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1. Objective of this Guidebook 
 

 
The present guidebook on Water Management was produced in the frame of project 1G-MED08-515 
WATERinCORE. The project is implemented under the transnational programme of European 
territorial cooperation MED (http://www.programmemed.eu), Priority Axe 2: Environmental 
protection and promotion of a sustainable territorial development, Objective 2.1: Protection and 
enhancement of natural resources and cultural heritage. 

The project aims at the design, application and dissemination of a methodological frame for the 
integration of Local Agenda 21 principles in Water Resources Management in Mediterranean River 
Basins.  

It focuses on the identification of the water management practices and policies as well as of the 
actual state of Local Agenda application in the participants regions. Considering these and 
additionally the specific characteristics of the regions, a public participation process was designed 
and implemented at selected pilot river basins/sub basins in each region in order to motivate and 
actively involve the local key actors/stakeholders in the development and application of local actions 
in water management. By this way the provision of tools for a better integration of activities in the 
fields of both sustainable water management and Local Agenda 21 will be achieved and the 
confrontation of the different problems and threats on water resources in a cross-sectorial, territorial 
as well as dialogue oriented approach will be accomplished. 

In order the project’s results to be capitalized and disseminate two Short Guidebooks were 
produced. The first presents Keywords and requirements of Local Agenda 21 as well as good 
examples – case studies of local water management activities meeting Local Agenda 21 criteria in the 
project’s participant regions. The second Guidebook, the particular one, presenting the Water 
management status in the pilot basins based on the results of the project as well as good examples of 
water management in the same regions.  
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2. Description of the project’s participant areas 
 

2.1. Greece, Central Macedonia Region, Water District 10  
 

Water District (10) of Central Macedonia occupies a total area of 10.390 km2 and consists of the 
Prefecture of Chalkidiki, major parts of the Prefectures of Thessaloniki (92.7%) and Kilkis (96.1%) and 
smaller parts of the Prefectures of Imathia (25.7%), Pella (33.1%) and Serres (0.8%). The land cover 
consists of 3% domestic land, 17% forests, 57% cultivations, 21% rangeland, 2% water bodies. The 
repartition of Gross Domestic Product (GDP) is: 14.9% agriculture, 30.5% industry and building and 
54.6% services. 

Τhe main river basins of Water District (10) are: river basin of Axios (1.614 km2), Galikos (1.022 km2) , 
Ludias river and of the Thesaloniki’s lakes, Volvi and Koronia (2.161 km2). Smallest but remarkable 
river basins, covered an area smaller than 600 km2, are the river basins of Chavria, Anthemounta and 
Olinthiou and of Doirani lakes. The area includes low mountains in the peripheral zone and only two 
mountains, Athos and Kerkini, exceeds 2.000 m high. 

In WD 10, the total water presipitastion is estimated 6.068 hm3 from which 3.034 hm3 is useful rain 
and 3.034 hm3 evaporation. The annual surface flow is 2.606 hm3 and 1.360 hm3 groundwater stock.  

In WD 10 the total cultivated area is estimated at 4.444 km2 and the annual water demand is 
estimated at 527.6 hm3 (73.7%), while only for the month of July, which represents the higher water 
consumption, is 112.9 hm3. The annual demand for domestic use inluding tourism is estimated up to 
99.8 hm3 (14%) and 10.0 hm3 for month July.  For industrial use the water demand is estimated to 80 
hm3 (11.2%) and finally for livestock the water demand is 8 hm3 (1.1%). 

WD10 is characterized by a variety of climate conditions. The main types are Mediterranean at the 
coastal areas and continental at the inland.  Snowfalls appear the period between October and April. 
The average annual precipitation ranges from 400 to 800 mm, while in the mountainous parts 
exceeds 1.000 mm. The average temperature ranges between 14.5 - 17 oC while low average ranges 
between -10 and -14  oC (during January) and the high between 36 and 42 oC (during July). 
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Figure 1: Water District 10 of the Region of Central Macedonia.  

 

2.2. Italy, Sicilian Region, Sicily River Basin District  

 
The basin district of Sicily covers an area of about 26.000 km2and includes a population of about 5 
million inhabitants. Sicily is located in south of Italy. It is the largest island in the Mediterranean Sea.  

The island is characterized by a densely mountainous landscape. The main mountain ranges are 
Madonie and Nebrodi in the north and Peloritani in the north-east, whereas the south-eastern 
Hyblaean are considered geologically as a continuation of the Italian Apennines. Mount Etna, located 
in the east of mainland Sicily with a height of 3,320 m it is the tallest active volcano in Europe.  

The island is drained by several rivers. Rivers are all limited in flow and extent. The rivers located in 
north area are called “Fiumare” and are torrential nature, in summer they are almost permanently 
dry.  

Climate is typical Mediterranean and temperature average low range between 4°C – 12°C and 
average high range between 23°C – 27°C. In the different areas rainfall goes from 450 mm to 900 
mm; average annual is 680 mm. Snowfalls are taken place only in mountains.  

Agriculture is the chief economic activity but has long been hampered by absentee ownership, 
primitive methods of cultivation, and inadequate irrigation. There are important tuna and sardine 
fisheries.  

In addition to wine, Sicily manufactures processed food, chemicals, refined petroleum, fertilizers, 
textiles, ships, leather goods, and forest products. There are petroleum fields in the southeast, and 
natural gas and sulphur are also produced.  The repartition of GDP of Sicily region is: agriculture 
3,5%, industry e building 14,8%, services 81,8%  

 

2.3. Italy, Province of Lucca 
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The territory of the Province of Lucca take up an area of 1.773 km2 of northern Tuscany with a 
population of 387.058 inhabitants.  

The mountain ranges of the Appennino Tosco-Emiliano and the Massif of Apuan Alps run across the 
territory. The Massif is bounded by the northern Tyrrhenian Sea on the west.   

The territory presents a high variability of physical environments easily classifiable also on the basis 
of socio-economic and settlement aspects:  

“Piana Lucchese”, morphologically formed by a flat and hilly landscape with an economy based on 
agriculture, tertiary and industrial sectors, primarily paper industry, has 160.823 inhabitants;  

“Valle del Serchio”, morphologically characterized by a hilly and mountainous landscape, with 
development of productive centers in valley floor concentrated on paper industry and small 
craftsmen (inhabitants 29.822);  

“Garfagnana”, morphologically characterized by rough mountain ranges representing physical limits 
to economic development and transportation facilities, and a strong pulse to sheep farming, 
agriculture and forests ( 29.341 inhabitants);  

- “Versilia”, coast area strongly antrophized with a high touristic pulse. Intensive floriculture and 
working of marbles of the coastal Apuan Alps’ quarries. Presence of remaining natural wetlands 
behind the dunes (Lake of Massaciuccoli and Lake of Porta) ( 167.072 inhabitants).  

In general, the drainage basin results to be complex and advanced and a result of a morphological 
moulding. The territory of the Province of Lucca is subdivided in 4 main river basins (Serchio River, 
Arno River, Magra River, North Tuscany Basins). 

The territory is characterized by important and developed aquifer system based on alluvial deposits  
(Lucca’s plain and Serchio Valley), also of carbonate nature (Val di Lima and Apuan Alps). 

The Climate is Mediterranean in sea areas and temperate in others areas. The average annual 
temperature is 15°C, and range from average low 3,5°C to average height 25°C. The average annual 
rainfall is 1.400 mm, and ranges from 800 mm to 3.000 mm. Snowfall is presented only in mountains. 

Every physical system is characterized by different economic activities: 

“Garfagnana” is predominantly a rural economy; 

“Piana di Lucca” e “Valle del Serchio” prevailing industry (paper and mechanical engineering and 
services; 

“Versilia” tourism and shipbuilding. 

The economic structure of the province of Lucca at the end of 2001 was 35,669 active enterprises 
(11% agriculture, 33% industry and 56% services). 

 

2.4. Spain, Province of Granada, Guadalquivir River Basin  
 

Province of Granada is located in south of Spain, in the eastern part of the Andalusia Area covering 
an area of 12.647 km2 and inhabitent by 905.285 residents.  

The province of Granada is distributed amongst the Guadalquivir river basin district (9,960 km2, 
79.48% of its territory), the Mediterranean river basins district (2,628 km2, 20.48% of its territory), 
and a small part of the Segura river basin district (47 km2, 0.04% of the province territory).  

The Sierra Nevada and Sierra de Baza are the mountain range of Province of Granada, the tallest 
mountain in the Iberian Peninsula, Mulhacén, is located in Granada. It measures 3,479 m. 

The coast of Granada province is known as the Costa Tropical. Although it is not as popular with 
foreign visitors as the Costa del Sol further east, it does attract large numbers of Spanish holiday-
makers 
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The Climate is typical Mediterranean with an average annual temperature 16.8oC and an average 
annual precipitation 789 mm. 

Granada is a relatively rich province. Its economy is predominantly agriculture-oriented, being the 
most widely grown cereal crop, although the snuff, and sugar cane are important. We can also find 
olive and fruit trees (orange, lemon, fig, almond and pomegranate), plus some vineyards. The main 
industries, therefore, are based in agriculture include sugar production, although the packaging is 
carried out in the city of Granada, the capital of the province. In the province of Granada also found 
lead mines in the Sierra de Gador (the richest in the world during the nineteenth century). The 
Marquis of Zenete region is one of the largest producers of iron in Spain. In Granada there are many 
liquor factories, soap, paper, linen and wool. 

 

2.5. Cyprus, Cyprus Water District  
 

Cyprus is situated at the north-eastern part of the Mediterranean basin, with an area of 9.251 km2 
out of which 47% is arable land, 19% is forest land and the remaining 34% is uncultivated land and a 
population of 793.963 inhabitants.  

Cyprus is dominated in its topography by two mountain ranges, the Troodos range in the central part 
of the island, rising to a height of 1.952 m and the Pentadaktylos range in the north of the island, 
rising to a height of 1.085 m. Most of the rivers, which flow only in winter, have their sources in the 
Troodos mountains and only one substantial river has its source in Pentadaktylos.  

Cyprus has a typical Mediterranean climate with mild winters, long hot, dry summers and short 
autumn and spring seasons. The average annual rainfall is about 500 mm and ranges from 300 mm in 
the central plain and the south-eastern parts of the island up to 1.100 mm at the top of the Troodos 
range and 550 mm at the top of Pentadaktylos. The variation in rainfall is not only regional but 
annual and often two and even three-year consecutive droughts are observed.  

Since the last couple of decades, all of Cyprus’s water resources were originating from rainfall. Based 
on a long series of observations, the mean annual rainfall including snowfall it was 503 mm, but 
observations on the last 4 decades indicate that it is reduced to 463 mm. The amount of water 
corresponding to the unoccupied part of Cyprus is equivalent to 2.670 million cubic meters (mcm) 
but only the 14% or the equivalent of 370 mcm is available for utilization since the remainder 86% 
returns to the atmosphere as direct evaporation.  

The rainfall is not uniformly distributed where most of it falls on the two mountainous areas whereas 
the eastern low level and coastal areas take a very small amount of rain. It must be noted also, that 
Cyprus is experiencing a big variation of rainfall for year to year, and also from frequent droughts 
which have duration of two to three years. The mean annual amount of water of 370 mcm is 
distributed roughly with the ratio of 1.75:1 between surface and groundwater respectively.  
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3. Project’s Pilot basins  

3.1. Anthemountas River Basin, Region of Central Macedonia, Greece 
The Anthemountas River basin is located at the Region of Central Macedonia in Greece, at the 
Chalkidiki Peninsula, covering an area of 320 km2. The population based on the Census of 2001 is 
40.469. Due to its vicinity to the urban centre of Thessaloniki, it experiences an increasing 
urbanisation trend, which mostly affects the Municipality of Thermi and to a smaller degree the two 

others Municipalities of the Basin (Vasilika and Anthemountas). In terms of economic activities, 
current trends portray a marked increase in the tertiary sector (services). However, the primary 
sector is still dominant, especially in the Municipalities of Vasilika and Anthemountas.  

Specifically, with regard to employment the following can be summarized: 

 The sectors of agriculture and industry are equally important in the Basin, respectively 
employing 15% and 16% of the economically active population in the Basin. 

 In the Municipality of Thermi, the tertiary sector is dominant while industrial activity is also 
reflected to the respective employment indicators. 

The economic output of the industrial sector clearly exceeds the one of agricultural activities. 

According to the estimations made, the Gross Output of the broader industrial sector is 
approximately 6 times higher than the one of agriculture (the latter only amounted to 42,5 Μ€ in 
1999).  

 

 

 

 

 

 

 

Chart 4: Anthemountas river basin  
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Fig. 1. Economically active population in the Anthemountas basin district 

 

Throughout the basin the economically active population engaged in agricultural / livestock activities 
is equal to 2.012. The corresponding size of the secondary sector is equal to 3.310 persons, of which 
2.189 are employed in manufacturing industries. The tertiary sector employs 7.080 persons, of which 
2.080 are employed in business and 730 in public services. 

Regarding the Land Uses, Anthemountas river basin is split between woodland and croplands.   

 

 

 

 

 

 

 

 

 

 

The mean precipitation at the Anthemountas river basin is approximately 550 mm/year and the 
minimum precipitation is 430 mm/year. Precipitation is higher at the mountainous areas at NW of 
the basin and it is reduced at the S-SE areas. Rainfalls are more frequent and intensive, from October 
to December and during May. The average humidity is about 70% with maximum value 78% and 
minimum 53% asd. 

3.2. Irminio river basin, Province of Ragusa, Sicily  
The Irminio River Basin is located in the Ragusa province, Southern Sicily, covering an area of about 
254.56 km2. Ragusa and Giarratana urban areas area situated in the basin (Figure 1). The Irminio 
basin borders mainly with the Ippari river basin (to the West), with the Acate river basin (to the 
North), with the Anapo river basin (to the North-East), with the Tellaro river and the Modica-Scicli 
stream basins (to the East) (Figure 1). Due to the area, it is the 23° basin in Sicily with significant 
water bodies (the Irminio river and the Santa Rosalia artificial reservoir). The Irminio river is 
permanent, with a length of 48 km from North to South-West of the Iblean Plateau in calcareous 
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soils. The river begins in the Lauro mountain (986 m a.s.l.) crossing the Giarratana and the Ragusa 
municipalities before to flow into the Mediterranean sea in the “Torre Giardinelli (RG)” town. The 
Gria, Cava Volpe, Mastratto, Cava S. Leonardo streams flow into the main channel. The altitude is 
between 0 and 986 m a.s.l.; the morphology changes from hills to coast plain going to South. In the 
1985 the “Irminio river natural-forest reserve”, covering about 135 ha close to the mouth was 
established (Figure 1).    

 

 

 

      
            

 

 

In the Irminio river basin, to the North of the Ragusa urban area, the Santa Rosalia artificial reservoir 
(Figure 2) was built in the period 1977-1983. An area of 97.65 km2 drains into to the reservoir with a 
mean altitude of 571 m a.s.l. The reservoir covers a liquid area of about 14.5 km2, with a volume of 
24.7 106 m3, when the water reach the maximum level (382.0 m a.s.l). The maximum depth of the 
reservoir is 39.3 m with a mean depth of 17 m. The volume of reservoir available for sediment is 1.7 
106 m3. The reservoir water is used for irrigation (in Ragusa and Scicli municipalities) and drinking 
water (in Modica and Ragusa municipalities) uses. After the reservoir a drinking water treatment 
plant was built. The wastewater treatment plant of the Giarratana municipality discharges in the 
Irminio river in Cozzo Ripa district.   

 

 

Fig. 1. Irminio River basin and its location in the Ragusa province 
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The population in the Irminio river basin was calculated considering that 45% of Ragusa and 100% of 
Giarratana  urban areas are located in the Irminio river basin; the urban areas of the other 
municipalities were not considered in the calculation being not in the basin. So, the population is 
34376 based on the Italian Statistical Institute (ISTAT) - Census of 2001 and 36200 based on the 
population data of 2010. Considering the increasing of the population in Ragusa and the decreasing 
in Giarratana urban areas, respectively, the increasing trend in the Irminio river basis is positive and 
equal to 1.7% in 2001 (respect to the INSTAT-Census of 1991) and 5.0 % in 2010 (respect to the 
INSTAT-Census of 2001). 

 

The industries are mainly located in the Ragusa municipality. The metallurgical and food are the main 
industries, followed by not-metal material working, mechanical, textile and manufacturing industries. 
In the Irminio river basin the industrial activities are the most significant (42%) (Figure 3), but it is also 
important the percentage of the water demanding production plants (29%), that have a significant 
impact on the water resources (INSTAT-Census of 2001).   
 

 

 
 

 

 

 

 

 

 

 

 

 

 

Agricultural and zootechnical activities represent other important pollutant sources; in particular, the 
fertilizers and pesticides leaching and the metabolic residues, respectively, cause the water pollutant.  

Based on the Corine Land Cover Map (2006) the main land use is agricultural areas (74.3%) (Figure 4), 
followed by forest and semi natural areas (21.6%). Greenhouses cultivation are very important 
mainly in the South of the Irminio river basin.  

 

Fig. 2. Santa Rosalia reservoir 

Fig. 3. Economic activities employed number in the Irminio river basin 
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Based on monthly data in the period 1970-2000 the annual precipitation is higher (700-800 mm) in 
the upper part of the basin compared to the lower (600-700mm); in the coast the annual 
precipitation decreases to 500 mm.  
  

3.3. Serchio river basin, region of Tuscany, Italy 
 
Serchio born in the Apennines, north of Lucca Province, runs through the plain of Lucca to the town 
Ripafratta, where it enters the province of Pisa to flow into the Tyrrhenian Sea. The basin is 
characterized by the presence of many valleys in which are embedded the main tributaries of the 
River Main. The valley area, although limited and subject to flooding more or less frequent, was best 

suited to accommodate settlements and 
productive. Production sites were often 
installed near the river and equipped to harness 
the water flow as a driving force. 
 
1.1. Fig. 1 – Serchio River Bassin  
 
The hilly and mountainous areas in the basin 
Serchio River is generally characterized by 
prominent slopes, covered with very large 
wooded areas and farmland. In the mountains 
there are many reservoirs ENEL and deep 
narrow gorges with steep limestone walls.  
The area of lowland basin Serchio is the Plain of 
Lucca and Pisa plain, often subject to flooding 
due to inadequate drainage.  
Another exception is made for the basin of Lake 
Massaciuccoli that formed in historical times as 
a coastal lagoon when yet received the full 
course of Serchio and can now be considered 
almost completely independent of the basin 

Fig. 4. Land uses in the Irminio river basin (Corine Land Cover map, 2006) 
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Serchio. The lake basin covers 95 km2, is surrounded by a marsh of about 1,500 has changed from a 
work of mechanical reclamation.  
The area surrounding the lake is under the average sea level and is affected by subsidence 
phenomena: it is kept dry by artificial channels that convey water to the sea.  
The bank configuration and the presence of a large basin Intermonte (Garfagnana and Media Serchio 
Valley) are important geographical climate. The direction of valleys and ridges, the elevation of 
mountain systems, causing detours and more or less intense lifting of air masses that greatly 
influences the frequency and amount of rainfall throughout the area. The particular position of the 
basin, elongated longitudinally to the sea, means that the area is one of the rainiest of Italy, with the 
rainfall intensity exceeds 3,000 mm annually. In the Lima Valley and the Val di Serchio intensity 
average annual rainfall ranges around 25 mm / day. The high rainfall means that despite the high 
average annual runoff coefficient (0.70), the water table showing abundantly fed. The high average 
annual rainfall that not becomes runoff is 584 mm on a total of 1,946 mm.  
Near the coast the prevailing winds are those of the western and eastern quadrants according to the 
barometric seasonal variations, which characterize the maritime zones of the Tyrrhenian coast in 
general. The flow direction of movement of water between the northern Tyrrhenian Sea and Ligurian 
Sea is determined by the temperature difference between the Ligurian basin (colder) and the 
Tyrrhenian. This gradient tends to become greater in winter and lasts throughout the spring. During 
the summer and early autumn months, in contrast, the lower contribution of the winds, severely 
weakens the flow sometimes stops altogether.  
The average water temperature during winter and spring ranges around 13-14 ° C throughout the 
water column, while the salinity increases slightly, from the surface to the bottom. The intensity of 
the rainfall does not exceed 11 mm / day (annual average) against the 25 mm / day, which 
characterize the internal territory.  
The territory of the basin is characterized by both systems set to alluvial aquifers (the Plain of Lucca 
and Valle del Serchio) and type carbonate (Lima valley and the Apuan Alps).  
The plain of Lucca is a wide tectonic depression, which has a substrate of lacustrine clay topped by 
alluvial deposits with sandy-gravel horizon extended to the whole plain, with variable thickness (up 
over 40 m). On the surface, the deposits of the plain are mainly composed of silty-sandy sediments in 
the central portion of the system, while observing the finer deposits, sometimes peaty, in south-
eastern portion. The litho-stratigraphic conditions of the plain of Lucca, make the Holocene alluvial 
aquifer, consisting essentially of gravel, pebbles and sand, is present in free flap in north-central plain 
and confined aquifer in the southern sector of the plain.  
The average piezometric level is at 6-7 m depth from ground level.  
Versilia, Apuan mountains are composed of carbonate aquifers where the permeability is high, with 
significant differences related mainly to the development of karst. The surface karst phenomena 
affect the rate of infiltration, which in some situations can get almost 100% of effective precipitation. 
Water infiltration, resulting in a source or group of springs.  
The demarcation of the main hydrogeological systems of marine side of the Apuan Alps, was based 
mainly on geological structure and the distribution and extent of sources. The dynamic ground water 
resources are a total higher than those currently used: the infiltration average is 600 million m3 per 
year, the springs will return only 30%, while the volume is actually picked up about 38 million m3 per 
year. The under-exploitation depends partly on the lack of collection works, but more from the 
system of flow of the springs, which are close to the minimum value when demand is highest.  
Versilia is a flat coastal area. It is bounded on the east by the Apuan Alps and formed by incoherent 
succession of deposits accumulated in recent times. The origin and provenance of sediments are the 
Units of Massa and the Tuscan Nappe. The area was dominated in the post-orogenic, relaxing by 
rapid tectonic movements that continued throughout the Quaternary creating a horst and graben 
structure that characterizes much of the Miocene tectonics of northern Tuscany. Because of these 
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tectonic movements, the surface water movement has produced, in the plain at the mouth of rivers, 
accumulation of coarse gravel sediment cone.  
In more recent times, from Late Pleistocene, the succession of the various cycles of marine 
transgression and regression produced accumulation of mostly sandy material, relevant entities. 
After sedimentation, the level of the plain reaches the current set with already existing 
morphological features. The deposits of sand dunes wind complete the palaeography. The last 
marine transgression followed, in historical times, the last retreat of the waters. It forms the current 
depressed inner coastal area (Massaciuccoli lake, Lake Porta) and sedimentation of peat.  
 

3.4. Genil River pilot basin, 
Western Granada, 
Spain 

 
The pilot catchment that has 
been chosen is located in the 
middle course of the Genil River, 
in the Poniente Granadino 
(Western Granada) area, in the 
south-eastern part of the 
Guadalquivir Hydrographical 
Demarcation. Although the 
Poniente Granadino area covers a 
greater area, the villages included 
in the pilot catchment selected 
for the project are Huétor-Tájar, 
Loja, and Villanueva Mesía. These 
three villages have a total 
population of 33,700 inhabitants 
according to the 2009 Municipal 
Census. Villanueva Mesía has got 
just one population 
agglomeration, Huétor Tájar has 
got two, and Loja a total of 19.  
Climate characteristics.  
The climate in this pilot basin, 
which is part of the Guadalquivir 
basin, is basically continental 
Mediterranean; its main characteristics are hot summers (around 24-25ºC) and cold winters, with 
average temperatures below 6-7ºC, in which frosts are common. Average height above sea level is 
721 m.  
The economy of the Poniente Granadino area shows a high specific weight of the Primary Sector, 
especially agriculture and stockbreeding, which is the main, and in many cases the only, source of 
income.  
In the Secondary Sector, some of the most important activities are the Textile and Clothing 
Subsector, considered to be a traditional subsector, in which formerly there used to be many textile 
production centres employing mostly unqualified female labour, which contributed substantially to 
underground employment in the area. This situation has become totally different today, since most 
of the textile industries have disappeared after the crisis in the industry. The Agrifood Subsector is 
also important, which is organised mainly on a cooperative basis, since the smallholding structure of 
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land ownership requires cooperative organisations for processing. However, its marketing structure 
is still weak.  
In the Tertiary Sector, and more specifically in the Commerce Subsector, in many villages of the 
Poniente Granadino a traditional and obsolete commercial structure is still in place. This, together 
with the proximity of the city of Granada and its large retail outlets adds a further problem to this 
subsector, which is important in terms of proximity services for the rural population. The Tourism, 
Hospitality and Leisure Subsector is a strategic one in the Poniente Granadino area. As of today it is 
not an important tourist area yet; however, it has got a great potential for rural and interior tourism 
based on its relevant natural landscapes, abundance of water and geographic location. Finally, the 
Construction Subsector has also got some relevance in the Poniente Granadino area, even with its 
problems arising from the up-and-down periods of the industry, being an important complement to 
farming.  
 
In conclusion, we may say that the local business fabric in the Poniente Granadino area has a got low 
competitiveness and there is also an absence of medium and long term investment plans. The main 
reasons for this situation are:  
 A clear technology gap and at the same time difficulty to maintain currently existing levels.  
 Difficulty in supplies; the area has got a poor articulation for the provision of the demanded and 

existing productive inputs.  
 Funding problems, especially to implement the investment plans required to allow for 

technological innovation, expansion of productive capacity or access to new markets.  
 Human resources with suboptimal qualification and specialization levels, together with a poor 

business qualification and entrepreneurship deficits.  
 Poor marketing structures.  
 Absence of inter-business cooperation resulting in low productive efficiency leading to weak 

competitiveness. No business counselling and information services.  
 Deficit of properly structured, sized and infrastructure-built industrial land.  
 
Some of the attraction factors of the Poniente Granadino as a residential area are the following:  
 Presence of plenty water.  
 Natural environment with great landscape values.  
 Quality areas for rural tourism.  
 Privileged geographic position in the centre of the region.  
 Proximity to the coastline and the mountains.  
 
Some of the attraction factors of the Poniente Granadino in terms of economic location are:  
 Geographic position in the centre of Andalusia.  
 The A-92 motorway provides fast connections with the rest of the region.  
 Proximity to the airports of Granada and Malaga.  
 
The chart below shows the population employed in each of the economic sectors:  
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The sector accounting for a greater share of employment is the tertiary sector, including subsectors 
such as commerce, hospitality, education, financial services, real estate activities, public 
administration, healthcare, etc. It is followed by the primary sector, which as mentioned above, is the 
only source of income in some of the municipalities. Finally, the secondary sector provides 
employment in the construction, extractive industry and agrifood industry subsectors mainly.  

In the following chart we can see land distribution according to land uses. 33% of the land is used for 
olive farming. Next there are dry-farming crops, with 19% of the total area and areas with scarce 
vegetation accounting for 13% of the land. Quercus forests, scrubland, irrigation farming and fir 
forests rank next in terms of area.  
 

 

3.5. Catchment Area (CA) 8 of Cyprus 

The Catchment Area (CA) 8 is located in southeastern Cyprus and covers a total area of 1039,89 Km 2 

(see figure 1). The CA 8 extends within the administrative districts of Nicosia, Larnaca and Limassol, 
and extends to 67 municipalities and communities. Within the region there is a population of 
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102.352 inhabitants. The largest municipalities within the CA are Larnaca and Aradippou with a 
population (census 2001) of 46.666 and 11.448, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

The distribution of existing major land used, according to the CORINE LAND COVER 2000 are shown 
in table 1. Agricultural land is approximately 44% of the CA 8.  

 

 Category   Area (Km 2)   Percentage 

 Arable land   235.00   22.6%  

 Urban-suburban green   10.00   1.0%  

 Wetlands   8.00   0.8%  

 Forests   133.00   12.8%  

 Complex cropping systems   200.00   19.2%  

 Industrial land and infrastructure   21.00   2.0%  

 Inland waters   3.00   0.3%  

 Mining   5.00   0.5%  

 Open areas with sparse vegetation   84.00   8.1%  

 Permanent crops   21.00   2.0%  

 Shrubs and grass   276.00   26.6%  

 Urban Construction   43.00   4.1%  

 Total   1039.00   100.0%  
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The grouped land uses are shown in figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Main land use categories of CA 8  

The land uses are governed by the Housing and Planning Act, which refers to the preparation of 
Development Plans, through which prescribed policies should be pursued to promote and control 
development. Based on this act, development plans include:  

 the Island Plan,  

 Local Plans,  
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 Regional Plans and  

 Policy Statement.  

 

Included in CA 8 is the Local Plan of Larnaca, which covers the areas of Larnaca and Aradippou 
Municipalities, also, the Dromolaxia, Meneou and Livadia Community Councils, the beach front of 
Voroklini and Pyla Community Councils as well as a small part of the Kalo Khorio Community Council 
area.  

 

CA 8 is composed of nine hydrological sub-basins, shown in the following table. The same table also 
gives detailed information on each hydrological sub-basin [ 1 ].  

 

 Name   Sub-
Basin 
Code  

Region(Km 
2)  

 Average annual 
precipitation (mm)  

 Rainfall*  

(Mil. 
m3/year) 

 Voroklini   8-1   84.05   300.00   25.21  

 Aradippou   8-2   78.62   310.00   24.37  

 Larnaca   8-3   99.69   343.00   34.19  

 Treminthos   8-4   171.17  374.00   64.02  

Pouzis   8-5   79.38   377.00   29.93  

Xeros   8-6   92.49   380.00   35.15  

 
Pentaschoinos  

 8-7   172.20  506.00   87.13  

 Maroni   8-8   100.79  447.00   45.05  

Vasilikos   8-9   161.50  510.00   82.37  

 CA 8    1039.89    427.42  
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4. Comparative Analysis of Water Management Indicators 
for the pilot basins 

Within the framework of the Waterincore a common list of WM indicators was formed in 
order to be used for the creation of Common Data base. The common data base was 
presented in the annex. The Project’s partners have filled in the values of the different 
indicators for the pilot river basin district of its region. The pilot basins are analytically 
described in the previous chapter and are the following: 

1. Anthemountas river basin district in Water Department 10 of Region of Central 
Macedonia, Greece. 

2. Irminio river basin district in the province of Ragusa in Southern Sicily, Italy. 

3. Serchio river basin district in region of Tuscany, Italy. 

4. Genil River basin district in the Poniente Granadino area in Western Granada, Spain. 

5. Catchment Area (CA) 8 of Cyprus. 

Based on the Common Database created, a comparative analysis/evaluation between the 
values of water management indicators among pilot basins has been made. The indicators 
have been match in groups based on the kind of water management issues they describe. 
The results of the analysis are presented in the following paragraphs.  

4.1. Hydrological indicators  
  

 
Figure 1: Water exploitation index in the WATERniCORE’s pilot river basins  
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The water exploitation index (WEI) is the mean annual total demand for freshwater divided by the 
long-term average freshwater resources. It gives an indication of how the total water demand puts 
pressure on the water resource. It also identifies those countries that have high demand in relation 
to their resources and therefore are prone to suffer problems of water stress. For this assessment, 
the following thresholds values/ranges for the water exploitation index have been used to indicate 
levels of water stress: (a) non-stressed countries < 10%; (b) low stress 10 to < 20%; (c) stressed 20% 
to < 40%; and (d) severe water stress ≥ 40%. The threshold values/ranges above are averages and it 
would be expected that areas for which the water exploitation index is above 20% would also be 
expected to experience severe water stress during drought or low river-flow periods.  

The four River basins, Anthemountas in Greece, Catchment Area 8 in Cyprus, Irminio, and Serchio in 
Italy, based on the WEI, should be considered as highly water stressed.  

Figure 2: Water Defisit/Surplus and mean annual precipitation in the pilot river basins  

 

The most water stressed basins is the Catchment Area 8 in Cyprus following by Anthemountas river 
basin in Greece. Both basins have Mediterranean climate resulted in small values of annual 
precipitation (diagram 2) and big water demand compared with water available resources. This stress 
also revealed by the fact of the water deficit presented in the pilot basins (diagram 2) and the 
presence of agricultural activity in the basins, as the particular economic sector is the biggest user in 
the area (diagram 3). The two basins have also the biggest value of runoff coefficient comparing with 
the coefficient of the tree other basins. 
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Irminio and Serchio river basin in Italy should also be considered as highly water stressed but with 
an index values near the limit of 40%. Although, Irminio has also the same Mediterranean climate 
conditions with the two previous basins, the water consumption is equally distributed between the 
three main economic activities, probably meaning that the water in Agricultural sector is well 
managed. Moreover, the run off coefficient is small (see table in the appendix) due to the Santa Rosalia 
artificial reservoir with a total volume of 24.7 106 m3 while the annual water consumption in the area 
reaches 23.3 106 m3. Regarding Serchio river basin, the biggest value of precipitation is noticed 
compared with the other basins due to the temperate climate in the inland. Although, it was 
expected the WEI to be small in the contrary the area is characterized as marginally highly stressed, 
probably due to increase off the groundwater exploitation in industry, mainly paper industries.   

Figure 3: Water consumption per economic sector in the pilot river basins 

 

Despite the fact that in Genil River Basin, the mean precipitation value is not very high and irrigation 
is the main consumption activity, the WEI as well as the surplus values are very satisfied. This result is 
due to the small annual water consumption in the area, 322.4 hm3, compared with the water annual 
inputs 557,02 hm3 by precipitation. 
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4.2. Economic Indicators 
Table 1: Water prices in the pilot river basins 

WATER USES Domestic Agricultural-
Livestock 

Sewerage Industrial 

River Basin Municipality €/m3   €/m3 

Thermi 0,28 – 1,89 0,26 €/m3 

Vasilika 0,23 – 1,58 

Anthemountas - 
GR 

Anthemountas 0,44 – 0,97 

0,15-0,22 
€/m3 

20-25,75 
annual fix 

charge 

No data 

Larnaca 0,42 – 2,54 

Aradhippou 0,94 – 2,50 

Catchment  

Area (CΑ) 8 - CY 

Communities 0.42 – 2,54 

0,16 €/m3 
Agriculture  

0,62 €/m3 
Livestock 

No data 1,13-1,54 

Loja 0,17 – 2,56 0,32– 4,46 

Huetor 0,30 – 0,90 1,98 

Genil - ES 

Villanueva 0,29 – 0,65 

37,09 €/ha 

3,5 

0,27-2,12 

Serchio -  IT Lucca 0,39–0,92 0,98-1,48 
€/m3 

0,56-1,33 

12,89 
annual fix 

charge 

0,98-1,13 

Giarratana 0,31 – 1,3 30,50 €/ha 

 areas served by 
pumping 
stations 

0,35 €/m3 No data Irminio - IT 

Ragusa 0,35 – 1,3 19,90 €/ha 

areas served by 
gravity 

0,35 €/m3 No data 

 

The water prices for the different water uses varied not only between pilot basins but also within the 
same basin. More in particular, the highest prices for domestic use are noticed in HR8, Genil and 
Serchio pilot basin following by Anthemountas and Irminio basins. The maximum price as well the 
minimum one are presented in the same basin, Genil river basin, with a very big balance as well. The 
minimum variation is taken place in Irminio basing following by Anthemountas one.  

The Agricultural water charges in the pilot basins are not completely comparable since the charge 
unit differs from €/m3 to €/ha. For the pilot basins where the €/m3 charge unit is used, Anthemountas, HR8 
and Serchio, the highest price is this in Sherchio basin and indeed with a big difference from the following. In 
the second team of basins with €/ha as charge unit the water cost is bigger for the farmers in Granada. The 
main result of this comparison is that basins with the biggest value of WEI apply the highest water tariffs which 
is a important factor for water saving by water users. 
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Table 2: Cost recover of water services in the pilot river basins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cost recovery of water services in all the pilot basins, except from HR8, doesn’t achieve. For 
water services provided for the domestic water users the cost recovery reaches the 100% except 
from Irminio pilot basin where the water tarrifs applied are very low as it is presented in the previous 
table.  

From the data obtain for the three pilot basins, the lowest percentage is noticed in the irrigation 
services with only the irrigation cost being recovered in Genil basin. In Anthemountas basin it is very 
low due to the fact that farmers use not to pay the water charges to the water service providers. 

The recovery in Sewerage is also low, except form Cyprus where the services construction works 
costs are paid in advance by the residents.  

It has to be mentioned that in most cases, for the calculation of cost recovery the cost of natural 
resources and environmental cost are not included. 

 

4.3. Water services indicators 

 Figure 4: Population served by water network in the pilot river basins 

Cost Recovery (%) 

River Basin Municipality Domestic Irrigation Sewerage 

Thermi 92 78 77 

Vassilika 84 23 59 

Anthemountas 
- GR  

Anthemountas 95 8 88 

Larnaca 96 61 227 

Aradhippou 119 61 227 

Communities 119 61 227 

Catchment 
Area 8 - CY 

Kiti Mazotos - 45 - 

Genil - ES Mean Value 88,9 98.1 - 

Serchio - IT Lucca - - - 

Giarratana 41,8 - 61 Irminio - IT 

Ragusa 80,8 - 69,4 
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 The above figure gives information whether the potable needs of the pilot basins’ population is 
covered by water supply networks. There is no data available for Serchio river basin but in the rest of 
basins the percentage is over 98% with Anthemountas basin and HR8 reaching 100%.  

 

The percentage of the residents of the pilot basins served by Waste Water Treatment plants is 
presented in the above table. It has to be mentioned that it hasn’t considered, the laying down rules 
for the treatment of urban waste water of Directive 91/271/EC but the total population of each 
basin. The minimum percentage is appeared in HR8 in Cyprus due to the fact of existence of small 
settlements, population less than 2.500 equivalent inhabitants in the basin. 

 

Figure 5: Population served by WWTP in the pilot river basins 

 

4.4. Water bodies classification 
 

In the following table, the status of water bodies in the pilot basins, according the Water Framework 
Directive 2000/60/EC as well as the Groundwater Directive 2006/118/EC, is presented. 

 As it could be seen, the quality of surface water bodies, is good for the most of the cases considering 
the chemical as well ecological parameters. The water bodies in Serchio river basin in Tuscany are 
classified in the worst quality status, chemical and ecological, compared with the water bodies in the 
other pilot basins. On the contrary, the water bodies in Genil pilot river basin have very good quality. 

Moreover, the quality of the majority of groundwater bodies in the basins is also good. Only in 
Serchio river basin the water bodies are classified almost equally to good and poor status.   

Finally, as it was expected from the results of pilot basins’ hydrological indicators assessment, the   
quantity of underground water bodies of Anthemountas basin in Greece and Hydrological Region 8 in 
Cyprus is not sufficient. The water bodies classified in poor quantitative status. 
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Table 3: Water Bodies status in the pilot basins   

Water bodies Status 
Surface water bodies Ground water bodies 

River Basin 

 
Chemical Ecological Chemical Quantitative 

Anthemountas -
GR 

River: Less than 
good 100% 

Artificial lakes 
Good 33,3% 
Moderate  66,67% 

No data Good 73% 

Poor 27% 

Good 33,3% 

Poor 66,7% 

Catchment  
Area 8 - CY 

Rivers 
Good 85% 
Less than good 4% 
Unclassified 11% 
Lakes 
Good 86% 
Moderate 14% 
Coastal  
Good 100% 

Rivers 
High 0%, Good 
22% 
Moderate 59%, 
Poor 8%,  
Bad 0%, 
Unclassified 11% 

Lakes 
Good 26%, 
Moderate 74% 

Coastal 
Good 100% 

Good 71% 

Poor 29% 

Good 5% 

Poor 95% 

Genil - SP Control points  

Rio Frio: Good 

Arroyo Vilano:  Good 

Rio Genil downstream 
Cubillas River to the 
dam of Iznajar: Good 

Iznájar Reservoir:  Less 
than Good 

 

Control points  

Río Frío: Very 
good 

Arroyo Vilano: 
Moderate 

Genil River from 
Cubillas River 
downstream to 
Iznajar dam:  
Moderate 

Hydrological 
units  

Granada 
Depression:  
Good 

Hacho de Loja: 
Good  

Sierra Gorda: 
Good 

 

Hydrological 
units  

Granada 
Depression: Poor 

Hacho de Loja: 
Good  

Sierra Gorda: 
Good 

 

Serchio - IT Upper Serchio River: 
Bad 

Upper-medium 
Serchio River: Bad 

Medium-lower 
Serchio River: Good 

Lower Serchio River: 
Bad  

Massaciuccoli Lake: 
Bad 

Upper Serchio 
River: Good 

Upper-medium 
Serchio River: 
Moderate  

Medium-lower 
Serchio River: 
Moderate  

Lower Serchio 
River: Moderate 

Serchio coast: 
Moderate 

Massaciuccoli 
Lake: Bad 

Good: 55%  
Poor: 45% 

Good: 80%  
Poor: 20% 
 

Irminio - IT Bad No data No data No data 
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5. Good examples in the WaterinCore’s participant areas  
 

5.1. Good Example 1 

Development and implementation of integrated water resources management policy 
to a river basin, through the application of a social wide local agreement, based on the 
principles of Agenda 21 and the provisions of WFD 2000/60/EC – Project 
LIFE/ENV/GR/000099 “Water Agenda”. 

 
CONTEXT The Anthemountas River basin is located at the Region of Central Macedonia in 
Greece, at the Chalkidiki Peninsula, covering an area of 320 km2. Due to its vicinity to the urban 
center of Thessaloniki, it experiences an increasing urbanisation trend, which mostly affects the 
Municipality of Thermi and to a smaller degree the two others Municipalities of the Basin (Vasilika 
and Anthemountas) to a smaller degree. In terms of economic activities, current trends portray a 
marked increase in the tertiary sector (services). However, the primary sector is still dominant, 
especially in the Municipalities of Vasilika and Anthemountas. The mean precipitation at the 
Anthemountas river basin is approximately 465 mm/year.  

 
 

Precipitation is higher at the 
mountainous areas at NW of the 
basin and it is reduced at the S-SE 
areas. Rainfalls are more frequent 
and intensive, from October to 
December and during May. The 
average humidity is about 70% with 
maximum value 78% and minimum 
53%.  

 
 
PROBLEM Urbanization 
combined with the increased 

economic activities cause an increased demand for water of good quality and sufficient quantity. The 
most important constraint for the management of water resources in the Anthemountas basin, is 
that water demand by far exceeds available renewable water recourses. Water needs are almost 
exclusively met through groundwater pumping, which are not measured regularly. Estimations of 
water balance revealed a dramatic water deficit at the basin, 17,5 and 16,5 million m3 for 2005 and 
2006 respectively, caused by increasing exploitation of the underground aquifers. 
 
DESCRIPTION Based on the provisions of Water Framework Directive (WFD) 2000/60/E.C., the 
project Water Agenda was implemented in the basin the period between 2004 and 2007.  
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The main actions and steps for the application of WFD in the river basin district followed during the 
project Water Agenda were:  
Identification and classification of water bodies  

The identification and classification of water (surface and under ground) bodies was the first step for 
the application of WFD. The second step was the determination of environmental objectives based 
on the requirements of the WFD and other directives in force.  

The identification of water bodies was based on the following parameters:  

· the topography, the hydro-morphological characteristics of the water bodies  

· the quality characteristics of the water bodies,  

· if the water body is artificial or heavily modified,  

· if the water body is located in protected areas and  

· the water body’s specific use  

Monitoring of water bodies  

Based on the criteria, developed in the framework of the project for the evaluation of the quality 
characteristics it was concluded that the majority of surface water bodies had been affected by 
human origin pollution loads. The quantitative status of the groundwater bodies was assessed, 
according to the water table monitoring program.  

Economic Analysis  

The domestic water supply in the basin is provided by the relevant Municipal Water Services. 
Irrigation needs are mainly met through private drillings, while a relatively low percentage is covered 
through the Municipal Irrigation Networks, administered by the Water Services of the three 
Municipalities of the Basin. Only a small part of the industrial demand is covered using water from 
the potable water supply infrastructures, while most of the industrial needs are met through private 
drillings, as in the case of irrigation. Industrial wastewaters are treated in private plants. Due to 
limitations in data availability and in accordance with the requirements of Article 5 of the WFD, the 
assessment of the current levels has been performed only for services provided by public service 
providers.  

During the LIFE project alternative pricing schemes for each municipal water service was developed. 
All schemes aimed at adequate recovery of financial costs and were designed on the basis of an 
assessment of water service costs for 2005. The pricing policy and the water tariffs were based on 
the following criteria:  

1. Recovery of financial cost,  

2. Water tariffs easy to apply, aiming at the minimization of possible difficulties during their 
application,  

3. Data availability and reliability ease of implementation, and public acceptability.  

The evaluation of the proposed pricing schemes was based on two criteria: (a) the affordability of 
water charges and (b) the anticipated demand reduction as a result of price increase.  

Water resources management policy in The Anthemountas river basin.  

During the project three different water management scenarios were developed. The aim of 
scenarios have been the provision of alternative storylines regarding the freshwater demand and 
availability within the Anthemountas basin by the year 2020. The scenarios have been formulated 
according to environmental, social and economical parameters for which it is assumed that they will 
have a strong impact on local water demand within the next 15 years. A “worst case” and a “best 
case” version has been developed for each scenario. The scenarios were used as key tools for the 
development of the water management strategy and for the implementation of the Public 
consultation.  

Public Participation Process  
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During the same project a Public Participation (PP) Process among stakeholders, consumers and civil 
society was designed and established in the area. Aim of this process has been the development of 
an integrated water resources management policy and the achievement of social consensus that will 
lead to the formulation of a social local agreement on water resources management. The projects 
outcomes and particularly the developed scenarios were the key elements for the formation of the 
water policy.  

 
RESULTS  
Identification and classification of water bodies  
In the river basin of Anthemountas 46 inland surface water bodies, 1 coastal water body and 6 
groundwater bodies were identified.  

 
 
 
 
 
 
 
 
 
 

Monitoring of water bodies  

The reservoirs of Vasilika and Thermi are classified to a less than good quality status since they are 
affected by the pollution loads discharged and are characterized by high nutrient content, 
phosphorus and chlorophyll concentrations, which are close to the proposed limit values for 
classification to eutrophic state. The reservoir of Triadi has better quality characteristics with 
relatively low nutrient and chlorophyll concentrations and it is classifies to a good quality status.  

With respect to the quality of the Anthemountas River, it is also affected by the discharged pollution 
loads and it is characterised by high nutrient concentrations. During the humid period, the quality of 
the water is good, but it is significantly deteriorated during the arid period due to the low water 
renewal and the disposal of untreated wastewaters. Consequently, the Anthemountas River is 
classified to a less than good quality status.  

Quality status of groundwater bodies was evaluated based on the limit values of the parameter given 
in the new groundwater directive and more specifically the nitrates concentration, conductivity and 
pH, since monitoring data for pesticides were not available. According to the results, 73% of the 
monitored sites are classified in a good quality status, whereas the remaining 27% have a “bad 
quality” in terms of nitrates concentration. Regarding the groundwater sites the 83% of the ones 
used as sources of potable water 83% are classified in good quality status.  

 

Economic Analysis  

The development of alternative irrigation water pricing schemes was based on the need to address 
consumption metering and control. The examined scheme involved the introduction of volumetric, 
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uniform rate, pricing. However and since metered abstraction data were considered unreliable, the 
estimated prices were indicative and derived from a theoretical water demand assessment. For 
improving the current cost recovery levels to the rate of 100% the prices should be approximately 
equal to 0.07 €/ m³ in Thermi, 0.15 €/m³ in Vassilika and 0.06 €/m³ in Anthemountas.  

In brief, the main conclusions derived form the economic analysis of the current situation are that in 
most cases the recovery of costs is insufficient, there is a lack of homogeneity in tariffs and pricing 
methods, the capital cost is relatively low for all services and the operation and maintenance costs 
are continuously increasing.  

 

Public Participation Process  

During the Public participation process, the most suitable and effective dissemination means were 
identified, having always in mind the characteristics of local society. Due to the wide span of the 
groups the following means were selected as the most effective: Advertisements and articles in the 
local newspapers, News releases, information boards and use of posters in facilities of the area 
(municipal offices, local buses etc), Telephone communication, Internet and special events. The 
above tools and practices have been used during the whole PP process and helped on informing the 
local population, not only for the project and the water resources current state, but for the 
development of the PP procedure as well.  

The main events and actions of the process were:  

· Information of social partners of the basin district and of the greater area, in order to achieve their 
active participation in the process, through implementation of the 1st and 2nd open for and the use 
of dissemination and communication tools. The interested parties and the citizens of the area were 
invited to participate in a deliberation committee for the formation of an integrated water 
management policy for the basin.  

· Consultation and active involvement of the local society in the PP process and in the decision 
making, for formation of the water policy and of the water protocol, trough participation in the three 
open meetings (fora) and six meetings of the deliberation committee  

Overall, within the breadth of six Committee meetings, 48 individuals took part, each attending 3 
meetings in average. However, once individuals are allocated to their specific organisations (if they 
have one) we see that a total of 29 organisations participated, each attending 4 meetings in average. 
Moreover, the number of attendees more or less stabilised after the third meeting, supporting the 
coherence and consistency of the discussions. Finally all target groups initially selected were 
represented satisfactorily.  

 

Water resources management policy and Protocol for the Integrated Water Management in 
Anthemountas River Basin  

Outcome of the PP process was the development of an integrated water management policy for the 
Anthemountas Basin, which became concrete in the water protocol. The commitment for the 
application of this policy was taken by the ratification of the protocol.  

The main thematic areas that were discussed during the deliberation and included in the water policy 
and in the protocol were the following:  

- Confrontation of natural water hazards  

- Protection of water quality  

- Appropriate water intervention and infrastructures.  

- Rational water resources management and increasing of water availability  

- Water resources and urbanization  

- Cost analysis and pricing of water services - principles and application.  
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- Research and monitoring of the water resources,  

- Educational and informative activities,  

- Public participation and volunteerism,  

- Establishment and operation of a water management body.  

- Monitoring and evaluation of the water policy application.  

 

 

Structure of the final Protocol text.  

 
 
 
LESSONS LEARNED  
 The water policy proposed in order to confront the current pressures on Anthemountas basin’s 

water bodies and mainly the local agreement for the application of this policy, will significantly 
contribute in the protection and improvement of water resources. 

 Public Participation in the environmental management is a non-stop and dynamic process that 
should not stop once the initial targets are achieved. It should not aim to achieve high numbers 
of participants while being executed, but maintain the experience gained and the results in the 
long-term.  

 The stakeholders and mainly farmers have significantly contributed to the formation of the 
Water protocol adopted in the basin. Their interest was great and their participation in the Public 
Participation Process was positively unexpected.  

 Genuine public dialogue, as opposed to formal consultation procedures, could be further 
encouraged and implemented for a range of local environmental issues, empowering local 
societies and strengthening their sense of responsibility.  
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5.2. Good Example 2 

Extensive reuse of reclaimed municipal wastewater for irrigation purposes 
at the South-Eastern part of Thessaloniki plain  

 
CONTEXT An intensive cultivated area, important for the agricultural production of the Region of 
Central Macedonia localised at the South-eastern part of Thessaloniki plain. The main crops 
cultivated in this area are rice and maize. Axios river, located at the Water District 10 of Greece, is 
the main source for irrigating the above mentioned crops by a surface irrigation network. During the 
summer period of the years 2007 and 2008 the discharge of Axios river was not enough for the 
irrigation needs and the effluent of the Wastewater Treatment Plant (WWTP) of Thessaloniki City 
was reused along with Axios river to irrigate 1,540 and 2,500 ha of the particular area, respectively. 
The daily effluent of the WWTP is 160.000 m3.  
 

PROBLEM During the last two 
decades, reduced precipitation combined 
with increased water demand for both 
agricultural and industrial-urban use, 
decreased significantly available water 
resources and created water balance 
deficit. Because of the drought of the 
early 1990's, the farmers of Thessaloniki 
plain forced to use any available water. 
At that time, the discharge of Axios river, 
which irrigates 30.000 ha, decreased at 
85%. Moreover, due to the leaks of the 
irrigation networks, it is estimated that 
the volume of irrigation water to be 
discharged to the cultivated areas should be increased at 50%.  
 
DESCRIPTION  
The Land Reclamation Institute (LRI) of the National Agricultural Research Foundation (NAGREF) of 
Greece, considering the increased water demand, carried out a research for the use of the WWTP 
effluent for irrigation purposes. Based on the scientific results of the survey an Environmental Impact 
Assessment was conducted for the authorization of the wastewater disposal. Finally, a Joint 
Ministerial Degree (JMD) authorized the use of the reclaimed wastewater. Following the adoption of 
the legislation (JMD), a series of meetings took place between the bodies associated with the inflow 
of treated wastewater in the irrigation network, in order to put the JMD into practice.   

The Prefecture of Thessaloniki set up a committee (Departments of Health and Hygiene, 
Environmental Protection, Water Resources Management, Land Reclamation, Hydrology and Rural 
Development) to control and monitor the use of treated effluent. The information campaign for 
water users held by Local Organization of Land Reclamation (LOLR) and the quality of the effluent 
monitored by Water Supply and Sewerage Systems Company of Thessaloniki. The LRI played the role 
of committee’s scientific consultant, based on a Prefecture’s decision  

South-Eastern Thessaloniki Plain 

Central Macedonia-Water District 10 
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Based on the Joint Ministerial Degree, the mixture of Axios water and the effluent of WWTP was 
used keeping a ratio of 1:5, in order to reduce the salinity risk. The LOLR determines the application 
area of the mixture. The LRI carried out the monitoring of the quality characteristics of the mixture 
water.  

 
RESULTS  
Mixture of Axios River and WWTP effluent  
The Suspended Solids (SS), COD, BOD5 concentration were lower than the limits set by the literature 
and legislation. The floating solids observed were minimal and sediment solids were not observed in 
irrigation canals.  

The concentration of dissolved oxygen was more than three times the threshold and daily pH values 
were within the limits set. With respect to rice growing, electrical conductivity values have no effect 
on crop yield.  

Particular attention is needed in the soil where the use of high salinity water combined with poor 
drainage conditions and poor water management can cause secondary salinization in the soil. By 
combining the values of SAR and EC appears that there is a risk reduction of infiltration of irrigated 
soils. However, good leaching and drainage of these soils are necessary practices. The values of SAR 
and the concentrations of sodium and chloride have moderate risk of toxic effect on plants in both 
gravity and sprinkler irrigation. Regarding the toxicity of boron there is no risk. The concentrations of 
heavy metals were much lower than the limits set by the international literature for continuous use 
and there is no risk to soil, plants and consumers. The concentrations of total nitrogen are relatively 
low. About the results of microbiological and parasitological tests, the concentrations of E. Coli were 
much lower than the levels of legislation. Regarding to salmonella and helminths eggs test results 
were negative.  

Soil  

Soil sampling was carried out before the implementation of WWTP effluent and at the end of the 
crop period. No salinity or sodicity problems were detected. In terms of heavy metals, concentrations 
are much lower than the permissible concentration limits in soils. This result was expected since the 
concentrations in the mixture water were much smaller than those authorized for continuous use. 
However, knowledge of both the concentration of salts and heavy metals in soil is necessary, but not 
on an annual basis, since any attempt to interpret any detected changes would be arbitrary and 
scientifically risky. The soil sampling for checking salinity and heavy metals should be carried out 
every five and ten years respectively. Also, for comparison purposes it should be taken samples from 
adjacent fields irrigated only by Axios River.  

Plant tissues  

Chemical analysis for detection of heavy metals, listed in JMD, were carried out on the rice and maize 
seeds, the roots of sugar-beets and the leaf of alfalfa. With regard to Hg, Pb, Cd no concentrations 
were detected above the reporting limit of the method. The concentrations of Cu and Zn, are very 
low compared with either the normal concentrations in these plant tissues.  

Conclusions  

The reuse of the reclaimed municipal wastewater of Thessaloniki City is the first widespread use of 
urban wastewater for irrigation purposes in Greece and it should be given special attention to this 
implementation, avoiding failures.  

This effluent is a precious water resource for the plain of Thessaloniki and can meet the needs of 
irrigation water. The use of this effluent in the agriculture of this region plays an important role in:  

 saving water from Axios river for other uses  
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 reducing the required quantities of chemical fertilizers  

 protecting the Thermaikos bay from pollution during the summer period  

 safeguarding the necessary environmental flow on the Axios Delta (Natura 2000, 
Directive 92/43/EU)  

 confronting and minimizing the adverse effects of water scarcity in the region.  

The wide implementation of treated municipal wastewater to intensive irrigated crops for two 
consecutive years has highlighted a number of points of the processes that need improvement. The 
most important is the continuous monitoring of the electrical conductivity.  

 
LESSONS LEARNED  
 The coordination between authorities and bodies as well the application of the legislation must 

be improved.  

 The mixture of river waters and WWTP effluent is a precious water recourse for irrigation 
purposes  

 The most important factor of the process of using treated municipal wastewater to intensive 
irrigated crops is the continuous monitoring of the electrical conductivity  

 Integrated information of farmers about the qualitative characteristics of this mixture and how 
to manage this water  

 The cooperation between water users and competent authorities and institutions plays a vital 
role of the wastewater reuse and of other alternative water resources  
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5.3. Example 3 

Water Protection Plan of Sicily  
 

CONTEXT The Water Protection Plan of Sicily is a flexible planning tool, aimed to protect the 
quality of water bodies and more generally to protect the whole system of surface water and 
groundwater. Through continuous feedback from monitoring, it tends to direct precisely the 
interventions of remediation and protection that can prevent and reduce pollution of water bodies, 
maintaining the natural self-purification capacity of water bodies and pursuing sustainable and long-
lasting water resources use, with the involvement of all stakeholders having knowledge of local 
situations.  

DESCRIPTION The Protection Plan complies with the provisions of Legislative Decree 
n.152/2006 (Article 121), which transposes the European Directive 60/2000 (WFD) in Italy by defining 
the framework for the protection of surface water, groundwater and coastal water.  

Italian law has started a reform process since 1989 with the Law n°183/89 on soil conservation and 
after with the Law n°36/94, focusing on finding new levels of coordination - river basin authorities, 
optimal regional territorial unit (ATO) for an integrated Public Water System including sewerage - 
which go through the traditional administrative border and which should represent the new system 
of planning and governance of water resources.  

A sustainable approach to the problem of quality must refer to the quality of receptor bodies, both in 
general, and according to the specific uses. This implies a substantial administrative and managerial 
change which needs new tools for study and forecasting.  

In addition to handle the problem with an ecosystem approach that also redefines the concept of the 
basin, including in it also the deltas, estuaries and coastal ecosystems, the WFD introduces new 
criteria of economic rationality in the water management, governed by principle of cost recovery, 
including environmental costs and opportunity costs; it opens at activities about water management 
to public participation and control; it promotes sustainable and equitable management of 
transboundary basins.  

As suggested in the guidelines for the drafting of water protection plans, developed by the Piedmont 
Region - Planning of Water Resources (ed. 2004), in a model of integrated planning for the setting-up 
of the Water Protection Plan it is necessary:  

- To plan actions to build consensus about the plan,  

- To point to a close involvement in the creation and implementation of the Water Protection Plan  

- To support actions for spreading awareness about issues that relate to water and land 
management  

For these reasons, the actions of "Governance” by Structure of the Commissioner to draft the Water 
Protection Plan have been carried on through the following strategic priorities:  
- Partnerships,  

- The use of existing research,  

- Participation,  

- Training,  

- The covenants,  

- Decrees,  

- The establishment of regional Agency for waste and water;  
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- The information system of water resources.  

The objectives, contents and tools provided for the Water Protection Plan in Sicily are those specified 
in the Decree n° 152/2006, ie the prevention of pollution and the remediation of water polluted 
bodies, the sustainable and long-lasting use of water resources, maintaining the natural ability of 
water bodies of self-purification and to support large and diverse communities both of animal and 
plant.  

The environmental quality objectives are defined in relation to the deviation from the state of quality 
typical of undisturbed condition in which there are no or very limited changes in values of 
hydromorphological, physical-chemical and biological parameter due to anthropogenic pressures.  

This is the main originality compared to previous legislation characterized by a "precise control at the 
discharge of parameters mostly chemical-physical". So it introduces a much broader concept of 
environmental quality based on careful analysis of the relationship between pressures / impacts and 
possible responses.  

Fundamental and having priority, therefore, is the definition and characterization of water bodies. It 
is, in fact, on the basis of these actions that it is possible to analyze the significant pressures and their 
impacts and to define the current quality status of water bodies and the baselines for the quality 
objectives.  

As provided by this decree, the Protection Plan must contain (art. 121):  

- Results of learning activities;  

- Identification of the quality objectives both environmental and for specific destination;  

- The list of water bodies identified for specific destination and requiring specific measures to 
prevent pollution and remediation;  

- Measures to protection of water quality and quantity, integrated and coordinated for each river 
basin;  

- Description of the temporal frequency of interventions and related priorities;  

- Program to check the effectiveness of planned operations;  

- Remediation interventions of water bodies;  

- Economic analysis and the envisaged measures in order to implement the provisions relating to 
cost recovery of water services;  

- The financial resources provided under existing legislation.  

The Protection Plan of Sicily was drafted in December 2007, edited by the Deputy Commissioner for 
Reclamation Emergency and Water Protection in Sicily, the Regional Land and Environment 
Department, Regional Agency for Environmental Protection in Sicily that instituted, thanks to a 
program agreement subscribed on 23rd feb. 2004, a technical expert task force about Waters. It 
worked on the preliminary survey of the quality of water bodies, and it promoted collaboration and 
synergy among relevant regional structures, with scientific and technical high-level institutions as 
research centres and university departments, as well as with schools and ordinary citizens. In 
addition to the above mentioned institutions, this technical expert task force involves institutional 
competent bodies and the other authorities which were asked to develop specific activities.  

Local Actors who took part in the technical table are listed below:  

 Regional Land and Environment Department:  

- Service 1 - Infrastructure and Water Protection,  

- Service 4 - Spatial Planning and Soil  

- Service 7 - Quality of water bodies;  

 Regional Agency for Environmental Protection (ARPA-Sicily);  
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 Regional Hydrographic Bureau and the Bureau of Deputy Commissioner for Water Supply 
Emergency.  

 Department of Regional Structural Interventions in Agriculture with the involvement in the 
Service 4, Service Pedology and Sicilian meteorological Information Service;  

 Regional Department of Public Works - Service-5: Water supply and water resources;  

 Regional Health Inspectorate;  Departments for Environment of the Regional Province;  Sogesid 
Spa – Operative Unit of Palermo; National Institute of Geophysics and Volcanology - Section of 
Palermo;  

 University of Palermo: (Department of Geology and Geodesy, Interdisciplinary Centre for the 
Study of Ecology of the Marine Environment (CISAC-Palermo), Department of Animal Biology, 
Department of Chemistry and Pharmaceutical Technology, Department of Chemistry and Earth 
Physics and Applications (CFTA);  

 CNR - Institute for Coastal Marine Environment of Messina;  

 Research Centre of Applied Economics (CSEI Catania);  

 Office “Acquambiente Ingegneria” of Catania.  

 

Communication plan  

In order to draft the plan, they have gone through different stages as described by the Sicilian Region 
in the Communication Plan about Water Protection Plan, which are listed below:  

Phase 0 - Analysis and preparation.  

Phase 1 - Communication during the drafting process.  

Phase 2 - Communication to the territories.  

Phase 3 - Communication after the adoption of the Protection Plan  

The preparatory phase (phase 0) has begun with the identification of the stakeholders and the 
creation of the concerning database. The following stakeholder categories have been identified:  

- Public water resources managers;  

- Public institutions interested in Protection Plan at various levels (provincial and municipal bodies 
etc. ..);  

- Regional Environmental Authority;  

- Business associations;  

- Environmental Associations;  

- Trade unions;  

- Associations of stakeholders (eg farmers, etc. ..)  

- Universities and Research Institutions;  

- Social Voluntary Associations  

- Associations non-Profit;  

- Professional Associations;  

- Committees of Citizens;  

- people interested to.  

 

Thanks to the subscribed agreements, they have been defined criteria for the identification and 
encoding of the sites for the first characterization of groundwater and surface water, the 
benchmarks for data collection, information interchange according to implemented regulation, as 
provided by article 3 paragraph 7 of Legislative Decree no. 152/1999 and its subsequent 
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amendments and additions, ensuring the compatibility of the data flow with the requirements of 
National Environmental Information System (S.I.N.A.). 

 

About Communication during the drafting process (Phase 1), two identical phases were created: 
Phase 1-a and Phase 1-b. 

After achievement of the results from the characterization of river basins and the first analysis of the 
underground aquifers, in November 2004 the first step (Phase 1-a)  has started in the process of 
participation, information and public consultation consisting of four meetings involving the 
stakeholders grouped into the following categories: 

- Public regional and provincial institutions dealing with water resource; 

- Managers of drinking-irrigation water system; 

- Research institutes and universities that work on water systems and surface and underground 
aquifers;  

- Managers of parks and reserves, Business and Trade unions, Environmental and Voluntary 
Associations, Professional Associations; 

The promotional and communication tools used during the previous phase were: 

- Invitation by formal letters and e-mail; 

- Application Form; 

- DVD of the available documents of the Water Protection Plan. 

- Web site with the same documents on the DVD. 

- Press Releases. 

The meetings, hosted by the Commissioner Bureau in Palermo, was attended by institutions 
representatives involved in the Plan, each submitting a report, - Sogesid sect. Sicily, I.N.G.V. (National 
Institute of Geophysics and Volcanology), ARPA Sicily, Regional Department for Land and 
Environment, Regional Department for Agriculture and other related research institutions - and they 
were held profitable discussions among about 300 participants stakeolders who highlighted some 
weaknesses in the area. 

The second step (Phase 1-b) in the process of participation, information and public consultation was 
held between May and June of 2006 after the achievement of the monitoring results about surface 
water bodies provided by ARPA Sicily. Also in this case it consisted of four meetings with 
stakeholders grouped under categories as in step 1-a. the promotional and communication tools 
were the same as for Phase 1-a. 

The meetings, hosted also by the Commissioner Bureau in Palermo, was attended by officials, each 
submitting a report, from institutions involved in the Plan - Sogesid sect. Sicily, I.N.G.V. (National 
Institute of Geophysics and Volcanology), ARPA Sicily, Regional Department for Land and 
Environment, Regional Department for Agriculture and other related research institutions - and they 
were present about 350 stakeolders participants. 

 

In the frame of communication to the territories (Phase 2), during years 2005-2007, the Deputy 
Commissioner and the Responsible of Water Protection Plan have participated to specific 
conferences about Water Protection Plan and on water resource throughout the entire Sicily Being 
giving give information about activities concerning Protection Plan locally - Mazara del Vallo (TP), 
Patti (Me), Ragusa, Palermo, Licata (Cl), Taormina (CT), Caronia (Me), San Filippo del Mela (Me), 
Cammarata (Ag) Alcamo (TP), Caltanissetta, Petralia Sottana (Pa), Giardini Naxos (Ct), Terrasini (Pa), 
Enna, Bagheria (Pa). They presented the activities and results from the Plan and its progress reports 
during the proceeding. 
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In those meetings promotional and communication tools were: DVDs with documents on the Water 
Protection Plan., Web site with the same documents and Press Releases. 

 

After the completion of Water protection Plan and the Ordinance for the adoption of the Water 
Protection Plan has been issued, No 637 of 27.12.2007 of the Deputy Commissioner for Land 
Reclamations Emergency and Water Protection in Sicily, communication activities about results of 
the Water Protection Plan have been carried out throughout the entire territory (Phase 3) to the 
stakeholders of the Sicilian Region as required by article n° 122 of Legislative Decree 152/06, in order 
to promote moments of encounter and discussion as suggested by WFD CE/60/2000 

All Water Protection Plan papers have been made available for consultation through the website 
(www.regione.sicilia.it/ARRA e www.arrasicilia.it) since the year 2008. Moreover it was drawn up a 
questionnaire about the Water Protection Plan, which was distributed to local stakeholders during 
the meetings. The Plan papers have also been published in electronic format (DVD) and distributed 
during meeting and on request. 

As shown in detail in Table 1, 9 regional meetings have been conducted to describe each “water 
system”.   

Table 1: Communication Plan about Water Protection Plan. Meetings from May to December 

2008. 

Water System Date of 
meeting 

Meeting place Associations, 
professionals, 

others 
attendance 

Public 
institutions 
attendance 

Media speakers, 
staff, 

others 

Total 
attendance 

Distributed 
DVDs  

"Barcellonna 
Peloritani e 
Nebrodi" System 

20/06/2008 Milazzo 13 33 3 15 64 33 

"Nebrodi -
Madonie" System 

18/07/2008 Petralia 
Sottana 

11 29 3 17 60 40 

"Termini e Monti 
di Palermo" 
System 

01/08/2009 Termini 
Imerese 

25 23 3 21 72 34 

"Castellammare 
del Golfo" System 

19/09/2008 Castellammare 
del Golfo 

17 18 4 17 56 29 

"Trapani-
Marsala" System 

03/10/2008 Trapani 11 37 4 18 70 46 

"I Monti Sicani" 
System 

30/10/2008 Sciacca 5 21 2 9 37 20 

"Sicilia Centro -
Meridionale" 
System 

14/11/2008 Agrigento 38 40 6 18 102 69 

"I Monti Iblei" 
System 

26/11/2008 Ragusa 2 74 5 20 101 57 

"Simeto e 
Alcantara" 
System 

05/12/2008 Catania 15 98 6 25 144 100 

"Ecomediterranea 
2008" 
Environment 
International Fair 

02-
05/12/2008 

Palermo-Ex 
storage of 

locomotives at 
S.Erasmo 

35 15 2 8 60 50 

Total   172 388 38 168 766 478 
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The Commissioner Bureau participated with a stand at the International Fair of Environment 
"EcoMediterranea 2008" sponsored by the Province of Palermo for the communication of the Water 
Protection Plan works and distributed to stakeholders information both in paper and electronic 
format. Promotional and communication tools were: 

- Invitation by formal letters and e-mail; 

- Posters advertising distributed in the meetings places; 

- Self-supporting posters, billboards and brochures of each conference; 

- Application Form; 

- Surveys for comments and suggestions; 

- DVD of the available documents of the Water Protection Plan; 

- Web site with the same documents on the DVD; 

- Press Releases. 

The technical task-force "for the detection of the quality of water bodies" held an assembly after the 
conclusion of the meetings on 12/22nd/2008 in order to examine the proposals and comments to the 
Water Protection Plan and decide about any changes. 

The Water Protection Plan final text has been approved by the technical task-force and submitted to 
Deputy Commissioner for Land Reclamations Emergency and Water Protection - President of the 
Region who has adopted it by Ordinance No. 333, on 12/24th/2008. 

The Ordinance text was published in Sicilian Official Journal n°6 , part 1, on 02/06th/2009, and an 
announcement about it was given by press and published on a widespread regional newspaper.  

Communication after Water Protection Plan approval 

On 12/22nd/2008 has been signed a protocol agreement "the Alcantara River Basin Agreement" by 
the Council of Alcantara Park, the Provinces of Catania and Messina and the mayors of 12 
municipalities in which the park stand. It is the only example of this kind of activity in the whole 
southern Italy. 

The Water Protection Plan is a dynamic instrument updated with data from monitoring and with any 
additional information in this regard. It identifies target and intervention strategies to address critical 
issues, and environmental sustainability in the use of water resources, according to status and 
temporal target specific to each area within the region. 

The effectiveness of interventions and the course to achieve expected results ("good" quality of 
water within 2015) is verified by the established monitoring system through the analysis of water 
bodies quality. The strong point of the Water Protection Plan is that it permits quickly to check any 
deviations from the forecasts and so to take appropriate decisions to realign the program of 
measures and retrieve the course to predefined targets, allowing to substantially economize by 
addressing more exactly interventions to improve the quality of the water bodies. 

The main tool available to the Region is the established system of qualitative and quantitative 
monitoring of water, properly maintained, strengthened and complemented in the communication 
network of knowledge-information of Regional Information Service (S.I.T.). The S.I.T. includes data 
from the activities of ARPA Sicily and other institutions of the technical expert task force about 
Waters, and it summarizes all knowledge about water making them available to local authorities 
(Provincial Department of Environment, Office of Civil Engineering, Optimal Territorial Areas - ATO - 7 
- Land reclamation authorities).  

In the Sicilian Region, the planning of interventions for improving surface and groundwater water 
bodies in the river basin coincides with the planning of interventions to improve the whole Sicilian 
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basin and it is a prerequisite for the preparation of river basin management plan as specified in 
Article 117 Part A and Attachment 4 (Management plans content) of Legislative Decree 152/06 and 
its subsequent amendments and additions. 

5.4. Good Example 4 

Water Management Plan of the Northern Apennines  
 

CONTEXT The River Basin District of the Northern Apennines has been identified by Legislative 
Decree 152/2006, under the guidance of Directive 2000/60/EC. Includes in the Tyrrhenian coast, the 
Ligurian river basin and the Magra rive basin,  in Tuscany the Arno and Fiora river basins, in the 
Adriatic coast  the Reno river basin, in Romagna the Marecchia river basin and the Conca rive basin 
and part of Marche river basins. 

The territory of the River Basin District involved 7 regions (Emilia-Romagna, Liguria, Marche, Tuscany, 
Umbria, Lazio and Piedmont), 29 provinces and 785 municipalities. 

 

 

DESCRIPTION The River Basin District of the Northern Apennines is characterized by a very 
complex environment basin and it brings together in the same river basin district different 
physiographic features, geology and morphology. The river basin in the district also lead to distinct 
marine bodies: the Ligurian Sea and Tyrrhenian Sea in the west and the Adriatic Sea in the east. This 
variability is also added to the administrative divisions mentioned above (7 regions, 29 provinces and 
785 municipalities). 

In the district are about 48 river basins which flow directly into the sea with sizes ranging from 11 
km2 (Chiaravagna river basin in Liguria) and 9.149 km2 (Arno river basin in Tuscany). 

 

FIGURE 1: The River Basin District of Northern Apennines 
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Inspired from that indicated by No. 21 Guidance for the District of the Northern Apennines have 
been identified and 10 different subunits, in which the Management Plan has been detailed.  

 

 

F
IGURE 2: Main river basin in the River Basin District of Northern Apennines 

F
IGURE 3: Sub-unit water bodies in the River Basin District of Northern Apennines 
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The river basin district of the Northern Apennines occupies an area of 38,131 km2, covering mainly 
the regions of Liguria, Tuscany, Emilia-Romagna, the Marches, and in a lower Piedmont, Umbria and 
Lazio. In total, the provinces which fall entirely or marginally in the District and are 29, the 
municipalities are 785 (although some of them only marginally included in the District). The total 
population amounts to 7,666,000 inhabitants (data until 31/12/2007).  

 

 

In the territory of the District will comply with the following distribution of land use (Corine 
aggregation level I): 

• Artificially modeled territories: 1850 km2; 

• Agricultural land: 22,374 km2; 

• Forest and semi-natural environments: 17,197 km2; 

• Wetlands: 96 km2; 

• Water bodies: 105 km2 (.  

 

F
IGURE 4: Population density by province in the River Basin District of Northern Apennines 
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The basic element of the Management Plan is the water body (superficial or underground): it refers 
to the identification of pressures, of impacts, of the state, of the objectives of the plan, of the 
measures to achieve those objectives. Sub-unit setting, provided by the management plan of the 
Northern Apennines, aggregates all of the water bodies of those to reference hydro-graphic entities. 
There are about 1600 water bodies identified.  

 

 

The number of bodies identified in the River Basin District of the Northern Apennines amounts 
at 192. The most represented types of groundwater bodies in the River Basin District are those 
belonging to flooding valleys (AV) and quaternary depressions (DQ) that are characteristic of 
floodplain. The debris formations (DET) are represented by the Apennine mountains conoid. The 
local aquifers (LOC) are the complex located in the portion of the mountainous territory. The 
extreme complexity of the subsurface has led in some cases to identification of a large number of 
groundwater bodies, as has occurred in some sub-units and particularly in the valley portion of the 
district.  

  

FIGURE 6: Surface water bodies in River Basin District of Northern 
Apennines

River Lake/reservoir Total

Natural 945 1 5 49 1000
Artificial 212 31 0 0 243

141 1 6 1 149

Transition 
water

Marine and 
coastal  water

Heavily 
modifies

FIGURE 5: Land Use in River 
Basin District 
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The Water Management Plan is structured: 

 characterization (identification) of water bodies; 

 identification of the quality of each of the water bodies; 

 identification of quality objectives and of the measures to achieve the budgeted targets to 
the water bodies. 

The plan consists of the following documents:  

1. General Report; 

2. Synoptic view of the relationship between planning and environment protection; 

3. Characterization of surface water bodies; 

4. Protected areas; 

5. Networks and monitoring programs; 

6. Methodology for the implementation of economic analysis; 

FIGURE 7: Groundwater bodies in River Basin District 
of Northern 
Apennines

SUB-UNIT GROUNDWATER BOBIES
BACINI LIGURI 18

MAGRA 7
TOSCANA NORD 5

ARNO 36
TOSCANA COSTA 18

OMBRONE – FIORA 21
RENO 51

ROMAGNA BASIN 28
MARECCHIA-CONCA 18

MARCHE BASIN 29

F
IGURE 8: Groundwater bodies in River Basin District of Northern Apennines 
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7. Summary of program measures; 

8. Summary of the base; 

9. Events for the presentation of the Plan; 

10. Website of the District of the Northern Apennines. 

 

RESULTS 
QUALITY IDENTIFICATION OF EACH WATER BODIES 

For the analysis of pressures on the status of surface water and groundwater request was made the 
identification, evaluation and estimation, based on available data, the most significant environmental 
criticality. In summary, the aspects that we felt served in that significance within the River Basin 
District, in accordance with the directions of the Directive 2000/60EC, are summarized as follows: 

 significant point source pollution, urban sources, industrial, agricultural; 

 significant diffuse source pollution; 

 significant water abstraction for urban, industrial, agricultural and other; 

 impact of significant water flow regulations, including water transfer and diversion, on 
overall flow characteristics and water balances; 

 other significant anthropogenic impacts on water status; 

 significant morphological alterations to water bodies; 

 patterns of land use, including the identification of the main urban, industrial and 
agricultural.  

The state of water resources is particularly vulnerable to the effects of climate change. The impact 
that the change of temperature rises and rainfall can have on the water cycle has significant 
implications in terms of availability of water resources and the balance of ecosystems associated with 
it. 

The main source of information about the topic in question comes from the Intergovernmental Panel 
on Climate Change (IPCC), the consortium of the United Nations and the World Climate Organization 
(World Meteorological Organization) since 1988, pursuing the objective of establishing bases of 
science what are the impacts of climate change globally. 

The approach will be followed in the Management Plan aims to assess how climate change may 
affect the likelihood of achieving the objectives of the Directive, to estimate the possible adaptation 
actions and analyze how the actions of monitoring provided by the Plan may help to know more 
detail the "ground effects" of climate change.  

 

The register of protected areas, designated by the competent authorities, as well as in Annex IV of 
Directive 2000/60, including: 

 areas designated for the abstraction of water intended for human consumption; 

 areas designated for the protection of significant aquatic species from an economic 
standpoint; 

 bodies of water designated for recreation, including bathing water; 

 sensitive and vulnerable areas as identified by the Legislative Decree 152/2006; 

 areas designated for the protection of species and habitats in which to maintain or improve 
water quality is important for protection.  
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The water monitoring in the Northern Apennines Hydrographic District sees the presence of 
numerous organizations. This is mainly due to the fact that the current legislation instructs Regions 
to monitor water bodies depending on the achievement of environmental quality objectives and 
quality objectives for specific destination. 

In the district since the '90s are active monitoring systems that over the years have been constantly 
updated and developed. The data are based on pluri-annual historical series regarding biological, 
hydro-morphological and physical/chemical quantity and quality, needed to define the state of 
ecological and chemical quality. This is a system of data of great importance and significance, which 
allowed to define the environmental status of water bodies in the district.  

Monitoring systems, according to the allocation of powers in force in Italy, are assigned to the 
regions. The monitoring network is structured for inland surface waters, coastal marine water, 
transition water and groundwater. The monitoring programs related to the project networks 
described are available in the dedicated page of the website of the District of the Northern 
Apennines (http://www.appenninosettentrionale.it/).  

In the case of surface water, monitoring programs include: 

1. the volume and level or rate of flow to the extent relevant for ecological and chemical status 
and ecological potential; 

2. ecological and chemical status, ecological potential. 

For groundwater monitoring classification and consequently affect the chemical and quantitative 
status. 

In the case of protected areas programs are supplemented by those specifications contained in EU 
legislation under which the individual protected areas have been created. 

The monitoring, according to the directive, is divided into: 

 Surveillance  monitoring; 

 Operation monitoring; 

 Investigation Monitoring.  
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The classification of water bodies was based on the definition of quality that was made in the 
Regional Water Protection Plan, supplemented by data obtained from several monitoring campaigns 
carried out in recent years as regards the priority substances and dangerous. 

Also this has been further supplemented by an expert opinion supported by facts and analysis of 
pressures and impacts. 

The need to use the expert opinion was sometimes determined by the partial presence of adequate 
number of measures, as well as the need to map the water bodies identified in the Regional Water 
Protection Plan than those identified in the district.  

With regard to the overall state, we observe that the class status as "good" is dominant, at least at 
the level of the entire district. As expected, the water bodies are not good conditions are mainly 
concentrated in lowland areas, in the zones with the highest impact of human activities. 

It shows a poor distribution of the state of groundwater that affects virtually all sub-units in which 
the district was divided, and in particular many of the aquifers near the coast, and some of the 
aquifers located at the area of high impact industrial and agricultural.  

 

 

 

 

 
FIGURE 9: Quality status of surface water 
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FIGURE 10: Quality status of groundwater 

 

According to Directive 2000/60/EC, the economic analysis is the process that aims to provide basic 
information in order to define the WMP and represents one of the parties for the priority decisions. 

The economic analysis involves the application of a Cost-effective Analisys to choose the measures 
economically preferable, and an assessment of disproportionate costs (Disproportionate Cost 
Analysis) to be considered in a transparent manner the need to derogate from the environmental 
objectives. 

Another area of application is that of cost recovery for water services, including environmental and 
resource costs to be paid by various sectors-including at least: industry, households and agriculture 
and to set pricing policy of water (Water pricing) by 2010 in order to facilitate the efficient use and 
the achievement of Community objectives. 

The economic analysis and cost recovery for water services, including environmental costs and 
resource usage, must, among other things, to take the Member States to the definition of water-
pricing policies that encourage users to efficient use of the resource. 

The involvement of various stakeholders, including citizens, during the preparation, review and 
updating of WMP mark a major step forward in favor of decisions transparent, participatory and 
shared.  

 

PERSPECTIVES/BENEFICT It is provided for the identification of environmental objectives 
for groundwater bodies and the surface (rivers, lakes, transitional waters and coastal marine) in the 
district. 
The objectives assignment process is based on a series of successive approximations that is based on 
data of qualitative and quantitative monitoring, on data of water balance if present, and on the state 
of pressures and impacts. 

For groundwater bodies, the scheme adopted to define the objectives derived directly from the 
attribution of the overall status: for bodies of water in "good" status, the target is confirmed "good 
to 2015." For the remaining bodies, the objectives are "good in 2021" or "good to 2027", by 
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differentiating the time depending on the level of risk, the state of the aquifer in terms of budget and 
charging capability, as well as for existing pressures.  
 

 
 

 

FIGURE 11: Quality objectives of surface water 
 

 

 
 

FIGURE 12: Quality objectives of groundwater 
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Directive 2000/60/EC provides that for each river basin district is established a program of measures 
aimed at achieving the goals set by the Directive on the basis of the specific cognitive framework and 
with particular reference to the framework of pressures. It also provides that the program is 
identified through an assessment, in terms of cost - effectiveness, respect of water uses. 

The program of measures consists of basic measures and supplementary measures. 

In WMP are reported in the first place, those measures that constitute the minimum requirements of 
each program, necessary to fully implement Community legislation for the protection and protection 
of surface and ground water pollution and their prevention and protection areas designated for the 
protection of habitats and species. Secondly, are the additional measures, provided by individual 
programs, which are considered functional to the achievement of environmental objectives and 
associated with, for example, legislation in force on the Italian territory, the district planning 
agreements interesting, educational projects launched, awareness campaigns and codes of good 
practice, particularly with regard to measures for water conservation, river restoration measures, 
and so on.  

In summary the programs include measures: 

 the "basic measures", mentioned in Article 1 of the Directive, mainly arising from the 
implementation of Community legislation, national and regional; 

 the "additional measures", additional measures beyond the basic measures, if those are not 
sufficient to achieve environmental goals. 

The measures are organized by policy area and is specified: the field of interest, the status of 
time and space implementation, and the types of measures (structural or nonstructural). 

In particular, the strategic areas identified are as follows: 

A - Quality of water bodies and related ecosystems status: 

• a.1 - Changes in the hydrological regime of rivers; 

• a.2 - Changes in river environment; 

• a.3 - Protection of surface water pollution; 

• a.4 - Protection of groundwater pollution; 

• a.5 - Polluted sites; 

B - Use of water resources: 

• B.1 - Balance of hydrogeological budget; 

• b.2 - Control of use; 

C - Land use and geomorphological hazards: 

• c.1 - Soil degradation; 

• c.2 - Flood defence; 

D - Balancing environmental and biodiversity protection: 

• d.1 - Protection of protected areas; 

• d.2 - Non-native species; 

E - Rationalisation of expertise, partnership and citizen services (training, awareness, etc..): 

• e.1 - Rationalisation of skills; 

• e.2 - The citizen as a partner of public authorities to protect the environment  

 

LESSON LEARNED The Water Management Plan (WMP), as well as an example of strategic 
planning, is an opportunity to involve many institution, associations and individuals in a process of 
exploitation and protection of water resources, rivers, in order to improve the conditions of use and 
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quality not only for the mere preservation, but also for the sustainable use. 
The management plan, as identified by the Directive and the recent national legislation, includes the 
setting and the management and is characterized by its width and its effects not only for the 
protection but also for the management, taking on significant financial implications that pose new 
kind problems. 

 

Article 14 of WFD, and special guidebook prepared by the European Commission, define methods 
and timing to ensure public participation in the process of formation of the Water Management Plan. 

Public participation in the formation of the Water Management Plan is a very important aspect. It is 
the ability of people to influence the outcome of plans and a means to: 

• sensitize the public (users and stakeholders) on environmental issues; 

• improve decision-making procedure and the contents of the plan; 

• increase consensus and avoid conflicts; 

• facilitate the implementation of the plan choices and the achievement of environmental objectives. 

It was implemented through three levels of participation (with a growing level of involvement): 

1. Access to information: gathering and dissemination of information; 

2. Consultation: a process by which the public and interested parties may respond to the plan 
proposals through written submissions (information, ideas, experiences, opinions); 

3. Active participation: is an  invitation to staheholder of a practical participation in the 
formation of the Management Plan. It implies the presence of real-stakeholders in the 
process of planning, discussion of problems and in their contributions necessary for their 
resolution 

The active partecipation is diveded is not just about the Management Plan, but all aspects of the 
implementation of the Directive and it's especially important for the definition of "Programme of 
Measures." 
Active participation is a level that should be encouraged and particularly applied and used for future 
plans.  

 

In preparing the Serchio River Basin District Water Management Plan, have been identified ways to 
allow "stakeholders" and the general public to participate actively in the definition of the Plan. It also 
needs to be carried out Strategic Environmental Assessment (SEA) on the contents of the plan, to 
assess the possible impacts on the environment. 

Public participation, therefore, are been guaranteed for both these processes, which are "parallel" 
and that are been completed simultaneously at the time of final approval of the Plan. 

 

In the process of developing the Water Management Plan of the River Basin District "North 
Apennines" were involved among approximately 1176 institutions and associations.  

According to Annex VII of Directive 2000/60/EC (point 9) the management plan includes a series of 
actions taken with regard to public information and consultation. 

The consultation phase has been accompanied by numerous events, conferences and forums 
we discussed and discussed the management plan in terms of general and more specific aspects. The 
specific issues are related to issues of allocation and management skills, environmental issues for SEA 
(Environmental Impact Assessment). 

The conferences were organized in the period from March to November 2009. These initiatives have 
seen a broad partnership of public and stakeholders, as well as the authorities with environmental 
responsibilities for SEA. The actions planned and taken in 2009 ensuring the active participation of all 
interested parties since the preliminary processing of the WMP moments until its final adoption and 



 

 

1G-MED08-515: WaterinCore 

publication. It also lists the paths participatory already initiated and implemented during the 
preparation, adoption and approval of regional water protection plans which form part of the 
contents of the Water Management Plan.  

Since April we have activated a dedicated website set up as a real portal with the aim to allow rapid 
dissemination of information on developments in the water management plan. The website address 
is www.appenninosettentrionale.it. At the site, there is available information, events, maps, 
equipment and anything else that might prove useful for public involvement. Through the pages of 
the site comments could be send or the questionnaires could be filled in, contributing to the drafting 
of the Plan. 

Questionnaires have involved all stakeholders, asking him to express an opinion or comment on 
some points of the Plan. The responses were evaluated and will be into the next stages of 
implementation of the Plan. The responses were used for statistics on the degree of acceptance of 
the choices and strategies of the Plan, and to collect suggestions, impressions and ideas.  

 

FIGURE 13: Public participation process in Serchio River Basin District 



 

 

 

 

FIGURE 14: Public participation in Northern Apennines River Basin District, phases of the project 



 

 

5.5. Good Example 5 

Water Management Plan of the Serchio River Pilot District  

 
DESCRIPTION The Serchio River District is located in north-west Tuscany over an area of 
approximately 1,570 km2 and can be divided into two main basins:  

 The Serchio River basin in the strict sense, which covers most of the territory of the basin;  

 The lake of Massaciuccoli, covering an area of 170 km2, close to the coast.  

Serchio River originates in the area that separates the Apennines of Tuscany from Emilia Romagna. 
From here the river flows south-east for about 50 km to the confluence, the hydrographic left, with 
the Lima River, its main tributary. After receiving the waters of Lima Serchio turn decisively towards 
the south and after its estuary on the plain of Lucca is directed toward the south-west, crossing the 
coastal plain of S. Rossore - Migliarino and reaching, finally, between the outlet of the Arno and the 
port of Viareggio. 

Serchio River Basin (1,408 km2) is the third largest among those in Tuscany. The overall length of the 
river is 102 Km. Among the tributaries of the most important is Torrent Lima has a length of 42 km 
and a basin of about 315 km2. The other tributaries to the particular shape of the elongated main 
basin, have limited length (usually less than 20 km) and surface drain extension not exceeding 50 
km2. 

The Water Management Plan of Serchio Pilot River Basin was approved on February 24, 2010 by the 
Steering Committee of the Serchio Authority. The Plan contains all the elements required by the WFD, 
is very complex and this include: 

A) Characteristics of River Basin District; 

B) Summary of significant pressures and impacts of human activity; 

C) Description of "protected areas"; 

D) Identification of monitoring networks (DGRT 100 of 02/08/2010) and mapping results of 
monitoring 

E) "States of quality" and "environmental objectives" for surface water and groundwater and 
protected areas: achieving the quality "good status” (or good ecological potential and good 
surface water chemical for heavily modified water bodies) not lather than 2015; 

F) Economic analysis (cost of water use and measures identified); 

G) Programme of measures (actions to be implemented to achieve the objectives). 

The provinces that falling in the basin are: 

 Lucca, most of the territory (81.5%); 

 Pistoia, in the highest part of the basin of the River Lima (10.5% of the basin); 

 Pisa, for the final stretch of the Serchio River and part of the coastal plain (8% of the territory 
of the basin). 



 

 

 

 

Most of the territory is represented by hilly and mountainous areas (81.7%), while the remaining 
19.3% are plains. 

Serchio born in the Apennines, north of Lucca Province, runs through the plain of Lucca and in the 
north of province of Pisa to flow into the Tyrrhenian Sea. The basin is characterized by the presence 
of many valleys in which are embedded the main tributaries of the Serchio River. The valley area, 
although limited and subject to flooding more or less frequent, was best suited to accommodate 
settlements and productive areas. The production sites were often installed near the river and 
equipped to harness the water flow as a driving force. The hilly and mountainous areas in the basin 
Serchio River are generally characterized by prominent slopes, covered with very large wooded areas 
and farmland. In the mountains there are many dams that produces hydroelectric power. 

The basin of Lake Massaciuccoli (main lake of District) was formed in historical times as a coastal 
lagoon when yet received the full course of Serchio and can now be considered almost completely 
independent of the basin Serchio. The lake basin covers 95 km2, is surrounded by a marsh that was 
changed from a work of mechanical reclamation. The area surrounding the lake is under the average 
sea level and is affected by subsidence phenomena: it is kept dry by artificial channels that convey 
water to the sea. 

The particular and variety configuration of the river basin are important for climate. The direction of 
valleys and ridges, the elevation of mountain systems, causing detours and more or less intense lifting 
of air masses 

that greatly influences the frequency and amount of rainfall throughout the area. The particular 
position of the basin, elongated longitudinally to the sea, means that the area is one of the rainiest of 
Italy, with the rainfall intensity exceeds 3,000 mm annually. 

Regarding the taking of water and added value of economic sectors analysis highlights the strong 
asymmetry between sectors, of the water withdrawals. Most of the use, almost 60%, is attributable 
to the civilian sector, while the remainder is almost equally distributed between industry (18.7%) and 
agriculture (22%). 

 
FIGURE 15: Characteristics of Serchio River Basin 



 

 

 

RESULTS The Competent Authorities carried out a detailed recognition of anthropogenic 
significant pressures and impacts of human activity exerted over water bodies. The specific 
recognition are based on accurate and direct knowledge of the territory and on existence of available 
data framework. A very important contribution has come from available database of the other local 
and regional authorities. 
The significant pressures and impacts are described in the following table and it are divided by 
surface water and groundwater. 

 

These are the protected areas designated for the abstraction of water intended for human 
consumption under Article 7 of Directive 2000/60/EC. In the basin there are: 

 3 surface water; 

 4 groundwater bodies; 

 over 300 withdrawal (springs – wells). 

 

 

 

 



 

 

 
FIGURE 17: Water for aquatic species protection 

 

They are identified as protected areas, designated for the protection of significant aquatic species 
from an economic standpoint, the water for fish life and water for the life of shellfish: 

13 Water Bodies for the life of salmonids; 2 Water Bodies for the life of cyprinids; 2 Waters for the life 
of shellfish; 1 Bathing area (directive 76/160/CEE); 1 Sensitive areas (directive 91/271/CEE); 1 Area 
vulnerable to nitrates (directive 91/676/CEE). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 16: Water for human consumption 



 

 

The natural protect areas are: 1 national park, 2 regional parks, 8 State wildlife reserves, 2 local 
protect areas (ANPIL). 

In the District there is a NATURA 2000 ecological network. The Sites Community Importance (SCI) that 
fall in the Serchio River District are 31. Among the sites mentioned above, 11 SCI have hygrophilous 
habitats that require a specific discipline in the Management Plan and they have been carefully 
studied. The recognition of hygrophilous habitats has highlighted the presence of 8 smaller wetlands, 
outside the Natura 2000 network, which have high natural value. 

 

 

FI
GURE 18: Natural Protect Areas 

FI
GURE 19: Narura 2000 Ecological Network 



 

 

The available data on the water quality status for the Serchio River Basin derived from previous 
monitoring programs implemented by the Region of Tuscany at the Water Protection Plan. Were also 
used data from some experimental monitoring networks created by other authorities (Province, 
ARPAT - Regional Agency for the Environment). 

The Monitoring Programme of water bodies for Serchio River Basin, in accordance with WFD, consists 
by: 

 Quality and Quantity Monitoring Network of Surface Water Bodies: 

 Rivers: 6 operational, 28 surveillance, 7 quantitative control points 

 Lakes: 2 operational, 1 surveillance, 2 quantitative control points 

 Transitional Water: 1 surveillance, 1 quantitative control point 

 Coastal Water: 1perational, 1 surveillance, 1 quantitative control point 

 Quality and Quantity Monitoring Network of Groundwater: 

 77 operational, 26 surveillance, 25 quantitative control points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The economic analysis was edited for WM Plan of Serchio River Basin in accordance with the 
guidelines of the Ministry of Environment (MATTM). The analysis includes: 

 initial evaluation of the actual cost recovery; 

 economic analysis to identify the program of measures; 

 actions to be undertaken in the next program of measures. 

The evaluation of the level of “water cost recovery” was conducted addressing the following themes: 

A) importance of water in the district and economic sectors: 

 Territory, population, economy; 

 Ratio of surplus value and use of water. 

B) public water services in the river district. 

C) tools for cost recovery: 

 Tariff in the civil, agricultural and industrial sector. 

 
FIGURE 20: Monitoring Network of surface water body 



 

 

D) evaluation of the level of cost recovery. 

The amount of benefits was calculated by estimating the "willingness to pay" for improving levels of 
quality of water by households. 

The amount of costs has been calculated using an estimate of the following items: investment costs, 
operating costs, administrative costs, no water environmental costs, financial costs, capital costs: 

 

E) evaluation of resource and environmental costs. 

F) evaluation of investments. 

In reference to water withdrawal, it highlight a significant disparity between the sectors of water 
uses. Most of the use, almost 60%, is attributable to the civil sector, while the remainder is equally 
distributed between industry (18.7%) and agriculture (22%). The sectors are highly differentiated in 
terms of contribution to value added area. Considering only the industrial (not services) and the 
irrigation sector is highlighted the remarkable difference in added value per unit of water used in 
agriculture and industry (4 €/mc versus 139 €/mc). 

But the data derive from very aggregate sources, while water use applies only to very specific sub-
sectors and industry, and agriculture. As a result, estimates for the added value maybe contain, both 
for agriculture and industry, a component of error. Therefore, These values should not be used 
directly for policy decisions on allocation of water cost between sectors, requiring more detailed 
information of territories and sectors, that was not possible. 

In the district, critical situation is recorded in a geographical as well sectoral level. Most of critical 
situation has been identified during the economic analysis. 

FIGURE 22: Cost recovery rate per use 

Domestic use Total Partial Null Partial
Industry Total Partial Null Partial
Agriculture Total Null Null Null

Current financial 
cost

Financial costs 
for capital

Cost of natural 
resources

Environmental 
costs

 

FIG
URE 21: Monitoring Network of groundwater 



 

 

The charging system for water services provided by the operators, even if it is consistent with the 
principles of the WFD, is still limited in terms of cost recovery. 

For water services, the worst case is that of irrigation water use, for which the tariff system, while 
remaining compatible with the national legislation is not fully geared to saving criteria. 

The situation of water "self services” by users (collection and disposal wastewater) is potentially 
critical, the actual information is substantially inadequate. 

 

PERSPECTIVES/BENEFICT In the Water Management Plan the states of “quality" and 
"environmental objectives" for surface water, groundwater and protected areas by 2015 was identify. 
At the time of preparation of the Water Management Plan have not been carried the monitoring 
required by WFD for the establishment of ecological and chemical status of water bodies. As for 
monitoring programs, it have been used quality classifications made by the Regional Water Protection 
Plan (these classifications already contained some of the parameters set by the WFD). 

The final classification was made using the method of expert opinion issued in view of data available 
for monitoring. The objective was to integrate evaluation with the largest number of available 
parameters matching with the requirements of WFD. 

 

In water management plan have been identified the following water bodies: 

 Surface Water Bodies: 55 rivers, 2 lakes, 1 bodies for transitional water, 1 bodies for coastal water; 

 Groundwater Bodies: 11 water bodies. 

The quality status of surface water is illustrated in the diagram below where it should be noted, as a 
percentage, quality classes. 

The quality status of groundwater is illustrated in the diagram below where it should be noted, as a 
percentage, quality classes. 

 

Environmental objectives for surface water: 

 49% natural watercourses “good status” at 2015; 

 31% natural watercourses “good status” at 2021; 

 9% heavily modified watercourses “good potential” at 2021, 

 11% artificial watercourses “good potential” at 2021. 

 

Environmental objectives for groundwater: 

FI
GURE 23: Quality status of surface water 



 

 

 7 water bodies “good status” at 2015; 

 4 water bodies “good status” at 2021. 

 

Article 11, paragraph 1, of Directive 2000/60/EC provides that, for each River Basin District, each State 
shall prepare a program of measures. These program of measures must also take into account the 
results of analysis of river basin characteristics, examination of the environmental impact of human 
activities and economic analysis of water use. 

The program of measures includes: 

 The "basic measures", indicated in art. 11.3 of WFD, mainly arising from the implementation of 
Community legislation, national and regional regulations; 442 measures were identified. 

 The "additional measures" under Article 11.4, thereof, are additional measures in addition to the 
basic measures, if they do not prove sufficient to achieve the environmental objectives; 31 
measures were identified. Many actions in the territory of the district, which is essential for 
achieving the objectives of WFD are already in place by the same River Basin Authorities and 
other Local Authorities: even these measures are set out in the Management Plan. Additional 
measures identified are of various types (Rules Publics Agreements, Works, Scientific research, 
good practices, Financial tools, Specifics measures for protected areas, Other measures) and have 
different levels of constraint (Regulation, Binding guidelines, Simple guidelines). 

 
FIGURE 24: Quality status of groundwater 



 

 

 

5.6. Good Example 6 

Integrated Water Cycle Management in the province of Granada.  
 

CONTEXT Integrated Water Cycle Management (IWCM) in the province of Granada is 
differentiated into three sectors. The first two sectors incorporate supra-municipal management 
systems, while the third sector is managed in various ways:  
- Sector I: Vega de Granada.  

- Sector II: Costa Tropical.  

- Sector III: The rest of the province.  

 

FIGURE 1. Integrated Water Cycle Management in the province of Granada. 

 
   
Source: Granada Provincial Council - "The urban water cycle in the province of Granada."  

Legend 
SECTOR 1: INTEGRATED WATER CYCLE MANAGEMENT CONSORTIUM OF THE VEGA DE GRANADA REGION (UNDER CONSTRUCTION) 

- SIGNTORIES (2006) 

- MUNICIPALITIES PROPOSED FOR INTEGRATION IN THE CONSORTIUM 

 SECTOR II: COMMUNITY ASSOCIATION OF THE COSTA TROPICAL 

- COMMUNITY ASSOCIATION OF THE COSTA TROPICAL 

- NOT PART OF THE INTEGRATED WATER CYCLE MANAGEMENT  

 SECTOR III: REST OF THE PROVINCE 

- DIRECTLY MANAGED BY MUNICIPAL AUTHORITIES 

- MANAGED BY A PRIVATE COMPANY (all or some) 



 

 

 

 

Sector I, corresponding to the Vega of Granada, comprises 41 municipalities with 56.85% of the 
provincial population (480,205 inhabitants). In these municipalities, the Integrated Water Cycle (IWC) 
is managed by EMASAGRA, founded in 1981, and AGUASVIRA, established in 1995.  

 

Sector II, corresponding to the Costa Tropical region, comprises 17 municipalities with a total 
population of 113,542 inhabitants. IWC Management in this sector is carried out by “Aguas y 
Servicios de la Costa Tropical”.  

 

Sector III, corresponding to the rest of the province, concentrates 30% of the provincial population. 
IWC management in this sector is carried out using a heterogeneous system. For example, in 
municipalities with large populations, such as Guadix and Loja, the Integrated Water Cycle is 
managed by a public company and a joint venture, respectively.  

In other municipalities, certain stages of the IWC are managed indirectly by private companies. In the 
remaining towns and villages, IWC management is the responsibility of the local council.  

 

PROBLEM The complex municipal structure of the province of Granada, with 168 municipalities 
and 529 population centres, means that the provision of water supply, sanitation and treatment 
services is difficult. Excluding areas that have already implemented supra-municipal management 
systems, the rest of the province is made up of 110 municipalities, of which 87% have less than 5,000 
inhabitants and only 14 have more than 5,000 inhabitants, and account for 54% of the provincial 
population.  
 

Therefore, these are very small municipalities with limited technical, human and economic resources, 
unable to guarantee quality water supply, sanitation and treatment services. Many infrastructural 
needs have also been observed as a result of significant deficiencies in existing infrastructures, or the 
lack thereof. Moreover, the charges levied vary from one population centre to another.  

 

DESCRIPTION Granada Provincial Council conducted a feasibility study for the implementation 
of an Integrated Water Cycle Management Model in the province of Granada. This involved an 
analysis and evaluation of water supply, sanitation and treatment facilities in the municipalities of 
the province grouped in Sector III. A detailed analysis was performed of the advantages and 
disadvantages of each possible management model, in accordance with applicable legislation, for the 
provision of basic services such as water supply, sanitation and treatment.  
 

Given the inadequate provision of these services in many municipalities analysed in the study, it is 
necessary, or at least convenient, to adopt a supra-municipal management model that, taking into 
account municipal jurisdiction in the aforementioned matters, guarantees citizens, as the recipients 
of these services, the best quality and fairer charges.  

 

As a result of the study, and based on the technical, economic and legal feasibility analyses carried 
out therein, the green light has been given to the establishment of a supra-municipal management 
body entrusted with managing the integrated water cycle in Sector III municipalities.  

 

As highlighted in the study, the current status of water supply, sanitation and treatment services in 



 

 

all the Sector III municipalities is deficient. Income obtained from all these services is insufficient to 
cover operating expenses, which means that no individual income can be generated to improve 
services or make investments.  

 

FIGURE 2. Synthetic indicator of the situation regarding water supply and sanitation 
infrastructures. 
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SOURCE: Granada Provincial Council. EIEL (Local Infrastructures and Services Survey) (2009).  

 

The technical analysis of integrated water cycle infrastructures has revealed important deficiencies in 
the water supply, sanitation and treatment infrastructures of various municipalities. To resolve these 
deficiencies, investments are imperative.  

• 45.5% of the municipalities have deficient water supply and sanitation infrastructures. In 
population terms, almost 35% of citizens live in municipalities with deficient water supply and 
sanitation infrastructures. This indicates that that the most important deficiencies are found in 
the smaller municipalities.  

• There is a great shortage of Wastewater Treatment Plants (WWTP), since only 47.3% of the 
municipalities in the sector analysed have systems for treating water before it is discharged into 
the public water supply. In population terms, the data show that 35.1% of the inhabitants in 
Sector III do not treat discharged water. This situation is worse in smaller municipalities, 
especially among those with between 2,000- 5,000 inhabitants. 
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FIGURE 3. Synthetic indicator of the situation regarding water supply infrastructures. 
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SOURCE: Granada Provincial Council. EIEL (Local Infrastructures and Services Survey) (2009).  

 

FIGURE 4. Synthetic indicator of the situation regarding water sanitation infrastructures. 

 

Baza

Loja

Cúllar

Orce

Huéscar

GorGuadix

Iznalloz

Illora

Castril

Caniles

Montefrío

Píñar

Alhama de Granada

Puebla de Don Fadrique

Órgiva

Zújar

Güejar Sierra

Galera

Moclín

Salar

Padul

Huéneja

Castilléjar

Albuñuelas

Fonelas

Dúrcal

UgíjarJayena

Válor

Gorafe

Peza (La)

Trevélez

Freila

Benamaurel

Murtas

Monachil

Turón

Cortes de Baza

Alamedilla

Pedro Martínez

Darro

Algarinejo

Lugros

Valle del Zalabí

Guadahortuna

Montejícar

Aldeire

Lecrín

Diezma

Dólar

Nevada

Cacín

Arenas del Rey
Cádiar

Montillana

Bérchules

Lanjarón

Lanteira

Capileira
Zafarraya

Ferreira

Torvizcón

Cuevas del Campo

Huétor de Santillán

Purullena

Cáñar

Deifontes

Pinar (El)

Calahorra (La)

Huélago
Morelábor

Jerez del Marquesado

Nigüelas
Alpujarra de la Sierra

Huétor Tájar

Cástaras

Campotéjar

Almegíjar

Valle (El) Taha (La)

Villanueva de las Torres

Dehesas de Guadix

Freila

Lobras

Pórtugos

Moraleda de Zafayona

Juviles
Villamena

Zagra

Gobernador

Busquístar

Alquife

Cogollos de Guadix

Pampaneira

Cortes y Graena

Dúdar

Alicún de Ortega

Beas de Granada

Soportújar

Bubión

Torre-Cardela

Benalúa de las Villas

Beas de Guadix
Albuñán

Marchal

Benalúa

Polícar

Santa Cruz del Comercio

Villanueva Mesía

Carataunas

Leyenda
Muy bueno

Bueno

Regular

Malo

Muy malo

Indicador sintético del estado del saneamiento 
del agua en la provincia

 
SOURCE: Granada Provincial Council. EIEL (Local Infrastructures and Services Survey) (2009).   

 

Overall, the average operating accounts of the municipalities studied presented operating losses on 
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average, which are higher if financial expenses are included. Moreover, the operating account does 
not include amortisation expenses that would have to be taken into account in the future if 
investments are made in infrastructures.  

The larger the municipality, the lower the service deficit per inhabitant accompanied by greater 
profitability thanks to IWC management in the large municipalities.  

 

  
< 2000 
inhab. 

2000-5000 
inhab. 

> 5000 
inhab. 

Total 
municipalities

+ Income from water sanitation services 
(€) 25,652 72,762 447,593 95,351 

+ Income from water treatment 
services (€) 1,808 13,491 72,421 14,232 

+ Other income (€) 2,305 1,529 426,220 62,709 

(A) TOTAL INCOME (€) 29,765 87,781 946,233 172,292 

- Personnel expenses (€) 25,796 58,587 252,804 64,784 

- Water procurement costs (€) 2,185 8,029 316,182 48,211 

- Discharge fee (€) 3,791 6,448 43,501 9,995 

- Other operating expenses (€) 37,216 91,718 427,835 103,919 

(B) TOTAL EXPENSES (€) 63,012 150,306 1,040,322 226,909 

(A-B) OPERATING INCOME (€) -33,247 -62,525 -94,089 -54,617 

- Financial expenses (€) 1,272 2,208 4,694 1,948 

INCOME NET OF FIXED COSTS (€) -34,519 -64,733 -98,783 -56,565 

Average population (no. 
inhabitants) 791 2,773 10,475 2,456 

DEFICIT/INHABITANT (€) -43.6 -23.3 -9.4 -23.0 

 

The improvement of water supply, sanitation and treatment services in the province must necessarily 
be based on an adjustment of regulated service charges, enabling investments to made and P&L 
accounts to be balanced appropriately.  

 

To perform the feasibility analysis for the supra-municipal management body, the document is 
structured as follows:  

 

1. Consideration of different scenarios and their corresponding hypotheses in order to establish the 
basis for the economic estimates explained in the following sections.  

SCENARIO 1: Least favourable scenario 

The municipalities that join the management body are the ones with the smallest 
populations and are also not adjacent to one another, preventing the establishment of 
synergies. The infrastructures present serious infrastructural deficiencies; hence, basic 
investments are required - and urgently at that - to guarantee service quality.  

 

SCENARIO 2: Intermediate scenario 

The municipalities that join the management body represent all the population sizes, some 



 

 

are adjacent to one another while others are not, enabling average economies of scale to be 
calculated. The situation regarding infrastructures differs from one municipality to another, 
but these differences can be reconciled and infrastructures can be planned in a balanced 
way.  

SCENARIO 3: Most favourable scenario 

The municipalities that join the management body are, firstly, those with more than 5,000 
inhabitants, followed by those with intermediate sized populations (2,000-5,000 inhabitants) 
and smaller populations (<2,000 inhabitants), in that order. Preferably, they should be 
adjacent to one another. The infrastructures are in better shape, implying that investments 
are less urgent and can be programmed in a more planned way.  

 

2. Estimation of necessary investments, based on available information.  

Infrastructure needs are quantified for the different scenarios, based on the study of their situation, 
and their economic value is estimated.  

 

3. Details of the interim financial statements of the future management body, specifically, the 
Balance Sheet, P&L Account and Cash Budgets.  

 

4. Sensitivity analysis, which will determine the impact of the modification of certain fundamental 
variables on the economic and financial equilibrium of the body.  

 

 

SCENARIO 1 

 

  2014 2017 2022 

Billed consumption (m3) 1,447,565 2,675,459 3,736,315 

Average tariff applied for water supply, sanitation and 
treatment  0.93 € 0,95 € 1,00 € 

Real average tariff (total income/billed consumption)(*) 0.99 € 1,01 € 1,07 € 

Balancing tariff (supply+sanitation+treatment) 1.61 € 1,52 € 1,65 € 

Investment fee 1.89 € 2,33 € 2,07 € 

TOTAL COST M3 PER INHABITANT 

(current year prices) 3.50 € 3,85 € 3,71 € 

TOTAL COST M3 PER INHABITANT (2010 prices) 3.40 € 3,63 € 3,33 € 

AVERAGE WEIGHTED TARIFF (current prices) 3.72 €/m3 billed 

AVERAGE WEIGHTED TARIFF (2010 prices) 3.45 €/m3 billed 

 
 



 

 

RESULTS The estimated balancing tariffs and investment fee necessary to ensure the economic 
and financial viability of the management body are presented below for the three scenarios of 
adhesion of municipalities to the planned supra-municipal body.  
 

SCENARIO 2 

  2014 2017 2022 

Billed consumption (m3) 4,108,077 6,714,966 9,105,237 

Average tariff applied for water supply, sanitation and 
treatment  0.96 € 0.99 € 1.04 € 

Real average tariff (total income/billed consumption)(*) 1.28 € 1.28 € 1.33 € 

Balancing tariff (supply+sanitation+treatment) 0.99 € 0.95 € 1.01 € 

Investment fee 0.78 € 1.07 € 0.98 € 

TOTAL COST M3 PER INHABITANT 

(current year prices) 1.77 € 2.02 € 1.99 € 

TOTAL COST M3 PER INHABITANT (2010 prices) 1.72 € 1.90 € 1.78 € 

AVERAGE WEIGHTED TARIFF (current prices) 1.95 €/m3 billed 

AVERAGE WEIGHTED TARIFF (2010 prices) 1.81 €/m3 billed 

* The Mean Effective Tariff is shown in blue if it is lower than the Balancing Tariff, and blue if it is higher. 

 

SCENARIO 3 

  2014 2017 2022 

Billed consumption (m3) 6,328,275 9,194,935 10,842,363 

Average tariff applied for water supply, sanitation and 
treatment  0.92 € 0.94 € 0.99 € 

Real average tariff (total income/billed consumption)(*) 1.22 € 1.23 € 1.26 € 

Balancing tariff (supply+sanitation+treatment) 0.83 € 0.85 € 0.96 € 

Investment fee 0.57 € 0.75 € 0.86 € 

TOTAL COST M3 PER INHABITANT 

(current year prices) 1.40 € 1,60 € 1,82 € 

TOTAL COST M3 PER INHABITANT (2010 prices) 1.36 € 1,51 € 1,63 € 

AVERAGE WEIGHTED TARIFF (current prices) 1.64 €/m3 billed 

AVERAGE WEIGHTED TARIFF (2010 prices) 1.52 €/m3 billed 

 

 



 

 

LESSONS LEARNED Since many municipalities in Sector III have major deficiencies in water 
supply, sanitation and treatment infrastructures, a supra-municipal body must be established to 
manage the Integrated Water Cycle. Investments must be made to improve infrastructure and 
services.  
 

To create this body, different scenarios were considered by analysing both the investments 
necessary in each scenario, forecasting income and expenses and estimating the necessary balancing 
tariffs and investment fee. In view of the results, the following conclusions may be drawn:  

1. Scenario 3 represents the optimal method for managing the operation of water supply, sanitation 
and treatment services in Sector III of the province. The efficiency achieved by grouping 
municipalities together will result in cost savings for citizens because it has the lowest average 
tariff of the three scenarios, including the investment fee per m3 consumed. At 2010 prices, this 
global average tariff could be about 1.5 €/m3 consumed.  

2. In contrast, Scenario 1 represents the most inefficient way of managing these services because it 
groups together very small municipalities (most with less than 2,000 inhabitants), which 
concentrate low levels of water consumption and suffer from major deficiencies in IWC 
infrastructures. For this reason, the global average tariff would increase to 3.5 €/m3 consumed, 
representing a very significant quantitative increase in citizens’ water bills. This option would be 
unviable and also difficult to implement given the public’s sensitivity regarding having to bear the 
cost of water.  

3. Finally, the intermediate scenario presents a mixed management structure, a combination of 
profitable and unprofitable municipalities, allowing them to offset each other. In this case, the 
average weighted tariff according to consumption bills in the three years analysed gave a value of 
1.81 €/m3 at 2010 prices, a moderately reasonable cost for citizens.  

 



 

 

5.7. Good Example 7 

Recovery and conservation of “careo” or recharge canals in Sierra Nevada.  
 

CONTEXT Sierra Nevada is a great mountain massif that occupies approximately 200,000 ha. The 
snow and rain that fall on the mountains throughout the year leave an average of approximately 750 
hm3/year of water, enough to fill the Negratín reservoir, one of the largest in Andalusia.  
Above an altitude of 2,000 m, rainfall accumulates during several months each year in the form of 
snow. This layer is extremely important for supporting life in the mountains. It also acts as a large 
reservoir supplying numerous mountain springs and watercourses, a role that has historically been 
taken advantage of by the inhabitants of these mountains. [1]  

 

The “careo” (recharge) canal network in Sierra Nevada is a traditional infrastructure. In the past, it 
allowed thawed snow water to be distributed throughout terraced hillsides, pastures and towns and 
villages, guaranteeing the availability of water at all times. The origin of these canals is uncertain, but 
they may date from the Roman occupation or Hispano-Muslim period.  

 

These canals had many purposes, hence the different designs. In higher sections, almost at the 
emergence points (known as borreguiles and chortales), the aim was to develop mountain pastures 
to the maximum, while at the same time maintain them for as long as possible; in the summer 
months, these pastures are the basic source of food for the large numbers of livestock that graze in 
Sierra Nevada, as well as mountain goats.  

Lower down the mountains, the main mission of these canals was to transport water to the terrace 
fields, common ever since the Reconquista on all the slopes of the Alpujarra region. Sluice gates were 
often built at selected sites to supply water to fields used for grazing downstream or maintain 
woodlands of economic interest. At other times, the only objective was to refill aquifers, facilitating 
the filtration of water in limestone or fracture zones in order to increase the flow of water from 
sources and "remanentes" (temporary springs) further down the mountain, closer to villages, from 
which canals branched for irrigation or to supply towns and villages.  

Given their different functions, some canals were waterproofed, always taking advantage of 
elements of the terrain, such as slabs (shale) and launa (phyllite), and others - the majority in fact - 
were constructed without any waterproofing, incorporating sluices or weirs at selected points. [2]  

 

Most of these canals have survived until today. Although they are man-made, they are perfectly 
integrated into the natural mountain landscape, where they play an important ecological role, 
supplying water to the grasslands and wooded areas of great landscape and economic value, as well 
as other functions. The Alpujarra’s cool and humid environment in summer is largely due to this flow 
and filtration of water down its slopes. [2]  

 

PROBLEM Due to disuse, the depopulation of the highland areas of Sierra Nevada and the 
increasingly marginal nature of agriculture in the Alpujarra region, many canals fell into a general 
state of disrepair and poor maintenance. This abandonment gradually depleted the aquifers to the 
extent that it compromised not only the pastures and crops but also water supply to the local 
population.  
 

Furthermore, during the drought in the early ‘90s (1992-95), a strong debate resurfaced (with some 
measures already having been implemented) on the cementing and/or casing of some of these 



 

 

canals in order to increase water availability for more economically-profitable irrigation downstream, 
while at the same time reducing the continuous conservation work these canals required. [2]  

            

DESCRIPTION  Both the Regional Ministry of 
Environment (Consejería de Medio Ambiente - CMA) and 
the Independent National Parks Organisation (Organismo 
Autónomo Parques Nacionales - OAPN) are carrying out 
projects to recover and conserve the traditional canals in 
the Sierra Nevada Natural Park, in order to preserve the 
cultural, ecological and landscape values of this traditional 
irrigation method, which for centuries has allowed water 
to move from the high valleys to irrigated areas and 
springs. This would reconcile the use of water for 
agriculture and the conservation of vegetation associated 
with canals that can be up to 600 km in length.  
 

Some recharge canals have been lost because they were 
abandoned a long time ago. The first step in the recovery 
of these canals was to identify the original course of these 
canals. It is important to trace the course of these canals, 
passing through the easiest terrain, reaching pit caves and 
watering, if necessary, the different areas through which the canals passed. For this task, it is 
essential to count on the expertise and support of old acequieros (irrigation canal users or famers), 
shepherds and local people. [1]  

 

Different work has been carried out, including the restructuring of canal networks, the construction 
of canal beds (the base or solera and the edges of canals), as well as the construction of water intake 
points, the protection of embankments with low walls, the cleaning of canals to guarantee their 
operation and the clearing of invasive vegetation on canal banks. Also, conservation and 
maintenance of the traditional network of canals in the Sierra Nevada Nature Area entails the 
organisation of training days and workshops on this system. Informative bibliographic publications 
include the “Manual del Acequiero” (on traditional water management methods used in Sierra 
Nevada).  

 

RESULTS  
Between 2008 and 2010, the OAPN invested heavily in supporting the recharge canals network 
described previously. Specifically, it has financed work to recover the canals located in the Dehesa de 
San Juan wooded pasturelands, investing a total amount of around EUR 3 million. This 3,882 ha-
property is owned by the OAPN and is located in the municipality of Güejar-Sierra. With peaks 
reaching 2,500 m in altitude, this area has enormous environmental value and includes the source of 
the river Genil and the northern faces of the three highest peaks in the Iberian Peninsula (Mulhacén, 
Veleta and Alcazaba). [3]  
 



 

 

Since 2008, the Regional Ministry of Environment of the 
Andalusian Regional Government (Junta de Andalucía) has been 
implementing the Programme for the Recovery and 
Conservation of Traditional Canals in Sierra Nevada, with a total 
investment so far of EUR 5.2 million. The first phase concluded 
in March 2011 in 32 municipalities in Almeria and Granada, and 
has already enabled the recovery of more than 37 km of canals 
and the conservation and improvement of another 302 km, as 
well as the restoration of five wells and the generation of more 
than 17,000 working days. Noteworthy traditional techniques 
used in this programme include dry-stone masonry (1,575 m of 
walls), the use of launa (a special type of clay found in the area) 
for waterproofing, the use of slate slabs to protect the edges of 
canals, or the restoration of characteristic elements used in 
water management (intake points, distributors, stops, flow 

limiters, spillways, “caederos” (artificial waterfalls), cattle crossings, pools, etc.). The technical 
services of Sierra Nevada Natural and National Park have also inventoried, digitised and indexed over 
850 km of both recharge and irrigation canals on both slopes and provinces. [3]  

 

With the implementation of the programme, the following objectives are being achieved:  

Maintenance of irrigated lands in Sierra Nevada because they represent an agro-ecological system of 
socioeconomic, environmental and cultural interest that has shaped the landscape and identity of 
this territory.  

Recovery of knowledge and customs relating to water management.  

Recognition of the historical role of the irrigators and acequieros in the consolidation of the cultural, 
natural and agricultural identity of Sierra Nevada and their importance for the present and future of 
this area.  

Combination of traditional materials and techniques with the incorporation of new restoration and 
irrigation technologies compatible with the maintenance of the dynamics and processes in these 
historic irrigation areas.  

Training of specialised workers.  

Dignification of the acequiero profession.  

Collaboration between governments and Irrigators Communities.  

Development of active and adaptive management of natural resources.  

 

LESSONS LEARNED  
The canal system has had a very positive impact on the environment due to the benefits it provides 
to ecosystems in terms of land use planning, slope stabilisation or by facilitating the presence of 
vegetation and associated wildlife species. This consists in retaining melt water from the high 
mountains for as long as possible for use later in the summer, and is achieved through a network of 
slightly inclined canals complemented by filtrations in specific areas. In addition to their purely 
ecological importance, the conservation of these canals enables the maintenance of specific 
productive functions: in addition to supporting agriculture, consideration must also be given to the 
income generated in the tourism and environmental sectors.  
 

The canals are infrastructures with cultural, landscape and environmental values. For this reason, it is 
necessary to achieve the coordinated participation of the agricultural, environmental and cultural 



 

 

authorities and harness the commitment of a society that must urgently embrace the important 
experience of its past and incorporate this to address current needs. [1]  

 

This recovery programme will protect a significant part of Sierra Nevada’s ethnographic heritage, has 
available resources to maintain agriculture and livestock farming in the Alpujarra region and at the 
same time guarantees the conservation of the vegetation that depends on these canals, which have 
helped shape the unique landscape of La Alpujarra. 

 
[1] Espín Piñar, R., Ortiz Moreno, E. and Guzmán Álvarez, J.R., 2010. Manual del Acequiero. Ed. Consejería de 
Medio Ambiente, Junta de Andalucía.  

[2] Castillo Martín, A., 1999. Aguas y Acequias en la Alpujarra (Sierra Nevada). Article published at the “II 
Conference of La Alpujarra”. Ed. Rosúa y Cátedra UNESCO. 151-164. 

[3] Informative bulletin of the National Parks Network, issue 15, May-June 2011. National Parks Documentation 
Centre.  

http://reddeparquesnacionales.mma.es/parques/org_auto/boletin_redppnn/pdf/015.pdf 

Pictures : Emilia Juárez and Juan Reyes. 



 

 

  

5.8. Good Example 8 

Artificial recharge of tertiary treated sewage to the Ezousas aquifer in Cyprus 

 
CONTEXT Groundwater is used extensively in Cyprus for water supply and irrigation. Treated 
water from sewerage is being used for artificially recharging aquifers and then used for irrigation and 
to control seawater intrusion. This method is being successfully applied in the area of the Ezousas 
aquifer. Kannaviou dam canal  

 
PROBLEM Ezousas is a river alluvial aquifer, 
developed along the Ezousas river valley, in Pafos 
District. An 18 million cubic meters (mcm) capacity 
dam, the Kannaviou dam, was constructed on this river 
approximately 26 km upstream of the coast. The dam 
covers part of the local irrigation demand and some 
quantities of water are being diverted by pipeline to 
Asprokremmos Water Treatment Plant for domestic 
use in Pafos town and several villages. The Ezousas 
aquifer extends from the coast to the Kannaviou dam 
site. The coastal part of the aquifer, stretching up to 
eight kilometers from the coast, is utilized as a natural 
reservoir for storage and reuse of the tertiary treated 
sewage from Pafos town (about 3 Km west of 
Geroskipou village). Treated water recharges the 
aquifer through specially constructed shallow ponds. 
This water, after natural purification, is pumped again 
from the aquifer for irrigation in the Pafos Project area. 
The average sulfate concentration in both surface and 
groundwater is approximately 450 mg/l. High boron 
concentration has also been measured in this aquifer.  

Figure 1: Ezousas river 

DESCRIPTION  
AQUIFER’S GENERAL INFORMATION/CHARACTERISTICS:  

AREA OF THE AQUIFER: 6 km², WIDTH: 250m (50-600m), LENGTH: 26 km, OUTCROP AREA: 6 km².  

THICKNESS: 5m near Kannaviou dam increasing to 45m at the coast.  

AVERAGE RAINFALL: Period 1990-2000: 480 mm, (Period 1970-2000: 500 mm).  

BOUNDARIES: North, East and West: impermeable. South: Permeable, Sea.  

CONFINED/UNCONFINED: Unconfined.  

SUSCEPTIBILITY (NATURAL VULNERABILITY): Very high. Phreatic aquifer.  

 

The Ezousas Aquifer The river alluvial aquifer consists of gravels, sands, silts and some clay. Its 
transmissibility depends on the clay content and especially on the presence of clay lenses. The most 
extensive of these lenses originated from landslides and appear in areas adjacent to their parent 



 

 

clayey formations. The coastal aquifer is semi-confined and the riverbed aquifers are phreatic. The 
water level in the aquifer is monitored by 29 boreholes were the water level is measured monthly.  

Hydrological conditions  

Before the construction of the Kanaviou dam and the operation of the recharge scheme, the main 
source of recharge of the aquifer is the flow in the river. During normal hydrometeorological years 
the aquifer was fully replenished. Around 10 boreholes were operating and they were used mainly 
for irrigation purposes. Yields of these boreholes were ranging from 10 to 100 m³/hour. Average 
extraction from the aquifer during the last ten years has been about 3 million cubic meters per year 
(mcm/year), varying from 2.1 to 3.4 mcm.  

Land use  

Land use is mainly agricultural with predominant crops being citrus trees. The intensive nature of the 
agriculture and the use of fertilizers in the area are endangering the groundwater quality in coastal 
plain.  

Chemical composition of the groundwater  

There are indications of increasing nitrate concentration and localized problems of seawater 
intrusion appear in a few coastal zones. The elevation of the impervious base of the coastal aquifer is 
generally above mean sea level. In few places where the elevation of the impervious base is below 
sea level, seawater intrusion problems appeared. The average sulfate concentration in both surface 
and groundwater is approximately 450 mg/l. High boron concentration has also been measured in 
this aquifer.  

Discharge and abstraction data  

About 20 private boreholes and wells operate in the coastal area today and their yield ranges from 1 
to 20 m³/hour. Many of these boreholes have been drilled in the last twenty years. Dry years and 
water deficits in the last twenty years have forced abstraction to increase.  

 

 

 

 

 

 
 

 

 

 

 

Figure 2:  Layout of the area and water level contours.  

 
 



 

 

The operation of the artificial recharge scheme.  
Tertiary treated water, which is also disinfected, is pumped from the treatment plant to five shallow 
ponds in turns. The water level in each pond reaches up to 0.5 m from where it slowly seeps into the 
ground. Water is pumped from the aquifer into a canal (open channel) at a ratio of 1:20 (aquifer 
water to dam water). The canal carries water from Asprokremmos dam (See Figure above) to the 
Pafos irrigation scheme, which is 3 km west of the Geroskipou village, and passes across the Ezousas 
aquifer. Water from the aquifer is pumped from the already existing wells, which are located 100 m 
to 1000 m downstream of the recharge ponds. Pumping is carried out strategically so that retention 
time in the aquifer is maximised.  

 

RESULTS/PERSPECTIVES/BENEFITS Disinfected tertiary treated water, is being used 
for artificially recharging an aquifer with low quality (natural high sulphate and boron 
concentrations) water and then is utilised for irrigation purposes and at the same time seawater 
intrusion is being controlled.  
 

LESSONS LEARNED 
• Artificial recharge with effluence water is a good case study, which can be applied in areas with 

similar geological conditions suffering from droughts.  

• Conjunctive use of surface and groundwater.  

• Saving of equal quantities of fresh water for domestic use.  

 



 

 

5.9. Good Example 9 

Conjunctive use of the Germasogeia Riverbed Aquifer and Germasogeia Dam for water 
supply.  

 
CONTEXT Germasogeia is a typical river alluvial aquifer 
in Cyprus developed along the Germasogeia river valley 
extending between the Germasogeia dam and the coast. 
Since the construction of the dam in 1969 the recharge of 
the aquifer depends on controlled releases from the dam 
and its spills. During the last twenty years the dam spilled 
only a few times.  

 

PROBLEM Germasogeia was the first aquifer in Cyprus 
used as a natural water treatment plant. Surface water 
from the Germasogeia and Kouris dams is being released in 
the riverbed since 1982 for recharge of the aquifer. After 
natural purification (SAT - Soil Aquifer Treatment), the 
“treated” groundwater is pumped for the domestic water 
supply of Limassol town, the surrounding villages, and the 
tourist zone. This aquifer is the only source of domestic 
water supply of the surrounding villages and the tourist 
zone. Germasogeia is the most intensively exploited aquifer 
in Cyprus.  

In 1996 up to 9 million cubic meters (mcm) of groundwater were extracted from this small aquifer, 
whose area is only 3 km2 and its total fresh water capacity (based on average water level) is in the 
order of only 3.5 mcm.  

Fast urbanization and tourist development in the area are causing rapid deterioration of this highly 
susceptible aquifer thus seriously endangering its future.  

 
DESCRIPTION  

 
 
 
 
 
 
 

The upstream part of the river alluvial aquifer i.e. the part near the dam consists of gravel and coarse 
sand. The permeability in this section is very high. The permeability gradually reduces downstream 
because of an increase in the content of fine materials such as fine sands and silts.  

 



 

 

AQUIFER’S GENERAL INFORMATION/CHARACTERISTICS:  

AREA OF THE AQUIFER: 3.0 Km², WIDTH: 500m (150-800m), LENGTH: 5.5 km.  

THICKNESS: 30m at the dam, 55m at the coast.  

AVERAGE RAINFALL: Period 1990-2000: 410 mm, (Period 1970-2000: 450 mm).  

BOUNDARIES: East and West: impermeable. South: Permeable, Sea. North: Leaking dam.  

CONFINED/UNCONFINED: Unconfined.  

SUSCEPTIBILITY (NATURAL VULNERABILITY): Very high. Phreatic aquifer.  

 

Hydrological Conditions  

The hydrogeological regime and the water balance of the aquifer are “regulated” by controlled 
releases from the dam into the river valley to meet the expected demand for domestic water supply. 
The main targets of the aquifer’s “regulation” are: a) to cover water demand with groundwater of 
acceptable quality, b) to protect the aquifer from sea intrusion, and c) to minimize groundwater 
losses to the sea.  

Around 23 boreholes operate in the aquifer today for domestic water supply. Yields of these 
boreholes vary from 50 to 200 m³/hour. Average extraction from the aquifer over the last ten years 
was 6.4 mcm/year.  

 

RESULTS/PERSPECTIVES/BENEFITS Germasogeia was the first aquifer in Cyprus used 
as a natural water treatment plant. Germasogeia is the most intensively exploited aquifer in Cyprus. 
In 1996 up to 9 mcm of groundwater were extracted from this small aquifer, whose area is only 3 
km2 and its total fresh water capacity is in the order of only 3.5 mcm.  

Today with the recharge management adopted we maintain a balance in the inflow and outflow of 
the aquifer, prevent sea water intrusion and at the same time, use the aquifer as the treatment plan 
of the water released from the Germasogeia and Kouris dams.  

 

LESSONS LEARNED Conjunctive use of surface and ground water resources. Up to 9 mcm of 
groundwater were extracted from this small aquifer, whose area is only 3 km2 and its total fresh 
water capacity is in the order of only 3.5 mcm.  
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7. Annex 

Database of water management indicators for the project’s 
pilot basins 
 
 


