




Nonetheless, 
That river kept moving backwards, 

And it widened to touch the things it saw:
The last reeds,

The thirst of the herds,
The white rocks polished by its eagerness. 

If it could not reach it, 
It caressed all with its eyes of water.  

 
T�a ��������m������ a ��� a������ g�l����•al�•

O Lord, Send us blessings from the sky
And give us water after this long thirst.

Be generous and bestow water on the thirsty
And grant water to our land,

The land of our hearts, 
God, forgive our sins. 

 
•� agm�����f�������sl�m��� a ����f���� a��
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Climate change is the defining issue of our time. 
Literally hundreds of publications and millions 
of articles have appeared on how the climate 
will change and how this will affect temperature, 
water availability and ultimately human well-
being. NGOs are even being established to inform 
unsuspecting inhabitants in developing countries 
about climate change. 

Despite claims by a small minority, researchers 
are in agreement that there is convincing evidence 
that anthropogenic global climate change is 
occurring. Many published articles also claim that 
climate change will be the driver of increasing 
floods and decreasing water availability in the 
future. In this article we suggest that manmade 
changes to the landscape have a much greater 
impact on the hydrological cycle (including water 
and sediment flows) in the short term than 
climate change, which is likely to only have an 
effect in the much longer term. This is important 
because decreasing greenhouse gases alone 
will not solve future water-related problems. It 
needs to be combined with improved landscape 

15. Changes in Climate  
and Landscape in the  
Blue Nile Basin:  
What it Means Downstream
Tammo S. Steenhuisa and Seifu A. Tilahunb 

a. Professor, Biological and Environmental Engineering, Cornell University, Ithaca, 
U.S.A., and adjunct professor at the School of Civil and Water Resources Engineering 
Bahir Dar University, Bahir Dar, Ethiopia
b. Assistant professor and director, School of Civil and Water Resources Engineering 
Bahir Dar University, Bahir Dar, Ethiopia

Abstract 
Population pressure induces both climate change and alterations in the landscape. Although 
climate change is often considered the culprit for alterations in river flow such as increased 
flooding, in the case of the Blue Nile Basin and in the short term, landscape degradation and 
irrigation withdrawals are the cause of decreased flows during the dry season. Widespread land 
degradation also increases sediment concentration in rivers and, to a lesser degree, discharge 
during the rainy season. Along with the changing climate, the impact of changes in the landscape 
on the hydrology should be taken into account in future management strategies for sustainable 
water use and improved quality, as well as in the renegotiation of transboundary water treaties. 

KEYWORDS: water management, Blue Nile, Ethiopian Highlands, environmental services

management practices and the combating 
of overpopulation in order to have a tangible 
impact on the ground. To illustrate this, we will 
investigate the importance of changes to climate 
and landscape, and other factors in the Nile Basin, 
one of the most water-scarce regions in the world. 
Without the Nile, Egypt and Sudan would have 
negligible global importance. The Nile is the 
longest river in the world with a historic water 
availability of around 85 billion cubic meters. 
The allocation of water to Egypt and Sudan in 
an agreement signed in 1959 was based on 
this amount. Around 85 percent of the water 
in the Egyptian Nile originates in the Ethiopian 
Highlands and only 15 percent comes from the 
White Nile. The total yearly flow of the Nile, with 
a drainage area 3.2 million km2 is approximately 
of the same order as the Rhine, a river whose 
drainage area is seventeen times smaller (0.19 
million km2). However, the population of Ethiopia, 
Sudan, and Egypt is approximately four times that 
of the Rhine watershed, highlighting the crucial 
importance of the Nile River. 



   145

KEYWORDS: water management, Blue Nile, Ethiopian Highlands, environmental services

Discharge and soil loss considerations
Because of the significance of the Ethiopian 
Highlands for downstream water supply, 
Egypt and Sudan are keen to gain a clearer 
understanding of future changes to rainfall and 
discharge in Ethiopia. Since climate models are 
notoriously imprecise, especially in the highlands 
of Ethiopia, there is no agreement among 
politicians and the public as to whether the 
climate in the Ethiopian Highlands is changing. 
Looking at the past fifty years, one of the 
conclusions of researchers who have examined 
the precipitation records from the various stations 
in the Nile Basin is that although there are strong 
annual variations, average precipitation levels 
have remained steady. 

Similar statistical tests using available discharge 
data have found that the discharge in the Blue 
Nile Basin has generally increased during the 
wet monsoon period and decreased during the 
dry monsoon period. The annual stream flow has 
increased statistically at a few gauging stations. 
Sediment concentrations have also increased, but 
data are so scarce that statistical analysis is not 
possible. 

Statistical methods cannot explain the change in 
river discharge and sediment concentrations. By 
using a deterministic model and by calibrating 
the model at the beginning and end of the same 
long-term data records, we can in principle 
see whether the relationship between rainfall 
and discharge and/or sediment concentration 
is altered. Changes in model parameters can 
then be related to changes in the watershed 
landscape. Several researchers have followed 
this procedure and, depending on the model used, 
found different underlying factors for the changes 
in river discharge. For example, Tesemma et 
al. (2010) and Tilahun et al. (2013a, 2013b) used 
the Parameter Efficient Distribute (PED) model 
and attributed the increase in discharge at the 
Ethiopian-Sudanese border to an increase in 
degraded shallow lands, which produce more 
surface runoff by saturation excess. Fitting the 
Soil Water Assessment Tool (SWAT) model to 
records of observed discharge and sediment 
concentrations of the past forty years at the 
Ethiopian-Sudanese border, Gebremicael et 
al. (2013) concluded that the changes in flow 
patterns (as observed from satellite images) 
were caused by a more than twofold increase 
in barren land and, to a lesser degree, by an 
increase in rainfed cropland and grassland 
coupled with the decrease in mainly wooded 
grassland, woodland, and natural forests. In the 
Gilgel Abay Basin at the headwaters of the Blue 
Nile in the Lake Tana Basin, a one-third decrease 
in low flows was probably related to increased 
use of water for irrigation and not to a decrease 

in forest cover that occurred at the same time. 
Finally, in the 364 km2 Chemoga watershed in the 
southeastern part of the Blue Nile Basin, Bewket 
and Sterk (2005) attributed the decrease in low 
flow to multiple land use and degradation factors, 
including the destruction of natural vegetative 
covers, expansion of croplands, overgrazing, 
increased area under eucalyptus plantations, and 
greater water abstractions by growing human and 
livestock populations. 

Thus all these studies agree that an increase in 
degraded land is related either to an increase 
in wet season flow or a decrease in dry season 
base flow. This accords with a conceptual 
hydrological framework in the PED model where 
infiltration capacity is many times greater than 
the infiltration rate of the soil as measured by 
several researchers. As a consequence, surface 

FIGURE 1

Typical watershed in the Ethiopian Highlands. During the rainy part of 
the monsoon season, rainwater infiltrates the hillslopes, flowing into 
the valley as interflow and saturating the lowlands near the river, where 
any rainfall becomes surface runoff.

Figure 2  

Degraded land in the Ethiopian Highlands. As soils are bare throughout 
the year, most rainfall during the rainy part of the monsoon season 
becomes runoff with an elevated sediment concentration.
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Figure 3

Figure 4

A degraded soil profile: the original flow paths are only present in the 
lower part of the profile. 

runoff is generated both from locations where the 
soil becomes saturated during the rainstorm in 
the valley bottoms and soils that have a shallow 
depth and can store little rainwater. The rainfall 
on the remaining portion of the land that does not 
saturate infiltrates and then is slowly released 
to the stream. Figure 1, which shows the upper 
portion of a watershed in the Ethiopian Highlands, 
reflects this conceptual framework. The river, 
located in the lower part of the watershed, lies 
in an area that is saturated in the latter part of 
the wet monsoon season. The vegetation here is 
different from the rest of the hillside that remains 
unsaturated. Rainfall infiltrates the unsaturated 
hillslopes and then moves through the soil rather 
rapidly (because of the steep slope and relatively 
high soil permeability), through a process known 
as interflow. The water then flows down the slope, 
filling up the wetlands that deliver the water to 
the stream over a period of several days following 
the rain. The wetland itself drains much more 
slowly, because the slope is small so that it takes 
several months before the river stops flowing 
after the end of the rainy season. Figure 2 clearly 
shows the degraded areas where the shallow soil 
produces overland flow as well. 

The process of land degradation is not well 
understood. There are two possible explanations: 
one explanation is that once the originally highly 
permeable soils are tilled and organic matter has 
decreased, raindrop impact loosens soil particles. 
These particles infiltrate into the soil with the 
water and block the flow paths in the soil. This 
is clearly shown in Figure 3, where the original, 
large pores are visible at a depth of 60 cm, but 
not above this level. The type of soil that fills the 
pores in this surface layer determines how much 
rainwater can still flow downwards. Another 
explanation is that erosion removes the topsoil, so 
that subsoil appears at the surface in areas where 
the soil is shallow. Thus, it seems reasonable to 
assume that when agricultural soils are tilled, the 
proportion of degraded land increases over time 
at the expense of the permeable hillsides that 
contain soils with high infiltration rates. The newly 
formed degraded land produces saturation excess 
runoff instead of being a source for interflow and 
base flow.

It is obvious that surface erosion only occurs in 
areas where there is overland flow and therefore 
the shallow soils over a hardpan are the prime 
source of sediment since the periodically 
saturated area in the bottom of the watershed is 
usually vegetated and not prone to erosion. An 
exception is when gullies form in the lowlands 
and the amount of soils lost is many times higher 
than in the uplands. Figure 4 shows one of these 
gullies. The people in the picture give a sense of 
scale and show its size. 

Large gully in a periodically saturated area in a watershed in the central 
Ethiopian Highlands
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Discharge and soil loss predictions
It is relatively easy to make a mathematical model 
from the conceptual hydrological model presented 
above by performing a simple water balance 
model for the three areas – the  periodically 
saturated bottom lands, the degraded hillsides, 
and the permeable hillsides – where the model 
keeps track of the amount of water in the 
profile by adding the rainfall and subtracting the 
evaporation. When the profile gets really wet, the 
permeable hillslopes discharge the rainwater 
as subsurface flow. This is the water in the 
streams when it is not raining. Direct overland 
flow originates from the degraded hillsides and 
saturated bottom lands. Erosion is simulated as 
a function of the amount of overland flow (the 
greater the flow the greater the concentration) 
and a function of the amount of plowed soils on 
the degraded lands that are more easily eroded 
than soils with vegetation. Thus concentrations 
are greater in the beginning of the growing season 
than at the end for similar flows. Details of the 
model can be found in the references at the end of 
this article. 

It was shown above that changes in discharge 
can be explained by the growing degradation of 
a portion of the landscape. In the next section, 
we will use the PED model to show how the 
increase in degraded areas affects sediment 
concentration in two watersheds for which we 
have limited sediment concentration data: the 
medium-sized 1,500 km2 Gumara River watershed 
and the large 180,000 km2 Blue Nile Basin. Only 
the portion of degraded hillside areas is adjusted 
after initial calibration, keeping the total area of 
the hillside the same. The sediment parameters 
themselves are not adjusted and thus the increase 
in sediment concentration with time is caused 
by a greater portion of surface runoff and soil 
loss originating from the degraded areas and to 
a lesser degree by a smaller amount of base and 
interflow from the remaining hillsides “diluting” 
the sediment concentrations. This is different 
from the many modeling studies that link the 
change in land cover to increased erosion.

Gumara watershed 
Located east of Lake Tana in the Blue Nile Basin 
and originating on Guna Mountain at around  
3,500 m asl, the Gumara River flows westward 
and joins Lake Tana about 35 km north of Bahir 
Dar. The river has a drainage area of about 
1,500 km2. Discharge and precipitation data for 
the period 1981-2005 show an average annual 
rainfall of 1,400 mm. Twenty-seven sediment 
concentration measurements were available 
for the period between 1982 and 2005. Although 
the Gumara watershed is large, it only has four 
weather stations. 

Figure 5

Time period from 1983-1992
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Observed and predicted sediment concentration for the Gumara River in northwestern Ethiopia for the period (a) 1981-1992 and (b) 1994-2005. The 
orange symbols are for the 2000s when 13 percent of the watershed was degraded and the blue symbols and line are for the 1980s when 5 percent of 
the watershed was degraded.
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By fitting the PED model to the discharge, we find 
that the degraded area increased from 5 percent 
in the 1980s to 13 percent in the 2000s. We then 
used the model to predict sediment concentration 
with the 5 percent degraded area in the 1980s and 
with the more recent 13 percent degraded areas. 
The predictions were quite good, as indicated 
by the 1:1 blue line between the predicted and 
observed sediment concentrations in Figure 5a 
where the data from the period of 1981-1992 are 
presented. The blue symbols are the predicted 
concentrations, assuming that 5 percent of the 
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Blue Nile Basin 
We also have sediment concentration data for 
the Blue Nile at the Ethiopian-Sudanese border. 
The Blue Nile River, locally named the Abay, 
emanates from Lake Tana and covers a distance 
of nearly 850 km to the Ethiopian-Sudanese 
border, with a fall of 1,300 m and draining an 
area of 180,000 km2. Lake Tana is located at 
1,830 m asl with an annual average precipitation 
of nearly 1,400 mm and annual evaporation rates 
of 1,150 mm. Rainfall south of Lake Tana can 
reach 1,800-2,000 mm/year. 

As in the Gumara watershed, we found that 
the best fit between predicted and observed 
discharge amounts was obtained by increasing 
the fraction of degraded area in the watershed 
from 12 percent in 1964 to 18 percent in 1993 and 
to 22 percent in 2003. In addition, like the results 
above, the PED model predictions provided a 
good fit for the ten-day-averaged sediment 
concentrations (solid blue line in Figure 6 for 
1993). The black line is the observed discharge 
and it is clear that the sediment peak occurs 
before the discharge curve. By interchanging the 
calibrated degraded areas (i.e. using 22 percent 
for 2003), the observed sediment concentrations 
are overpredicted in 1993 (orange line in 
Figure 6). Thus, for the Blue Nile, sediment 
concentrations and discharge during the rainy 
phase of the monsoon season have increased 
over time. 
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Figure 6

Observed (closed blue symbols) and predicted sediment (blue line) 
concentrations for the Blue Nile at El Diem on the Ethiopian-Sudanese 
border in 1993 when 18 percent of this watershed consisted of 
degraded hillsides. The orange line represents the predicted sediment 
concentrations by using a degraded area of 22 percent. The gray line 
is the discharge. Peak sediment concentration occurs before the 
discharge peak.

Figure 7

Cumulative runoff (a) and sediment losses (b) for the Blue Nile at the border with Sudan for the period 1998-2003, assuming an increasing 
degradation of the landscape.
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watershed is degraded. The orange symbols in 
this figure are obtained by using the present-day 
situation where 13 percent of the watershed is 
degraded. It clearly overpredicts the concentration 
in the earlier period. The lines represent the 
linear regression. Figure 5b shows the observed 
and predicted sediment concentration for the 
period 1994-2005. Here the 13 percent degraded 

area (orange symbols) is close to a 1:1 line while 
the 5 percent degraded area underpredicts the 
concentration significantly. Since we used a 
mathematical relationship between the input 
variables and the output, this demonstrates that 
the sediment concentrations have increased 
almost by a factor of two over the last twenty- 
five years. 

To illustrate the effect of the increasingly 
degraded areas on the discharge of the Blue Nile, 
we ran our model over the period 1964-2003 with 
the fraction of degraded areas changing in the 
Nile Basin in 1964 (0.12), 1993 (0.18) and 2003 
(0.22) (Fig. 7a). Thus, an almost doubling of the 
degraded areas from 12 percent to 22 percent 
increases the annual discharge at El Diem 
from approximately from 30 cm/year to 33 cm/
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year averaged over the whole Blue Nile Basin. 
Although the increase in discharge is relatively 
small in the Blue Nile Basin, when we extrapolate 
this over the whole Nile Basin it would mean 
that there is significantly more water available 
in the Egyptian Nile than the 85 billion cubic 
meters originally mentioned in the 1959 treaty 
between Egypt and Sudan. The additional 10 
percent of water available (equivalent to an extra 
6 billion cubic meters) would be enough water to 
fulfill Ethiopian demand for irrigation water by 
developing irrigation schemes on approximately 3 
percent of the watershed area.

For the sediment load, we assumed that the 
erosion per unit land surface of the three areas 
was not affected. As shown in Figure 7b, the 
cumulative sediment loads are increased by a 
factor of three from approximately 2 tons/ha/year 
(equivalent to 0.15 mm depth of spill per year) for 
the 10 percent degraded area to 6 tons/ha/year 
(equivalent to a 0.4 mm depth) for the 22 percent 
degraded area. The 6 tons is equal to the reported 

sediment loss at El Diem, but the 2 tons/ha/
year in the 1960s at El Diem (assuming the same 
rainfall as in the 1990s) is probably not realistic. 
The trend is certainly correct if we consider the 
almost twofold increase in concentrations during 
the early part of the rainy season from 1972 to 
2012 as shown in Gebremicael et al. (2013). 

In summary, we find that landscape degradation 
has a significant short-term effect on the 
discharge and sediment load in a given period, 
while there was no significant trend in the 
precipitation pattern. This is not to say that 
climate change is not important in the long 
term. There have been several periods in the 
long streamflow record of the Nile when the flow 
increased significantly and this was probably not 
due to human influences. During the climatic 
optimum during the Holocene period, from 5000 
BC to 3000 BC, when the temperatures were 
1-2°C warmer than they are today, the Nile River 
had three times its present volume. Cold periods 
in Europe are related to low flows in the Nile. 
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Scholars increasingly describe the period in which 
we live as the Anthropocene era, a term that 
highlights the growing impact – both positive and 
negative – of human activity and technological 
development on the environment. This short 
commentary argues that recent scientific and 
technological advances could help put an end to 
the sociopolitical conflicts that have plagued the 
Spanish water sector in recent decades. Inspired 
by the old Spanish proverb, “The devil knows 
more for being old than wise,” this article is based 
on the author’s extensive personal experience in 
the field of water resources. 

With its semi-arid climate, Spain is one of the 
most water-scarce countries in the European 
Union (E.U.). It is therefore not surprising that 
in recent decades water has been the cause of 
frequent conflicts between regions and social 
groups. Water has become a major political 
weapon that has even influenced voting behavior. 
However, the increased attention paid to water 

16. Coming Changes in  
Global Water Policy
Ramon Llamas
Member of the Spanish Royal Academy of Sciences and director of the Water Observatory, Botin Foundation, Spain

With its semi-arid climate, Spain is one of the most water-scarce countries in the E.U. Photo: Allie Caulfield, 2002. 

has not resulted in better water management, as 
politicians are conditioned to think only until the 
next election and water management requires 
longer-term planning.

While solving water conflicts in Spain remains 
a complex task, scientific and technological 
advances over the last three decades provide 
grounds for optimism. Nonetheless, obstacles 
remain, firstly, because the current water 
management model through which the changes 
must be implemented is outdated. Moreover, 
public attitudes to water also need to change as 
many continue to believe that governments should 
fully subsidize all aspects of water management. 
In addition, some politicians turn water policy into 
a weapon to earn cheap votes.

Besides problems of water scarcity, Spain is 
experiencing a period of crisis in the labor 
market, the financial sector, the health and 
education sectors, and with regards to the 
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reduced the cost of seawater desalination and the 
purification of urban and industrial wastewater. 
After the cancellation of the Ebro River Transfer 
Project, the water that would have been supplied 
to the Mediterranean coastal region through 
interbasin transfer was to be obtained through 
the operation of twenty large desalination plants. 
However, this plan failed and the new desalination 
plants are working at less than 20 percent of their 
capacity (see Ch. 4). Nonetheless, desalination is 
of key importance, particularly for the guaranteed 
supply of domestic water. 

Social media networks 
The rapid development of information technology 
has revolutionized the way in which social 
networks function and develop, allowing for 
greater public participation in governance issues 
in general and water governance in particular, as 
required by the E.U. Water Framework Directive. 
The water sector, which is in need of far-reaching 
reform, should not be left behind while other 
governance structures are transformed.

Decision makers and managers in the water 
sector should be made aware of the technological 
and scientific advances discussed above. Some 
have suggested that the main political parties 
should make a Pact on Water to end the use of 
water as a political weapon. However, this is 
unlikely to happen in the short term.
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Endnotes

1	 Virtual water is the water needed to produce any 
good or service. The water footprint of a group, or a 
person, or industrial process is the total amount of 
water that the group, person or industrial process uses 
to meet all their needs.

While solving water conflicts in Spain 
remains a complex task, recent scientific 
and technological advances provide 
grounds for optimism. 

balance of regional and centralized power. 
However, recent technological advances may offer 
solutions to the current problems in the domain of 
water:

Globalization and virtual water
Globalization has facilitated international trade 
and has shown the relevance of some new 
concepts such as virtual water and the water 
footprint.1 The average daily water footprint of 
a Spanish citizen can roughly be broken down 
as follows: 2-3 liters for drinking, 200 liters for 
domestic and urban uses, 4,000 liters for daily 
food, and about 1,500 liters for industrial products 
and clothing. This amounts to an annual per 
capita water footprint of 2,100 cubic meters. A 
significant volume is imported in the form of food 
or livestock feed. The average annual precipitation 
in Spain is nearly 8,000 cubic meters per person 
– almost four times the correspondent water 
footprint.

However, precipitation figures are misleading 
because precipitation in Spain is very unevenly 
distributed in space and time. Erratic precipitation 
patterns, which have traditionally been a key 
cause of concern in arid and semi-arid countries, 
can and should be resolved today because 
globalization has given great impetus to the 
trade in virtual water. For example, despite its 
limited water resources, Spain is able to continue 
developing its livestock industry as farmers 
import virtual water in the form of cheap fodder 
and export virtual water in the form of meat 
products.

Intensification of groundwater use
The intensification of groundwater use over the 
last sixty years has profoundly changed water 
use patterns in arid and semi-arid regions. 
Globally, groundwater extraction has increased 
from 100 billion cubic meters to 1 trillion cubic 
meters (Margat and van der Gunn 2013). The 
intensification of groundwater use can lead to 
groundwater mining when the recharge is less 
than the amount extracted. It is a hotly debated 
topic that requires further research (Llamas 
2004). In Spain, the intensification of groundwater 
use started in the 1950s. In the 1980s, annual 
groundwater extraction was estimated at 4-5 
billion cubic meters. Today it has risen to around 
7 billion cubic meters. The uncontrolled use of 
groundwater has had many impressive benefits, 
but has also created ecological problems and 
caused the decrease of groundwater levels. The 
government sought to address these problems 
through the 1985 Water Act, though results were 
very poor. Today, only 10-20 percent of wells 
are registered, an issue which the needs to be 
addressed.

Desalination
Major breakthroughs in chemical technology have 
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I resemble that Cretan centenarian whom I saw last year… 
“Grandpa,” I asked him, “how has this long life of one hundred 
years seemed to you?” “Like a glass of cool water, my child,” he 

replied, smiling. “Are you still thirsty, Grandpa?” And he, raising 
his bony arms, responded: “A curse on whoever is not thirsty.” 

Nikos Kazantzakis, in a letter to Edwige Levi, 1947

If only I had the water of eternal life,  
to give you a new soul, 

to wake you just for a moment 
so you could see, speak, and rejoice 

in your whole dream 
standing near, by your side.

Yiannis Ritsos from The cycle Epitaphios
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Introduction
Gail Holst-Warhaft
Professor, Cornell University, Ithaca, U.S.A. 

On our first research trip to Greece in 2008, my 
colleague Tammo Steenhuis and I, together 
with Panayiotis Nektarios, a professor at the 
Agricultural University of Athens, visited the town 
of Neapolis in eastern Crete. We chose Neapolis 
as one of our sites because we had been told 
that the town had an exceptional mayor, a man 
concerned about the environment and one we 
could rely on to organize a town hall meeting for 
us so that we could meet a cross-section of people 
who would talk to us about the water situation 
in their region. We were an international group 
of scientists and others specializing in water, 
and we were impressed by Mayor Kastrinakis’s 
efficiency and readiness to engage with us. After 
our first visit, he invited us to return in two years’ 
time. By then he promised to organize a much 
larger meeting with representatives from National 
Geographic, the World Wildlife Fund and other 
national organizations concerned with water and 
the environment. He also offered to host a group 
of our students for a month while they learned 
what they could about the water situation in the 
environs of Neapolis.

In 2010, we took three Cornell graduate students 
who were working on water: Michael Bowes from 
Law, Margaret Kurth from Natural Resources, and 
Sheila Saia from Biological and Environmental 
Engineering. Mayor Kastrinakis, as he promised, 
had organized an impressive conference around 
the themes of Water, Life and Culture in Neapolis. 

1 This was an in-house publication by the Cornell Institute for European 
Studies (CIES), but GWP-Med produced a Greek version of the report so 
that it could be circulated on Crete. The report is available at http://cies.
einaudi.cornell.edu/.

The students, hosted by the mayor, stayed on 
and produced a report called Water on the Brink: A 
Water Profile of Neapolis, Crete,1 which, as its name 
implies, concluded that the water situation in the 
town and surrounding agricultural lands was not 
critical, but that any small change in water use 
could tip the balance of water management into 
a crisis. Sheila Saia also published a summary 
of her research in Revolve magazine’s special 
report Water around the Mediterranean, which was 
published in February 2012 (see Ch. 19).

In the summer of 2012, since Mayor Kastrinakis 
had been elected governor of the region of Lasithi, 
we decided to return to Crete and extend the 
research our students had begun in Neapolis 
to the entire eastern region of the island. Two 
articles in this case study (see Ch. 17 and 18) by 
Cathelijne Stoof and Diana Biller are the result 
of their stay. During our visits to Crete, Nikos 
Kastrinakis was enthusiastically involved in our 
project and without his help and hospitality the 
research would have been impossible. We include 
the text of a short talk Governor Kastrinakis 
gave in April 2013 in Athens at a conference we 
organized on water in the Mediterranean region 
(see Ch. 20).
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17. Tourism and Agriculture in Crete: 
Competing Claims on Water Resources 
and Potential Solutions

Cathelijne R. Stoofa and Tammo S. Steenhuisb

a Post-doctoral associate Department of Biological and Environmental Engineering,  
Cornell University, Ithaca, U.S.A.
b Professor, Biological and Environmental Engineering Cornell University, Ithaca, U.S.A., 
and adjunct professor at the School of Civil and Water Resources Engineering Bahir Dar 
University, Bahir Dar, Ethiopia

Abstract 
The Mediterranean is a region where the availability of fresh water is limited, while being 
important for its agriculture and tourism facilities. We discuss competing claims on water 
resources and potential solutions using the example of Crete, Greece. After discussing water 
availability and comparing water use of the agriculture and tourism sectors, we present ways in 
which water can be conserved, and highlight promising ways to increase the availability of fresh 
water on the island. This can be of particular value given the expected decrease in rainfall and 
increase in tourist numbers.

KEYWORDS: water SCARCITY, TOURISM, AGRICULTURE, INDUSTRY, CRETE, GREECE

Figure 1 

CHAPTER 17. Competing Claims on Water and Potential Solutions

The Lasithi Plateau, a high-mountain plateau in the east of Crete known for its windmills and agriculture. Photo: Cathelijne Stoof, 2012.
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INTRODUCTION
The pressure of humans and climate on water resources 
is increasing around the world, and the Mediterranean is 
no exception. The Mediterranean has traditionally been 
a region where the availability of fresh water is limited, 
while at the same time being important for its agricultural 
production and tourism facilities (Fig. 2). These two main 
production sectors put strain on water supplies in a region 
where water availability can be severely limited in parts of 
the year. An expected decrease in rainfall and increase in 
air temperatures because of climate change will probably 
aggravate the situation. 

To overcome this limited water availability without limiting 
growth in the region requires creative ways to limit the 
use of fresh water, increase water storage on or under 
the land, and increase the amount of fresh water that can 
be used in a sustainable way (see Ch. 12). This is not only 
important for sustaining current livelihoods, activities and 
production in the region, but also for the environment. 
Water conservation and increasing water storage on land 
prevents depletion of groundwater reserves, which has 
multiple benefits as this 1) increases the water buffer 
in case of drought; 2) increases environmental flows in 
streams, which is favorable for both in- and near-stream 
flora and fauna; and 3) pushes down the fresh/saltwater 
boundary, which decreases the risk of groundwater 
salinization. All these positive effects help comply with 
the E.U. Water Framework Directive, which requires E.U. 
member states to take care that all water bodies (above 
and below ground) have good water quality and quantity.
In this chapter, we focus on the island of Crete, the largest 
of the Greek islands. While Crete is probably best known 
for its cultural heritage and archaeology and is thus a 
tourist destination, it is the agriculture sector that uses 
by far the most fresh water on the island (Fig. 7). Despite 
a high average per capita water availability (5,800 cubic 
meters in 2000), development is limited by dwindling water 
availability. Irrigation of agricultural fields is common (Fig. 
3), yet because of a lack of freshwater resources, only part 
of the irrigation demand is met.

Several previous studies already highlighted that measures 
should be taken to limit water demand and find alternative 
ways to tap the island’s resources in a sustainable 
way. Here, we review the climatic and hydrogeological 
situation of Crete and present ways in which water can be 
conserved in the island’s agriculture and tourism sectors. 
We conclude by highlighting promising ways of increasing 
freshwater availability on the island, something that can be 
of particular value given the expected decrease in rainfall 
and increase in tourist numbers.

THE ISLAND OF CRETE
- Located in the Aegean Sea in the eastern 
Mediterranean
- Surface area: 8,336 km2

- 2.8 million tourist arrivals annually, 20 
percent of Greece’s tourists
- Island is mountainous with relatively 	
high rainfall
- Tourism is concentrated in the northern 
part of the island, agriculture in the south
- 40 percent of the island is cultivated, mostly 
tree crops (olives)
- Irrigated areal has doubled between 1961 
and 2001 to 1,290 km2

Rainfall is unevenly distributed

Water scarcity issues on Crete occur mainly because of 
the uneven spatial and temporal distribution of rainfall. 
The average rainfall on Crete (1,000 mm) is relatively high 

WATER AVAILABILITY

Areal and fraction of irrigated and rainfed cropland, specified by crop 
type. Source: Regional Governor of Crete, 2002, in Vardavas et al., 2005.
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The Messara Basin, where years of overexploitation of groundwater resources for crop irrigation dramatically lowered the groundwater table.  
Photo: Cathelijne Stoof, 2012.
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Figure 4 
for the region, but this rainfall is unevenly distributed in 
time and space. The west receives almost 300 mm more 
rainfall per year than the east, and there is also a strong 
increase of rainfall with elevation: the plains receive 600 
mm on average and the mountains up to 2,000 mm. Most 
precipitation is concentrated in winter, with summers 
receiving practically no rainfall (Fig. 4). The majority 
of Cretan rainfall is consumed by evapotranspiration 
(about 60 percent), and about 10 percent flows to the 
sea in streams that carry water in winter and are dry in 
the summer. The remaining 30 percent recharges the 
groundwater, which is the predominant source of fresh 
water on the island (Fig. 5). 

Groundwater occurrence and use

Most of the groundwater on the island is found in karstic 
aquifers1 that are discharged by springs, both on the island 
itself and in the sea. Temperature mapping of seawater 
shows that there are many large springs that discharge 
directly into the sea. Little can be done about large springs 
discharging into the sea before their water can be used 
and, as a result, only a fifth of the total groundwater 
recharge on Crete is used – a mere 5 percent of total 
precipitation inputs (Vardavas et al. 2005). While most of 
the water in underground channels is lost to the sea, in 
some areas the geology is favorable in that it prevents 
water from leaving to the sea directly. A series of faults 
parallel to the coast near the city of Chania hold water 
back and form an aquifer that can be used for irrigation 
before the water is lost to the sea. Because of this, water 
availability in Chania is reliable throughout the year.

A smaller fraction of Crete’s groundwater resources 
occur in the plains. Agricultural activity on these plains 
is intense, and many of the underlying aquifers are 
overexploited. The Messara Basin (Fig. 6) is a well-
reported example of this. With an area of 398 km2 it is the 

Average partitioning of total rainfall into evapotranspiration, runoff and 
groundwater recharge. Source: Regional Governor of Crete, 2002, in 
Vardavas et al., 2005.
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largest and most productive agricultural valley 
on Crete. Irrigated agriculture in the Messara 
Basin started in the 1980s when installation of 
groundwater pumps provided a means to switch 
from rainfed olive production to drip-irrigated 
cultivation. This resulted in a rise in production 
and a severe drop in the groundwater table, with 
reports of the drop ranging from 20 m to 45 m 
(Croke et al., 2000; Kritsotakis and Tsanis, 2009), 
causing saltwater intrusion in coastal areas. 

Crete water consumption in the year 2000. Source: Vardavas et al., 2005.

Figure 7 
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Agriculture: drought-adapted vs. 
irrigated crops

Farmers in Crete have grown drought-tolerant 
crops such as grapes and olives since ancient 
times. When these water-efficient crops are 
replaced by other crops such as kiwifruit and 
oranges water shortages occur: kiwifruit and 
oranges are not drought-resistant and need to be 
irrigated during the time that the rainfall is less 
than the evaporation. These fruit trees therefore 
evaporate at the potential year-round rate, which 
averages approximately 4 mm/day or in the range 

WATER conservation

Figure 8 

Drip-irrigated olive trees in the Messara Basin. Photo: Cathelijne Stoof, 2012.

Agriculture is a major water consumer not only 
in the Messara Basin, but also on the rest of the 
island. While this sector accounts for only 13 
percent of Crete’s gross domestic product (GDP), 
it consumes 81 percent of the total water supplies 
on the island, with 301 million cubic meters of 
water used each year. And although tourism is 
commonly viewed as a high water consumer, 
domestic water use, including by tourists, 
consumes only 17 percent of total water (63 
million cubic meters), while contributing a GDP 
share of 77 percent (Fig. 2 and 7). 



   159

or evaporated. If the excess irrigation water is lost 
to the sea and is not reused downstream, greater 
irrigation efficiency will increase the volume of 
water available for irrigation. However, if the 
excess irrigation water is reused (for example 
when it leaches down and recharges the same 
aquifer from which irrigation water is pumped) 
greater efficiency will not result in more water 
becoming available to irrigate additional land (Fig. 
9). It should be noted that direct evaporation of 
sprinkler irrigation water during the day instead 
of during the night forms a loss and will reduce 
the groundwater recharge. To conserve water 
when sprinkler systems are used, it is therefore 
best to avoid the heat of the day when applying 
irrigation.

Tourism and city planning

With the influx of tourists on Crete peaking 
during the hot, dry summer months, it is not 
surprising that water use and thus water savings 
in the tourism industry catch the eye of many. 
There are various simple ways to save water in 
the tourist industry, which are interestingly not 
only applicable in this industry but also beyond. 
Measures to save water or promote infiltration 
of rainfall include increasing water storage and 
decreasing water use (Fig. 10).

of 1.4 m/year. Since rainfall on Crete is in the 
order of 1,000 mm or 1 m/year, an additional 0.4 
m of water needs to be drawn from other sources 
– usually groundwater. It is unlikely that natural 
recharge (from rainfall) can make up for this loss 
and one can expect a groundwater decline of 0.5-2 
m/year depending on the porosity of the aquifer 
and the density of the irrigation systems. Olives 
and grapes do not need to be irrigated and can 
therefore be grown with the available rainfall. 
Even when olives are irrigated, they do not 
evaporate at the potential rate but at a reduced 
rate of 3 mm/day at the most or in the order of 
1-1.1 m/year, which is close to the average annual 
rainfall. In this case, no large drawdown from 
the aquifer is expected provided that efficient 
irrigation systems are used that deliver water to 
trees only (Fig. 8). Although the above calculations 
are greatly simplified, more complex models will 
reach nearly the same conclusions.

Improving irrigation efficiency

There is currently a broad debate about whether 
improvements in irrigation efficiency lead to a 
greater areal of irrigable land (see Ch. 12). The 
answer might be surprising and depends on 
the fate of the excess irrigation water, i.e. the 
amount of water that is not consumed by plants 

Figure 9   

Figure 10   

Overview of possible water-saving measures in the tourism sector and in other city planning.

EXCESS IRRIGATION WATER USED DOWNSTREAM?

YES

Greater irrigaton efficiency  
will not increase volume of  
water available for irrigation

Greater irrigation efficiency  
will increase volume of water 
available for irrigation

NO 

WATER SAVINGS

Rainwater harvesting from roofs, 
grey water use in toilets and for 
irrigation

Use of drought-tolerant (native) 
species in gardens, parks and 
golf courses

In golf course construction, use 
narrower fairways and greens, 
and select appropriate soil 
material

Use of water-saving toilets, 
showerheads, faucets

Stimulate reuse of towels and 
bed linen

Effects of increased irrigation efficiency on water availability depending on the fate of excess irrigation water.
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Rainwater harvesting and use of 
drought-tolerant species

Rainwater harvesting is an ancient method that 
was once used on Crete and in the rest of the 
Mediterranean. Until the 1950s, many houses in 
rural areas had cisterns (underground tanks) to 
store harvested rainwater, but this practice was 
gradually abandoned after the introduction of 
municipal water supply systems. Municipal water 
is cheaper than the repair and/or maintenance 
of the cisterns. Cisterns are therefore still 
commonly found around Crete but often in a 
state of disrepair (see Ch. 19). This is unfortunate 
in areas with limited rainfall or limited water 
availability, as rainwater-harvesting structures 
facilitate storage of the water until it is needed in 
times of water shortage. They thereby increase 
the proportion of rainfall that can be utilized 
before it is evaporated or lost to the sea, and 
offer a simple and valuable source of water in dry 
periods. 

One area of Crete where rainwater harvesting is 
recognized by farmers on a large scale is in the 
east. Around Ierapetra, rainwater harvested from 
the roofs of greenhouses is stored in underground 
tanks on-site and used as an additional water 
supply in flower production (Fig. 11). Without this 
additional source of water, flower production in 
this area would not be possible at this scale. 
The benefits of rainwater harvesting are not 

limited to the agriculture sector; it can also be 
applied in other sectors. Water harvested from 
roofs of hotels and other large buildings during 
wet periods can be used during dry periods 
to flush toilets and water lawns and gardens. 
Combined with water-wise design and the 
use of drought-tolerant species, extraction of 
water for irrigation of gardens and parks can be 
considerably reduced. 

Water-wise golf course management 

In water-scarce regions, golf may be the tourist 
activity that is most often associated with high 
water use because of the contrast between green 
golf courses and the surrounding dry landscape. 
Golf courses do require a lot of water for 
irrigation. An 18-hole golf course covering 54 ha 
requires roughly 0.5 million cubic meters/year of 
water, assuming potential evaporation of 5 mm/
day during summer (six months) and evaporation 
in winter being compensated by rainfall. There 
are various ways of offsetting this irrigation water 
requirement, and many of them commonly used 
by golf industry professionals. Golf courses can 
limit freshwater usage both during and after 
construction. 

During construction, future water use can 
be limited, for instance, by reducing the size 
of playing surfaces, using soil mixtures and 

Figure 11

Greenhouse near Ierapetra. Photo: Cathelijne Stoof, 2012.
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amendments that can hold water optimally, and 
selecting drought-tolerant grass species that can 
cope in dry conditions. 

Measures that can be taken after construction 
include precision irrigation based on soil 
moisture, prevention of soil water repellency (a 
common phenomenon hampering infiltration 
of water), using grey water from rainwater 
harvesting or recycled wastewater for irrigation, 
and suspending irrigation when water is not 
available. 

Reuse of towels and bed linen

Hotels around the world have been inviting their 
guests to go green by giving them the option of 
using their towels and bed sheets more than 
once. This is usually done with a system of 
message cards on night tables and in bathrooms, 
which make guests aware of the importance of 
saving water, and indicate how the guest can help. 
This is based on the concept that at home towels 
are often used more than once, and bed linen is 

certainly not changed every day. Surprisingly, this 
type of water savings is not common in hotels on 
Crete. It may be a strange idea for Cretans that 
tourists are willing to use a towel or their bed 
linen twice, but the success of towel and linen 
reuse programs in the tourism industry elsewhere 
shows that tourists not only accept it; some even 
expect it.

The water-saving benefits of towel and linen 
reuse programs are small compared to water 
savings in the agriculture sector. If 50 percent 
of guests on Crete would choose to have linens 
and towels replaced every other day, roughly 0.2 
million cubic meters water could be saved each 
year (Fig. 12). This is 3 percent of the total volume 
of water used by tourists, and 0.05 percent of total 
annual water use on the island. It is also equal 
to the water use of one half of an 18-hole golf 
course. While these water savings are small, such 
a program would provide additional environmental 
and economic benefits, including improved water 
quality because of the reduced use of bleach 
and other detergents, reduced energy use and 
cleaning costs, and increased awareness about 
water scarcity. 

Use of water-saving toilets, 
showerheads and faucets

The installation of water-saving toilets, 
showerheads and taps is another simple way 
to reduce water demand in the tourist sector. 
Modern water-saving toilets or dual-flush 
systems use up to five times less water than older 
types, and economic showerheads and taps can 
use four to six times less water per minute than 
conventional types (Table 1).

A rough calculation of potential water savings 
if all tourist facilities on Crete had these water-
saving devices installed shows that total bathroom 
water savings (2.5 million cubic meters for toilets, 
showers, and taps together) would amount to 37 
percent of total water use in the tourist sector 
(Fig. 12), and 0.7 percent of the total annual 
water used on the island. Naturally, the exact 
savings depend on the systems currently in use 
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1.2.105 m3
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Tourism water use after 
savings, 4.0.105 m3

ToiletLaundry

Potential water savings

Shower Tap

Potential water savings in the tourism industry amounting to 40 percent 
(2.7 million cubic meters) of total tourism water use. Values are based 
on an average of 2.8 million tourists per year, an average stay of eight 
days with a water use of 300 liters per day per guest, an average water 
use for one laundry load of 36 liters per guest, and Table 1.

Figure 12

Source: Water use of toilets, showers and taps are taken from Silva-Afonso and Pimentel-Rodrigues (2008) and Gössling et al. (2012). The frequency 
is assumed and the total water savings are calculated by multiplying the saving per item with its assumed frequency of occurrence.

Use
Water use per flush or minute

Frequency (per day) Total water  
saving (L/day)Before After Saving

Toilet
Liquid only 12 L/flush 1 L/flush 11 L/flush 4 x 44

Incl. solids 12 L/flush 6 L/flush 6 L/flush 2 x 12

Shower 13 L/min 7 L/min 6 L/min 5 min 30

Tap 5 L/min 2.5 L/min 2.5 L/min 10 min 25

TABLE 1

CHAPTER 17. Competing Claims on Water and Potential Solutions
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and frequency of use. Where older systems are 
in place that have higher water consumption, or 
when showers and taps are used more frequently, 
the savings can be considerably greater. The same 
applies when installation of these water-saving 
devices is extended to public buildings and the 
private sector. Because of the reduction in water 
costs, installation of these water-saving devices 
can be repaid quickly. 

Water savings in hotels versus golf 
courses and agriculture

In contrast to the common perception, tourists do 
not account for a large portion of water demand. 
Based on a water use of 300 liters per day, 

all tourists on Crete use just 6.7 million cubic 
meters, which is a fraction of the amount used for 
irrigation (301 million cubic meters). Tourism’s 
water use is comparable to the irrigation 
requirement of 9 km2 of cropland (less than 1 
percent of total irrigated land on Crete) that is 
irrigated for half of the year. 

Although every drop counts in water conservation, 
water savings in the agriculture sector (including 
on golf courses, gardens and parks) have greater 
potential to reduce Crete’s water demand than 
water savings in the tourist sector. Yet, in parts of 
the island where there is limited water availability 
in the region where the hotels are located, water 
savings in tourism could help reduce water 
shortages.

Because the majority of Crete’s freshwater 
resources are lost to the sea before they can be 
used, water availability cannot only be increased 
by reducing water use, but also by developing 
creative ways of maximizing the use of natural 
winter rainfall (Fig. 13). 

From a range of possible water sources, Crete’s 
fresh water is currently being tapped from 
springs, aboveground reservoirs (dams) and 
underground wells. Because of the karst geology, 
groundwater reserves on much of the island are 
very hard to predict, which makes the uncertainty 
of reaching fresh water when drilling a well high.

Infiltration in selected deposits for 
future withdrawal

Because rainfall in winter is high, a simple way 
of increasing freshwater resources is to promote 
storage of this winter rainfall. In addition to 
rainwater harvesting from roofs, this can be done 
by slowing water in natural streams, or by letting 
part of the winter streamflow infiltrate locally. On 
Crete, this can be done in 1) alluvial deposits, 2) 
gypsum deposits in marl areas, and 3) limestone 
deposits overlying marls. Recharge of winter 
rainfall in these deposits can then be pumped up 
during the drier summer months, and provide 
a more reliable source of water than drilling 
wells in limestone areas. Unlike water storage 
in aboveground dams that have high evaporative 
losses, a major benefit of underground water 
storage is that there is no evaporative loss. The 
rate of return for water stored underground 
is therefore greater than for water stored in 
aboveground dams. 

Increasing water availability
Figure 13

FRESHWATER RESOURCES

1- Springs
2- Dams
3- Wells
4- Rainwater
a) from impermeable surfaces
b) by promoting infiltration of streamflow  
into soil by slowing water in streams or by  
letting part of the stream in winter infiltrate 		
locally into alluvia and dolines.  

5- Tapping water from underground 	
	 streams
6- Desalination

Potential freshwater resources. 

Tapping of coastal aquifers using 
underground dams

Another source of fresh water is found in 
riverbeds flowing to the sea. While most 
streams in summer are dry at the surface, 
water is discharged to the sea below ground. 
In areas where the coastal aquifer is underlain 
by impermeable bedrock, this water can be 
tapped by constructing an underground dam 
that prevents fresh water from being lost to the 
sea. This underground dam basically consists 
of a subsurface wall that retains fresh water 
upstream, which can be pumped to the surface 
using a set of wells that can tap water from the 
aquifer without the risk of saltwater intrusion. 
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The concept of water storage behind subsurface 
dams is very old, and these types of dams are 
used to increase yield from coastal aquifers 
around the world, from Ethiopia to India and 
from Turkey to Japan. The suitability of a coastal 
aquifer for underground dam construction 
depends on the hydrogeological conditions. When 
conditions are right, there are multiple benefits 
to storing water underground, including much 
lower or no evaporative losses and lower risk 
of pollution. In addition, storage capacity is not 
affected by the gradual filling up of the reservoir 
and underground reservoirs take up less space 
and are considerably cheaper than dams. They 
therefore have the potential to provide a cost-
effective way of increasing local water availability, 
with lower social, visual, and environmental 
impacts. 

The National Technical University of Athens 
recently studied whether underground dams 
could be used to tap coastal aquifers on Crete and 
found that underground dams can increase water 
resource management efficiency, while preventing 
saltwater intrusion. Hydrogeological conditions 
are favorable in Lasithi, and most likely elsewhere 
on the island. Given the multiple economic and 
environmental advantages of underground water 
storage, we highly recommend further study 
of this promising technique to increase the 
availability of fresh water on Crete. 

Desalination and wastewater reuse

Some of the few rainfall-independent water 
sources are desalination of sea- or brackish water 
and the use of recycled wastewater. In Israel 
these techniques are combined by first using 

Outlook
The scarcity of water that Crete experiences 
in the summer months and the depletion of 
groundwater resources in agricultural areas 
around the island indicate that with the current 
land use, industry and tourism practices, water 
scarcity is an important issue that needs to be 
tackled in order to manage the island’s water 
resources sustainably. Given the expected effects 
of climate change, water scarcity will most likely 
increase in the future. Current climate scenarios 
for the next 90-100 years predict reductions in 

desalinated seawater in households and then 
using all household effluent to irrigate crops. The 
cost of clean water derived from desalination is 
greater than from conventional sources such as 
groundwater or surface water, and is therefore 
only implemented when there are insufficient 
freshwater sources, which is the case in semi-
arid to arid regions that have a large population. 
The cost of desalination has come down over 
recent years and the most efficient plants can 
desalinate one cubic meter of water at $0.5 to 
$1. For an average person living in the U.S., 
who uses around 400 liters of water per day, the 
cost of desalination would be just over $100 per 
person per year. Since Europeans are much more 
efficient with water, the cost of desalination would 
be around $50 or less per person per year on 
Crete. Other costs associated with the delivery 
would increase the price.

With other Greek and Turkish islands in the 
Mediterranean using desalination to produce 
fresh water, the question is whether Crete 
should also resort to desalination. Compared 
to other areas of the Mediterranean, Crete has 
relatively high rainfall. Most of this water flows 
as groundwater to the sea, except in a few places 
like on the north coast near Chania. As explained 
earlier, this area has abundant water because of 
its favorable geology, which prevents underground 
water flow to the sea. By replacing some of this 
fresh groundwater with wastewater that can 
irrigate the same acreage, the ‘displaced’ fresh 
water can be used elsewhere on the island where 
there is water shortage. Naturally, this is only 
sustainable if the environmental and energy costs 
of transporting this water are less than those 
associated with desalination. 

precipitation and increases in temperature on the 
island, leading to a substantial reduction in water 
availability. In addition, the area of the island 
affected by drought is set to increase. Along with 
this predicted reduction in water availability, there 
is the expected increase in tourist arrivals and 
a potential increase in irrigated area. Reducing 
water demand and optimizing water availability 
will therefore become increasingly important in 
the future.
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Conclusion
In contrast to many water-scarce regions around 
the world, average per capita water availability 
on Crete is relatively high, particularly because 
of high winter rainfall in the mountain areas. 
On average, therefore, Crete does not have a 
water problem. However, as most of the water 
is evaporated or flows away before it can be 
used, water availability is low during warm 
dry summers when tourism is at its peak and 
agriculture requires most irrigation water. 

We highlighted several promising methods 
to save water in the agriculture and tourism 
sectors, including: reducing water demand; 
stimulating water reuse in the tourism sector and 
in city planning; selecting crops with low water 
requirement; and either using smart irrigation 
planning or avoiding irrigation altogether. 
Although public opinion often points to tourism 
as the main water user, we showed that water 

demand in the agriculture sector is much greater 
and that this is also the area where most water 
can be saved. Yet, while water savings in the 
tourism sector may be small they can be achieved 
through simple measures, while at the same 
time increasing awareness about water scarcity, 
and increasing revenues. Naturally, these water-
saving methods are not only applicable to the 
island of Crete. 

Because rainfall is actually quite high on Crete, 
we showed that water availability can not only be 
increased by saving water, but also by increasing 
water storage before it runs off, and by tapping 
underground water flows before they reach 
the sea. Given that both can be done at much 
lower cost than, for instance, the construction of 
large reservoirs, these are promising, low-cost 
alternatives to increase the availability of this 
natural resource. 
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18. A Law Student’s Year in  
Mediterranean Waters

Introduction 

Diana Biller
J.D., Cornell Law School; graduate student, Department of Anthropology, 
Cornell University, Ithaca, U.S.A.

Abstract 
This paper discusses the author’s year-long experiences as a law student working on problems 
in Mediterranean water law and management. Beginning with an initiative to create a model 
water code for the region, and cumulating in a short research trip to Crete, this year raised ques-
tions relating to interdisciplinary work, participation as an American law student and expertise. 
While this paper will include discussion of legal research observations made during this time, its 
primary focus will be reflexive.     

KEYWORDS: water scarcity, water law, student engagement, interdisciplinary 
study, Crete, European Union

My first serious engagement with water law in the 
Mediterranean occurred, incongruously, in the 
dreary winter of Ithaca, New York. As a second-
year student at Cornell Law School I enrolled 
in a water law clinic, which fostered hands-on 
projects, steered by the students themselves, 

spanning several geographical regions. Several 
students, for example, worked on the highly 
contentious question of hydrofracking in New 
York State, while the group I joined focused on 
water law in the Mediterranean and the Middle 
East. 

The Lasithi Plateau. Photo: Diana Biller, 2012.
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Greek water law: still confused, but improving?

After I expressed an interest in water scarcity, 
the clinic’s professor Keith Porter introduced 
me to the vibrant team of academics at Cornell 
University working more broadly on water 
issues. They were in the process of organizing an 
interdisciplinary and international conference in 
Ithaca on water scarcity in the Mediterranean and 
Middle East. They suggested that a team from 
the clinic work on a joint project that could be 
presented at a pre-conference panel, allowing the 
law students to engage with scholars from around 
the world, many of whom have contributed to this 
book.

Four students (myself, Natasha Bhushan, 
Tamaron Greene and Matt Danforth) came 
together to focus on water law in the 
Mediterranean. The first major problem we faced 
was indeed a serious (and general) one: what 
could four American law students contribute to a 
question hinging on at least two separate areas 
we knew next to nothing about? Problems in 
water law are particularly complicated: not only 
do they usually involve several layers of law (from 
international law to municipal law, frequently 
containing the legacies of multiple, not always 
complimentary, historical periods), they also 
require some basic knowledge of hydrology (for 
example, in order to make sense of differences 
between regulations on groundwater and 
regulations on surface water, you do first need to 
know what groundwater is).

In the end, we decided to investigate the potential 
contribution of a model water code to problems 

of water scarcity. Model Codes are akin to legal 
cookbooks: their primary goal is not uniformity, 
but rather to serve as a tool for legal reform by 
increasing accessibility to legal knowledge and to 
provide a template which a state or country may 
adapt to suit their own environment (physical, 
cultural, political, etc.). Acknowledging that we 
did not have the expertise to outline the content 
of such a code, we instead attempted to deduce 
what the guiding principles of such a code should 
be. We highlighted the equitable allocation and 
sustainable use of scarce resources, and pulled 
elements from international law (from, for 
example, the Aarhus Convention). 

The experience of thinking through what a model 
code could look like and what purposes it could 
serve emphasized two interconnecting questions, 
especially important for a team of law students 
working in a different country, but also, I think, 
relevant to work on water policy more generally: 
the problem of expertise, and the necessity of 
engaging across disciplines and professions. 
These themes were solidified during the next 
chapter of my engagement with water law: an 
interdisciplinary water research trip to the island 
of Crete. 

Studying water law in Crete was a complicated 
task, largely because a lack of sufficient language 
skills to engage with the text of the laws, and also 
because it was extensively layered. What follows 
is a sketch as I was able to glean it, relying largely 
on sources in English.

The state of water law in Greece is historically 
quite tangled, although recent changes have 
improved the situation somewhat. The situation, 
however, remains confusing (especially for 
non-experts). This is especially true in some 
key areas: for example, issues of water quantity 
in groundwater remain semi-linked to property 
interests even though property owners no longer 
have the automatic right to use the groundwater 
below their land since 1987. 

The 1940 Greek Civil Code treats surface and 
groundwater in separate articles (art. 967, 954, 
1027).1 While surface waters were designated an 
“object of common use” and given a set order 
of water-use priority, groundwater was left to 
the use of the private landowner (or renter). The 
landowner could use the groundwater underneath 
his land to the extent that it did not significantly 
decrease the water supply of nearby villages.

A 1965 Sanitary Regulation introduced disposal 
permits for certain types of effluents; the permits 
were issued at the prefecture level.

The 1987 Framework Water Law (Law 1739/87 
for the Management of Water Resources) created 
major reform in Greek water management. It 
introduced a permit system for the use of both 
surface and groundwater, detaching groundwater 
use from land ownership (to a certain extent: well 
permits are only issued for those wells located 
on privately owned land). Permits were at first 
issued by multiple authorities, a confusing state 
of affairs, but in 2003 regions became the sole 
authorities capable of issuing permits. Permits, 
which are issued for a period of ten years, 
define how much water may be used and the 
conditions of use (Tsakiris et al. 2005). However, 
as Kampa and Bressers note, “to date, permits 
are still issued without taking account of the 
interconnection between surface and groundwater 
or of water ecosystem issues” (2008: 487).

The Framework Law also introduced a permit 
requirement for the construction of public water 
works. Ultimately, many important implementing 
documents were never drafted or adopted, and it 
was almost two decades before a 2005 Common 
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Ministerial Decision implemented permitting 
requirements.

A similar delay in implementation existed for the 
broader Framework Law. As Tsakiris et al. note:

	 …[T]here are some points that led to the 
 	 unsuccessful implementation of the Law 		
	 1739/87, such as: (i) the multiple distribution 		
	 of authorities to different Ministries which 		
	 has hampered integrated actions; (ii) the  
	 fact that water resources management was 
 	 not incorporated in the environmental 	 
	 policy; and (iii) the allocation of water quality 		
	 and quantity issues within the same area to 		
	 different authorities (2005: 51).

Although the Water Framework Law was the 
guiding water management legislation for 
fifteen years, it was handicapped by incomplete 
implementation. Serious water quantity issues 
continued. Particularly troubling are continuing 
groundwater quantity concerns. Land owners 
continue to overexploit groundwater below their 
property. Another major problem, highlighted by 
Kampa and Bressers (Ibid.), is that permits are 
only issued for new water use. This allows water 
uses that existed before 1987 to continue without 
permission, creating a large gap in legislative 
coverage. 

Other problems with the 1987 law include lack 
of integrated management, which should be 
remedied by the Water Framework Directive, 
and inadequately funded operational authorities. 
Further, it only focused on water quantity issues. 
Water quality was governed by the 1986 Law on 
the Protection of the Environment. A number of 
other semi-overlapping directives and decrees, 
both from before and after the passage of 
the 1987 Framework Law, made the situation 
increasingly complex, especially once E.U. law 
began to be implemented. 

The 2003 law integrating the E.U. Water 
Framework Directive at the national level, the 
Law on the Protection and Management of Water 
(Law 3199), required the creation of a significant 
new administrative structure. Much of this 
structure should aid coordination. For example, 
the 2003 law created a Ministerial National Water 
Committee, which is tasked with creating and 
monitoring water policy, and brings together 
several different national authorities. The law 
also creates Regional Water Directorates in each 
administrative region, which are in charge of the 
river basins in their regions. If a basin crosses 
regions, the directorates may either act together 
or the National Water Committee may designate 

one directorate to be the lead. The directorates 
report annually to a Central Water Agency, also 
created by the 2003 law.

The 2003 law also covers both water quantity and 
quality. In many important respects, it is a major 
step forward in terms of coordination, streamlining 
and generally dispelling confusion. Unfortunately, 
its implementation was seriously delayed. Further, 
according to Kampa and Bressers, “[f]ormal policies 
to achieve more integration now seem to be largely 
in place but a sufficiently favourable institutional 
context is still missing” (Ibid).

View from the island of Spinalonga. Photo: Diana Biller, 2012.

Model Codes are akin to legal cookbooks: 
their primary goal is not uniformity, but 
rather to provide a template which a state 
or country may adapt to suit their own 
environment.
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Crete, besides being governed by the legal 
structure briefly summarized above, has also 
delegated water provision use and sanitation 
legislation to its municipalities. These local 
regulations can be quite successful, but there 
is also significant risk attached. As the Cornell 
research team concluded about the Municipality 
of Neapolis, “The Local regulations, governance 
and management (which are controlled by the 
council headed by the Mayor) has thus far been 
more than satisfactory, indeed for such an arid 
region it 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” 
(Saia et al. 2011: 34-35).

For farmers, agricultural water may either be 
provided by the municipality or by a TOEB, a 
local farmers irrigation organization. TOEBs are 
private, non-profit organizations supervised by 
the Ministry of Agriculture through the regional 
unit level. They were established in 1958, and 
“[t]heir objective is to improve the conditions 
of the member farms, which are located within 
their authority area, regarding water supply” 
(Katsikides and Dörflinger 2005: 114).

Researchers report similar legal problems 
at the Cretan level as they do at the national 
one: coordination problems, too many different 
authorities, lack of funding (Chartzoulakis and 
Bertaki 2010). Most of these problems were 
confirmed by my own observations.

In addition to my own problems of limited 
expertise in researching the law, our team also 
had to learn to navigate between disciplines, 
particularly to find a language to communicate 
between law and engineering. This is seemingly 
an important goal far beyond our own small team, 
particularly as we observed in the Cretan case, 
engineers frequently end up practicing water 
law in regions where lawyers with expertise in 
water or environmental law are rare.2 Lawyers 
and engineers both communicate in highly 
technical languages, which are frequently difficult 
to translate. For example, when thinking about 
“water” a lawyer might first consider “property” 
(indeed, water law in the U.S. is frequently first 
taught in a property law course), but “property” 
to a lawyer is likely to be a specialized area of 
law composed of theory, regulation, treaties, 

Cretan water law
constitutions, judicial decisions, etc. (all of these 
shifting, appearing, or disappearing depending on 
the jurisdiction). Not being an engineer I do not 
know what an equivalent example might be, but 
I imagine that the differences in training would 
result in quite different results. Sometimes the 
words might be the same, but the meaning of the 
words is not. 

My year-long experience as a law student 
engaging in water law was personally 
transformative. It broadened my view of law, 
emphasizing both the extreme differences in 
law between jurisdictions and the necessity of 
engaging with other disciplines in areas like water 
law. It also highlighted the problems of such an 
approach. In the end, it made me aware of the 
world beyond the American law school.

The Lasithi Plateau. Photo: Diana Biller, 2012.
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19. The Restoration of Ancient  
Water Cisterns
Sheila Saia
PhD student, Department of Biological and Environmental Engineering, 
Cornell University, Ithaca, U.S.A. 

Abstract 
Water scarcity is a complex and emerging issue in the Mediterranean region. Local governments 
like the Municipality of Lasithi in Crete, Greece, must strive to achieve European Union direc-
tives for water quality and quantity while adapting to reductions in rainfall and meeting growing 
demands for water from agriculture, tourism, and domestic uses. One potential solution to this 
growing demand could include coupling modern water resource management strategies and 
publicly defined goals with the restoration of urban water cisterns. A combination of new and 
old water conservation strategies may benefit the local community as well as the groundwater 
supply.

KEYWORDS: water scarcity, cisterns, groundwater, water resources management

Figure 1   

Damaged cistern near Neapolis, Crete. Photo: Sheila Saia, 2010.

From as far back as the Bronze Age, 
Cretan communities have relied on 
man-made rainwater cisterns and 
spring-fed wells to supply water for 
irrigation and domestic needs.
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Adjusting to growing demand

In the village of Karydi on the Greek island of 
Crete, an elderly farmer stops to chat with me 
and my friend Giannis as we inspect the old stone 
cisterns that capture rainwater (Fig. 1 and 2). The 
farmer tells us how important these man-made, 
stone-lined pits once were to the socioeconomic 
health of her local community. She is worried 
about the municipal water supply, which was first 
installed about fifty years ago. The system has 
led many of her fellow villagers to lose touch with 
their land and limited water resources. “Everyone 
used to rely on the cisterns for their crops, but 
these days young people aren’t interested in 
farming,” she says. “They move to the cities in 
search of jobs and leave people like me to care for 
the fields and cisterns.”

Despite recent pressure from the European Union 
(E.U.) to implement natural resource conservation 
policies, water over-abstraction continues 
to be an issue throughout Greece. According 
to figures published by the Organization for 
Economic Cooperation and Development in 2005, 
freshwater abstractions in Greece increased 73 
percent between 1980 and 2002. While Greece is 
among the region’s “water-rich” countries with 
an average per capita water availability of 6,765 
cubic meters per year – compared to values of 
less than 1,500 cubic meters in most Eastern 
and Southern Mediterranean countries – water 
scarcity is becoming more common on a local 
scale, especially in the Aegean Islands. Yet, in 
general, few Greeks are aware of the pressure on 
their local water resources (see Ch. 17 and 20). 

This disconnect between policy and reality can 
be ascribed to the interaction of many complex 
factors. Officials must consider projected 
yearly rainfall reductions of 5-20 percent, while 
balancing population growth with the expansion 
of tourism and agricultural development. 
As different industries grow, large-scale 
groundwater extraction from deep-drilled wells is 
replacing small-scale traditional water supplies, 
like cisterns and shallow wells. This makes it 
more difficult for community leaders and their 
constituents to understand and overcome the 
impacts of their decisions on the aquifer, a 
natural resource they cannot see but which is 
directly connected to the springs they use. 

For example, increased irrigation demands for 
agriculture in the Messera Valley in southern 

central Crete have lowered the groundwater 
table by nearly 45 meters in the past 10 years. In 
addition to reducing the water availability, over-
pumping the aquifer draws seawater into wells 
near the coast. As a result, local governments 
spend more to meet current water quantity and 
quality demands.

From as far back as the Bronze Age, Cretan 
communities have relied on man-made rainwater 
cisterns and spring-fed wells to supply water for 
irrigation and domestic needs. As groundwater 
extraction technologies improved and Greek 
communities aspired to the same living standards 
as their western neighbors, groundwater wells 
became more and more common. Deep-drilled 
wells were first introduced in the 1960s and 1970s 
as shallow well pumps no longer met agricultural 
and domestic water demand.

Most of the inhabitants of Karydi are still farmers, 
though a growing number are finding jobs in 
nearby urban areas such as the coastal city of 
Agios Nikolaos. The villagers rely on publicly 
supplied groundwater from deep-drilled wells 

to meet their domestic and agricultural water 
needs. Unlike many Greek islands, where local 
communities depend fully on imported water, 
Karydi’s local aquifer capacity is expected to meet 
projected domestic water needs and current 

Figure 2   

A cistern with steps near Neapolis, Crete. Source: Sheila Saia, 2010. 
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As an E.U. member, Greece has committed 
to meeting the guidelines proposed in the 
European Union Water Framework Directive 
by 2015. Specifically, the directive outlines fair 
water-pricing policies that promote sustainable 
water use (see Ch. 18). In other words, water 
utility prices should reflect the costs of water 
abstraction, distribution and treatment. While 
working under these guidelines, and realizing 
the necessity to address rising demand and the 
growing threat of climate change, community 
leaders are trying a new – or should we say old – 
approach to water conservation. 

Nikos Kastrinakis, the deputy governor of the 
Municipality of Lasithi, collaborated with a team of 
students and professors from Cornell University 
to establish a water resources management 
plan that links traditional and modern water 
conservation methods and identifies associated 
areas of improvement (see Ch. 20). Several 
projects have been proposed, including plans to 
restore urban water cisterns and use them to 
water municipal parks. These self-sustaining, 
restored cisterns will help the local community 
reconnect to their water resources. Additional 
benefits of this restoration project include 
historical and cultural preservation, job training, 
community education, and backup water supplies.

Besides the restoration of cisterns, local leaders 
are considering three modern water resource 
conservation methods including interdisciplinary 
management, public participation and the 
establishment of quantitative and qualitative 
goals. By understanding the quantity and 
quality of their water resources as well as the 
community’s perceptions and values, local 
leaders can better encourage citizens to become 
active caretakers of their local environment. 
The overall challenge of their efforts is to 
balance groundwater recharge with groundwater 
extraction (see Ch. 17). Only then will they have 

Reintroducing the old

agricultural demand for the next ten to twenty 
years. However, this projection does not account 
for potential reductions in rainfall due to climate 
change or shifts in tourism and agriculture. 
Like elsewhere around the Mediterranean, 
tourism is a major income generator in Greece, 
but also a large consumer of water. Around 15 
million tourists visit the country of 11 million 
every year – the majority during the dry summer 
months – placing added pressure on water 
resources. Agriculture is still by far the largest 
water consumer in Greece, using 80-85 percent 
of the country’s water resources. Irrigation has 
increased exponentially over the past 50 years, 
covering 41 percent of cultivated land today (see 
Ch. 17). 

Most farmers in Lasithi – the region of 
northeastern Crete of which Karydi forms a part – 
maintain traditional non-irrigated olive orchards, 
but in other regions water-intensive crops such 
as citrus are being in introduced. Citrus crops 
fetch higher prices, but require nearly twice 
as much water as non-irrigated olives. Karydi 
farmers who irrigate their crops first look to 
cisterns to supplement their municipal water 
demand (Fig. 3). It is more economical for them to 
water vegetables and livestock with water from a 
local cistern than to pay for municipally supplied 
water. However, many cisterns in the surrounding 
countryside have been abandoned because they 
are expensive to fix.

a viable solution that will meet the current 
and future needs of humans and surrounding 
ecosystems.

This article was previously published in Revolve 
Magazine’s special report Water Around the 
Mediterranean in February 2012. 

Figure 3   

Cisterns in an olive grove, Crete. Photo: Sheila Saia, 2010.

Most farmers in the area of Karydi in 
north-eastern Crete maintain traditional 
non-irrigated olive orchards, but in other 
regions water-intensive crops such as 
citrus are being in introduced.

CHAPTER 19. Reconstruction of Ancient Water Cisterns
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In 2008, as mayor of a municipality in the province of Lasithi, Crete, called 
Neapolis, which would soon be incorporated into the Municipality of Aghios 
Nikolaos, and having already established a strong relationship with the 
Center for Greek Folklore of the Academy of Athens under the directorship 
of Professor Kaiti Kamilaki, I co-organized a conference with Cornell 
University, the Agricultural University of Athens, the Region of Crete, and the 
Center for Research and the Advancement of Cretan Culture from 10 to 13 
June 2008. The title of the conference was ‘Water-Life-Civilization in Crete 
and the Mediterranean’. 

The conference considered the status of water, i.e. quantity and quality, 
the health of water, the influence of water on the environment and on 
biodiversity, issues of management, and the formation of a culture of water, 
as well as ways of confronting the problems of water management by 
individuals, by institutions, and by society. The presenters at the conference 
considered water diachronically from ancient times to the present.

The triptych Water, Life, and Civilization is an important and inexhaustible 
subject, with multiple dimensions. Experts from various countries around 
the world participated in the discussion, approaching the topic with great 
seriousness, offering a variety of opinions. The conference ended with a visit 
to the only palm forest in Europe, near Vai Siteia.

The success of the conference demonstrated that our cooperation with all 
who participated should be ongoing. Everyone who participated realized that 
the island, particularly the Neapolis region, is dry, so there was genuine 
interest and anxiety about this social and cultural treasure, water (Fig. 1). In 
view of this, Cornell University researchers saw the venture as an important 
one and decided to continue their collaboration with us.

In addition to our general anxiety about the water situation in Crete, and 
without wishing to be an alarmist, I want to mention climate change, which 
will certainly affect Crete, and which predicts reduced but more intense 

20. Water, Life, and Civilization  
in Crete and the Mediterranean
Nikos Kastrinakis
Governor of Lasithi Region, Crete, Greece

More than anything, 
what we need in 
Crete is rational 
and “civilized” use 
of water by all.

Figure 1   

Parts of Crete already suffer from water scarcity. Photo: Tammo Steenhuis, 2012.
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rainfall, i.e. an increase in extreme drought and 
also flood conditions.

With the same cooperation and enthusiasm, we 
organized a second conference on ‘Water-Life-
Civilization in Crete and the Mediterranean in 
2010’. At the end of the conference, we hosted 
three graduate students from Cornell, who 
spent the following three weeks collecting data 
from individuals and institutions, and amassed a 
considerable amount of information.

The data they collected was coordinated under 
the leadership of Professors Tammo Steenhuis 
(Biological and Environmental Engineering, 
Cornell) and Gail Holst-Warhaft (Mediterranean 
Studies Initiative and BEE) and published in a 
volume entitled Water on the Brink: A Water Profile 
of Neapolis, Crete. Translated into Greek with 
the assistance of Global Water Partnership-
Mediterranean in Athens, the report was 
presented, a year later, to the Municipality of 
Neapolis.

In 2009 there was a conference at Cornell, 
in which scientists from various countries 
participated. As Mayor of Neapolis I took part in 
the conference and gave a presentation about 
our region, especially related to the culture of the 
region and the management of water from ancient 
times to the present. I also showed a video of 
the historical evidence of water management, 
including water troughs, fountains and irrigation 
channels, many of which had been abandoned 
(Fig. 2).

In the summer of 2012, Tammo Steenhuis and 
Gail Holst-Warhaft brought two young scholars to 
Crete: Diana Biller, a Law student and Cathelijne 
Stoof, a post-doctoral fellow in Environmental 
Engineering (see Ch. 17 and 18). Again they spent 
several weeks on Crete, gathering data on the 
management of water at the level of the island 
as a whole, encompassing the four provinces of 
Lasithi, Heraklion, Rehtymnon, and Chania.
Parallel with their research, we, as a municipality, 
began some activities with the aim of sensitizing 
our citizens to the conservation of water, to the 
rational use of water, and to the repair and reuse 
of the rainwater cisterns that exist in our region. 
We aimed to create a cultural network that 
would draw visitors to an area with many cultural 
characteristics related to the management and 
distribution of water, to development, to life 
itself, with the simplicity and philosophy of our 
ancestors.
Among other things, we undertook a feasibility 
study for the restoration and reuse of rainwater 
tanks according to the prototypes of our 
ancestors. Rainwater cisterns are small tanks 
that have been continuously in use since ancient 
times, to collect and store winter rainwater (see 
Ch. 20), and use it with respect for the sacred 

nature of water, and to fully exploit it for various 
household uses throughout the summer.

We organized a public site, ‘Observation of 
the Civilization/Culture of Water’, which the 
townspeople could visit or access online to find 
information not only about hydrological but also 
cultural facts. Unfortunately, this site was not 
maintained by the new municipal administration.

I stress again that our ancestors, our wise 
forebears, showed us how to eat, how to use 
water and agricultural produce, how to exploit 
the environment and nature according to their 
rules, maintaining a balance, unlike today when 
we try to impose our own rules, disturbing the 
balance of nature and then try to correct our 
mistakes caused by these interventions, not by 
nature. Then we ask ourselves how these extreme 
phenomena occur! Here we must remember the 
mathematician and pre-Socratic philosopher 
Thales, one of the “seven wise men”, who in the 
fifth century BC said: “Water is the beginning of 
all things.” 

More than anything, what we need in Crete is 
rational and “civilized” use of water by all, but 
especially by the institutions that are concerned 
with water in the region: municipalities, Local 
Organizations for Land Reclamation Works 
(TOEB), and other local authorities that work with 
water.

This article is an abridged version of Governor 
Kastrinakis’ presentation at the ‘Water Scarcity, Risk 
and Democracy in the Mediterranean and Beyond’ 
conference, which was held at the Cultural Center of 
Athens, 12-13 April 2013.

Figure 2   

Ancient fountain in Neapolis, Crete. Photo: Sheila Saia, 2010.
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