include inconsistent hydrometer 
readings, leaking pipes, and inefficient irrigation practices.  Given that this well was used primarily 
for irrigation purposes (Tables 2 and 3), detailed studies exploring losses and possible water 
management strategies should be conducted.  Additionally, the remaining 3 wells are used 
primarily for domestic needs.  On average about 53% of the water pumped from these wells was 
lost; it may have evaporated, recharged groundwater, or runoff into the sea. 
 

Table 4.  Comparison of well water pumping and consumption amounts per year for select wells only. 

Well Name 
Amount Pumped 

(1000 m3) 
Amount Consumed 

(1000 m3) 
Percent Lost 

(%) 
Use 

Damaka 2 500 145 71 Irrigation 

Trivaksiona 1 237 116 51 Domestic 

Saint Onufrios 
1 

102 46 55 Domestic 

Parakaluri 71 34 52 
Domestic & 
Irrigation 

 

Water Quality 

Policy makers and water resource managers have recently started collecting quarterly 
groundwater quality data for the Municipality of Neapolis in accordance with local, district, and 
national water quality guidelines.  Despite this advancement, the type and schedule of 
measurements are not consistent enough to draw conclusions at this time.  It is also difficult to 
compare these data in terms of their spatial variability because sample locations are not geo-
referenced.  Finally, there is no comprehensive study analyzing the quality of water from the 
cisterns. 
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Wastewater Treatment 

Ancient civilizations in the Mediterranean were some of the first to manage wastewater.  Many of 
the urban wastewater technologies we use today were first established in 2000 BC by the Minoan 
civilization (Angelakis et al. 2005).  The Minoans constructed sanitary sewers (Figure 11a) as well 
as urban stormwater drainage networks (Figure 11b).  Unfortunately, current wastewater 
treatment in Greece is often inadequate; especially in coastal regions where the growing tourism 
industry stresses outdated wastewater systems (Tsagarakis et al. 2004). 
 
   (a)      (b) 
 
 
 
 
 
 
 
 
 
 

Figure 11.  Minoan urban water systems found in Knossoss, Crete, Greece:  (a) terra cotta sewer pipe and (b) 
stone stormwater drainage network. 

 
The system for wastewater treatment in Neapolis (and the nearby coastal Municipality of 
Agios Nikolaos) is rudimentary despite the municipality’s many modern amenities.  Except for 
three small villages (Vryses, Cumeriako, and Nikithiano) with their own wastewater treatment 
plants, domestic and commercial wastes are directed from the city of Neapolis to the coastal 
city of Milatos in a 1.5 km long pipe.  After winding its way through nearby village gardens, the 
pipe transitions into an open brick-lined channel; it can be distinguished from aerial view due 
to the large quantities of bamboo growing in and around it.  This brick channel was first 
constructed by the Ottomans and has since been repaired with stone.  Based on conversations 
with local leaders, we were unable to determine conclusively whether or not the waste was 
discharged into the sea upon reaching Milatos.
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Social Context of Water Use and Management in Neapolis, Crete 

 
The shortcomings of many past and contemporary water management schemes across the globe 
have given way to recognition that greater management success requires a broader range of inputs.  
Focus, therefore, is increasingly being placed on human interaction with the resource as a point of 
management and away from solely physical approaches.  Water systems are designed and managed 
to contribute fully to objectives of society.  Beyond the biological limitations of how much or how 
clean is enough, we describe a water quality or quantity standard with respect to its use for a 
particular purpose.  Human interaction with water resources has the greatest consequence for its 
fate and therefore deserves greater attention in planning for its use and conservation1.   
 
Understanding the social context of the locale is important for water management for a variety of 
reasons.  In Neapolis, the semi-arid region of Crete, and in the Mediterranean at large, traditional 
knowledge of resource availability and historical frugality in its use provide valuable insights into 
its cultural value and sustainable use.  In the contemporary community, a profile of society lends 
itself to an understanding of its users’ management priorities.  Understanding values, perceptions, 
habits, and motivations of the community can be useful in designing and implementing informed 
and socially acceptable policies and methods for managing water resources.  

Management is Culturally Ingrained   

Coping with water scarcity is not only a contemporary problem in Crete; it is the condition under 
which its culture, including the ways that water is managed, has evolved.   The historical 
importance of water as a scare resource has resulted in a management scheme that is culturally 
embedded.  Just as the native vegetation is well adapted to the spatial and temporal water scarcity 
of the region, so too has society evolved resilience to the climate.  The technologies used to acquire 
water were “based on series of resource usage practices that are an integral part of the cultural 
system and maintenance between social groups and nature”2. 
 
Since the semi-arid island of Crete was first inhabited, humans have been developing and 
improving coping mechanisms to avert the ever-looming risk of inadequate water supplies.  The set 
of traditions and institutionalized social practices surrounding water comprise a management 
scheme and through that management, reinforce the desires of society for an adequate water 
supply.  It is then plausible to see how cultural identity can be water-centered when the cultural 
frame is manifested in norms, routines, and social practices to avert risk of water scarcity3.  Cultural 
norms in turn influence the way water is perceived (as a common good, as valuable, as sacred, etc.) 
by an individual and perhaps collectively. 

Traditional Knowledge 

Many scholars have recognized the value of traditional knowledge in the management of natural 
resources.  Our approach to managing water resources has, in some ways, become less complex and 
multifunctional and has lost the integrated approach that traditional practices embraced2.  
Collectively, we are in the process of trying to rediscover how to implement an integrated approach, 
one that considers social, culture, and economic avenues.  The integration of these disciplines into 
the methods for managing scare resources is the foundation on which civilizations have been built 
and on which modern society may ultimately rely.  Looking back to earlier practices has potential to 
inform a way forward in water management toward sustainable management.  In a remote location 
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such as Neapolis, the resource condition has not changed substantially; the care needed to remedy 
seasonal water availability persists, and the normative knowledge that accompanies this care is still 
relevant, and among some, is still held.  “Understanding the historical context of water is not merely 
for ‘archival curiosities’ but because they may be an exceptionally useful source of information that 
can help solve present problems”4. 

Historical Water Crisis Aversion 

Cisterns or other water reservoirs to collect water have been used as means of overcoming 
inadequate water supplies for centuries.  While cisterns appeared during the Minoan Age, a boom in 
their construction occurred during the Hellenistic period (323 B.C. to 30 B.C.), and the technology 
extends even to modern times.  Greek households of the Hellenistic period used cistern water for 
bathing, cleaning, houseplants, domestic animals, and even drinking in times of shortage.  This 
water was most likely of a quality that would today be considered subpotable5.  The ancient City of 
Dreros, located on the outskirts of modern day Neapolis is thought to be the location of the first and 
largest cistern ever known6.  Could cisterns be a means of lessening the vulnerability of modern, 
centralized water provision in times of shortage or drought?   
 
Neapolis was once, and remains, to some extent, a largely rain-fed landscape.  There is evidence 
that the practice of capturing rainwater was an important method for meeting the daily needs of 
households and farmers.  Remnants of the endeavor to capture every drop of runoff from rain 
events are seen everywhere.  Simple chutes and channels from roof tops, roadways, and gentle 
slopes divert water toward cisterns and other collecting mechanisms.  The cisterns of Neapolis 
come in many shapes and forms.  Some are round and deep, built by skilled hands; others are 
modern, concrete rectangular catchments; others still are modernized by tarpaulin liners. Simple 
decanting mechanisms accompany many of the cisterns and function as a means to settle sediment 
from roadside runoff so that only the top, fresh water can flow into the main tank.  Until the middle 
of the 20th century, one third of houses in villages and remote farmhouses of Greece were equipped 
with a cistern but the practice of water harvesting has been largely abandoned and replaced by 
municipal water supply connections7.  
 
Neapolitans still draw water from those cisterns that hold water, especially to water their livestock.  
It is estimated that there are nearly 200 structures to capture rainwater in the municipality, each 
with the capacity to hold 50-100 m3 of water.  The total capacity of the cisterns represents 
approximately 5% of total domestic and irrigation needs in 20098. 
 
Other evidence of small scale water acquisition dots the Neapolis and Lasithi landscape.  Windmills, 
which acted as water lifting devices were used until recent times for irrigation purposes.  Crete has 
been known for its abundance of wind pumps and about 6,000 were still in use until recent times9.  
It is believed that by 1986, however, the number had decreased to one thousand and presumably 
continues to decrease as modern pumps and centralized water supply deliver water. The decline of 
windmills throughout the 20th century has marked the change in agriculture from wheat (then 
corn) to irrigated vegetables10.  
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Contemporary Water Users 

Society in Neapolis has undergone many changes since the times when traditional water 
management evolved.  Evidence of this change is found in the abandoned structures that once 
characterized the Cretan landscape and lifestyle until recent times.  Technological advancements 
have increased the municipality’s ability to tap deeper and deeper subterranean water reservoirs 
and provided the households with an abundance of potable water that is not subjected to 
precipitation’s spatial and temporal variability.  Municipal connection is available to all those that 
desire a hook up for a fee of € 80 with in the town of Neapolis or € 50 in other settlements of the 
municipality.  Water is provided to virtually all households therefore via municipal connection 
these deep wells.  Article 7 of Neapolis Regulation on Water Provision/Use and Sanitation pertains 
to illegal withdrawals from municipal rainwater reservoirs which is evidence that there may be 
settlement that are still, in part, rain fed11.  

In addition to technological advances in the provision of large water quantities, other developments, 
such as indoor plumbing, have provided widespread modern conveniences that increase the quality 
of life for Neapolitans.  Modern conveniences and utilities have increased the standard of living in 
Neapolis and decreased the work burden on individuals.  Despite a perceived improvement in the 
standard of living, not all people claim to have experienced a similar improvement in the quality of 
life.  Neapolitans look to the quality of the land, water, and potentially their diet for reasons of 
declining overall health and even of happiness.  Although the Cretan diet is still revered as a model 
for healthful eating, a shift away from strictly agrarian life-styles has prompted a dramatic increase 
in the consumption of meat and white bread and an increasing distance and disconnect of the 
people from their food.   

Water Quality Perceptions  

The effectiveness of new management strategies depends on the perceptions and support of the 
community adopting them.  Extensive interviews could not be carried out during our stay in 
Neapolis due to time and language constraints.  We did however take advantage of our informal 
“guide”, Giannis Garakis, to whom we own much thanks, to conduct short, informal interviews as he 
showed us around the municipality.  We gather that Neapolitans seem to be to generally content 
with their water quality although many spoke nostalgically of their past dependence on cisterns for 
their water.  They compared the water quality of the cistern to the municipal well water and 
blamed declining health on the poor quality on the latter.  According to them, the cistern water they 
used forty years ago tasted better and cured their upset stomachs.  One elderly citizen refused to 
drink the municipal water and instead collected rainwater in her own cistern to use throughout the 
year.  Nearly everyone we spoke to regarded the cisterns as a community gathering place where 
they could discuss crops or family news8.  
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Age Profile and Municipality Population Change  

The population of Crete is both younger than that of the rest of Greece and has a greater longevity 
as evidenced by a large elderly population.  This may be in part due to the out-migration of young 
people and some in-migration of retirees12 however it appears that Neapolis does retain its 
professional age category and so the population profile does not show evidence such extremes in its 
younger and older categories (Figure 12).  

Population in the municipality is concentrated in the town of Neapolis, while the remainder are 
scattered across the rural landscape.  Much of the municipality has a population density of 10 to 40 
inhabitants/sq km. while a central portion contains 60 to 100 inhabitants/sq km.  Figure x shows 
continuous population decline over the course of the 21st C. in many of the settlements of the 
municipality.  For the period of 1981-2001, the majority of the municipality had -.01 to -20% 
population growth, while a portion of the north west had 20 to 50% growth12. 
 
Anecdotally, depopulation of the rural landscape surrounding the town of Neapolis may be tied to 
the disappearance of seasonal migrations which once coincided with the growing season.  Splitting 
time between a township and rural settlement is an arrangement which dates to at least the mid-
Turkish period13.  This tradition seems to have dwindled as roadways and motorized vehicles make 
the agricultural land easily accessible and mechanized agriculture make long stays in rural 
settlements unnecessary.    

 

Figure 12. Age profile of Municipality of Neapolis (2001). (Data for age profile from 2001 Greek population 
census). Hellenic Statistical Authority (EL.STAT.) 
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Figure 13. Sample of Village Population Change in Municipality of Neapolis from 1913-2001 
(Data from attribute table, courtesy of A. Sarris) 

Economic Activity 

 

 

Figure 14. Economic Activity and Non-Activity in Municipality of Neapolis (data from 2001 Greek population 
census) Hellenic Statistical Authority (EL.STAT.) 
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Price of Water 

The municipality is responsible for supplying water to each household.  The actual price per unit of 
water is not stated in the Regulation on Water Provision/Use and Sanitation except to say that 
consumption rates are set by a special City Council ruling and can be readjusted according to the 
needs of the department11.  Since 2007, a price has been charged to households for the supply of 
water which the municipality believes to be acceptable to citizens since water represents the 
cheapest of all utilities. The current price of water for domestic uses is set by the cost to supply 
water in a given area and therefore no profit is gained by its supply.  A progressive pricing structure 
is utilized under which the price of water increases incrementally based on consumption bracket. 
Currently, residents in the urban areas and villages must pay a higher rate when they use over 40 
m3 of water per quarterly cycle.  See Table 1 for a sample of average water prices in the villages of 
the municipality and Figure iv for a price comparison to European countries.  This pricing system 
does not appear to promote conservation however, and the municipality is limited in the amount of 
economic leverage local authorities have with regard to conservation14. 

 

Table 5. Price of Water in Municipality Neapolis Crete 

 

Village 
# 
hydrometers 

Consumptio
n (m3) 

Value of 
Water (€) 

Total Price  
(value of 
including 
charges)(€) 

Price per 
m3 (€)* 

Average 
household 
consumption 
(m3) 

Agiou 
Antoniou 143 11676 8363.35 12269.35 0.72 81.65 

Karidi 98 8027 7542.82 10206.82 0.94 81.91 

Kasteli 216 6812 3756.28 9606.28 0.55 31.54 
Fourni 
Dories 394 20884 14642.55 25289.55 0.70 53.01 
Nikithiano 
Platipodi 98 4226 1466.89 5014.89 0.35 43.12 
Oik. 
Neapolis 250 18884 17485.64 24271.64 0.93 75.54 
Dimos 
Neapolis 1863 145643 81533.31 160448.64 0.56 78.18 

Voilismeni 296 15927 7476.09 16077.09 0.47 53.81 

Latsida 343 16960 7001.31 17010.31 0.41 49.45 
Choimeriak
o domestic 281 12265 4084.98 16805.91 0.33 43.65 
Choimeriak
o 
agriculture 309 17597 7936.71 16297.71 0.45 56.95 
Vrisis 
domestic 299 8404 2470.61 12887.05 0.29 28.11 
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Vrisis 
agriculture 530 42502 11824.97 26020.97 0.28 80.19 

Totals 5,120.00 329,807.00 
175,585.5
1 352,206.21 0.53 64.42 

 

 

Figure 15. EU water price comparison (City water prices from 1998 and national average prices from 1996) 
http://www.grid.unep.ch/product/publication/freshwater_europe/consumption.php 

 

http://www.grid.unep.ch/product/publication/freshwater_europe/consumption.php
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Among the points laid out in Article 9 of the EU Water Framework Directive: Recovery of costs for 
water services are that 1) water-pricing policies should provide an adequate incentive for efficient 
use of water; 2) the social, environmental, and economic impacts of recovery be taken into 
consideration; and 3) there is an adequate contribution made by each of the different water-using 
groups (domestic, agricultural, and industrial)15.  These are important for the municipality to 
consider in setting the most appropriate water price for both domestic and agricultural users. 

Impacts of Tourism 

Crete’s unique combination of pleasant climate, beautiful landscape, hospitable culture, famous 
history, and convenient proximity to the European mainland make it an attractive tourist 
destination.  Its increasing popularity among tourists has, no doubt, had a profound effect on Cretan 
life because of its economic benefits, among them employment generating capacity, infrastructural 
improvements, and receipt of European Union and national funds for development.  However, not 
all of the effects of its ever-growing popularity among tourist are positive.  Negative impacts include 
environmental degradation, commodification of nature and culture, economic vulnerability due to 
increasing dependence on volatile tourist markets, diminishment of regional self-reliance, and 
compromise of traditional values and authenticity16,17.   

With 40% of Cretans employed directly or indirectly in the tourism sector, it is a very important 
component of the regional economy12.  The employment potential that tourism presents probably 
helps to keep the unemployment rate low.  At 4%, it is only half that of Greece’s overall 
unemployment rate18(Table 2).  The workforce must remain mobile and obtain multiple 
specializations in order to offset the effects of the sector’s seasonality.   

 

Table 6: Crete Annual Enterprise Statistics in Tourism sector, by Region, 2002-2007: Crete  
From Hellenic Statistical Authority (EL.STAT.) 

 
2002 2003 2004 2005 2006 2007 2008 

Number of local 
units 

7,998 8,415 8,426 9,661 10,043 9,790  

Turnover 722,535,490 725,874,716 809,607,633 884,187,269 862,460,399 933,220,516  

Wages and 
salaries (€) 

205,040,038 163,927,360 187,352,777 179,715,234 184,349,652 208,788,608  

Gross investment 
in tangible goods 

(€) 
111,929,115 100,719,873 128,748,370 95,475,397 127,326,610 200,480,146  

Number of 
persons 

employed 
22,872 23,582 24,522 24,474 25,910 24,968  
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Mayor’s stats: 
number of hotels 

     1,525 1,538 

Foreign Tourists      1,838,138 1,882,288 

Greek Tourists      399,001 398,454 

 

Local communities should maintain control over the amount of tourist growth.  While they may 
realize the benefits tourism can provide them, real consideration should be given to the tourist 
industry’s carrying capacity and what they feel is an acceptable level of change.  They should be 
careful not to compromise too much in the pursuit of tourism benefits and consider ways to balance 
growth with sustainability to preserve cultural authenticity and the natural beauty of their 
landscape.  Land use planning and zoning has tended to lagged behind tourism development and 
has been impeded by strong tourism interests17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Future - Elementary and secondary school education  

The youth generation will be the water management decision-makers of the future.  They will likely 
be faced with a variety of changes which threaten water resource availability such as regional 
climate change, land-use change, or depleted ground water levels.  Efforts to instill a moral norm in 
young Neapolitans and educate them about traditional and historical ways of managing water may 

 http://www.stepc.gr/_docs/library_docs/OECD_CRETE.pdf 
While the most developed areas along the coast continue to develop the rural hinterland suffers 

from this massive expansion up to the point that overall gains are not necessarily positive. This 

apparent paradox has been identified in other countries5. It shows that specific efforts to adapt 

agriculture and develop rural tourism are required to prevent further decline, stemming in part from 

the negative externalities of concentration of pockets of tourism activity (see further the related 

developments on tourism). Since Crete possesses a rich cultural heritage, folk art, traditional food 

and wine, with community life in ascenic well preserved landscape in its rural and mountainous 

areas, its potential for rural tourism is undeniable. Traditional agricultural technologies combined 

with modern ecologically friendly farming practises can help to preserve this heritage which is 

particularly attractive for tourists. Income through tourism can create synergies with environmental 

and agricultural measures pertaining to organic farming and the maintenance of terraces for 

instance. The same applies for handicraft and gastronomy. The textiles sold to tourists presently are 

mainly manufactured in China, while local produce can find a market with the growing segment of 

higher solvency tourism, if designed to market needs. “Cretan diet” and local quality wines offered in 

local gastronomy (with quality labelling) can support local producers and the catering sector. 

http://www.stepc.gr/_docs/library_docs/OECD_CRETE.pdf
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help to create wise water managers for the future.  In his chapter of Losing Paradise, Eriberto 
Eulisse, wonders how to “bestow it [water] once again with the ethical values to which it is entitled 
and which were attributed to it from the dawn of humanity”4.  

According to the Mayor Kastrinakis, no formalized elementary education program for water 
currently exists although its role in health and environmental protection are communicated.  
Educational efforts in the municipality, aimed more broadly at the community, are in the works.  
One effort under consideration by the municipality, for which the mayor is a great proponent, is the 
restoration of cisterns as a demonstration of their function in meeting the water needs of the area.  
Nikolaos Skoutelis, of the Technical University of Crete is working with the municipality to design a 
network of cisterns for this purpose.  He states that such a project helps in “realizing that all these 
distinctive underground structures are important testimonies of the perpetual quest of water 
provision methods and acknowledging that they played a vital role in shaping the unique landscape 
of the area…”19. Raising awareness about water management issues, especially through an 
emphasis on cultural heritage and the aesthetic qualities of management as a component of the 
rural landscape, is a key focus of the current local government.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activating Water Users to Conserve  

Conserving water in Neapolis’ semi-arid and seasonally driven environment requires care by all of 
its water users.  Although organized ideologies and personal experiences have shaped the actions of 
water uses and imposed “informal constraints on behavior” North (1989)20 specific to water issues, 
a perceived abundance of water may cause these norms to lie dormant in the Neapolitans.  

A project initiated by the Global Water Partnership-Mediterranean 9GWP-Med piloted a Rainwater 
Harvesting multi-stakeholder Project for the Islands of Cyclades.  The project draws on the wisdom of 
rainwater harvesting to overcome the inherent water shortage of the islands (and the Mediterranean 
region at large).  The project takes an educational approach to instilling an ethical value of water into 
future water users by refurbishing cisterns with all levels of primary and secondary education.  The 
project believes that water problems cannot be solved by technical approaches alone.  A water 
culture needs to be renewed, enhanced and reshaped.  They would like to see various initiatives to 
be undertaken within the framework of a campaign for a “New Mediterranean Water Culture”. 

 

A useful resource… 

Mediterranean Education Initiative for Environment and Sustainability (http://www.medies.net/) The 
site provides useful material for all those involved with Environmental Education (EE) or Education 
for Sustainable Development (ESD) and serves as an interactive point for sharing, browsing and 
searching websites of relevant organisations, government bodies and NGOs active in the 
Mediterranean region. 

 

http://www.medies.net/
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Researchers in the field of social psychology believe that norms need to be activated to guide 
behavior21.  Conditions that have been theorized to activate norms are 1) an awareness that 
personal behavior has consequences for others; and 2) ascription of responsibility to oneself to take 
action to prevent these consequences22.   

Stakeholder Participation: An Interface of Society with Water Resources  

In addition to the individual citizen use of water, another interface exists in their participation at 
the management level.  Citizens and water users represent an important stakeholder group because 
they are directly influenced by the decisions of water managers.  Additionally, their individual 
actions and attitudes have consequences for the way water is managed at the household level.  A 
multi-stakeholder approach in an important part of integrated water management in which public 
participation can play an important and provide many benefits:  

 Informs the decision-making process and helps determine what types of information are 
necessary to address water issues;  

 Represents the variety of interests that exist in the municipality and allows users to bring 
their knowledge and experiences of the resource to the process; 

 Allows for a more open, transparent, and democratic process; 

 Increases the acceptability of policies and fosters trust and buy-in among users; and 

 Allows the management process to be adaptive to the local conditions. 

 

Community Visioning 

It is important to realize that, although there are external and uncontrollable influences on the 

future of Neapolis’ water context, it is not predetermined.The municipality and similar locales 

that realize the potential for water scarcity in their future are uniquely poised in their ability to 

shape the outcome of the resource scenario.  Community visioning is a process that can help 

determine what actions can be taken in order to stave off a crisis and “bend the trend” toward 

the community’s desired future22.  Considering a community’s vision for the future of their 

water and land use helps them develop a plan of action that will fit community goals.  Through a 

community and stakeholder inclusive process, a vision for the future of water resources and the 

necessary inputs and actions to achieve those desired outcomes can be designed.  It is 

important that this process be inclusive so that the interests of a variety of stakeholder groups 

can be considered for the development of a plan for the community’s future.  Water 

management stakeholders and water users learn that their participation and input is valuable 

and that they can play an active role in determining the fate of water availability and quality.  

Stakeholders who are satisfied with the process are more likely to accept the outcome even if it 

is not the one that they would like23.   
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How to develop a shared vision for the future of the community 

Community visioning is desirable when issues are complex, the resource at hand is limited, numerous 
interests are involved, and the community is interested in participation.   
 

 Initiate a committee for the visioning process that represents the diverse interests in the 

community 

 Invite the community and all relevant stakeholders to participate.  Explain the process the 

community should go through, why this process has been chosen, why a variety of 

perceptions is crucial its success 

 Evaluate the future that the community is likely to face if no intervention occurs.  What 

components about that future are acceptable or unacceptable to community members? 

 Identify what changing forces are external and those that are controllable at the community 

level. 

 Communicate the desires of the community for the future in a vision statement.  This vision 

can be outlined for future decades.  

 Develop an action plan that identifies the steps needed to realize the community’s vision  
 

Note: The length of visioning exercise will depend on the complexity of the issues to be discussed 

 see Derek Okubo’s The Community Visioning and Strategic Handbook at 
http://www.cpn.org/tools/manuals/Community/pdfs/VSPHandbook.pdf 

 

 

http://www.cpn.org/tools/manuals/Community/pdfs/VSPHandbook.pdf
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Legislation Governing the Municipality of Neapolis 

European Legislation 

 Laws governing the Municipality of Neapolis are compelled to be in alignment with 
European Legislation. 

 The European Legislation governing various waters is called the Water Framework 
Directive.23 This Directive was made on the 23rd of October 2000 and was implemented on 
the 22nd of December 2000. 

 This directive was established to protect: Inland Surface Waters, Groundwater, Transitional 
Waters and Coastal Waters. 

 This Framework-Directive has a number of objectives, such as preventing and reducing 
pollution, promoting sustainable water usage, environmental protection, improving aquatic 
ecosystems and mitigating the effects of floods and droughts. 

 Its ultimate objective is to achieve “good ecological and chemical status” for all Community 
waters by 2015. 

 The European legal concept of ‘direct effect’ applies not only to Regulations but also 
Directives.24 This imposes an obligation for each Member State to ratify the principles 
narrated in each Directive. This should be done by the transposition of the Directive into 
national law. 

National Law 

 The Greek Law 3199/2003 (later amended25) was the initial legislative attempt to 
harmonise the Water Framework Directive. Greece was beheld by the European 
Commission to have violated the Water Framework Directive. 

Violations 

 In 2005 an infringement process was initiated against Greece and in 2006 the European 
Commission  referred Greece to the European Court of Justice, due to the ongoing delays in 
implementing national legislation permitting the adherence of the principles of the Water 
Framework Directive.26 

 Presidential Decree 51/2007 was passed in order to fully align the provisions, including 
technical specifications of the Water Framework Directive with National Legislation.27   

 The European Commission were persuaded that the Decree satisfactorily solved any gaps in 
previously passed national legislation and enabled Greece to conform to the Water 
Framework Directive, thus closed the case in June 2007. 

 The European Commission published a report during March of 2007, which examined the 
implementation of the Water Framework Directive in relation to the various Member States. 
The report shows that Greece has also violated the Directive in other ways such as 
providing reports (as directed in Article 5 of the Directive) a year after the requested 
deadline.28 

 This problem persisted and the most recent European Commission report showed that all 
Member States have reported on the establishment of monitoring programmes in 
accordance with Article 8 and Annex V (of the Directive), with the exception of Greece, 
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which has not  reported and Malta, which has not reported on surface water monitoring 
programmes.29 

Local Legislation 

From an International level to a Local Level the Municipality of Neapolis is governed by four main 
legislative provisions; 

 The Water Framework Directive (International) 
 National Legislation 3199/2003 (National) 
 Presidential Decree 51/2007 (National) 
 Regulation on Water Provision Use and Sanitation (Local) 

 
The Articles in the Water Framework Directive are superior and supersede any legislation beneath 
it.    

 Regardless of the previous and ongoing reluctance of Greece to fully comply with European 
Legislation currently the European Commission are satisfied that the National Legislation 
3199/2003 paired with Presidential Decree 51/2007 satisfies the Directive’s goals, 
considering the compliance in duties and responsibilities of this legislation is another issue.  

 The ultimate objective of the Directive is to achieve good ecological and chemical status for 
all Community Waters by 2015. This is to be done by such measures including; reducing 
pollution, promoting sustainability, improving the aquatic ecosystems and abating the 
consequences of overly wet and overly dry periods.30  These general goals are given 
specifics in what should be accomplished and importantly what should be monitored31  and 
reported32. 

 National Legislation 3199/2003 and Presidential Decree 51/2007 supply general rules in 
compliance with directive and specifically give authority and autonomy to specific Regions 
(As defined by the National Water Commission) which empowers those Regions to govern 
the protection and management of the river basin within that Region.33  

 Crete, which is one of the aforementioned Regions in turn, has allotted the task of water 
provision use and sanitation legislation to its component Municipalities. 

 The Municipality of Neapolis’ water provision, use and sanitation is governed by a single 
Regulation, which was given effect on the 1st of April 2007. It has 30 Articles and is the 
document, which governs the Municipality and the City of Neapolis. 

 The local regulations, which govern the Municipality of Neapolis, work well at governing the 
local needs of the people. They do not however cover all that would be required to fulfill the 
obligations which Europe imposes through the (WFD).  The Monitoring of surface water 
status and ground water status (WFD Article 8) for example is not incorporated into 
regional legislation. This is however the obligation of the National Government to request 
information. For example information is required by Europe from Member States on ‘the 
ecological and chemical status and ecological potential’ of surface water and ‘the volume 
and level or rate of flow to the extent relevant for ecological and chemical status and 
ecological potential.’ (Article 8) 

 It should be noted that just because there is an European Obligation to monitor and report 
at a National level, the lack of fulfilling this obligation may not have a negative impact at a 
local level. 

 The Local regulations, governance and management (which is controlled by council headed 
by the Mayor) has thus far been more than satisfactory, indeed for such an arid region it 
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should be complimented. This is not to say that if it were to be managed in a different way 
and the local legislation either varied or ignored that there would not be problems in the 
future. 

 

The Regulation’s Articles are summarised below: 

Article 1 

 Aqueducts supply citizens within the Municipality with water for non irrigation purposes. 
  Irrigation water is only provided to two ‘communities’ within the municipality. 
 Aqueducts and reservoirs must be cleaned and chlorinated under the supervision of the 

Municipality. 

Article 2 

 The Municipality has responsibility of the maintenance, improvement, development and 
construction of supply works. 

 A cost to cover this supply will be issued as devised by Municipality or other Regulations. 

Article 3 

 The fee for water supply is set per property and is paid by the consumer. 
 The City Council, Water Supply Department and the Mayor determine the price payable.  

Article 4 

 Water is only supplied by the Municipality when a meter has been installed. 

Article 5 

 Various connection fees are also set. 

Article 6 

 If the consumer wishes to terminate the water provision they may do so through notifying 
the Municipality 

Article 7 

 Individual pumping is prohibited if there is provision if Water by the Municipality. 

Article 8 

 Those who wish to receive water from the Municipality must apply for a ‘permit’. 

Article 9 

 Construction sites may apply for a permit to be supplied with water by the Municipality. 

Article 10 

 All related installation costs are payable by the consumer 
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Article 11 

 The first water meter is included in the installation cost. 
 Consumers pay a flat rate for maintenance and repair. 

 

Article 12 

 If there is third party damage then they are liable for any repairs. 
 Such damage includes when a party excavates. Before any form of excavation the party 

must ask the Municipality for permission. 

Article 13 

 Any repairs such as internal leaks are paid by the consumer. 

Article 14 

 If any consumer uses an illegal connection they shall be prosecuted. 

Article 15 

 Water meters are installed by the Municipality. 
 If it is not possible to measure consumption through the meter due to non compliance or 

illicit behaviour then a fine shall be imposed. 

Article 16 

 Water consumption measures take place three times a year (every four months). 

Article 17 

 If water bills are not paid then supply will be terminated. 
 Responsibility to pay is that of the tenant and the landlord, respectively. 

Article 18 

 It is illegal to transfer water from one property to another 
 It is illegal to use one water meter for more than one property, should the Municipality be 

made aware of this the supply would be terminated. 

Article 19 

 If a water meter fails and the failure was not caused deliberately, then the occupier will pay 
the same rate as the previous four months. 

Article 20 

 If there is a problem in billing then this will be resolved by a ruling made by the City Council. 
 

Article 21 
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 Consumption rates are determined by the City Council. 

Article 22 

 All buildings connected to the water network should also be connected to the sewage 
network. 

Article 23 

 There must be a request to the Municipality in order to connect to the sewage network. 

Article 24 

 A lump sum is payable for the connection to the sewage network to the Municipality. 

Article 25 

 Those connecting illegally to the sewage network will suffer prosecution. 

Article 26 

 There is a fixed fee payable every four months for the maintenance of the sewage works. 

Article 27 

 The Municipality guarantees that the legislation above shall be implemented. 

Article 28 

 The City Council has the final ruling on watering and sewerage matters within the 
Municipality. 

Article 29 

 This Regulation supersedes any previous Municipal Regulations and if there is to be any 
change this must be in the form of a City Council ruling. 

Article 30 

 This Regulation is effective from the 1st of April 2007. 
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LEGISLATION LEVEL EFFICIENCY ACCOUNTABILITY IMPEMENTATION NOTES 

Water Framework 

Directive 

European 

 

Fully Comprehensive 

Protect - 

Enhance - 

Preserve - 

(Water Quality) 

Every Member of the 

European Union is bound to 

comply with the Directive. 

Greece has not been as diligent with 

compliance as other Member States 

particularly in relation to reports of 

monitoring programs. 

National Legislation 

3199/2003 and 

3481/2006 and 

Presidential Decree 

51/2007 

National Originally did not 

comply with European 

Obligations but since the 

Presidential Decree 

legislation does comply. 

Greece as a member of the 

EU is accountable to the EU. 

Greece must fulfill its 

obligations to comply with 

European laws. 

National legislation now 

incorporates European legislation 

however ongoing obligations must 

still be met 

Regulation on Water 

Provision Use and 

Sanitation  

(Local – Neapolis) 

Regional Comprehensive regional 

governance. 

Does not incorporate 

information required at 

a national level for 

Europe 

As a region of Crete and 

Greece the legislation must 

comply with National 

obligations. 

At a regional level the information 

and standards set by Europe must 

still be provided and adhered to if 

Greece at a national level is to 

comply with EU standards. 
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Future Scenarios 

Despite Neapolis having enough groundwater to account for increasing domestic demands, it is 
important to consider future changes and how they may disrupt the currently stable supply.  Here, 
we focus on three main themes:  (1) changes in irrigation, (2) changes in crops, (3) changes in 
climate, and (4) changes in wastewater treatment. 

Changes in Irrigation and Crop Type 

More specifically, because future agricultural water supplies are not well defined, a switch from 
traditional to modern irrigation methods may drain (i.e. lower the water table) existing domestic 
supplies if water extractions are not properly managed.  Water table levels in southeastern Crete 
have dropped nearly 40 m in the last 20 years because of increased irrigation pumping (Kritsotakis 
2010).  Even though this analysis and other studies (Fassoulas 2009) have shown no statistical 
trend in precipitation rates, climate change may further exacerbate overstressed aquifers.   
  
The literature suggests that olive trees, which are traditionally grown without irrigation, can yield 
fruit in areas receiving anywhere from 400-600 mm of rainfall per year and can survive in areas 
with as little as 200 mm of rainfall per year.  On the other hand, modern irrigation of olive trees 
relies on both rainwater and scheduled well water applications to meet the 600-800 mm of water 
per year required for higher yields (FAO 2010).  Besides a change in irrigation methods, the 
introduction of crops with higher water demands may further increase irrigation water demand.  
For example, if a farmer decides to plant citrus trees rather than olives, the amount of water 
required for his/her crop will nearly double; citrus trees need roughly 900-1200 mm of water per 
year (FAO 2010).  The main question being:  Is Neapolis’ groundwater supply large enough to 
account for these increased irrigation demands? 
 
In addition to social and climatic changes, political and legislative decisions may influence supply 
and water demand.  For example, policy makers may wish to provide tax incentives to farmers who 
maintain traditional irrigation practices.  This may not only conserve groundwater for domestic 
supply but dissuade farmers from introducing water intensive crops. 

Changes in Climate 

Drier climates mean reduced rainfall rates and lower groundwater tables.  As groundwater tables 
drop, the risk for salt water intrusion from the Mediterranean Sea increases.  For example, in the 
year 1989-1990 Neapolis received roughly 330 mm of rainfall; nearly 400 mm below the yearly 
average.  During this drought year, many farmers reported higher salt water concentrations in their 
wells.  As a result, drier climates will influence the quality of drinking water as well as the quality of 
irrigation water.  According to the Food and Agriculture Organization (FAO), olive trees have a 
higher salt tolerance than citrus trees (2010).  While olive trees prefer soil electroconductivity (EC) 
of 4.5 mmhos/cm, this same EC will reduce the yield of a citrus tree by 50% (FAO 2010).  In the 
future if farmers decide to grow citrus crops in hopes of receiving a higher market price compared 
to olives, they may have to contend with reduced water availability and quality.  Here we ask:  How 
do these costs compare to the market cost of citrus? 
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Changes in Wastewater Treatment 

Even though local leaders from the Municipality of Neapolis seemed reluctant to talk about 
wastewater treatment, they are taking steps to address this issue.  In fact they have plans to build a 
treatment plant once funding has been secured.  Given the prevalence of karst aquifers in the region, 
it is important to consider the risk of groundwater contamination.  Studies in the United States 
(Richards 2010) have suggested that shallow wells located in karst areas are more prone to 
pesticide and nutrient contamination. 
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Sample Report Card 

The sample report card is meant to help the Municipality of Neapolis keep track of various 
environmental health indicators.  Keeping track of these indicators over time may help to ensure 
the functionality of natural resources management.  Many of these indicators (except noted by *) 
are adapted from the United Nations Environmental Program (UNEP) Plan Blue Indicator List 
(Antipolis 2006). 
 

Table 8. Sample Report Card. 

Physical Environment Indicators Formula 

1 Proportion of People Living in Rural Areas to Urban Areas = (number of people living in rural 
areas)/(number of people living in urban 
areas) 

2 Percent Loss of Arable Land = (area of arable land in previous year - 
area of arable land in current year)/(area 
of arable land in previous year) 

3 Proportion of Land Dedicated to Organic Farming = (area of land dedicated to organic 
farming)/(total area of farming land) 

4 Proportion of Protected Land* = (area of protected land)/(total area of 
municipality = 186 sq. km) 

5 Proportion of Citizens Connected to Sanitation Network = (number of citizens in municipality 
connected to a waste water treatment 
plant)/(total population of the 
municipality) 

6 Tourist Water Use (m3/year)* = (cumulative yearly water demand for 
tourists)/(number of tourists that year) 

7 Proportion of Environmental Education Spending* 
(children and adults) 

= (amount of money spent on 
environmental education)/(total 
municipal budget) 

8 Water Security Index* = (water demand for the year)/(available 
back-up storage capacity) 

9 Groundwater Efficiency Index for Irrigation = (groundwater metered or invoiced for 
irrigation use)/(total groundwater 
pumped for irrigation) 

10 Groundwater Efficiency Index for Domestic Use = (amount of groundwater metered or 
invoiced for domestic use)/(total 
groundwater pumped for domestic use) 

11 Rainwater Efficiency Index for Irrigation* = (amount of rainwater used for 
irrigation)/(total amount of water used 
for irrigation) 

12 Groundwater Exploitation (m3)*  = (estimated amount of water recharging 
the aquifer for that year)- (total yearly 
groundwater demand for the 
municipality) 
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13 Cost of Water (€/person/year) = (total municipal expenditures for water 
for the year)/(municipal population) 

 

Indicator Descriptions 

Physical Environment Indictor 1 - This indicator tracks the movement of population 
between rural areas and urban areas.  If the proportion of people is above 1 then more people are 
living in rural areas.  When closer to zero, this indicator describes a larger urban population. 
 

Physical Environment Indictor 2 - Indicator 2, the percent loss of arable land, is especially 
important in regions threatened by desertification.  In the Mediterranean region, the 
documentation of changes in the quantity of arable land over time is important for diagnosing 
potential causes and initiating solutions. 
 

Physical Environment Indictor 3 - This indicator describes the percentage of farmers using 
organic farming techniques.  Organic farming often requires reduced pesticide applications.  This 
may prove to be less harmful to the environment, people, and water supplies. 
 

Physical Environment Indictor 4 - The proportion of protected land indicator addressed the 
importance of forest conservation.  Forested land provides a higher probability of water infiltration, 
and thus, aquifer recharge.  In contrast, paved surfaces that shed water quickly allow little (if any) 
infiltration.  Besides improving water quantity and quality, forests provide habitat for wildlife and 
other vegetation. 
 

Physical Environment Indictor 5 - Indicator 5 addresses wastewater treatment and the 
necessity to have all citizens connected to a wastewater treatment plant.  Wastewater treatment 
insures the discharge of clean water into the environment.  It's important to note that recycled 
wastewater has been an essential resource in other parts of the Mediterranean and abroad. 
 

Physical Environment Indictor 6 - As the tourism industry continues to grow, the 
Municipality of Neapolis should consider keeping track of the water used visitors.  Educational tools 
may also effectively reduce the consumption of visiting tourists. 
 

Physical Environment Indictor 7 - Indictor 7 highlights the importance of environmental 
education/awareness in the municipality.  Community education may provide a foundation for a 
culture of water scarcity and may also help the municipality reach its water management goals. 
 

Physical Environment Indictor 8 - The water scarcity index is meant to encourage 
preventative water resource measures should a well become contaminated or run dry.  Ensuring 
backup reserves can also prevent large municipal expenditures on reactionary solutions to water 
scarcity. 
 

Physical Environment Indictor 9 to 11 - Indicators 9 through 11 allow the municipality to 
identify and reconcile potential water losses.  As was shown for four select wells (Table 3), a large 
proportion of pumped water is lost before it reaches the consumer.  Reduction of these losses is 
necessary if the municipality hopes to reach a sustainable solution to water management. 
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Physical Environment Indictor 12 - The groundwater exploitation value quantifies the 
yearly surplus or deficit water quantity for the municipality.  Several consecutive years of a deficit 
indictor 12 may result in permanent draw down of the groundwater table. 
 

Physical Environment Indictor 13 - Indictor 13 is a basic measure of yearly water cost per 
person.  Given the current water pricing structure, a change in this number indicates increased 
governmental spending on water extraction, supply, and maintenance. 
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Recommendations 

Scientifically based water resources management strategies should focus on evaluating the 
municipality's future water needs given expansion of the tourism industry and urban populations, 
replacement of olive trees with water intensive crops, changes in climate, and changes in political 
governance.  Although local leaders of the Municipality of Neapolis have collected enough data to 
provide a general overview of human and environmental relationships, more work can be done.  
Scientific knowledge must be shared with the general public and this can be done through the 
development of various educational institutions. 
 

Data Collection 

Overall we found that the Municipality of Neapolis has done a thorough job collecting water data 
about their water supply.  From this we recognize the need to repair existing pipe systems since it 
may potentially save over 50% of pumped water.  Additionally, our analysis shows that a switch 
from drought tolerant agricultural crops like the olive to more water intensive crops such as citrus 
or kiwi may pose a threat to Neapolis’ current sustainable water supply. 
 
Despite the multitude of data, we recommend that the municipality also collect piezometric head 
(water table height) data on aquifers within the municipality.  The prediction of future water 
quantity depends on an understanding of aquifer dynamics which depends on consistent 
piezometric head monitoring.  In terms of water quality data, it may also be beneficial for the 
municipality to thoroughly analyze one or two samples per year for all elements and coliform.  It 
would be interesting to focus on the linkage between well water coliform levels and high flow 
periods.  A list of important metrics for the municipality to include in their data collection is 
presented below. 

Metrics for Water Quantity 

 water use per household 
 pumping rate 
 number of hours per day that the pump is active 
 groundwater levels (piezometric height) 
 daily rainfall data 
 stream and spring discharge 
 geographic coordinates of water sources (e.g. springs and wells) 
 geographic coordinates and pumping rates for shallow wells 

Metrics for Water Quality 

 conductivity 
 pH 
 fecal coliform, E. Coli, and total coliform counts 
 select elements (e.g. N, P, Hg) 
 dissolved oxygen content 
 geographic coordinates of sample points 
 wastewater sampling criteria (Tsagarakis et al 2004) 
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Protection of future water resources in Neapolis depends on data interpretation as well as 
collection.  Each year, local leaders must plan to evaluate, interpolate, and share these data with the 
community.  Afterwards, Neapolis can use this knowledge to reassess and improve currently water 
management strategies. 

Future Studies 

Besides the areas mentioned above, future studies must further refine (1) water use and aquifer 
recharge for olive and citrus crops, (2) water balance and losses, (3) the effects of land use planning 
on the introduction of water intensive crops, (4) cost analysis of conversion from drought tolerant 
crops to water intensive crops, (5) the spatial and temporal distribution of water quality trends, (6) 
the influence of cistern rehabilitation on groundwater levels, and (7) permeability rates of local 
aquifers. 

Educational Needs 

Institutions must be developed to educate the community about their role in water resources 
conservation and actions must be taken to gain their support and involvement in projects led by the 
municipality.  Example institutions may emphasize outreach opportunity for students, teachers, 
citizens, and tourists.  This may include tours of the cisterns, citizen scientist programs for testing 
cistern and groundwater quality, ‘adopt-a-sterna’ program, and mentoring programs for youths and 
elders. 

Restoring Water Conservation Structures 

Even though the potential amount of water storage in the cisterns would only make up a fraction of 
overall water demand (5%), they may provide many other benefits to the Neapolis community.  
These include:  job creation and training for restoration crews, water conservation during drought 
periods, historical preservation, as well as community involvement and education. 

Alternative Energies and Other Strategies 

The Municipality of Neapolis has begun to implement innovative power generation technologies 
such as solar and wind power.  Perhaps the restoration of cisterns that has already begun can 
accompany other innovative water stormwater management strategies such as low or no-flush 
toilets.  According to the New York City Water Board, the cost of water treatment for New York City 
residents is approximately 159% the price of water (NYCWB 2011).  Given the support of the local 
community, the Municipality of Neapolis may consider raising water prices to fund the construction 
of a wastewater treatment plant. 

Ensuring Legislation Compliance 

At a National Level, Greek Legislation is in compliance with European Legislation, namely the Water 
Framework Directive. The recommendations, from a legal perspective would not be to alter 
National legislation, but to follow the legislation including the obligations, which are imposed at a 
National Level to comply with European standards and requirements to produce reports. These 
reports include data from the various regions of Greece including Crete. This obligation is a 
National one, but requires local assistance, for example National reports must be provided on 
surface water monitoring programs. Such programs do not need to be incorporated into local 
legislation, but indeed they may be. The local legislation of Neapolis is basic, but the system has 
produced a well managed and uncomplicated system of water provision. Either local legislation of 
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each district could be extensively extended to ensure that the National government has the 
information needed to provide to comply with European Standards, or the local legislation could 
remain in its basic but efficient form and the National government should collect the information 
required without complicating the local legislation and administration, the latter being the 
preferred option. 
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APPENDIX II 

Additional Figures 

 

 
Figure 16.  Yearly rainfall for three stations in Crete, Greece. 
 
 
 

 
Figure 17.  Yearly kiwi production in Greece from 1988-2008. 
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