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([HFXWLYH�6XPPDU\

&RQWHPSRUDU\�,UULJDWLRQ�LQ�WKH�(8�DQG�$FFHVVLRQ�6WDWHV

1. Agriculture is a significant user of water resources in Europe, accounting for around 30 per
cent of total water use. The scale and importance of irrigation is significantly greater in the
southern Member States but far from negligible in most northern Member States. In the south,
irrigation accounts for over 60 per cent of water use in most countries, while in northern
Member States it varies from almost zero in a few countries to over 30 per cent in others. In
terms of the area irrigated and the amount of water used, water demand for irrigation is
relatively insignificant in Ireland and Finland, modest in Sweden, Luxembourg and Denmark,
of increasing regional importance in the UK, Belgium, the Netherlands, Germany, Austria
and France, and nationally significant in Portugal, Spain, Italy and Greece.

2. Among the accession states, a similar pattern is found. Historically, irrigation accounted for
very little water demand in the Baltic states; it had some regional significance in Poland, the
Czech republic, Hungary and Slovakia, and it was particularly important in Bulgaria and
Romania. However, since the collapse of the command economies in the last decade, the use
of water for irrigation declined sharply in most countries and is only now beginning to creep
back upwards.

3. Within the EU, many of the crops subject to irrigation consist of fruit, vegetables and other
high value produce which do not receive a high level of market support under the Common
Agricultural Policy (CAP). Potatoes are one of the main irrigated crops in northern Europe.
However, the irrigation of crops receiving support under the CAP market regimes, including
maize, rice, tobacco and olives is also significant, particularly in some Member States
including Greece, Spain, France, Austria and Italy.

4. Because most irrigation is practised in southern Europe, it is overwhelmingly associated
with large numbers of very small farms. Often, the availability of irrigation is critical to the
viability of these farm businesses. The socio-economic importance of irrigated agriculture
within the EC is therefore considerable.

7\SHV�DQG�7UHQGV�LQ�,UULJDWLRQ

5. Traditionally, much of the irrigation practised in Europe has consisted of gravity-fed
systems, where water is transported from surface sources via small channels and used to flood
or furrow-feed agricultural land (furrow irrigation). In sizeable areas of the southern Member
States including Portugal and Spain, this remains the dominant form of irrigation. However,
in an increasing number of regions in both north and south, irrigation by sprinklers using
pressure, often drawing water from subterranean aquifers, is the most common practice. It is
often in these areas where the quantities of water used, and thus the impact on the
environment, can be most severe.

6. The area of land irrigated has risen in several Member States in recent years but the pattern
is variable. Since 1980, the irrigated area as a proportion of total land area in the EU15 has
risen almost consistently year on year, from around 2.9 per cent to over 3.5 per cent today, but
this masks significant variation between the countries. In some Member States the most rapid
increases were during the 1980s and growth has been slower since then (eg Spain, Portugal,
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Italy), while in others the most significant expansion has been over the last decade (eg France,
UK).

7. In the past, the substantial expansion of the irrigated area in several Member States
including France and Spain, has been influenced by policy measures supporting the provision
of irrigation infrastructure and providing subsidies to farmers installing irrigation equipment,
as well as guaranteeing low water prices for agriculture. In most CEECs the area of irrigated
land has fallen sharply since the late 1980s and there has also been a sharp decline in the new
Länder of Germany over the same period.

8. Technical change has resulted in a series of significant transformations in irrigation
technology. The most recent drip systems tend to be more efficient in their use of water but
they are often far too costly to be within the means of the majority of small irrigators in the
south. Thus the adoption of the most efficient water use systems tends to be concentrated in
regions where farms are relatively large businesses, crops are high-value and/or water pricing
is well established (eg Netherlands, UK, some regions of Spain and Italy).

$JULFXOWXUDO�:DWHU�0DQDJHPHQW�DQG�3ULFLQJ

9. Institutional arrangements for the management of irrigation vary considerably at national
and local levels. They range from systems involving unregulated, private abstractions (ground
or surface) by large numbers of small producers, to centrally controlled irrigation systems,
usually public-funded and owned, where collective management decisions can be made.
There are also systems where the rights to abstract may be given or sold by public authorities
to private individuals, either for a limited time and quantity of water use, or without specific
conditions. In some cases, use rights may be transferable between landholdings, whereas in
others they are tied the land. The variation in management arrangements is found as much
within individual countries as between them.

10. In many countries but particularly among southern Member States, there is strong public-
sector involvement in building water supply infrastructure and managing irrigation systems.
In countries such as Spain and Greece with large irrigated areas, the promotion of irrigation
has been an important strand of rural development and agricultural policies.

11. Water management in many southern Member States is a highly charged political issue.
This study gives one example of how attempts to control water use through regulation may be
almost entirely ineffective due to a combination of local resistance to these measures and the
high economic value of continued irrigation to agriculture in these areas.

12. Agricultural water pricing does not follow a consistent pattern between Member States but the
overall level of prices is relatively low. In the EU as a whole, especially where large, collective
irrigation networks are managed by public bodies, the price of water to farmers rarely reflects its
full resource and environmental cost.

13. A number of countries are beginning major reforms of water supply policies, including moving
toward a greater degree of cost recovery for water supplied to agriculture. In water management,
the trend appears to be towards more organised approaches with user rights and charges or the
formation of user groups to manage water in the collective interest (which may be broadly or more
narrowly defined).
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14. In the accession countries, the collapse of the command economies also led to the decline
and collapse of irrigation management. Prior to this, water use was collectively organised and
funded. Today, some countries are charging increasing amounts for abstraction (eg Hungary)
while most others have yet to reach this point.

15. Although the study has not included an analysis of the impact of “full cost recovery”
prices it is generally assumed that these would prompt a considerable reduction in the use of
irrigation water and a more limited programme of investment in new schemes in future. There
is still a long way to go until a systematic approach and the full internalisation of the external
costs of water use (including its environmental impacts) are achieved. Indeed, the removal of
the proposal for full cost recovery from the draft text of the Water Framework Directive,
which is currently proceeding through EU negotiations, suggests that it will be some time
before concepts such as this become accepted by the majority of Member States.

16. For these reasons, it is anticipated that irrigation and its environmental impacts will
continue to be a concern for the European Union.

(QYLURQPHQWDO�,PSDFWV

17. The environmental impacts of irrigation are variable and not well-documented in many
EU Member States. The information presented in this study draws from a mix of expert
opinion, case studies and published empirical research, but the latter is much more abundant
in some countries (notably, Spain) than in many others.
 
18. This evidence suggests that some environmental impacts can be very severe, as
demonstrated in case-studies from four Member States. In general, the regions with the most
severe problems of permanent resource pressure are concentrated in the southern Member
States, whereas these pressures are often only severe during drought periods in the northern
Member States. Impacts are usually site specific, and they can be profound, even where they
may occur only for a relatively short period.

19. Across Europe as a whole, the main types of environmental impact arising from irrigation
appear to be:

• water pollution from nutrients and pesticides;
• damage to habitats and aquifer exhaustion by abstraction of irrigation water;
• intensive forms of irrigated agriculture displacing formerly high value semi-natural

ecosystems;
• gains to biodiversity and landscape from certain traditional or ‘leaky’ irrigation systems in

some localised areas (eg creating artificial aquatic habitats);
• increased erosion of cultivated soils on slopes;
• salinisation, or contamination of water by minerals, of groundwater sources;
• both negative and positive effects of large scale water transfers, associated with irrigation

projects.

20. Of these, the most significant problems are indicated in relation to:
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• a combination of over-abstraction of groundwater supplies, salinisation and severe
pollution by nutrients, pesticides and other farm inputs in signifcant areas of intensive
irrigated agriculture. These include the Spanish interior, many parts of the Mediterranean
coastline from southern Portugal across to Greece, and some localised areas in northern
Europe including parts of the Netherlands – these problems are exemplified in case
studies from southern Europe (Daimiel, Dalias and Argolid);

• soil erosion, arising both from intensive irrigation itself, and from the abandonment of
formerly hand-irrigated, traditional terrace agriculture in the hills. Erosion is a  serious
concern in some southern Member States including Spain, Portugal and Greece;

• the dessication of former wetlands and the destruction of former high nature value
habitats including dryland arable, low intensity pastures and sensitive aquatic
environments by the expansion of irrigated agriculture and its knock-on effects. This was
historically a problem in many Member States, and continues to be significant in
particular regions of both southern and northern Europe (eg west France, inland Spain,
Hungary, southeast England). The case study of Tablas de Daimiel in Spain presents a
fairly extreme example of the potentially devastating consequences of such processes,
while that of the Beauce in northern France indicates how similar but less extreme issues
can occur even in more temperate conditions.

21. There is a clear north-south divide apparent in these impacts. Certain impacts are common
among southern Member States and relatively absent in the north (eg salinisation), while
others occur in most countries but are generally more severe in the south than the north (eg
nutrient pollution, erosion, habitat loss and degradation). However, in the longer term,
climate change could increase the severity of drought periods and aggravate resource
pressures in many regions of Europe. Particular crises in water availability are predicted for
Spain, while in more northern Member States, including France, the UK and Germany, the
frequency and severity of periodic drought is expected to increase, potentially driving a
greater economic need for irrigation.

22. In central and eastern Europe data on the environmental impacts of irrigation is even more
limited. Nonetheless, there are concerns in some countries. If the area of agricultural land
under irrigation were to expand substantially, with or without Community assistance,  certain
pressures could be expected to increase. At the same time, there is clearly scope for
improving existing irrigation schemes. More detailed analysis could help to set priorities for
investment in irrigation and associated rural infrastructure, in the coming years.

$PHOLRUDWLQJ�(QYLURQPHQWDO�,PSDFWV

23. A variety of measures is available for mitigating the negative impacts of irrigation and
enhancing environmental benefits where these are achievable. Some of these are technical or
site specific but many could also involve policy changes and adjustments to the institutional
management of water at national and regional levels.

24. Some technical measures can be applied to increase the efficiency of irrigation systems,
reducing both abstractions and soil erosion, for example, switching from sprinklers to drip
irrigation. However, the environmental gains may be very limited if more efficient techniques
do not result in lower net water use, but simply allow an increase in irrigated volume or area.
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In practice, major investment in new technology can be extremely costly and may therefore be
beyond the reach of many small, private irrigators.

25. Member States can take steps to identify and exploit new sources of water previously not
used in irrigation, in order to reduce overexploitation of existing sources. This can include
large-scale and long-distance water transfers. However, these kinds of development can
themselves cause serious negative environmental impacts if not adequately planned and
scrutinised in advance.

26. It is possible to adopt less environmentally damaging or more beneficial agricultural practices
associated with irrigated farming. Integrated management systems which reduce the use of
fertilisers or pesticides, and mixed cropping practices which preserve greater diversity in habitats
and landscapes, can both bring benefits. Farmers can switch to organic or integrated production
methods, or take certain, most sensitive areas of land out of irrigated cropping (eg to create buffer
zones adjacent to valuable habitats). These kinds of change could be particularly valuable in the
most intensively irrigated areas.
 
27. There is a range of possible measures to reduce the quantity of water used in irrigation in order
to mitigate environmental damage. These include economic and regulatory policies such as water
metering, charging, licenses and time-limited abstraction permits. Controls over where irrigation
can be practised can also avoid damage. Such measures are within the competence of different
authorities, including regional and national government, water management institutions and other
more local organisations.

28. The incentives available to farmers provide another avenue for encouraging best practice in
irrigation. Relevant policies include compensation payments for irrigated crops under the CAP
(with appropriate cross-compliance conditions) and agri-environment payments under Regulation
2078/92 and its successor in the rural development Regulation, 1257/1999. Examples of policy
options at EU level are summarised in paragraphs 30-40.

29. The full implementation of existing and proposed new EU environmental Regulations in
the Member States and accession countries will be an important factor in mitigating the
negative environmental impacts of current and future irrigation. In particular, this study has
highlighted the nitrates Directive, the habitats Directive, the Environmental Impact
Assessment Directive and the forthcoming Water Framework Directive, as key policies.

3ROLF\�5HFRPPHQGDWLRQV�±�0HPEHU�6WDWH�3ROLFLHV�DQG�:DWHU�0DQDJHPHQW�6WUXFWXUHV

30. Many of the measures required to reduce negative impacts require action at Member State
level. These include the following.

• Appropriate hydrological and land use planning procedures to take a strategic overview of
national water supplies, demand and trends in demand and supply.

• The development of stronger institutional structures and legislation to allocate property
rights (including user rights) in ways that will support the optimal and environmentally
sensitive use of limited water resources, and encourage local ownership of such policies.
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• Policy developments could include the adoption of water charging regimes which
internalise external costs, policies to establish collective management structures, and more
widespread use of metering and independent enforcement in relation to environmental
protection.

• The promotion of appropriate technologies through advice and demonstrations of best
practice, supported by further research on environmental impact and valuable sites, to
identify new technical options to address problems.

• In regions with particularly severe problems, a combined approach involving advice and
support to encourage reduced and/or more efficient use of water, with strong enforcement
of water charges and appropriate abstraction limits on users.

3ROLF\�5HFRPPHQGDWLRQV�±�(8�3ROLF\�,PSOHPHQWDWLRQ�DQG�'HYHORSPHQW

$JULFXOWXUDO�3ROLF\

���� 1HZ� RU� HQKDQFHG� XVH� E\� 0HPEHU� 6WDWHV� RI� DJUL�HQYLURQPHQW�� OHVV�IDYRXUHG� DUHD� DQG
UXUDO�GHYHORSPHQW�PHDVXUHV�XQGHU�(&�5HJXODWLRQ���������could include the following:

• more widespread payments to support organic or extensive rice production, or traditional
mountain-terrace agriculture;

• greater support to maintain environmentally valuable dryland farming systems against the
threat of abandonment or transformation to irrigated agriculture;

• payments used in combination with appropriate aids for training and investment, to
encourage the adoption of more water-conserving strategies and techniques;

• the development of integrated projects under Regulation 1259/1999 to promote longer-
term sustainability of environmentally beneficial systems of irrigated agriculture,
combining agri-environmental schemes, marketing, processing, eco-tourism and other
economic development aids, increasing their ability to compete successfully.

32. The Commission and competent national authorities should ensure thorough scrutiny of
plans and projects to ensure that investment and other aid under the new rural development
plans does not promote the development of irrigation in ways that will cause environmental
damage. This should include scrutiny of ex-ante appraisals, mid-term reviews, and the
production of guidance for Member States on how to meet the obligations of environmental
protection under the reformed CAP.

����&URVV�FRPSOLDQFH�RSWLRQV�IRU�WKH�0HPEHU�6WDWHV�could include the following�

• where supported crops are grown using irrigation and water authorities have insufficient
control over levels and conditions of use, conditions placed on the receipt of direct
payments could require farmers to have licences and water meters as well to observe
existing and forthcoming water control legislation;

• conditions could be applied to limit input use on supported, irrigated crops such as maize,
rice, olives, cotton and tobacco, or to require the use of drip-irrigation to minimise erosion
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in ‘erosion vulnerable zones’, alternatively, all irrigated crops receiving support could be
subject to nutrient or soil conservation management plans.

(QYLURQPHQWDO�3ROLFLHV

34. The full implementation of the nitrates Directive in the Member States will be an essential
mechanism for addressing and ameliorating the serious pollution problems associated with
intensive, irrigated agriculture in many parts of Europe. The forthcoming water framework
Directive should also be helpful in reducing over-abstraction and related quality problems, by
requiring the prior authorisation of all water abstractions and requiring catchment plans,
which include measures to achieve ‘good water status’ for all surface and groundwaters, by
the end of 2010.

35. The full implementation of the habitats Directive should also help to address biodiversity
issues. Irrigation projects which are likely to cause damage to valuable sites or important
species should be prevented or addressed by modifications, before such development is
permitted. Achieving favourable conservation status for designated Natura 2000 sites and
species will also require any damaging irrigation practices to be addressed.

36. It will also be important to ensure that the EIA Directive is fully implemented, particularly
in respect of Annex 2 projects involving agricultural intensification on semi-natural or
uncultivated land. EIA should also be undertaken in accordance with consistent quality
criteria which ensure that the full environmental impacts of irrigation are assessed and
evaluated. Member States must have effective means of prohibiting or modifying proposed
irrigation developments where necessary, and ex-post reporting of environmental impacts
should be compulsory.

37. The Commission will need to continue to take measures to encourage a swifter and more
ambitious implementation of all these Directives at Member State level. A wider promotion
of best practice examples could be valuable, as well as a closer linkage between the
requirements of the Directives and the implementation of key related EU policies within the
Member States, notably agriculture and regional development policies.

5HJLRQDO�3ROLF\�DQG�6WUXFWXUDO�)XQGV

38. The Commission should encourage the establishment of consistent data on the most
sensitive and vulnerable sites in relation to irrigation, from an environmental perspective (eg
those most vulnerable to salinity, erosion, pollution, etc), to allow the most potentially
damaging new irrigation or irrigation enhancement projects to be identified and avoided. As
with rural development policies, EC guidance should make it clear that Member States have
an obligation to exercise detailed and thorough environmental scrutiny in their regional and
national appraisal systems, to identify potential negative environmental impacts and to take
appropriate action.

$FFHVVLRQ�3ROLF\

39. Similar principles as those which apply to the Rural Development measures under the
CAP, and measures under Regional Policy, should also be applied to SAPARD and ISPA
plans and projects. Good practice guidance could be valuable for those countries where
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irrigation was formerly important and where it is likely to increase in future, as well as ex-
ante evaluation of the reinstatement of irrigation, in order that limited resources are targeted
using environmental as well as economic criteria.

5HVHDUFK�DQG�,QIRUPDWLRQ

40. This study has been hampered by the lack of consistent data on irrigation itself, and on
related water management structures and procedures. The Commission should consider the
adoption of a common classification system of irrigation to be used in gathering data within
the Member States. The establishment of a database on irrigation and its impacts could be
very valuable in determining future priorities for resources and new initiatives, furthering a
greater strategic awareness of environmental risks in relation to irrigation within Europe.

41. More focused research to identify, analyse and promote examples of best practice in
minimising or ameliorating environmental impacts of irrigation would also be beneficial. This
should be drawn from different areas of Europe and further afield, where similar issues occur
(eg California, Australia). Also, climate change research should include specific studies of
impacts upon water resources and agricultural water demand, in the EU.
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 ,QWURGXFWLRQ
 
 L��2EMHFWLYHV�RI�WKH�6WXG\
 The environmental impact of irrigation is an issue of increasing importance to European
agriculture. Although farm land in some regions has been irrigated for many centuries, the
types of irrigation used, the amounts of water involved and the areas of land to which
irrigation applies have all changed considerably in recent decades. This has given rise to a
number of significant environmental impacts, many of which are expected to become more
widespread and/or more pronounced in the future due to continuing technical and economic
development in many of the countries concerned. These pressures also need to be considered
in the context of other concerns about the aquatic environment, including the potential impact
of climate change and growing demand in areas undergoing continued economic
development.
 
 The aims of this study have been:
 

• WR�LQYHVWLJDWH�DQG�GHVFULEH�WKH�FXUUHQW�H[WHQW�RI�LUULJDWLRQ�LQ�WKH�(8 and to set this in the
context of its recent development and likely future trends, taking account of economic and
environmental factors (eg market trends, climate change), including a consideration of the
likely availability of freshwater supplies in future;

 

• WR� FDWHJRULVH� WKH� SULQFLSDO� V\VWHPV� DQG� LQVWLWXWLRQDO� DUUDQJHPHQWV for irrigation in
different parts of the EU;

 

• WR�LGHQWLI\�WKH�UDQJH�RI�HQYLURQPHQWDO�LPSDFWV (both positive and negative) of irrigation for
agriculture within the EU, and to evaluate their scale, geographical distribution, and
quantitative significance where possible;

 

• WR�LOOXVWUDWH�WKLV�ZLWK�GHWDLOHG�FDVH�VWXG\�H[DPSOHV of the most significant environmental
impacts;

 

• WR�PDNH� DQ� LQLWLDO� FRPSDULVRQ� RI� WKHVH� ILQGLQJV� IRU� WKH�(8�ZLWK� WKH� NQRZQ� VLWXDWLRQ� RI
LUULJDWLRQ�LQ�DSSOLFDQW�FRXQWULHV�LQ�&HQWUDO�DQG�(DVWHUQ�(XURSH;

 

• WR� JHQHUDWH� DQG� EULHIO\� HYDOXDWH� D� VKRUWOLVW� RI� RSWLRQV� IRU� LPSURYLQJ� WKH� HQYLURQPHQWDO
LPSDFW�RI�LUULJDWLRQ�within the EU and to highlight sources of more detailed information
and analysis of these options.

 

 LL��0HWKRGRORJ\
 The study has involved five stages, as set out below.
 

• 6XUYH\�RI�,UULJDWLRQ�ZLWKLQ�WKH�(8��This included a literature survey of European and
some international research work, and circulation of a questionnaire to policy and
technical experts in all EU Member States, to ascertain the extent of irrigation within each
Member State. The data gathered pertains to the historic development, area covered, crop
cover and types of farming and irrigation practices involved; as well as the institutional
arrangements for delivery of irrigation, and economic trends, in each country. For the
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purposes of this survey, a classification of the main types of European irrigation has been
developed and used.

 

• $VVHVVPHQW� RI� (QYLURQPHQWDO� 3UREOHPV�� drawing upon information identified in the
literature search and gathered from responses to the questionnaire, the main
environmental impacts were identified, and assessed in terms of their current and likely
future importance for agriculture and the environment. Because much of this information
was qualitative in nature (for example, based upon expert opinion or a number of specific
cases), the assessment has been a predominantly qualitative one. We do not believe that it
is yet possible to make an exhaustive, quantitative assessment of these impacts throughout
Europe.

 

• )LYH�&DVH�6WXGLHV were selected from different Member States, to give a more detailed
and quantitative analysis, where possible, of the environmental impacts of irrigation upon
soils, water quantity and quality, microclimate, biodiversity and landscape. The case
studies also looked at different strategies for ameliorating the environmental impacts of
irrigation.

 

• $VVHVVPHQW� RI� ,UULJDWLRQ� LQ� $SSOLFDQW� &RXQWULHV: this involved a brief survey of
Central and Eastern European countries to assess the extent of irrigation and nature of
environmental impacts in these countries. The assessment has noted examples where the
differences in institutional, economic and political arrangements between these countries
and EU Member States have affected both the extent of irrigation and its impacts.

 

• 3UDFWLFDO� DQG� 3ROLF\� 6XJJHVWLRQV� IRU� $PHOLRUDWLQJ� (QYLURQPHQWDO� ,PSDFWV: this
section of the report has drawn upon the information gathered for the main survey and for
the case studies, and on discussion with key contacts in different Member States. A short
list of possible actions has been drawn up for each of the main impacts identified,
covering farm-level changes, institutional changes and policy adjustments at regional,
national or European level. The suggestions have been subject to a brief evaluation to
determine their ease of implementation and identify likely costs and benefits to agriculture
and to the environment.

 
 LLL��7LPLQJ
 The research for this project has been undertaken during the period January to December
1999. The final report of the project was completed in March 2000.
 

 LY��$FNQRZOHGJHPHQWV
 This study has been undertaken by David Baldock, Dr Janet Dwyer, Dr Jan-Erik Petersen and
Silke Einschutz at IEEP, and our partners Professors Jose Sumpsi and Consuelo Varela-
Ortega at the Polytechnical University of Madrid, and Dr Helen Caraveli at the University of
Athens. Dr Janet Dwyer was the project co-ordinator. We would like to express thanks to all
those experts and officials in each of the Member States who have given freely of their time
to help assemble and analyse the material presented in this report. Particular mention should
be made of key contacts in France and Portugal who prepared special reports on the situation
in their country as part of the project contribution organised through the Madrid partners. We
would also like to thank officials in DG Environment for their constructive comments and
assistance during the project period.   
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 &KDSWHU����,UULJDWLRQ�LQ�WKH�(8
 

 ��� 2YHUYLHZ�RI�:DWHU�8VH�DQG�,UULJDWLRQ
 
 There are wide variations between EU Member States with regard to water availability,
climate and aridity, leading to a heterogeneous agricultural water demand. The average annual
availability of water within the EU is in the region of 1,212 km3, equivalent to 3,326 m3 per
person per year (Eurostat). Adding the water supplied by neighbouring countries which share
a number of catchment areas, the total water availability reaches 1,303 km3 and 3,740 m3 per
person per year, respectively. However, the total volume available and the degree of reliance
on water supplies from neighbouring countries differ considerably between Member States.
 Hence, despite the adequacy of supplies for the EU as a whole, many EU regions face
problems of water scarcity (Strosser et al, 1999), and several rely heavily upon irrigation for
their agricultural production.
 
 This Chapter reviews the current pattern of irrigation in the Member States of the EU, as far
as can be determined from available statistics and specific ‘expert sources’. It covers the
purpose and relative importance of irrigation in the EU, its sources of water, trends in its
extent and use of water, and descriptions of the main technical types of irrigation found.
Finally, there is a section on the main institutional arrangements by which irrigation is
organised and a brief discussion of the related issue of water pricing. The intent is to provide
the reader with a relatively concise overview of the context for this study, within which our
more detailed examination of environmental impacts and potential policy solutions should be
set.
 
 It is important to recognise that in compiling the information in this Chapter, it has been
necessary to bring together a variety of incomplete data sources and to attempt to fill in the
gaps in the data through direct contact with experts and officials in the Member States. There
is no single, reliable and comprehensive source of data on irrigation in the EU from which we
could draw. As a result, several of the tables that we present contain figures from a number of
different sources. Also, the discussion of qualitative elements such as types of irrigation and
institutional arrangements has of necessity been kept relatively broad, because of the
difficulties of ensuring the equivalence of terminology at a more detailed level. The aim has
been to give a clear picture of main characteristics which are relevant to the environmental
and policy analyses which follow, rather than to present a thorough and exhaustive catalogue
of information. The latter would have required research which was way beyond the scale of
resources available for this study.
 
 3XUSRVH�RI�,UULJDWLRQ
 
 Irrigation can have two main purposes in relation to agricultural production:
 

• It can enhance the quantity of output;
• It can enhance the quality of output – for example preventing damage by temperature

extremes, dessication or related crop disease.

In arid and semi-arid areas of the EU, including much of Spain, Portugal, Italy, Greece and
southern France, irrigation allows crop production where water would otherwise be a limiting
factor. In more humid and temperate areas including Denmark, the Benelux states, north and
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central France, Germany, southern Sweden, south-eastern UK and eastern Austria, irrigation
provides a way of regulating the local amount and seasonal availability of water to match
agricultural needs. It thus reduces the risks to crops which can arise from unexpected climatic
events.

5HODWLYH�,PSRUWDQFH�LQ�WKH�0HPEHU�6WDWHV

In the Mediterranean regions, water has been used for agricultural purposes by successive
civilisations for several millennia and, today, irrigation is the principal user of water.
Irrigation for agriculture accounts for over 80% of total water abstractions in Greece
(Caraveli, 1999), 72% in Spain (Sumpsi and Varela-Ortega, 1999), 60% in Italy (Hamdy and
Lacirignola, 1999) and 59% in Portugal (Caldas, 1999). By contrast, in much of Northern
Europe agriculture uses relatively little water, while highly intensive water-consuming
industries such as cellulose and paper production take the biggest share of total water
consumption.

Table 1.1 illustrates these patterns with figures collected mainly by the OECD in 1997 and
1998. Unfortunately, these do not give a complete picture of water use in all the Member
States. The European Environment Agency reports that the total use of water by agriculture in
the EU is around 73 billion cubic metres per year, which represents approximately 30 per cent
of total water abstractions in the Union. Manufacturing industry accounts for 25 billion cubic
metres/year (10%), domestic supply for 35 billion cubic metres/year (14%) and cooling for
electrical power generation around 78 billion cubic metres/year (32%).

7DEOH������)UHVKZDWHU�$EVWUDFWLRQV�E\�0DMRU�8VH��SHUFHQWDJH�
0HPEHU�6WDWH 7RWDO

DEVWUDFWHG
LQ�ELOOLRQ
P��\HDU�


3XEOLF
:DWHU
6XSSO\

,UULJDWLRQ ,QGXVWU\�
H[FOXGLQJ
FRROLQJ

(OHFWULFDO
FRROLQJ

���� ���� ���� ���� ���� ���� ���� ���� ����
$XVWULD   2.2 33.3 31.0 8.5 8.9 20.7 21.3 37.4 38.7
%HOJLXP   7.0 - - - - - - - -
'HQPDUN   0.9 40.9 53.0 25.6 15.8 19.2 9.0 - -
)LQODQG   2.4 18.1 17.2 0.9 - 69.0 66.4 10.6 15.4
)UDQFH  40.6 15.9 14.6 12.9 12.1 11.1 9.7 60.2 63.5
*HUPDQ\  46.3 14.1 - ** - 23.7 - 62.2 -
*UHHFH   5.0 - - - 80.0 - - - -
,UHODQG   1.2 - 40.0 - 15.2 - 21.3 - -
,WDO\ 56.2 14.1 - 61**** - - - - -
/X[HPERXUJ   0.1 95.0 58.9 0.3 0.4 4.7 24.5 - -
1HWKHUODQGV
   7.8 8.0 - 1.0 - 4.0 - 87.0 -
3RUWXJDO   7.3 7.9 6*** 52.6 59.0 3.3 11*** 36.8 24***
6SDLQ  33.3 11.9 12.9 64.2 72.4 - 5.6 12.2 9.0
6ZHGHQ   2.7 32.9 35.0 3.2 3.9 37.5 27.7 0.9 2.5
8.  11.8 47.0 52.0 1.3 1.2 6.2 4.3 16.9 2.2

Source: OECD, 1998, *EEA, 1999 from OECD, 1997
** other sources of data estimate this proportion at around 3 per cent, with a lower figure for cooling
*** Caldas, 1999, **** OECD, 1997
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Table 1.2 shows the irrigated area in the EU Member States in 1993.

7DEOH����
0HPEHU�6WDWH ,UULJDWHG�DUHD

�µ����KD�������
,UULJDWHG�DUHD�DV�D
SURSRUWLRQ�RI�WRWDO
DJULFXOWXUDO�DUHD

Belgium-Luxembourg          1           0.1
Denmark      435         17.1
Finland        64           2.5
France   1,485           7.6
Germany      475           3.9
Greece   1,314         37.6
Austria         4           0.3
Ireland      <1     Insignificant
Italy   2,710         22.8
Netherlands      560         60.0
Portugal (1997)*      791         21.0
Spain   3,453         17.6
Sweden      115           4.1
UK      108           1.8

Source: FAO, 1995 and OECD, 1996, quoted in EEA, 1999, * Caldas, 1999

6RXUFHV�RI�,UULJDWLRQ�:DWHU

Abstraction from surface waters accounts for over 80% of irrigation abstractions in Greece
(Caraveli, 1999). Surface waters are also the main source for irrigation in Spain (68%,
Sumpsi HW�DO, 1999), France (80%, Ifen, 1997), Germany (c.75%, Strosser HW�DO� 1999), the UK
and Ireland. However, in Denmark, Sweden, the Netherlands, Austria and Portugal
abstraction is mainly from groundwater sources (ibid). In several Member States, either
ground or surface waters may be the dominant source of irrigation water at regional level –
for instance in France, where the Loire-Bretagne, Rhin-Meuse and Seine-Normandie regions
are heavily dependent upon groundwater sources for agricultural water supplies (Ifen, 1997).
Many coastal Mediterranean regions depend largely on groundwater sources for irrigation. In
Italy, the northern regions source their irrigation mainly from groundwater, while in the south
the use of surface water is widespread and large-scale surface-water transfers are found
(Hamdy and Lacirignola, 1999).

7UHQGV�LQ�,UULJDWHG�$UHD�DQG�:DWHU�8VH

Taken together, the published statistics and the results of our questionnaire to officials in the
Member States show a clear upward trend in the overall irrigated area in the European Union
over the past 40 years. However there is some evidence that this trend has slowed in recent
years, particularly in some Member States. Overall, the irrigated area in the EU grew from
approximately 6.5 million ha in 1961 to 11.6. million ha in 1996. However, the figures in
Table 1.3 indicate that the rate of growth fluctuated considerably over the thirty-two years
after 1961, and declined in the 1990s.

7DEOH�����,UULJDWHG�$UHDV�LQ�������KD
,UUL�JDWHG ,QFUHDVH�LQ�,$
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$UHDV��,$� µ�������SHUFHQW
���� ���� ���� ���� ���� ���� ����

6SDLQ 1,950 2,379 2,818 3,029 3,217 3,402 3,453   177
,WDO\ 2,400 2,400 2,400 2,400 2,425 2,711 2,710   113
)UDQFH
   360    539    661 870 1,050 1,476 1,468   413
*UHHFH   430    730    875 961 1,099 1,195 1,314   306
3RUWXJDO   620    622    625 630 630 **871 **791   128
1HWKHUODQGV   290    380    430 480 530 555 560   193
*HUPDQ\   321    419    448 460 470 482 475   148
'HQPDUN    40     90    180 391 410 430 435 1,088
6ZHGHQ    20     33     45 70 99 114 115   575
8.   108     88     86 140 152 164 108      0
7RWDO�IRU
WKHVH�VWDWHV 6,539 7,680 8,568 9,431 10,082 11,400 11,429   175
*URZWK
�µ����KD�\U� 127 178 173 130 264 10
Member States are ranked in decreasing order of irrigated area in 1993. Those with irrigated areas less than
100,000 ha in 1993 are not included.
Source: FAO, * ,IHQ, 1997, **Caldas, 1999 (these figures are for 1989 and 1997)

Table 1.4 indicates how the volume of freshwater abstractions for irrigation has grown in
absolute terms in some Member States, but declined in others, over the period since 1980. In
most Member States where data is available the proportion of total abstractions allocated for
irrigation has increased since 1980.

7DEOH�����)UHVKZDWHU�$EVWUDFWLRQV�IRU�,UULJDWLRQ��E\�0HPEHU�6WDWH
7UHQG
LQ
YROXPH�
�����

$EVWUDFWLRQV�IRU�LUULJDWLRQ��PLOOLRQ
P���\HDU�

,UULJDWLRQ�DV�D�SHUFHQWDJH�RI
WRWDO�DEVWUDFWLRQV

���� ���� ���� ���� ���� ���� ���� ����
$XVWULD ,QFUHDVH 50.4 55.1 200.6 200.2 2.3 2.6 8.5 8.9
%HOJLXP 6WDEOH 18.1 - - 18.1 - - - 0.2-4 #
'HQPDUN 'HFOLQH - - 300.3 140.1 - - 25.6 15.8
)LQODQG ,QFUHDVH - 20.0 21.1 58.5 - 0.5 0.9 2.4
)UDQFH ,QFUHDVH 4,388.0 4,466.9 4,939.0 4,917.6 12.5 12.8 12.9 12.1
*HUPDQ\ � - - - - - - - 3-4 #
*UHHFH
 ,QFUHDVH 4,158.0 - - 5,659.2 82.5 - - 80.5
,UHODQG ,QFUHDVH 129.50 - - 142.3 12.1 - - 15.2
,WDO\ 6WDEOH 32,202.6 - - *32,310 57.3 - - *71.8
/X[HPERXUJ 6WDEOH - - 0.2 0.2 - - 0.3 0.4
1HWKHUODQGV � - - - - - - - 1-34 #
3RUWXJDO ,QFUHDVH - 2,646* 3,833 - - - 52.6 48-79 #
6SDLQ 9DULDEOH 26,227.4 30,386.0 23,689.8 24,100.5 65.7 65.7 64.2 72.4
6ZHGHQ ,QFUHDVH 65.7 95.0 95.0 106.3 1.6 3.2 3.2 3.9
8. ,QFUHDVH 87.0 77.7 185.1 141.0 0.6 0.6 1.3 1.2
(8��� ,QFUHDVH - - - 69109.6 - - - 30.1
Source: OECD 1996, Blue Plan (developed within the framework of the Mediterranean Action Plan and
convention for the protection of the marine environment and coastal region of the Medierranean sea – Barcelona,
1976) and EEA, 1999, *Caldas, 1999
# There are some significant data discrepancies between the different sources used to compile this table, in
relation to these particular figures, hence the full range of values is given here

7\SHV�RI�,UULJDWLRQ�3UDFWLVHG�±�$�7HFKQLFDO�DQG�3K\VLFDO�7\SRORJ\
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The principal types of irrigation found in the EU can be divided according to four main
WHFKQLFDO� DQG� SK\VLFDO� FULWHULD�� The environmental impacts of particular systems depend
greatly on these characteristics, as well as the specific conditions at the location concerned.
The four criteria are:

A. technical characteristics
B. water source
C. time-related characteristics
D. crop types

7KH�NH\�WHFKQLFDO�FKDUDFWHULVWLF of an irrigation system concerns whether the supply depends
upon pressure or gravity:

• With pressure systems include sprinklers and drip irrigation systems
• Gravity (without pressure) systems include whole-field/sheet irrigation (flooding of fields)

and furrow irrigation (using shallow channels to carry the water into fields).
 
 :DWHU�VRXUFHV for irrigation are usually of three kinds:
 

• groundwater (eg using wells or boreholes)
• surface water sources on-farm, including abstractions from farm reservoirs or rivers,
• surface water sources off-farm, where water is brought from more distant sources such as

rivers and reservoirs, often via large-scale water distribution infrastructure.
 
 7LPH�UHODWHG�FKDUDFWHULVWLFV�of irrigation include:
 

• permanent irrigation (practised all-year and every year to produce crops)
• support irrigation (practised mainly in short periods during the dry/peak growing season,

but still used every year)
• temporary irrigation (practised only occasionally, in those years where there is a water

shortage)
 
 &URS�W\SHV – different crops are subject to irrigation at varying levels of intensity. Four main
categories can be distinguished:
 
 ‘Extensive crops’ (E): these are generally lower value or permanent crops for which irrigation
is used mainly in arid regions to stimulate enhanced growth and productivity, at a fairly low
level, eg
 

• permanent grassland
• permanent crops (including olives, vines and citrus/apple orchards)
 
 ‘Semi-intensive crops’ (S): these are generally lower value crops where irrigation is more
widely used to improve growth rates and productivity, either on a seasonal basis at times of
peak demand (notably in northern Member States) or for most of the cropping period. Rates
of water use are generally higher than for extensive crops, eg
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• sown or temporary grassland or alfalfa (less than 5yrs old)
• cereals or oilseeds
• maize (noted separately because it has different growth characteristics to other cereal

crops, and is associated with greater environmental risks)
 
 ‘Intensive crops’ (I): these are generally high value crops where irrigation can be critically
important to maintain yields and quality and it is therefore more intensively applied to the
crop, eg
 

• root crops (potatoes, sugar beet, swedes)
• industrial crops (cotton and tobacco)
• open air horticulture (salads, green vegetables grown in the open)
• glasshouse production (salads, tomatoes, many other vegetables grown intensively under

glass in controlled environments);

‘Saturated crops’ (R): where water is used to flood fields in order to facilitate the production
of crops which require saturation conditions, eg rice.

Note: in this typology, the use of the word ‘intensive’ is not meant to refer to other input use
in addition to water. Depending on the Member States considered, crops which are classified
here as extensive or semi-intensive (eg managed grassland and maize) might be classified as
intensively managed, if the term were used in relation to the levels of chemical inputs
(fertilisers and pesticides).
 
 Table 1.5 indicates the occurrence of these types of irrigation by EU Member State.
 
 7DEOH�����7\SHV�RI�,UULJDWLRQ�E\�0HPEHU�6WDWH
 &RXQWU\  7HFKQLFDO  :DWHU�VRXUFH  7LPLQJ  &URS�W\SHV
 Greece  Sprinklers dominant, with

and without pressure, drip
irrigation increasing
slowly esp on tree crops,
vines and horticulture

 Mainly surface
(85% nationally),
often mixed, with
regional variations

 Support irrigation –
from late spring to
early autumn

 E – tree crops,
 S- maize,
 I – cotton, beet,
horticulture, vines
 (traditionally: trees
and horticulture)

 Spain  60% gravity
 (furrows and flooding) –
widespread in many areas,
traditional
 24% sprinklers, esp in
plateau/inland areas
 17% drip irrigation, esp in
Mediterranean coastal
areas

 71% surface,
 28% aquifers
 1% return flows
 <1% purified
 <1% desalinised
seawater

 Generally
permanent or
support in most
regions.
 Where there is
enough rainwater,
irrigation is
temporary, eg in
Cantabria and
Asturias

 Continental areas –
E/S/I: maize, beet,
cereals
 Mediterranean –
E/I/R: citrus,
horticulture, rice
 South – all types:
maize, tobacco,
rice, horticulture,
olives, fruit

 Portugal –
 North/central
 Southern/
coastal

 
 Mainly gravity
 Increasingly sprinklers
and drip systems

 
 Surface
 Surface and ground

 
 Permanent
 Permanent

 
 I Intensive
 S/I/R: Semi,
Intensive, and rice

 Italy  Sprinklers 33%
 Flooding 4%
 Gravity 51%
 Drip irrigation 10%

 Ground 28%
surface 72%
 Groundwater in
north, surface in

 Mainly permanent
in South, support in
north

 Olives, vines, fruit
trees, field crops,
horticulture
 Cereals, maize, rice
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 south with some
groundwater in
coastal areas

 France  Sprinklers 85%(arable)
 Gravity 10% (rice, arable)
 Drip 5%(horticulture and
tree fruit)

Ground  62%
Surface  26%
Mixed 12%

Mainly support,
some temporary,
some permanent in
south

Grain maize 45%
Forage crops 11%
Other arable 18%
Sugar beet 2%
Potatoes 2%
Horticulture 8%
Vines 1%
Tree fruit 9%

 UK  Sprinklers/rainguns  Ground and
 Surface

Mainly temporary
and support

Mainly potatoes,
some beet

 Germany  Mainly sprinklers, some
drip in Rheinland and
Hessen

 Mainly ground,
 Surface in
Rheinland and some
in East

Support irrigation Intensive cropping
(horticulture,
mainly) and some
semi-intensive

 Netherlands  West and north: gravity
 
 East, central and south:
sprinklers
 Glasshouses: sprinklers
and drip

 Surface rivers/lakes
 
 Groundwater
 
 Mainly surface,
some ground, long
distance surface

Permanent

Support

Permanent

Grass and arable,
some  vegetables
Arable, horticulture,
grass
Glasshouse
horticulture,
intensive

 Belgium  Sprinklers  Ground
 Surface

Support and
temporary

Mainly semi-
intensive/intensive,
eg Horticulture,
maize

 Austria  Sprinklers, some drip
systems

 Mainly ground
 Some surface

 Support and
temporary

 Beet, horticulture,
Vineyards, soft fruit

 Denmark  Sprinklers and some drip  Ground 95%
 Surface 5%

 Temporary, some
support

 Mainly semi-
intensive and
intensive – maize,
horticulture,
glasshouses

 Luxembourg  Sprinklers  Ground  Temporary, some
support

 Not specified

 Sweden  Sprinklers  Ground 25%
 Surface – lakes
rivers and farm
reservoirs 70%
 Treated waste 5%

 Support  Extensive 20%
 Semi 20%
 Intensive 60%

 Finland  Sprinklers  Surface – lakes and
rivers

 temporary  Some semi-
intensive but mainly
horticulture –
potatoes, beet and
vegetables

 Ireland  Sprinklers  Surface – lakes and
rivers

 temporary  Some early potatoes
and vegetables, soft
fruit

 Sources: Expert/official responses to IEEP questionnaire, 1999
 
 7\SHV�RI�,UULJDWLRQ��,QVWLWXWLRQDO�$UUDQJHPHQWV��DQG�:DWHU�3ULFLQJ
 
 The use of water for agriculture is subject to a variety of controls and institutional conditions
within Europe, the nature of which depends on the distribution of property rights as well as the
organisation of the irrigation system. An appreciation of these institutional characteristics is
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important not only in defining the systems and evaluating their environmental impact, but also in
considering options for regulating them in future. No authoritative account of this topic at a
European level was discovered during the course of the study and it was necessary to rely on
disparate sources of information. However, a simple four-fold categorisation was used to assist the
analysis, as follows.
 

• Systems involving unregulated, private abstractions from one water source (ground or
surface) by small producers without any external (off-farm) control;

• wholly public controlled and operated irrigation systems, where collective management is
possible and off-farm measures to control on-farm water use may be implemented
wherever necessary;

• Public administered systems where the rights to abstract water may be given or sold by
public authorities to private individuals or businesses, either for a limited time and
quantity of use, or without specific conditions to limit either of these parameters. In some
cases, water use rights may be transferable between landholdings, whereas in others they
are tied to specific areas of land. These systems give some degree of management control
to public authorities but many individual decisions about abstraction remain with the
users;

• Privately controlled systems where water user groups collectively control and manage
individuals’ use of irrigation water, without any state intervention.

 
 These institutional conditions commonly vary at sub-national level, so that in some Member
States there will be areas of public irrigation, others of public administration of private use
rights, and further areas where irrigation remains virtually unregulated. However, the current
trend appears to be towards an increasing use of systems whereby water is owned by the
public and administered by public regional, provincial or water-basin management
authorities, while the rights to abstract water are controlled through permits or licences issued
to individual or collective ‘private’ users. Only in those countries where water use for
agricultural irrigation remains very low, is irrigation still likely to be totally unregulated (eg
Republic of Ireland).
 
 In the southern Member States in particular, public and collective structures for the provision
and management of irrigation infrastructure have been an important influence upon the spread
of irrigated agriculture in recent decades. Many such structures have been established or
supported with EU funding, often through the Structural Funds for regional development, and
the Cohesion Fund.
 
 Under the forthcoming Water Framework Directive, all Member States will be obliged to
move towards the planning and management of water resources at a catchment level. This
should help to increase the management of irrigation water through a common scale of
planning in all the Member States. However, the variety of institutional arrangements for
collective management is expected to remain.
 
 Water pricing is an issue which has received much attention from policy makers in recent
years. In overview, most Member States already operate charging systems for water
abstraction, through the issue of permits or licences to abstract, or through more general user
charges to contribute towards the maintenance of the collective irrigation infrastructure. In
most cases, neither the cost of permits or licences nor more general charges tend to be set at
levels which reflect the real resource cost to the environment of the water used in irrigation.
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However, it is generally the case that in systems involving private abstraction, the users fund
the full cost of setting up or maintaining irrigation infrastructure, whereas in large scale
public irrigation systems these costs are frequently borne, in whole or part, by the public
sector.
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 &KDSWHU����&RXQWU\�3URILOHV
 
 This Chapter gives additional information from our investigations within the Member States
in order to paint a picture of the great variety of irrigation across the EU. For each Member
State a short profile is given of contemporary irrigation and trends, illustrating regional
variations and links with agricultural change. Where available, information is also provided
on the institutional arrangements for irrigation and the issue of water pricing.  
 
 We have chosen to group Member States broadly following a typology developed by the
 OECD (1998), which divides countries into three main groups according to the role and
potential productivity of irrigated farming:
 

• A: countries or regions which have arid climates that make irrigated agriculture much
more productive than dry-land agriculture. In many cases, therefore, irrigation is a long-
established feature of some kinds of agriculture and it is often one of the principal users of
water. EU regions where this applies would include most southern and Mediterranean
areas, with a few exceptions. Therefore the countries we have included in this group are
*UHHFH��6SDLQ��3RUWXJDO�DQG�,WDO\. However, the characteristics of this group could also
apply to southern France and some parts of south-eastern Austria, and there are parts of
Spain and Italy, in particular, which do not conform to this particular group definition.

 

• B: countries or regions in which irrigation is carried out mainly as a complement to
natural rainfall, which is otherwise generally sufficient for productive agriculture. In these
countries or regions the areas of irrigated agriculture tend to be increasing, as farmers
invest in irrigation equipment primarily in order to reduce risk and increase yields of
certain more drought-prone crops such as maize, vegetables and industrial crops. In the
EU, areas falling into this group would include northern France, England, many parts of
Germany, the Netherlands, Belgium and much of Austria, as well as northern Italy. We
have therefore put� WKH� 8.�� %HOJLXP�� 1HWKHUODQGV�� $XVWULD�� *HUPDQ\�� 'HQPDUN� DQG
)UDQFH�into this group�

 

• C: countries in which irrigated agriculture is negligible, or is generally limited to
horticultural production in the summer time. EU countries assigned to this group are
6ZHGHQ��)LQODQG��,UHODQG�DQG�/X[HPERXUJ�

 
 *URXS�$
 
 Common features of the countries belonging to this group include:
 

• strong inter-sectoral competition for water resources;
• wide differences in net agricultural returns, depending on whether or not irrigation takes

place;
• long and deep involvement of public agencies in water works and/or irrigation projects;
• increasing difficulties in preserving the environmental quality of waterways without

reducing the quantity available to users;
• increasing costs of generating new sources of water supply.
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 In these countries, irrigation is generally perceived as a vital means of promoting economic
development. In many regions, irrigated farming provides the basis of economic and social
activity, and water-based agriculture is a significant contributor to local employment and
economic prosperity (OECD, 1998). However, the factors listed above also mean that in some
areas, the further expansion of irrigation has now been limited in an effort to re-balance
priorities for the use of scarce water resources.
 
 *UHHFH�(Caraveli, 1999)
 
 *HRJUDSK\
Greece has a combination of mountains and plains, with a relatively high proportion of poor
soils. High levels of precipitation deficit result in prolonged periods of drought in many parts
of the country. Geomorphology, geological structures, uneven distribution of rainfall in space
and time and diminishing precipitation have all resulted in a scarcity of water during the peak
period for irrigation.

)DUPLQJ�DQG�LUULJDWLRQ
There is a dominance of small-scale farms, but there have been significant changes in land
use and structure of farm production in the past 20 years due to EU and national farm policies
and changing market demands. There is an increasing area of industrial and other
monoculture crops, subject to highly intensive production methods and a significant use of
water for irrigation. This has led to the displacement of traditional variety in cropping, but
also an impressive increase in crop yields. Irrigation was initially limited to horticulture and
tree crops, but has now expanded to areas occupied by arable crops such as cotton, maize and
sugarbeet. Vine cultivation also increasingly takes place on irrigated land.
 
Agricultural irrigation uses 83% of water supplies in Greece. Surface water accounts for
around 85% of the total quantity of water used, of which one-third has its origin outside the
country. 1,202,116 ha were irrigated in 1991 (approximately 34% of total cultivated area),
using 5,355 million m3 of water. The average use of water in cubic metres per ha per year for
the total irrigated area generally ranges between 5,000 and 8,000 m3.
 
 7UHQGV
Between 1963 and 1996, irrigated areas increased from 15% to 38% of the total agricultural
area – a mean annual increase of 2.5%. The increase was highest in the plains, where irrigated
areas grew from 17% in 1963 to 45% in 1996. In semi-mountainous areas, the increase was
from 11% to 24%. The area irrigated remained almost constant or decreased in Greece’s
mountainous areas.
 
 7\SHV
During 1985-1992, the number of holdings with modern irrigation systems more than
doubled. Sprinklers remain the dominant irrigation technology in Greek agriculture, while
considerably slower adoption rates have been observed in drip irrigation. Traditional
irrigation systems are more important in areas where irrigated land forms a small proportion
of cultivated land.

No specific connection between geographic region, irrigation technology and type of crop can
be drawn and in most regions of Greece and for most crops, all types of irrigation systems can
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be found. Both groundwater and surface water sources are used and, in some cases, a small
proportion of water is drawn from springs.

For all crop types and regions, the dominant system is support irrigation, lasting from late
Spring to early Autumn. However, rice production in saturated systems is also a feature of
some areas.

,QVWLWXWLRQDO�$UUDQJHPHQWV
Law 1739/89 on the “Management of Water Resources” constitutes the current legislative
framework for the management of water resources on a national and regional level. Under
this law, Greece is divided into 14 water districts. Any legal entity or person must obtain a
license for the use of water. This license is given free of charge.

The body responsible for the co-ordination and monitoring of activities related to research,
use and protection of water resources is the Ministry of Development, in co-operation with
other ministries which are responsible for specific sectors.
 
,WDO\�(Hamdy and Lacirignola, 1999, Ministry for Agricultural Policy Innovation, 1998)
 
 *HRJUDSK\
A wide diversity of ecosystems and landscapes can be found in Italy, partly due to the range
of rainfall and climatic conditions reaching from Mediterranean to Alpine and Continental.
Rain is relatively abundant, with an average rainfall of 1000mm per year, but not evenly
distributed between seasons and regions. High evapotranspiration during the long, dry
summers causes significant losses, estimated to be 140 billion m3 per year. The differences
amongst regions are particularly pronounced, especially between the industrialised, affluent
north and the less developed south: two thirds of groundwater resources are in the north.

,UULJDWHG�IDUPLQJ
In 1998 about 41% of the land area was used for arable agriculture and permanent crops. 27%
of farms in Italy were irrigated over a total of 2.6 million ha, about 18% of the utilised
agricultural area. Just under two thirds of the irrigated area is in the northern regions,
involving 34.9% of farms with an average area of 6.5 ha. In the centre, only about 17.9% of
farms are irrigated, whereas in the south the practice is carried out on 25% of farms with a
total area of 758,000 ha, equivalent on average to 2.2 ha per farm. The total national
freshwater abstraction per annum is 56 billion m3, 60% of which is used for irrigation.
 
 7UHQGV
A statistically significant increase in irrigable areas occurred in the period 1980-96 (+25,000
ha/year, overall). However, since 1990 there has been a significant drop in the number of
farms involved (-23%), whilst the area irrigated fell slightly over the six years to 1996.

Total water withdrawal is high and has reached the maximum desirable level in places.
National water requirements for 2000-2015 are predicted to be 53,5 billion m3 per annum, a
31% increase compared to the 1980s. Fifteen per cent of this increase is predicted to be in the
agricultural sector. About 66% of irrigation water will come from rivers, 6% from reservoirs
and 28% from wells, springs and other water points.
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 7\SHV
 Irrigation in Italy takes the form of permanent or support irrigation. The water source is
mostly groundwater in the north, and surface water in the south.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
The Ministry of the Environment is responsible for water management. Regional government
passes regional water management legislation, monitors water resources and draws up
resource inventories. Under the Merli Law it is required to formulate regional water
purification plans which set priorities for investments in water supply and wastewater
treatment. The role of provincial government is to issue permits for municipal waste-water
discharges and to verify compliance by monitoring and keeping records of discharges into
natural waters.

There are also some special-purpose bodies active in the field of water resource management
and development. Law 183/1989 on the integration of water and soil management defined
three classes of river basins and mandated the establishment of river basin authorities for
them. There are six national basins, 15 regional basins, and 17 inter-regional basins. The role
of the river basin authorities is to co-ordinate land and water use throughout their basin. There
are also drainage and irrigation consortia and mountain watershed consortia. These are public
bodies under regional control which can submit proposals for works to river basin authorities.
 
 3RUWXJDO�(Caldas, 1999)
 
 *HRJUDSK\
The Portuguese landscape is characterised by a marked contrast between the mountainous
north of the country and the great plains of the southern region, and corresponding differences
in climatic conditions. Average annual precipitation is 990mm for the whole of the country,
with a maximum of 2000mm in the Noroeste region and less than 300mm in the regions Beira
Interior and Alentejo. The frequency of rainfall also varies between these regions, typically
150 and less than 50 days respectively.
 
 )DUPLQJ�DQG�,UULJDWLRQ
The total irrigable area covers 21% of the total agricultural area, but varies between a
maximum of 76% and a minimum of 7% among the different regions. However, not all this
area will be irrigated in any one year. Between the late 1930s and mid 1970s, the government
built irrigation systems to provide water to irrigate 75,000 hectares of farmland. However, the
irrigated area never exceeded 60% of capacity, and these systems now account for only 7% of
the total irrigated area in Portugal.

7UHQGV�LQ�8VH
Between 1989 and 1997, the total actual irrigated area in Portugal has decreased by 9%, while
the average area irrigated per project has slightly increased. The annual increase in potentially
LUULJDEOH� areas has been limited and remains below 1,000 ha/year (Strosser et al, 1999).
Despite this, the trend for irrigation systems and potential irrigation water use in Portugal is
increasing, with some major plans to increase the irrigated area.
 
 7\SHV
 Sprinklers, drip systems as well as sheet irrigation are applied. In most cases on-farm surface
water is used, but also some groundwater. Irrigation is permanent.
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 ,QVWLWXWLRQDO�$UUDQJHPHQWV
 Public bodies or private individuals can own water resources in Portugal. Water is defined as
publicly owned if it comes from lakes and lagoons, navigable channels, rivers and streams, or
springs on public land. Water from springs on private land is also public property if it flows
to public water sources. Private water includes all other water from sources on private land,
including groundwater. Traditionally there were no charges for public water use, but there
were restrictions – including controls on pollutant discharges, breach of which could lead to
fines and other penalties. Private owners of water were free to use and manage it with few
controls (Caldas, 1998).
 
 On completion of the major public investments in new irrigation between the 1930s and
1970s, water use was to be subject to charges levied by the state and by collective water
management groups. Until the mid-1970s, these charges proved sufficient to cover the
operational costs of the system but not to recoup the initial investment costs.
 
 Even today, about 90 per cent of Portuguese irrigated areas are supplied by private irrigation
systems, although major public investment in additional irrigation is planned, over the next 7
years, which will supply a further 115,000 ha of farmland by damming the river Guadiana in
Alentejo (Strosser, SHUV� FRPP). Among the public irrigation systems, charging is now
common but charges are frequently too low to encourage efficiency in irrigation practices
(Caldas, LELG).
 
 �6SDLQ�(Sumspi and Varela-Ortega, 1999)
 
 )DUPLQJ�DQG�,UULJDWLRQ
An important characteristic of irrigated land in Spain is its farm structure. About 86% of
irrigated farms have fewer than 10 hectares. In a large part of the traditionally irrigated areas,
the average plot has an area of less than half a hectare while most farms have under 2
hectares.

Some irrigated lands are of marginal importance in the agricultural economy but play an
important role in the rural world, in leisure and in the landscape. These include family kitchen
gardens, where agriculture has nothing to do with commerce, and irrigated mountain pastures
which are very important in the heads and high basins of the valleys, to provide winter food
for the many cattle that sustain both the landscape and the regional economy and culture.
 
 &RQWHPSRUDU\�,UULJDWLRQ
In 1999, the land cultivated by irrigation covered 3.7 million ha, that is 14.5% of useable
agricultural land and 55% of total agricultural production. Irrigation today represents 80% of
the total water demand in Spain and nearly 90% of actual water consumption.

7\SHV
Most of the water used for irrigation comes from surface water sources (68%). Another
important share of water used in agriculture comes from aquifers (28%). Water is transferred
to areas of greatest need where the surface and subterranean resources are insufficient. The
water is transported from areas where there is an ‘excess of water’ to areas of need,
sometimes hundreds of kilometres distant. In coastal areas where rainfall is low, the aquifers
are over-exploited, and there is no possibility of water transfer, desalination plants are used.



17

The desalinisation process is very costly and therefore is only used in high value agriculture
in a few localised areas. These include the coastline of Murcia and Almeria, and the Canary
Islands, where fresh vegetables, fruits and flowers are grown in irrigated systems both in the
open air and under glass, mainly for export.  

Most of the irrigated land in Spain, almost 60% of the total, uses irrigation by gravity. The
next most common method is sprinklers. Crop types irrigated include a wide variety, from
permanent crops (olives, citrus) through annual crops (wheat, maize, rice) to a large number
and area of horticultural crops, including a substantial area of glasshouse horticulture in the
southern coastal regions. A significant proportion of irrigation is year-round, rather than
seasonal.

Three main groups of irrigated land can be distinguished:

• historical or traditional systems set up before 1900, covering about 1.2 million ha.
They are located in the most fertile river plains and irrigation is carried out by surface
water through gravity;

• state initiative irrigation systems covering 1.1 million ha with complex, government-
funded infrastructure;

• private initiative irrigation systems with mostly subterranean water resources with
direct elevation, totaling 1.1 million ha.

 7UHQGV
The increase in potentially irrigable area in Spain was significant up until 1980 (almost
+60,000 ha/year), but has fallen sharply since. The irrigable area rose by only +34,000 ha/year
over the period 1980-1996 and there has been no statistically significant trend in the 1990s.
Overall, the irrigable area in Spain increased by 80% over the period 1961-1996 (Strosser et
al, 1999).

Irrigated agriculture is at present being overhauled as a result of the scarcity of water and the
demands caused by the increase in second homes and other tourist development. The
profitability of future irrigation development is now doubtful, especially in areas where its
agricultural products are relatively low-value. The impact on the environment of both
infrastructure and the use of irrigation is another factor which raises doubts about the prospect
of any new big irrigation projects.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
Since 1982 the delivery of irrigation has been the responsibility of regional governments. It
remains the task of the national government, however, to establish the general criteria for the
planning of irrigation. In Spain, the ownership of water is public, so there are no private
property rights. In contrast, the use of water is private so that there are rights of use; the River
Basin Agency grants user concessions which are based upon estimates of available water in
River Basin Hydraulic Plans. The user concessions are temporary - no longer than 75 years -
and they must respect a certain order of preference.

The current Water Act of 1985 requires that hydrological planning will be carried out through
the River Basin Hydrological Plans and the National Hydrological Plan, which will be drawn
up in coordination with the different planning authorities affected by it. The River Basin
Hydrological Plans “will include the basic obligatory norms for improvements and
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transformations into irrigated land, which will ensure the best use of the water resources and
lands available”.

• The users of water and other beneficiaries from the same outlet or concession form Users’
Associations. Where water is used mainly for irrigation these become Irrigators’ Associations.
The Statutes of these Associations are drawn up and passed by the users themselves. They
regulate the organisation of irrigators and establish standards for the distribution and control
of the use of irrigation water, as well as penalties. They also regulate the use and maintenance
of the hydraulic systems, as well as the corresponding fees and charges. Each Irrigators’
Association is responsible for addressing any problems that arise within its irrigation district.
There are Irrigation Juries to resolve disputes which, if presented to the Administration,
would paralyse the judicial and administrative services of the River Basin Agency
(Hydrigraphic Confederations).

Two other elements of water law are also relevant to irrigation: the laws on water transfer and
the Spanish-Portuguese agreement on shared water.

Spanish water laws distinguish between water transfers on-basin (within a basin) and off-
basin (between different basins). The former do not need any specific legal regulation while
the latter are covered by law (Articles 43 and 44 of Spanish Water Law).

In Spain there are several off-basin water transfers: the Tajo-Segura (regulated by Law
21/1971), Tajo-Daimiel to transfer water from the Tajo river to Tablas de Daimiel National
Park (Law 13/1987), the Ebro-Nervión (Law 24/1977), Ebro-Besaya (Law 12/1978), Ebro-
Tarragona (Law 18/1981) and Guadiaro-Guadalete (Law 17/1995).

The main issues regulated by water transfer laws are:
• management rules on water transfers,
• institutional arrangements to exploit water transfers,
• economic and financial aspects of the transfer arrangements,
• transferred water distribution among users, and
• definition of property rights in relation to transferred water.

The Spanish-Portuguese agreement on shared water was signed in November 1998
("Convenio sobre cooperación para la protección y el aprovechamiento sostenible de las
aguas de las cuencas hidrográficas hispano-portuguesas"). It extends the scope of prior
agreements (in 1964 and 1968) which regulated only the hydroelectric use of water in the
shared rivers of the two countries. The current agreement extends the co-operation between
Spain and Portugal to new fields including the improvement of water quality, preventing the
effects of drought and floods and polluting accidents, and providing for information and
knowledge exchange concerning the status of water in the rivers.
 
A�3ODQ�1DFLRQDO�GH�5HJDGLRV (National Irrigation Plan) will become law within the next few
months. This Plan sets out the need for investment to provide for the improvement and
modernisation of already irrigated land. Within each autonomous region it will be the regional
government that decides the location of new irrigation lands assigned in the National Plan.
Public funding will be provided equally by the Nation’s General Budget and by the funds of
the respective autonomous region.
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 *URXS�%
 
 Group B consists of countries in which irrigation is still expanding. However, each country’s
institutional framework follows somewhat different paths.
 
 )UDQFH�(various sources as cited in references)
 
 )DUPLQJ�DQG�,UULJDWLRQ
Agriculture and forestry cover 85% of the total land area in France. The sector therefore
exerts strong pressures on the quality of natural resources, biodiversity and landscape. At the
end of 1995, there were 734,800 farms in France, 66,000 fewer than in 1993. Since 1970, the
total area in agricultural use has been declining, by an average of 100,000 ha per year, but the
average size of farms has increased. Despite the declining land area used for farming, the
volume of production increases each year.
 
 The existing pattern of irrigation reflects three very distinct situations:
• the Mediterranean areas with highly subsidised collective, public irrigation schemes for

fruit and vegetable crops which receive little CAP support;
• the Centre, East/Alsace and Poitou-Charentes regions with mainly individual schemes,

where investment costs are mainly borne by the farmers but the crops are CAP-
subsidised;

• The South-West with combined (individual/collective, public) access to water and
relatively well subsidised crops.

 
 7UHQGV
France shows the highest increase in irrigated area of all EU Member States, totalling
+25,000 ha/year between 1961 and 1980, +48,000 ha/year between 1980 and 1996 and even
reaching a maximum of +59,000 ha/year in the 1990s. The largest increase was in the Poitou-
Charentes region, where irrigated areas grew tenfold during the full period 1961-1996
(Strosser et al, 1999).

The rise in irrigated acreage is connected with changes in crop type. In 1975, 41% of irrigated
land was used for market gardening, horticulture and orchards. This figure had fallen to 27%
by 1995. 43% of irrigated land is now used for growing maize, followed by soya beans and
sunflowers (Rainelli & Vermersch, 1997). There is a linkage between these trends and the
various EC support regimes, in that France has applied different reference yields to determine
the levels of CAP area payment for irrigated and unirrigated crops, thus increasing the
incentive to apply irrigation.
 
 ,QVWLWXWLRQDO�DUUDQJHPHQWV
Two main laws govern water institutions in France: the Loi of 16 December 1964 and the Loi
of 3 janvier 1992. The first of these recognised the unity of water resources and the
interdependence of its uses, creating a supreme authority charged with defending the general
interest in water, and responsible for delegating water management, within the Ministry of the
Environment. The second law established the principle that water is a public good, and gave
the state the unique responsibility for regulating water use and management.
These laws created two levels of 6FKpPDV�G¶$PpQDJHPHQW�HW�GH�*HVWLRQ�GHV�(DX[, which are
voluntary contractual mechanisms bringing together water users into collective units for water
management and distribution. Five year plans for water use are established through�6FKpPD
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'LUHFWHXUV�G
$PpQDJHPHQW�HW�GH�*HVWLRQ�GHV�(DX[��6'$*(��which operate at the scale of the
river basin. SDAGE fix quality and quantity targets for water use and define how these are to
be achieved, under the direction of the $JHQFHV� GH� O
(DX and the 'LUHFWLRQ� 5pJLRQDOH� GH
O
(QYLURQQHPHQW (DIREN). Then at a local/sub-basin level, SAGE are established within the
framework of the SDAGE.� In addition, the state administration has established &RPLWpV
/RFDX[�GH�O
(DX��CLE) which are responsible for overseeing the activities of the SAGE.

Any landowner wishing to irrigate farm land must obtain an authorisation to abstract water,
which specifies how much water can be taken from which sources. Authorisations can be
given to individuals or to collective groups such as $VVRFLDWLRQV�6\QGLFDOHV�$XWRULVpHV��$6$�
or companies such as the regionally organised�6RFLpWpV�G¶$PpQDJHPHQW�5XUDO��6$5��

Associations or companies who are given authorisations to abstract must meet public interests
in water use and management as well as those of their irrigator-members. ASAs are generally
responsible for relatively small areas of irrigated land with a few dozen farmer members in
each. One of their responsibilities is to administer water abstraction charging of their
members. However, these charges frequently fail to cover more than the ongoing costs of the
ASAs themselves, and thus provide little incentive to increase the efficiency of irrigation.
SARs are a more recent creation than ASAs and they are granted a 75 year concession to
operate water management and distribution services for a variety of user members, be they
individuals, local collectivities, or industrial users. However, as private companies, their main
objective is to cover their own financial costs. There are 3 SARs in France at present, in
Provence, Bas Rhone-Languedoc and the Gascogne coast. Again, they influence the use of
water in irrigation by means of a variety of charges to users.

For the strategic oversight of water management, France is divided into six ‘grands bassins’,
for each of which there is a Comité de Bassin with responsibility for ensuring that water use
balances the interests of different users, the state and the wider environment. The AJHQFHV�GH
O
(DX are their executive agencies. The Agences have to take into account the non-commercial
value of water resources and take action to address problems with water quality and quantity,
conflicts of use and division of resources between users. Their funds come from additional
charges called ‘redevances’ which are levied on all water users. A pollution redevance is
related to the likely polluting impact of different users, and a resource redevance relates to the
likely effect of a particular user’s consumption of water upon the quantity and rate of renewal
of the natural resource itself. As well as levying these charges, the agencies offer subsidies
and loans to encourage more efficient water use, which will be part of the 5 year plans of the
SDAGE.

 8.�(MAFF and EA, SHUV�FRPP�and various)
 
 $JULFXOWXUH
Agriculture uses about 18.4 million ha or approximately 77% of the total land area in the UK.
In 1995, the total value of agricultural output was about £9 billion or 1.5% of gross domestic
product, of which the value of irrigated crops was £2.6 billion, or around 29% of this total.
 
 &RQWHPSRUDU\�,UULJDWLRQ
There are slightly more than 100,000 ha of irrigated land in the UK. Irrigation water is now an
essential requirement for competitive crop production systems, particularly on light soils in the
drier parts of the country, especially in Eastern England.
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Nationally, agriculture accounts for about 1% of all surface and ground water abstractions although
there are major regional differences, with East Anglia having the lowest rainfall and largest area of
irrigated crops. To produce to the high standards demanded by retailers and consumers,
particularly for salad crops, effectively requires farmers to have irrigation water available all year –
hence the construction of water storage facilities on farm (MAFF, 1998).
 
 7UHQGV
Irrigation use has changed from supporting lower value output to higher value output. The area of
cereal and grass irrigation has reduced and that of field crops such as potatoes and vegetables has
increased. Future irrigation water demand is estimated at about 250m m3 by 2021, a 52% increase
on 1995. Over three quarters of the crops receiving irrigation in 1995 were not supported under the
CAP (eg vegetable and salad crops, cut flowers, etc) and it is these which are forecast to expand.

Climate change is likely to see a gradual move north and west of the crops currently receiving
irrigation. More exotic crops (eg grain maize, sunflowers, soya) could be introduced into southern
England in future and many of these will require irrigation, albeit with differing timings and
amounts. It is also likely that double cropping will occur which will require a wider irrigation
window, with crops needing water earlier and later in the year (MAFF, 1998).
 
 7\SHV
 The predominant types of irrigation in the UK are sprinkler systems (rain guns), used outdoors on
field vegetables and some other intensive and semi-intensive crop types such as maize and sugar
beet. Drip irrigation is mainly confined to glasshouse horticulture systems.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
The main ministerial responsibility for water management in each UK country falls to the
Department of the Environment, Transport and the Regions (DETR) in England, and the various
devolved assemblies in Wales, Scotland and Northern Ireland. England and Wales the regulator of
environmental issues related to water policy is the Environment Agency (EA), while in Scotland
there is a separate Scottish Environment Protection Agency (SEPA) and in Northern Ireland these
roles are carried out by the central administration. The agencies have a wide remit covering,
amongst other issues, water quality, water quantity and the management of surface and ground
water. It is therefore responsible for regulating the abstraction of water for irrigation.

The control of abstraction is achieved by issuing licences. Those wishing to abstract must apply to
the EA giving details of the volumes required, timing of abstraction, type of crops to be irrigated,
crop area etc. The EA will then evaluate the impact the planned abstraction may have on the
environment. After consideration, the EA may issue a licence providing resources are not fully
committed. The licence will restrict abstractions to particular times of the year, to specified
volumes and specified daily abstraction rates, which may also be related to minimum river flow.
Abstractors are obliged to record the volumes they abstract and may be subject to a verification
inspection. Those who abstract without a licence or do not adhere to the conditions stipulated in
their licence are liable to prosecution. The EA have developed catchment plans for most of
England and Wales which allow the effects of additional water abstractions to be fully evaluated.
 
 $XVWULD�(various sources)
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 $JULFXOWXUH
The total agricultural area in Austria is 3.4 million ha, 42% of which is arable land and 58%
grassland. Of the arable land, 60% is used for cereal production, the rest is taken up by
oilseeds, maize, sugar beet, legumes and potatoes. The amount of agricultural land is
increasing.

Agricultural production conditions differ vastly between the different regions. Mean annual
precipitation is about 1100mm, but it decreases west to east, from 2500 mm for the western
alpine region to 400 mm for the north eastern lowlands. Not surprisingly, the need for
irrigation is greater in the east. However, there are also extremely dry areas in the alpine
valleys of western Austria with precipitation of only 600-800 mm per annum. A good water
balance is found in some regions (Cepuder, 1998)
 
 &RQWHPSRUDU\�,UULJDWLRQ
Seventeen per cent of the total agricultural area in Austria (96,210 ha) could potentially be
irrigated, but significantly less than this actually is, mainly due to crop rotation factors and
climatic conditions (Cepuder, 1998). The irrigated area in Austria in 1994/95 was 45,000 ha.
Fifty-three million cubic metres of water were used for irrigation between the end of May
1994 and the beginning of June 1995. About 90% of irrigation abstractions take place in the
northeastern lowlands (22% in Burgenland and 68% in Niederoesterreich), 10% in western
and southern irrigation regions. Sugar beet, the most water-intensive crop type, takes up more
than one third of the irrigation need in Burgenland and Niederoesterreich (Huettler, 1996).
 
 7UHQGV
The trend is generally stable, with the exception of increasing irrigation in the Marchfeld
Hochterasse and the Wachau region (Bundesministerium fuer Land- und Forstwirtschaft,
pers. comm.) Due to the high productivity of Austrian field crops, the objectives of irrigation
have undergone great changes in recent years. The priority is no longer an increase in output
but in quality, especially for more specialised crops. In the future, the irrigated area is likely to
be extended only for viticulture and fruit farming, so that the total irrigated area is expected to
increase only moderately.
 
 7\SHV
Irrigation is primarily applied in the form of supplementary water in field crop farming, for
fodder meadows and in viticulture to compensate for a lack of rainfall during the vegetation
period. In a few cases frost protection irrigation is used in orchards. Mostly temporary and
some support irrigation is used in the north-eastern lowlands, temporary irrigation in western
and southern Austria and support irrigation in the Wachau region.

In the north-eastern lowlands as well as western and southern Austria mainly sprinkler
irrigation is used to ensure agricultural output and to improve crop quality (Mottl, 1992). The
Wachau region relies fully on drip systems (Bundesministerium fuer Land- und
Forstwirtschaft, pers. comm.) In the north-eastern lowlands irrigation water is used mostly on
root crops and some temporary (less than 5 year old) grass and alfalfa. In western and
southern Austria the relevant crops are also mostly root crops, with some permanent grassland
as well as temporary (less than 5 years) grass and alfalfa. In the Wachau region, irrigation
water is mostly used on permanent grassland.
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 ,QVWLWXWLRQDO�$UUDQJHPHQWV
Federal Water Law sets the legal framework for irrigation in Austria by regulating water
withdrawals from ground or surface water, and water quality. Water authorities at district
level are responsible for small and medium sized irrigation projects with ground water
withdrawal of up to 300l/s and withdrawals from other sources of up to 1000l/s. Projects
using a greater amount of water have to be approved by the provincial authorities.

There are organisational structures for water users’ co-operatives or associations that are
defined by the Water Law: the “Wassergenossenschaften”. They consist of the water users
and are controlled by the water authorities. Private water users as well as co-operatives have
to apply for approval for their individual water right or claim. The Water Authority has to
grant the right if there is no conflict with the public interest or other private claims.
 
 'HQPDUN�(Danish Agricultural Advisory Centre, 1999, SHUV�FRPP)
 
 $JULFXOWXUH
The total cultivated area was 2,679,000 ha in 1998, which was 62.4% of the total land area.
Annual rainfall amounts to an average of 664mm, with 34mm in the driest month (March)
and 81mm in the wettest month (August) (Agricultural Council of Denmark, 1998).   
 
 &RQWHPSRUDU\�,UULJDWLRQ
Irrigated farming represents about 35 % of all consumptive use of water (OECD, 1998), with
water use for agricultural and irrigation purposes amounting to 400 million m3 against a total
annual water consumption of 1173 million m3 in 1992 (OECD, 1997). The total irrigated area
in 1997 was 476,004 ha, about 17.7% of the total area. The average water use per ha/per year
is between 600 and 700 m3, but there are some regional differences.
 
 7UHQGV
 There has been a small increase in the irrigated area and the amount of water used over the
past 10-20 years. Today, the trend for irrigation in Denmark is stable.
 
 7\SHV
Sprinklers and drip systems are used and more than 95% of the water used is groundwater-
sourced. The water is applied to semi-intensive and intensive crops and irrigation is only used
in dry periods.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
The counties are responsible for the administrative aspects of irrigation.
 
 *HUPDQ\�(various sources)
 
$JULFXOWXUH
Agriculture in Germany is highly varied, reflecting its diverse topography and climatic
conditions. In the north and east there are large expanses of flat land that is well suited to
arable cultivation. In the centre and south, there are more hills and mountain ranges and it is
here that the main areas of pastoral agriculture are found, as well as more specialised crops
such as vines. Water supplies are generally adequate for agriculture in most areas, however,
the use of irrigation to boost crop quality and yields has been a common feature in many
areas, particularly in arable regions.
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 &RQWHPSRUDU\�,UULJDWLRQ
The irrigated area in 1995 was about 531,000 ha, which is 3.1% of the arable area and it is
estimated that it has increased to 550,000 ha in 1999. There are significant differences
between the Länder, with 44% of irrigated areas being situated in Lower Saxony, where 8.6%
of the agricultural area is irrigated.
 
 7UHQGV
The irrigated area increased continuously from 1976 to 1987 to more than 800,000 ha, and then
decreased to 531,000 ha in 1994. The main reason for this significant decrease is the abandonment
of many big irrigation facilities in the new Länder.
 
 7\SHV
 There are two main types of irrigation in Germany:
 

• Type 1 uses sprinklers with pressure and is mainly groundwater sourced. It is applied to semi-
intensive or intensive crop types in the form of support irrigation (short periods during the
season). The trend for this type of irrigation is stable.

• Type 2 also uses sprinklers with pressure but is surface sourced (both in situ and transported
over long distances). It is applied to semi-intensive to intensive crop types in the form of
support irrigation (short periods during the season). The trend for this type of irrigation is
increasing.

 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
Water management is the responsibility of the Länder, which have established water
associations. Since irrigated agriculture is not very extensive, general water policies tend to
override more specific policies that pertain exclusively to the agricultural sector.
Traditionally, water prices have been based on the costs of extracting water from the natural
cycle, and of water treatment and transportation. Until Baden-Wuerttemberg established a
“water tax” in 1988, water remained significantly undervalued. Since then, other Länder have
followed suit, and water taxation has become more common.

However, these water taxes deviate from the commonly-accepted definition of water charges
for two reasons. Firstly, they are generally levied only in cases where a permit or licence is
required. Since water metering in the agricultural sector is not common in Germany, some
estimates show that the allotted volumes as stated in licences deviate substantially from the
actual abstractions carried out by licencees. Secondly, revenues collected through water taxes
have often been used to compensate farmers for restrictions on fertiliser use in vulnerable
areas. There are also tax rebates for those farmers who can provide evidence of being
financially impaired by the tax. However, these rebates are conditional on farmers
implementing water-saving strategies, and on using surface instead of ground water sources.
 
 1HWKHUODQGV�(various sources)
 
 $JULFXOWXUH
The Netherlands is a very flat country with a high population density and an important part of
the country is situated below sea level. Agriculture is intensive, with very high production
levels per hectare. This has been achieved by the development of technology and the use of
fertilisers and pesticides. The pollution rate is accordingly high.
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 &RQWHPSRUDU\�,UULJDWLRQ
Generally, there is excess water entering the country from the east and south from major
rivers (eg the Rhein) and from rain. Nevertheless, some areas of polder (reclaimed land) with
drained, peat-rich soils are vulnerable to drying-out in periods of low rainfall, exacerbated by
groundwater lowering as a result of continuous pumping. The necessary drainage of
agricultural land has led farmers who suffer droughts in very dry seasons to invest in
irrigation systems which are fed by groundwater. The environmental consequences of such
action has led to a prohibition on any major expansion of groundwater extraction by law, in
most Provinces.
 
 7UHQGV
 The area of land irrigated in the Netherlands has shown a modest but steady increase over the
past 20 years.
 
 7\SHV
Three main types of irrigation are practised. In the west and north of the country, polder
systems have been established below sea level providing inlets for surface water from the
Lake Ijsselmeer, originating from the Rhein. Mainly grassland but also arable land and
horticulture are irrigated. In the east, centre and south of the country sandy regions above sea
level can be found. Here irrigation is carried out with groundwater sourced sprinklers, mainly
on arable land but also for horticulture and grassland. In the whole country rainwater sourced
sprinkling and drip systems are used to irrigate intensive crops (glasshouse crops and
horticulture). Occasionally, surface water and groundwater is also used. Rainwater is caught
in on-farm reservoirs, and surface water is often transported from a long distance.
 
Sprinklers with pressure are the main means of irrigation. The water source is groundwater,
applied to intensive crop types in the form of support irrigation (short periods during the
season). The trend for this type of irrigation is increasing.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
The national government is responsible for water management policy at the national level.  On
a regional scale the foundation of the system is 66 regional Water Control Boards which are in
charge of management of water quality and quantity. In some cases, there is a distinction
between Water Control Boards for quantitative water management and Water Purification
Boards concerned only with water quality. The Boards work in close co-operation with the
areas’ inhabitants. One of the main purposes of the Boards is to maintain water at a certain
level (eg in ditches and dykes), to optimise hydrological conditions for agriculture. They
maintain the water level in polder systems in dry seasons by admitting water from surface
water sources.

The total costs of each Water Board are covered by levies paid by the inhabitants. The
agriculture sector contributes 27% of the cost of levies raised for quantitative water
management. The Dutch agricultural sector contributes more revenue to water management
than is actually spent on its direct benefit, with a discrepancy of about 5%. Farmers are
generally subject to a groundwater extraction tax. If they find the price too high, they can
decide to extract groundwater directly themselves. For this, a permit from Central Government
is required if the capacity of the pumping facility exceeds 10m3 per second.
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Any farmer using more than one million cubic metres per year has to pay the abstraction tax,
and a smaller provincial tax also has to be paid for facilities exceeding 10 cubic meters per
second. Generally, farmers ensure that they do not install pumping facilities that exceed 10
cubic metres per second so they do not pay the abstraction tax.
 
 %HOJLXP
 Insufficient information available.
 

 *URXS�&
 
 Group C is characterised by countries where farms generally have easy access to water
resources, and where, in aggregate, agricultural water consumption is not very significant
relative to total abstractions. Water pricing policies in all of these countries are much less
important than other environmental policies which affect irrigated and non-irrigated farming,
including general natural resource management policies. However, it is still possible for
certain regions within these countries to require significant irrigation and to suffer drought.
 
 6ZHGHQ�(Swedish Board of Agriculture��SHUV�FRPP)
 
 $JULFXOWXUH
 Most of the productive agriculture in Sweden is found in central and southern areas, with
forestry dominating the north. In some localised areas, intensive agricultural production can
benefit from the use of irrigation to improve crop yields and quality.
 
 &RQWHPSRUDU\�,UULJDWLRQ
Practically all irrigation takes place in Southern Sweden. Total withdrawals for irrigation
amount to 100 million m3 as a round figure for a dry summer season, to cover 100,000 ha. (ie
the average application is 1000m3/ha). Of the potentially available resources less than 2% is
withdrawn for irrigation, municipal water supply and industrial water supply. Of this,
irrigation accounts for less than 5%, less than the annual losses of municipal water systems.
 
 7UHQGV
The irrigated area has been decreasing since 1976 (NB this statement is contrary to the figures
provided from other sources in tables 1.3 and 1.4). It is estimated that 55,000 ha will be
irrigated in 2000 using 32 million m3 of water under normal conditions, or 90,000 ha using 95
million m3 of water if it is a dry year.
 
 7\SHV
All irrigation water is applied with sprinklers (rainguns). Water sources are groundwater
(25%), surface water from rivers, lakes and reservoirs (65%) and other sources such as saline
Baltic water and treated sewage water. Irrigation takes place every year from about the middle
of April until the end of September with very small amounts in April and September, but
throughout the summer is only supplementary to the rainfall.

About 20% (30%) of irrigation is applied to extensive crops, 20% to semi-intensive and 60%
(50%) to intensive crops (numbers in brackets indicate figures for particularly dry years).
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
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Irrigation withdrawals are governed by the 1999 Environmental Act. Water rights are private
in the sense that to be allowed to use the water the abstractor must own the land on or
adjacent to the water. For irrigation use, the need to irrigate land that is owned or cultivated
under a rental agreement gives the right to withdraw water on somebody else’s property. This
can be obtained by agreement with the landowner or by a decision of the Environmental
Court.

Water withdrawal for irrigation also requires a permit from the Environmental Court. A large
number of farmers, however, withdraw water without a permit. This is partly justified by
another rule which states that a permit is not required if it is obvious that neither public
(environmental) nor private interests are harmed by the impact of the withdrawal. Each
farmer has to decide if he needs to apply for a permit. If the controlling authority, the County
Board, questions the withdrawal it is up to the farmer to prove that his withdrawal is not
harmful.
 
 ,UHODQG�(Teagasc, SHUV�FRPP)
 
 $JULFXOWXUH
 Ireland’s agriculture is overwhelmingly pastoral in character. With an annual rainfall of 800-
1000mm there is little need for irrigation of most outdoor crops in Ireland.
 
 &RQWHPSRUDU\�,UULJDWLRQ
 Even on light soils where substantial increases in the yields of grass and root crops could be
achieved by irrigation, the practice has not become established for a variety of reasons, and
the overall demand for irrigation is very light. In the southern, south-east and eastern regions,
some growers irrigate early potatoes, as well as some other vegetable crops. Typically they
might receive two applications of about 25mm per hectare each, from sprinkler systems. The
areas involved are no more than about 500 ha of potatoes and 500 ha of other vegetables. In
the same regions there are about 100 ha of strawberries grown in plastic tunnels, which might
receive up to 100mm per hectare through a drip system. In the rest of the country, the areas of
outdoor crops irrigated are so small as to be insignificant. The only area where irrigation is
expanding is on golf courses.
 
 7UHQGV�DQG�7\SHV
In the present regime of production quotas and falling prices for most produce, further
investment in irrigation for farm crops seems unlikely. The most common source of irrigation
water is direct abstraction from local lakes or rivers. The number of on-farm reservoirs is
small. Both sprinklers and drip systems with pressure are applied in Ireland. The water source
is surface water, which is applied to intensive crops in the form of support irrigation (short
periods during the season).
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
With such a small amount of irrigation, management is not a serious issue. City and county
authorities exercise general management of the waterways, but their main concern is the quality of
the water and pollution abatement. They have not generally found it necessary to restrict
abstraction for irrigation.
 

 )LQODQG�(Field Drainage Centre, SHUV�FRPP)
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 &RQWHPSRUDU\�,UULJDWLRQ
Irrigation practice in Finland is marginal; in dry summers 1-3% of the field area are irrigated,
mostly potatoes, sugarbeet and vegetables. The total irrigated area is 20,000-40,000 ha and
the average use of water per ha/per year is 200-400 m3.
 
 7UHQGV�DQG�7\SHV
The trend in irrigation is stable. In the south and west of the country sprinklers are used and
water is drawn from surface water sources. Irrigation is temporary and applied to semi-
intensive and intensive crops.
 
 ,QVLWXWLRQDO�DUUDQJHPHQWV
 No information available.
 
 /X[HPERXUJ�(Ministry of Agriculture, SHUV�FRPP)

&RQWHPSRUDU\�,UULJDWLRQ
Irrigation is not an issue in Luxembourg and is almost non-existent in agriculture.
 
 7\SHV
 The small amount of irrigation practised is all with pressure, using sprinklers, and sourced
from groundwater.
 
 ,QVWLWXWLRQDO�$UUDQJHPHQWV
A permit system is in operation for the abstraction of water and the majority of permits issued
by the Ministry of Agriculture are for small-scale vegetable growers who abstract water from
rivers with the help of small pumps available in do-it-yourself stores, to the extent of about
1000 litres/minute. There is a certain amount of abstraction going on without permit, but not
to a significant degree.
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&KDSWHU����7KH�(QYLURQPHQWDO�,PSDFWV�RI�,UULJDWLRQ

����2YHUYLHZ

The overall environmental sustainability, and precise environmental impact of irrigation
depend on local water availability and other water uses, on the historical background of how
irrigation systems have developed and on the particular characteristics of the irrigation
practices used. There is a wide variety of types of irrigation in use in Europe, which have
been practised for very different lengths of time in varying climatic and economic
circumstances. Thus it is to be expected that the environmental impacts will also be highly
variable by country and by region.

Irrigation can affect the environment through:

• Direct impacts upon water sources – both their quality and quantity, affecting ground and
surface waters

• Direct impacts upon  soils – both quality (eg through contamination) and quantity
(through erosion)

• Direct impacts upon biodiversity and landscapes – by displacing former habitats and
creating new ones, by degrading or maintaining existing habitats, and by affecting the
diversity and composition of landscapes

• Secondary impacts arising from the intensification of agricultural production permitted by
irrigation, such as increased fertiliser use.

These effects may be gradual (eg declines in certain species arising from pollution) or
particularly dramatic (eg flooding a valley to create a reservoir for irrigation, or canalising a
river and thereby reducing the stability of its flow). In those countries with a long history of
irrigation in particular, the environmental impacts of irrigated agriculture may involve a
succession of effects including negative impacts, initial remedial actions, further knock-on
impacts and further remedial actions, spanning many decades. This process is well illustrated
in the two case studies from Spain, in Chapter 4.

����7\SHV�DQG�7UHQGV�LQ�(QYLURQPHQWDO�,PSDFWV

The main types of environmental impact from irrigation in the EU are generally recognised to
include the following.

1. 3ROOXWLRQ� RI� ZDWHU� DQG� DTXDWLF� HFRV\VWHPV� IURP� QXWULHQWV� DQG� SHVWLFLGHV due to the
agricultural intensification that is facilitated by irrigation, sometimes exacerbated by
increased use of agro-chemicals when crops are grown in conditions not otherwise well
suited to their cultivation.

 
 This is a fairly widespread phenomenon in EU agriculture, particularly where irrigation is
used to support relatively high value crops such as horticulture, salads and soft fruits,
especially when these are grown year-round under glass. It is also commonly associated with
intensively managed industrial and forage crops including cotton, sugar beet, tobacco and
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maize. Both northern and southern Member States present examples of these problems (eg the
Netherlands, southern Spain, Greece, northern France, Italy, Germany and Austria) and in
many cases, the trend is for an increase in such cropping. There has been criticism that
agricultural policies and increased competition in European markets have encouraged an
increase in these production systems, with their associated environmental impacts, in many
regions (eg Caraveli, 1999). In the EU as a whole, these problems seem to have increased
over the past few decades, as agricultural systems have modernised and production has
intensified in many regions.
 
2. 'DPDJH�E\�$EVWUDFWLRQ�RI�,UULJDWLRQ�:DWHU
 
 When water is withdrawn from groundwater tables or from rivers, lakes or springs for use in
irrigation, the reduction in the quantity of water which remains can have detrimental effects
upon the physical and chemical characteristics of these sources and upon the biodiversity
associated with them. Aquatic and wetland species may suffer as a result of the drying out of
wetlands, or lowered flow and increased temperature in rivers, as a result of abstraction for
irrigation.
 
 Groundwater abstractions, if they exceed the natural recharge rates of the aquifers concerned,
can lower water tables and thereby reduce flows into wetlands and rivers. Surface water
abstractions from rivers or springs can reduce the volume and increase the variability of flow
rates (ie leading to more marked ‘peaks’ and ‘troughs’ with reduced ability to buffer seasonal
changes in water supplies). This can increase flooding risks and threaten wildlife due to
drying-out, water temperature rises or reduced dilution of potentially harmful contaminants.
The seasonality of irrigation water demand, which is usually highest in the summer months,
coincides with the period when water flow in rivers tends also to be lowest. The resulting
effects can be to disrupt aquatic and wetland ecosystems and to threaten the survival of rare
species.
 
 In the case of peatland fens and bogs, dessication can lead to peat fires which can wipe out
large areas of habitat, irreversibly. There are dramatic examples of these problems in southern
Europe, where their effects can be both persistent and devastating. However, they have also
been observed in northern Member States, particularly during periods of prolonged drought
such as was seen in northern France and eastern England from 1988-94. The overall incidence
of such problems seems likely to increase with global warming as water supplies are
predicted to decrease across many areas of the EU (CEC, 1999).
 
 These impacts of irrigation have been identified, particularly in southern Europe, for many
decades. However, their geographical incidence and severity have undoubtedly increased as
irrigated agriculture has spread into new areas, particularly in the past few decades.
 
3. Another potentially significant negative impact is ZKHUH� LUULJDWLRQ� GLVSODFHV� IRUPHUO\

KLJK� QDWXUDO� YDOXH� HFRV\VWHPV, such as the dryland steppe agriculture of the central
Spanish plateau.

 
 In Mediterranean countries, the conversion of large areas of land from dryland cereal
production to irrigated horticulture or other higher-value cropping threatens the survival of
rare steppe species, such as the great bustard �RWLV�WDUGD�. This has been a particularly serious
phenomenon in some southern Member States in recent years.
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 Elsewhere in Europe, there have been negative environmental impacts where irrigation has
increased the profitability of intensively managed crops such as maize, or potatoes, relative to
permanent grassland, leading to the conversion of pasture to irrigated cropland with
associated biodiversity losses and landscape impacts. This phenomenon has been particularly
marked in France during the 1980s and 1990s, as well as in southern UK.
 
 In these instances, the negative environmental consequences are related to the change in land
use patterns rather than the direct impact of irrigation itself, but it is the ability of irrigation to
increase the profitability of certain more damaging crop types, that has fuelled such change.
Again, this pressure is being maintained or even increased in several regions with growing
areas of irrigated land.
 
4. In some areas, often where irrigation has been practised for some time, there have been

JDLQV�WR�ELRGLYHUVLW\�DQG�ODQGVFDSHV��This study has identified three main ways in which
environmental benefits can be generated through irrigation practices.

 
 Long-established ‘leaky’ irrigation systems can create wetland areas which provide new
feeding and/or breeding opportunities for wildlife.
 
 Traditional, hand-operated extensive irrigation systems supporting terrace agriculture in
mountainous regions of southern Europe, create diverse and intricate landscapes which
support a variety of wildlife and have important cultural and historic value. However,
economic trends are leading to the marginalisation and  decline of these kinds of irrigated
agriculture in many parts of the EU because it is relatively labour intensive and produces low-
value crops.
 
 The creation and management of rice fields in certain countries has provided important
feeding and overwintering opportunities for important bird species. However, there has been a
trend of increasing use of fertilisers and pesticides on these fields which may now pose a
threat to their wildlife value.
 
5. Irrigation can increase the rate of HURVLRQ�RI�FXOWLYDWHG�VRLOV�RQ�VORSHV, leading also to a

deterioration in water quality downstream, due to siltation. This can lead to the
subsequent desertification of some arid areas with light and erosion-prone soils,
particularly on steep slopes.

 
 Particularly dramatic examples of this phenomenon can be found in Greece and other
Mediterranean regions where irrigation is practised on slopes. This problem is particularly
severe where pressure systems of irrigation are used, and it has therefore been a growing
concern in recent decades. Alternative methods using extensive gravity-powered, trickle or
drip systems can significantly reduce erosion rates. Indeed in some areas of Spain where
erosion was a serious problem due to the recent abandonment of traditional terrace agriculture
in mountainous areas, the reintroduction of farming using drip irrigation has been able to
stabilise soils and decrease the rate of soil loss.
 
6. Lowering of the groundwater table can lead to� VDOLQLVDWLRQ� RI� ZDWHU� DQG� ODQG� RU

FRQWDPLQDWLRQ�E\�PLQHUDOV�RI� JURXQGZDWHU sources. This can be due either to saltwater
intrusion, where irrigated land is near to the coast, or it can be caused from over-
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saturation and concentration of salts in the topsoils of irrigated land due to the increased
circulation of water through them.

 
 Again, this is a more serious phenomenon in southern Europe, particularly on the relatively
fertile coastal strips of flat land around the Mediterranean where peak seasonal demand for
water is particularly high, both for agriculture and for tourist use. In some areas,
desalinisation plants have been installed to provide clean water supplies for drinking and for
irrigation from marine sources, but this is generally recognised to be a highly expensive
solution to the problem. The scale of negative impacts seems likely to increase over time, in
line with increasing irrigation and increased tourism in these areas.
 
7. 1HJDWLYH� DQG� SRVLWLYH� HIIHFWV� RI� ODUJH� VFDOH�ZDWHU� LQIUDVWUXFWXUH� FRQVWUXFWHG� DV� SDUW� RI

LUULJDWLRQ�SURMHFWV�DQG�VFKHPHV�

Often, the development or enhancement of agricultural irrigation necessitates sizeable
infrastructure projects to collect, divert or otherwise move large quantities of water from
water-rich areas to water-poor areas, both within and between different regions. Dams may be
built on rivers in order to collect water for irrigation and large canals or pipelines may be
installed through which water is moved across the landscape.

These can lead to potentially irreversible negative impacts upon landscapes and biodiversity
as habitats are submerged under water, or damaged by construction activities. In addition the
collection, removal or canalisation of water flowing in rivers can affect the natural flood
control properties of watersheds and river catchments, reducing their ability to buffer peaks
and troughs in water flow through the catchment.

Such works are often implemented as a means of resolving other irrigation problems in water-
poor areas, for example where agricultural water use has exceeded the sustainable capacity of
local water sources. The variety and scale of environmental impacts involved in these projects
may be similar to those engendered by a wide range of other infrastructure investment
projects; including habitat loss and increased flood risks in some areas.

On the other hand, many proponents of these schemes highlight the potential environmental
benefits of the redistribution of water resources, such as improved aquifer recharge and
habitat conservation in those areas receiving the new water. Environmental impact studies
and structural fund policies are particularly relevant since few such projects are undertaken
without a degree of public subsidy or a requirement for prior approval from public authorities.
There are more such projects being implemented in the EU (eg the Alentejo scheme in
Portugal, Marchfeld in Austria) and others may be developed in future, although the likely
implementation of the EU Water Framework Directive over the coming few years may reduce
Member States’ ability to justify new dams.

)XWXUH�7UHQGV
In the longer term, climate change is predicted to increase the severity of drought periods and
aggravate resource pressures in many regions of Europe. Ongoing EC-funded research is
examining the implications of climate change on hydrological regimes and water resources in
Europe. Although overall annual rainfall is expected to change little, there are likely to be
considerable variations in the spatial and seasonal distribution of water supplied by rainfall.
Generally, winter rainfall will be increased in many areas and there will be much longer dry
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spells with decreased discharges in the summer months. Modelling work on aquifers in
southern Member States indicates that a doubling of CO2 will result in further depletion of
groundwater aquifers due to increased evapotranspiration. In northern Europe, many rivers
will experience decreased low-flow discharges during the drier seasons. For example, models
of the Rhein catchment predict that irrigated, intensive horticulture may be affected by a need
to restrict abstractions during the summer periods (SEC, 1998).

����2FFXUUHQFH��6FDOH�DQG�6LJQLILFDQFH�RI�,PSDFWV�,GHQWLILHG

Table 3.1 overleaf gives a broad indication of the countries where each of the impacts has
been identified.

As can be seen, many impacts are found in all those Member States where irrigation is a
significant phenomenon at either national or regional level – ie those countries in groups A
and B, as characterised in Chapter 2.

However, there is a north-south divide also apparent, in that certain impacts are clearly
observed mainly in  southern Member States while others are more widespread, but are
nonetheless judged to be more severe or signficant in the south.
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7DEOH�����(QYLURQPHQWDO�,PSDFWV�RI�,UULJDWLRQ�LQ�WKH�(8
,PSDFW :DWHU

SROO�
XWLRQ

2YHU
DEVWU�
DFWLRQ

+DELWDW
'LVSODF�
HPHQW

%LRGL�
YHUVLW\
EHQHILWV

6DOLQL�
VDWLRQ

6RLO
HURVLRQ

1HZ
,QIUDV�
WUXFWXUH

&RPPHQWV�RQ�6LJQILFDQFH

$XVWULD + + Historic Variability between regions, most in arid eastern
areas

%HOJLXP + Historic Little data available
'HQPDUN + Only in dry years, localised effects
)UDQFH + + + +rice,

terraces
+ + + Severity of impacts varies markedly between

regions – a few are relatively unaffected
)LQODQG No impacts reported
*HUPDQ\ + Historic + Localised impacts, mainly
*UHHFH + + + terraces + + + Widespread impacts
,UHODQG No impacts reported
,WDO\ + + + rice + + + Variability between regions
/X[HPERXUJ No impacts reported
1HWKHUODQGV + + + + Impacts mainly localised, more significant in dry

years
3RUWXJDO + + + + terraces

leaky
systems

+ + + Widespread impacts but varied between regions

6SDLQ + + + + all 3
types

+ + + All impacts are found in most regions except
Galicia, Asturias, Cantabria, Basque country

6ZHGHQ + Localised surface water shortages in dry years
8. + + + Localised issues in dry years
6RXUFH��&RPSLOHG�IURP�TXHVWLRQQDLUH�UHVSRQVHV
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Each of these main types of impact is discussed below in more detail, to assess its extent and
significance in Europe. In gathering the material for this chapter we have been able to trace
more information for Spain than for many other countries. This is partly because of the
importance of irrigation to Spanish agriculture, making it a subject that has been studied for
many decades, and partly due to the importance of Spain’s environment in relation to key
European legislation (eg the birds Directive 79/409) which means that it has been a particular
focus for recent environmental evaluation work.

We have therefore many Spanish examples in the discussion of impacts in section 3.2, in
order to explain how impacts have arisen and to illustrate the potential magnitude of these
impacts. Data and examples from other countries have been added wherever possible.  A
more comprehensive overview of impacts in each country is given in section 3.3.

It should be noted that many irrigated lands produce both positive and negative environmental
effects at the same time, so that the net environmental impact of irrigation in any particular
area will often depend on the importance and weighting of the mix of positive and negative
effects that it has. These issues are explored in more depth through the case studies in Chapter
4.

Finally, it should also be noted that because much of the information, which has been
gathered for the first time in this study, is qualitative, it is difficult to make robust
comparisons of the scale and significance of the different impacts identified. It has therefore
not been possible to rank impacts and instead the following sections attempt to illustrate how
significant some of them can be, at both national and more local levels.

������3ROOXWLRQ

6SUHDG
The contamination of soil and water by high levels of fertiliser and pesticide use does not
only occur on irrigated farm land – it can be a more general phenomenon of intensive farming
methods in many different situations. However, in many countries in both northern and
southern Europe, irrigation is used to facilitate particularly intensive kinds of production so
there is often a greater use of inputs on such land, by comparison with dryland farming
systems as a whole. The data in Chapter 1 highlights this link between irrigation and intensive
cropping; the trend is for such areas to expand, while more extensive irrigated agriculture is
commonly in decline.

In many countries including Portugal, Greece, Spain, Italy, France, the Netherlands, UK,
Austria and Germany, irrigation in some regions has stimulated or accelerated a change in
land use from less productive, less intensively farmed dryland cropping systems to intensive
arable or horticultural production using irrigation. In addition, the use of water on the land
helps nutrients and the active ingredients in pesticides to penetrate to deeper layers of the soil
and it may increase rates of leaching and run-off into watercourses. An example is provided
by the Prespa National Park area in Greece. The construction of an irrigation system,
beginning in the 1960s, led to a conversion from extensive and diverse farming towards an
intensive bean monoculture on irrigated crop land in the 1980s. This was accompanied by
increased energy inputs, mechanisation and the greater use of agrochemicals. Today, almost
the whole of the irrigable part of the area is intensively cultivated with beans. Nitrates have
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been overused, and the application of other fertilisers and pesticides has been the subject of
severe criticism (Catsadorakis et al, 1997).

,PSDFWV
The use of organic or inorganic fertilizers produces changes in soil ecology. The population
of soil organisms can be altered significantly, thereby causing changes in the chemical
composition of the soil: its pH, electrical conductivity and capacity for cationic exchange. In
some cases the effects produced by an excess of specific nutrients - above all micronutrients
like magnesium, iron and boron which may be present in the sources of irrigation water - can
cause problems of phytotoxicity.

The use of agrochemicals can have serious effects on plant and animal populations in
agricultural ecosystems. It can alter biochemical processes in soils, for instance increasing
denitrification or slowing down the mineralisation of organic matter. Irrigation can lead to
higher levels of use of nitrogen and phosphorous, subsequently these nutrients can be washed
through soils by irrigation, potentially leading to water systems saturated by nutrients. This
can cause eutrophication and damage to fragile aquatic species and habitats as well as the
contamination of drinking water sources.

,Q� 6SDLQ, each of the Autonomous Communities had to state the areas where groundwater
resources are vulnerable to nitrate contamination DV�D�UHVXOW�RI�LUULJDWHG�DJULFXOWXUH, under a
Spanish law transcribed from EC Directive 91/676. This refers exclusively to areas where
contamination arises from the irrigation of crops, not from livestock wastes (Murcia has a
problem with contamination by nitrates from animal sources). The maps overleaf show how
these areas coincide with areas of nitrate contamination in aquifers. It indicates that nitrate
leaching is particularly associated with areas of intensive agriculture where continuous
irrigation, high levels of crop fertilisation and sandy soils are predominant.

The same phenomenon occurs in Greece, where several of the country’s Nitrate Vulnerable
Zones coincide with the areas of greatest irrigation, particularly where irrigated agriculture is
used to produce intensively cultivated crops (eg Argolid, Kopais Lake, Thessaly plain).

In France, the Water Agencies now levy charges for pollution from various water users,
including farms in areas where intensive cultivation has led to problems of nitrate and
pesticide contamination of water. The four agency regions in France with the greatest area of
irrigated land are Seine-Normandie, Adour-Garonne, Loire-Bretagne and Rhone-Med/Corse,
and in all these areas the incidence of water pollution by nitrate and phosphate compounds
has been increasing in recent years, although some of this increase is related to livestock
issues. In Adour-Garonne, 30 percent of the basin area is considered sensitive with regard to
pollution by nitrates and eutrophication of rivers (Seres, 1998). However, it remains very
difficult to identify whether irrigation per se has a significant marginal; effect upon nutrient
leaching.
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0DSV�6KRZLQJ�&RLQFLGHQFH�RI�1LWUDWH�9XOQHUDEOH�=RQHV�DV�'HVLJQDWHG�8QGHU� WKH�(8
1LWUDWHV� 'LUHFWLYH� DQG� LGHQWLILHG� DV� YXOQHUDEOH� GXH� WR� LUULJDWLRQ�� DQG� /RFDWLRQ� RI� 1�
FRQWDPLQDWHG�DTXLIHUV��LQ�6SDLQ�Source: Sumpsi and Varela-Ortega, 1999 (both maps)
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The Adour-Garonne Water Agency has instigated projects designed to address some of these
problems by, LQWHU� DOLD, involving farmers in the planning and maintenance of river flow,
supporting the installation of water meters and conducting research to identify husbandry
techniques which can reduce leaching from irrigated maize fields (Seres, 1998).

Groundwater contamination by nitrate is also found in several regions of Austria which
coincide with the areas of greatest agricultural irrigation. Both the Marchfeld and Pandorfer
plateau in the east of the country, and the Welser Heide and Eferdinger Becken areas north-
west of Linz, are areas of highly irrigated agriculture where nitrate contamination of
groundwaters above 45 mg/litre is found in more than 25 percent of all measurements
(Cepuder, 1998).

Pollution of groundwater by nitrogen leached from fertilisers on irrigated soils is related to

• the quantity of nitrifiable nitrogen present,
• the leaching potential, based on soil texture and percent depletion of available water in the

root zone, and
• the amount of water entering the soil profile (Guimera et al, 1995).

When analysing the main causes of groundwater pollution by nitrate, economic factors
influencing agricultural practices also have to be taken into consideration. Major determinants
of the economic return from irrigated land are fertiliser costs and the price of water. The cost
of surface water used for irrigation is very low in many southern Member States where water
is scarce, including Spain, Greece, France and Italy. Moreover, the price of inorganic
fertilisers will generally be in the range of 3-5 percent as a proportion of the annual value of
final output, which is insufficient to provide a significant incentive to improve the efficiency
of use of these inputs in many cases (Sumpsi et al, 1999).

In many areas where irrigation is practised, soils have a low natural fertility and high fertiliser
applications are required to obtain significant yields. Over-fertilisation frequently occurs, with
applications of 1,000kg N ha-1/year-1 being common for greenhouse crops, such as
strawberries. A further characeristic of these soils is that water moves rapidly through them,
which provides a great potential for nitrate movement to the groundwater (Guimera et al,
1995). Increased nitrate leaching as a result of increased soil moisture levels has for example
been reported for a tomato crop (Cook et al, 1990).

Groundwater contamination also affects drinking water sources in various regions of Spain,
Greece and Italy, where levels occasionally exceed the maximum admissible level of 50 mg/L
NO3

-. On the Spanish Mediterranean coast, for example, irrigated horticulture is one of the
most intensive agricultural land uses in terms of water and nutrient use. Irrigation is carried
out with groundwater, which also serves as drinking water supply. The groundwater use
frequently changes the acquifer hydrodynamics. As there is no drainage system, excessive
irrigation leaching recharges the acquifer through the vadose zone (1-30m). Groundwater is
extracted through partially penetrating wells a few metres below the water table for irrigation,
so that recirculation of leachates occurs. This causes serious damage to the groundwater
quality and several cases of nitrate concentrations exceeding 300mg l-1 have been reported
(Custodio, 1982, Guimera, 1992). One of the most polluted areas is the Maresme coastal
acquifer in Barcelona (Guimera et al, 1995).
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There appears to be less data to illustrate the level of pesticide pollution in aquifers, due to
irrigation. National assessments in Spain have identified both Aldrin and Lindane as
significant contaminants in some areas.

�������2YHU�H[SORLWDWLRQ�RI�:DWHU�5HVRXUFHV

When surface water is scarce, as it is in most of southern Europe and in many parts of the
north where irrigation is practised, groundwater is often used. Excessive abstraction can
produce a wide variety of negative environmental effects, the most serious resulting from the
exhaustion of the resource when abstraction is greater than natural recharge. Reductions in the
level or availability of groundwater can cause the drainage of marshes, peat bogs and fens, as
well as low or even zero flow in rivers that are normally fed by the groundwater table.
Because of the large scale of historic losses of such habitats, many of the remaining areas are
now of European and even global importance for their biodiversity. The drop in the water
level of these areas can also start fires or lead to serious erosion by wind, because of soils rich
in organic matter. The scale of these effects is equaled only by their irreversibility.

The drop in the level of groundwater due to over-abstraction can either be restricted to the
cone of influence of a few wells, or across a wider area due to the juxtaposition of the cones
of influence of different wells. It can cause the complete lowering of groundwater level for an
entire aquifer, wherever abstractions exceed the aquifer’s natural capacity for refilling. The
degree of alteration in the aquifer’s hydrological cycle and knock-on effects on ecosystems
will increase as the fall in the level of the water increases, leading eventually to an exhaustion
of resources. The situation can be critical to the survival of important flora and fauna in areas
where irrigated farming systems are cheek by jowl with wetland and aquatic ecosystems.

The drop in the water table brings with it the need to carry out pumping at a greater depth,
with a consequent increase in energy use and economic cost. The problem can worsen to such
an extent that it makes the use of irrigation systems that require large flows impractical.

In Spain, the Hydraulic Public Property Bylaw Article 171.2 defines over-exploitation thus:

“an aquifer is considered to be over-exploited or at risk when it is endangering the
sustainability of its use, as a consequence of suffering annual extractions superior or
very close to the average volume of the resources renewable annually, or which
produce a serious deterioration in the quality of the water. The existence of the risk of
over-exploitation can also be detected when the amount of water extracted in
comparison with the renewable resources of the aquifer causes the aquifer to develop
in such a way that its long-term exploitation is put in danger.”
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The existing shortfall between pumping and refilling in Spain is calculated at around 710
cubic hectometres per year. Over a third of this is borne by Western La Mancha in the
province of Ciudad Real; almost as much corresponds to various aquifers in the province of
Murcia, notably the Guadalentin valley, and the remainder is distributed among the provinces
of Alicante and Almeria.

Source: Sumpsi and Varela-Ortega, 1999

In Greece, a number of studies on the impact of irrigation on groundwater in the valleys of
Iria and Argolis (Peloponese) show that over exploitation of the groundwater, to meet the
increasing demand for irrigation, coupled with prolonged periods of drought, has led to both
the exhaustion of groundwaters and the deterioration of their quality. Over-pumping has
resulted in the lowering of the water table and reversing of the hydraulic head gradients,
allowing sea water intrusion into the aquifers in the area (Aggelides, 1995b). Nitrate
concentrations were also found to be significant in both areas.

Groundwater shortage has also been a problem in some areas of the Netherlands, where
irrigation is one of the factors contributing to the dessication of valuable nature reserves. In
this case, the prior drainage of agricultural land in previous decades has meant that some
farms now experience droughts in summer months and have therefore invested in sprinkler
irrigation fed by groundwater. When combined with abstractions for industrial and domestic
use, this has led to the drying out of nature areas. Over 600,000 hectares of nature area have
been affected by dessication due to groundwater shortages. As a result, further significant
expansion of groundwater extraction is now prohibited in state legislation (van der Wal,
1998).

Irrigation also influences the quality of water systems outside the limited scheme area.
Irrigation return-flows typically carry more salt and minerals than the surface or groundwater
sources used, due to evaporation and concentration in the agricultural system. This potentially
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affects downstream agricultural and natural systems. Irrigation withdrawals can leave
downstream systems so depleted in water that riparian systems and fish and wildlife
populations are damaged (Matson et al, 1997).

Surface water shortages as a result of excessive abstraction are a problem which has affected
a number of northern Member States as well as some regions in the south. These areas
include parts of France (see case study 5), the south-east of England, the Netherlands, Austria,
Germany and even some localised areas of Sweden, in particularly dry seasons. These
shortages are most commonly associated with direct abstraction for irrigation from rivers and
springs. However, as in the case of Beauce in France (case study 5), they can also occur via
groundwater abstractions which lower the water table to a level below the usual source of a
particular river or stream, so it dries up.

In southern England during the period 1988-94, severe drought affected many of the region’s
aquifers and as a result, summer abstractions of water for irrigation caused significant impacts
upon rivers, streams and related wetlands in many areas (see map on the following page). In
1990, the National Rivers Authority identified over 40 cases of over-abstraction which led to
inadequate river flows in dry periods. It was estimated that 9 per cent of freshwater wetland
Sites of Special Scientific Interest (the UK’s protected nature sites) were threatened by
abstractions for domestic water supplies and agriculture (English Nature, 1996). These threats
resulted from a combination of abstraction from aquifers close to or underlying wetland areas,
abstraction from rivers and lakes, and drawdown from agricultural drainage and drought. The
impacts of abstractions upon fenland were particularly significant for nature conservation.
Fenland vegetation is associated with low-productivity, base-rich, spring-fed sites which
generally have a high water table. Many fenland plant communities are highly susceptible to
desiccation. For example, in Redgrave and Lopham fen, which is an internationally important
RAMSAR site, an average of 35
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Rivers in England suffering from low flows (Fojt, 1993)

species was recorded in the spring-fed areas in the 1950s, but by 1992 only 5 species were
found (Fojt, 1992).

�������'LVSODFHPHQW�RI��RU�GDPDJH�WR�KLJK�QDWXUDO�YDOXH�KDELWDWV�DQG�ODQGVFDSHV
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The alterations caused by the introduction of irrigation will often have dramatic effects on
habitats, landscapes and biodiversity. Throughout the EU, there are areas where the spread of
modern agriculture has displaced valuable semi-natural ecosystems. In the particular case
of irrigated agriculture, such displacement has occurred in many parts of southern Europe
over a significant period. Today, the trend continues in many regions, particularly in central
France and along parts of the Mediterranean coast, as well as in the pseudosteppes area of
inland Spain, where irrigated areas are still increasing.

The profound changes produced by the introduction of irrigation will inevitably include the
disappearance of pre-existing ecosystems. The changes in the vegetation and the fauna of an
area can affect other nearby areas and even distant ones (as happens with migratory species).
Such changes can have dramatic effects upon the populations of many of Europe’s  most
vulnerable species.

Wetland areas are particularly affected by intensive agricultural practices supported by
irrigation. Two-thirds of the wetland area of Spain, France, Italy and Greece have been
drained during the last two generations (Commission of the European Communities, 1995).
The losses in other Mediterranean countries are thought to be equally high. A study carried
out by Gerakis et al (1998) on Greek Ramsar sites started off by assessing the functions and
values of wetland sites and then identified agricultural activities carried out in the watersheds
and evaluated their effects on the wetland functions and values. There was also an assessment
of the intensity with which each activity is practiced in each watershed. It was found that
irrigation, of a total of ten agricultural activities common in the watersheds of Greek Ramsar
sites, was the activity with the most profound and long term effects on all functions (nutrient
removal/transformation, sediment/toxicant retention, flood flow alteration, groundwater
discharge) and values (biodiversity, fishing, hunting, recreation).

Until the mid 1920s, the agroecosystems of Greece were predominantly rainfed (Zalidis et al,
1998). The expansion of irrigation since the mid 1950s enabled the use of more and larger
subsidiary energy inputs in terms of fertilisers, pesticides, heavy machinery, improved crop
varieties and livestock breeds. Moreover, the mismanagement of irrigation schemes may lead
to excessive irrigation return flow which results in increased nutrient, sediment and toxicant
inputs into wetlands (Turner et al, 1980).

The transformation of dryland to irrigated land most often implies the adoption of more
intensive cultivation practices which can also have negative impacts upon landscape quality
and character. Intensive cropping can lead to monotony in the shapes and colours of
landscapes, as well as reduced diversity in vegetation types and textures. The most clear
examples of this negative impact are in those regions where irrigation has facilitated a large
scale expansion of arable or industrial cropping (eg cotton in Greece, maize in France) and
where glasshouses have become the dominant form of irrigated agriculture, creating so-called
“plastic seas" (see case study 2, Spain).

The creation of artificial barriers as part of the irrigation infrastructure (eg approach roads,
ditches, irrigation channels) can also make difficult, or even prevent, the migration of
terrestrial species. In the long term, such isolation can lead to a decline in the genetic diversity
of plant and animal communities which can render them more vulnerable to future climatic or
other external change.
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During the development of the irrigation system in the Prespa National Park area in Greece
for example, profound landscape changes took place. All small forest tracts and natural
hedges in the scheme area were clearcut, large numbers of trees and scrub were felled,
embankments were created and natural streams straightened. Ground levelling and the
removal of large quantities of soil took place, marshes and wet meadows were drained and
roads were opened, redesigned and asphalted (Catsadorakis et al, 1997).

The introduction of irrigation can alter biological processes. In Prespa National Park, the
development of the irrigation system from the 1960s led to an increase in reedbeds, to the
detriment of wet meadows. After 1990, the water level of Lake Megali Prespa steadily
lowered, leading to the exposure of alluvial flats, the formation of temporary marshes and
drying out near the coast line (Catsadorakis et al, 1997).

Modifications to food chains by the use of insecticides and pesticides, the elimination of
herbivorous species and the creation of monocultures, all common by-products of irrigated
agriculture, can have damaging effects upon wildlife. Even where irrigation could have a
positive effect in enabling a marked increase in crop diversity, economic subsidies to farm
products, market forces and other factors may favour monoculture. An example is provided
by Greece, where the semi-arid climate of most of the country makes winter cereal
monocultures in rainfed ecosystems inevitable. Even though the irrigated agroecosystems of
Greece are more diversified than the rainfed ones, the above effects signficantly reduce the
potential positive effect upon biodiversity (Gerakis et al, 1998).

The Prespa National Park is an area of high biodiversity. The dramatic habitat changes in the
1960s described above led to strong declines and the local extinction of several species from
the early 1970s (Catsadorakis, 1997). Between 1970 and 1980, six bird species ceased
breeding or became completely extinct. Between 1981 and 1994 eight further bird species
were affected, as well as a range of plant species. The bean monoculture created with the help
of the irrigation system remains without any vegetation cover up to mid-April and offers little
cover throughout the season. There was also a decline in the diversity of domestic animals,
with livestock farming decreasing significantly and the number of local cattle breeds also
declining. Dairy cattle disappeared completely from the area (Catsadorakis et al, 1997).

In Spain, studies of bird populations in the pseudosteppes indicate that the conversion of land
by introducing irrigation is the most significant factor affecting declines in certain important
species. For instance, a good example of the relationship between steppe birds and traditional
dryland management is given by the lesser kestrel. The reproductive success of lesser kestrel
has been found to be positively related to the proportion of the area surrounding the nesting
colony that is occupied by its selected feeding habitats, i.e. traditional dryland crops, long-
term fallow, and pastures. The bustard, by contrast, can feed on irrigated as well as dryland
areas, but its ability to hunt effectively can be reduced by the large-scale water management
infrastructure that often accompanies modern irrigation.

The presence of Spanish imperial eagle is also affected by irrigation, as has been shown by
radio-tracking of young birds in Andalucia. Eagles live in areas with a typically
Mediterranean climate providing both nesting habitats (woods) and hunting habitats
(Mediterranean scrub with rabbits). They completely avoid areas converted into irrigated
land.
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7UDGLWLRQDO�V\VWHPV
Traditional irrigation systems may generally be viewed as having a positive effect on the
environment, in that they have sustained a small-scale, labour intensive agriculture which has
increased the diversity of some historic landscapes, particularly in southern Europe. However,
the majority of historically irrigated land is situated in the most productive areas of the
Mediterranean littoral and the most fertile valleys and plains in the interior of Spain, Italy and
Greece, so there are now strong incentives for producers to change their methods and increase
yields. In Spain, the small farms in these areas have now taken as much advantage as possible
of available resources to develop intensive irrigated agriculture which, together with an
irrigation infrastructure in generally bad condition, usually means that the negative
environmental impacts (eg pollution, contamination) outweigh the positive.

The very small units of intensive agriculture that characterise many traditional irrigated lands
today have tended to move either into intensive crops under plastic which generate a high
yield per unit area; or into tree crops which require less labour-intensive management. In the
latter case, many farmers now work only part-time on the holding and they supplement their
incomes with other work which is more stable and better paid, even if usually seasonal (eg in
tourism, leisure or agro-industry).

Whichever type of cropping is now employed on these small holdings, the incorporation of
technology has become essential to their economic survival. In this context, there is a growing
use of drip irrigation systems (high frequency and low flow rate).

However in Greece, Spain, Portugal and southern France there also exists irrigated agriculture
which promotes soil conservation and the maintenance of areas of valuable cultural
landscapes, including terraces bounded by small stone retaining walls (dry stone walls). This
form of agriculture is to be found in mountain areas of the Mediterranean hinterland with a
favourable microclimate. It is based on the construction of terraces, on a moderate use of
water (irrigation by hand, along furrows) and on non-intensive systems of production (often
fruit trees, almonds and olives).

Today, many of these landscapes are in serious decline due to the relatively low productivity
of such systems and their high labour requirement; irrigated terrace agriculture has been
abandoned on a large scale, in some regions, leading to problems of erosion and
desertification.

1HZ�ODQGVFDSHV�LQ�WKH�KLOOV�±�DQ�H[DPSOH�IURP�6SDLQ
Intensive irrigated agriculture already covers a significant area of the land along the
Mediterranean littoral in Spain, but its continued expansion is now constrained by both lack
of water and land. As a result, new areas of tree crops are now being established on the slopes
of the nearby mountains, where the cost of introducing irrigation is lower. They use irrigation
from wells instead of expensive hydraulic infrastructure, and earthworks are not necessary
because the irrigation is by drip systems instead of by hand.

In comparison with the prosperous and extensive market gardens of the Mediterranean
littoral, the hinterland’s agrarian economy has been based on unirrigated crops grown on the
extensive piedmonts and glacis that shape the valleys of the Castilian plateau. However, with
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its high labour use and low yields, this traditional agriculture has become economically
marginal and has therefore been abandoned in many areas. Over the last three decades the
abandonment of large areas of vineyards, almonds, cereals and olives on mountain terraces
has occurred.

More recently, new groundwater sources have been identified in these areas, opening up the
possibility of a new kind of irrigated farming, to produce tree crops. There can be
environmental benefits from the application of drip irrigation in these areas, as follows:

• Less land is abandoned and the amount of vegetation on the slopes increases. This
diminishes the risks of desertification and erosion.

 

• Less work is needed to farm these areas. The irrigation water includes all the nutrients
needed as well as being more efficient in its application. Drip irrigation together with the
fact that little cultivation is required for the crops on the slopes (olives, almonds, tree
fruit) mean that the soil is preserved, although it also increases the use of herbicides.

However, these irrigated systems are not free from negative consequences, among which the
following stand out:

• The use of fertilisers and pesticides increases, being conveyed in the irrigation water,
which may lead to the contamination of subterranean aquifers and the soil.

 

• There is greater potential for over-exploitation of local surface and groundwater resources
due to the increase in pumping. When the pumping goes beyond certain limits the decline
in water quality is so rapid that it becomes unsuitable for irrigation;  salinisation may also
occur.

 

• The agrarian landscape becomes scattered with small and medium-sized, private and
communal, plastic or metal reservoirs, due to the need to store water.

&UHDWLRQ�RI�ZHWODQG�DUHDV�RI�KLJK�SRWHQWLDO�ELRGLYHUVLW\
Some irrigated agriculture has created new habitats for certain species of fauna. This is
especially true in the rice-producing regions of southern Europe, including Spain, Italy and
the Camargue in France. In Spain the growing of rice began in the Ebro Delta, the Albufera
(Valencia) and the Guadalquivir Marshes as a consequence of the Islamic invasion in the
eighth century. During the reproductive season the rice fields of Southern Europe are used by
many aquatic birds for breeding and feeding.

The positive impact of irrigation has been studied in some detail for the Ebro Delta. Yellow-
footed gulls and Audouin gulls use the rice fields of the Delta as a source of food alternative
when their sources of sea fish diminish. During the periods when they are not migrating the
percentage of captures obtained in the rice fields increases from 13 percent to 17 percent for
yellow-footed gulls and from 0 percent to 20 percent for Audouin gulls, which take leeches,
crustaceans and eels from the rice plots. The importance of the rice fields in providing this
food is such that the Ebro Delta has become essential for the survival of the young Audouin
gulls during migration.
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Rice fields may also become good habitats for ducks, water rails, egrets, gulls and waders. As
many as 40 species of small waders live in the Ebro Delta during the winter, a population of
between 12,000 and 20,000 birds, depending on the extent of the area that is under water.
Moorhens and water rails also live in the Ebro Delta during the autumn and winter. White-
headed and yellow-footed gulls, the most numerous species in the Delta during the winter,
feed by following the machines working in the rice fields; while herons usually accompany
them.

The plots in the Ebro Delta are used in a different way by each farmer, creating a mosaic of
fields with different levels of flooding. While there is no quantitative data on heron feeding
after the breeding period, the rice fields are where the herons - including small flocks of grey
herons - choose to spend the winter in Spain. The birds are especially numerous when the rice
fields are under water, from October to December.

However, the positive impact on bird species in the rice fields coexists with negative impacts,
which are a consequence of the farming practices used in the growing of rice. Irrigation is
achieved by means of a network of channels which carry the water from the rivers to the
plots. The variation in the water levels while the rice is growing causes stress in the plots due
to reduced oxygenation and poor conditions for the aquatic fauna developing there. The
different kinds of pesticides used to control algae, broadleaved weeds, crustaceans and insects
in the rice fields obviously also affect the aquatic birds, both directly and indirectly.
Interesting studies are now taking place to evaluate the impact of converting some plots to
organic rice production and allowing virtual abandonment to take place on others.
Environmental benefits have been detected in both cases by the Spanish Ornithological
Society, SEO.

�������6RLO�(URVLRQ

6SUHDG
Due to soil and hydraulic properties (Koluvek et al, 1993), both the occurrence and the risk of
erosion due to irrigation are greatest in Spain, Greece, Italy and Portugal, but it is also a
problem in some regions of France, Austria and Germany.

,PSDFW
There are two kinds of erosive phenomena in irrigated areas: natural erosion by the action of
rain or wind, and erosion produced by irrigation water. Lighter, more drought-prone sand, silt
or chalk soils are generally more easily eroded than heavy clays. Whenever land is cultivated
excessively and its organic matter is not replenished erosion will be accentuated. The slope,
both length and gradient, is an important factor in determining the degree of erosion by water,
while the size of fields and absence of field boundaries can be a factor determining erosivity
by wind.

Erosion by irrigation water can include: the impact of drops of water on the soil surface (eg
from pressurised sprinkler systems), laminar erosion from flooding (eg in gravity systems),
and erosion in furrows and ditches, in any system where water flows across the land. Each
irrigation system may cause one or more of these effects, depending on its characteristics. It is
considered that most erosion caused by surface irrigation occurs with channelised flows in
furrows (Koluvek et al, 1993).
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• Drip irrigation is the best system for minimising erosive processes, given that it  produces
neither washout nor direct impacts on soil particles. Because of low application rates,
runoff and erosion do not normally occur (Trout et al, 1993).Irrigation with sprinklers can
cause erosion due to drops beating on the soil when the application rate exceeds the soil
infiltration rate, which frequently occurs near the outer end of center pivot systems (Trout
and Neibling, 1993). The degree of erosion will depend on two main factors:
- the size of the drops;
- the speed at which the drops fall.
Irrigation which uses large sprinklers or water cannons will produce a greater erosive
effect than microsprinkling systems

• The degree of erosion caused by irrigation by hand depends to a large extent on the
knowledge and awareness of the farmers using these practices.

Soil erosion from irrigated agriculture has been a particular issue in those parts of France
which have seen a rapid expansion in the area of irrigated maize grown in recent years. The
erosion is exacerbated by irrigation water and also by the fact that maize farmers have
removed many field boundary features in order to enlarge fields and thereby reduce the cost
of crop husbandry. Maize is a particularly poor soil conserver since the stems of the crop are
widely spaced and the soil surface is therefore left exposed for a large part of the year.
Furthermore, the regions where irrigated maize has spread include those which are commonly
affected by serious storms during the spring and summer, when significant erosion events will
occur. In the area of Rennes in Brittany, the spread of irrigated maize  on slopes around the
town has led farmers to concentrate their cattle at the base of the hills, where a drain system
supplies water for local domestic use. The combination of eroded and enriched soil sediments
from the maize fields, plus localised poaching and pollution from the cattle, has seriously
contaminated these water supplies (Pujot et Dron, 1998).

�������6DOLQLVDWLRQ

6SUHDG
Salinisation of water and soils as a result of irrigation is a major issue in Greece. About 25
percent of existing irrigated lands in Greece face severe problems of salinity and many more
thousand hectares of land are expected to be affected by salts in future, due to the use of poor
quality irrigation water, improper irrigation practices and bad soil management. The
phenomenon is also widespread in many areas of Spain and some parts of Portugal, as well as
south-west France.

,PSDFW
The factors which determine the risk of salinisation are the drainage systems available on
irrigated land, the amount of water used, and the quality of water used in irrigation. Where
land drains are deficient or blocked it can cause not only waterlogging of soils but also an
increase in the salinity of the soil, particularly if this already has an excess of salts or if it is
irrigated with saline water. An excess of water in a system due to irrigation will make the
phenomenon of swamping more acute and, as a consequence, increase salinisation of the
water (Guimera et al, 1995).

Salinisation of water by marine intrusion arises where water abstractions from aquifers
exceed natural recharging rates, and the level of the water table drops. This occurs in most
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coastal irrigated areas in Spain, and many parts of Greece, as well as some regions of Portugal
and Italy.

In Spain, 82 aquifers in the coastal areas of the Iberian Peninsula and the Balearic Islands
have been degraded by marine intrusion through over-exploitation of groundwater for
irrigation and other uses. In some cases the intrusion is local and limited to specific areas, but
there are also areas where most of the aquifer is affected by these problems.

Map 2  shows the occurrence of marine intrusion in Greece. Regions with salinisation
problems can be found all over Greece, but mainly in the coastal regions of the provinces of
Pieria and Kavala (in Macedonia), as well as those of the Eastern and Southern Peloponese
and the islands of the East Aegean and Crete

An excessive or imprecise use of fertilisers in irrigated systems can also contaminate the soil
solution and modify the concentrations of ions in it, thereby producing salinisation.

In Greek and other mediterranean soils, there is often potential for the accumulation of
soluble salts. As the warmer and drier climate which is expected to prevail in future will
increase aridity and drought hazard, the expansion of irrigation over larger areas will be
increasingly necessary if agricultural production is to continue. According to expert
assessments in Greece, about 25 percent of existing irrigated lands in the country face severe
problems of salinity or alkalinity and many more thousands of hectares are expected to be
affected in future. The problem will be aggravated through diminishing groundwater recharge
due to reduced rainfall and the intrusion of brackish water into aquifers (Kosmas, 1999).

Studies in the Peloponese show that the salinity status of the soil is correlated with that of the
groundwater used in irrigation; most of the salt is found to be leached through the soil profile
and to move towards the groundwater; and sea water intrusion in conjunction with the
leaching process tends to establish a vicious circle of soil and groundwater degradation,
leading to desertification, if untreated (Poulovassilis et al, 1996). Other studies in Greece
have indicated that salinisation due to irrigation with brackish water is higher for tree crops
(citrus) than for annual horticultural crops, because the former use water for a much longer
season (May to October).

The process of salinisation has increased over time in the Guadalentin Basin in Murcia in
Spain because of the high salt content of water in areas that have been exploited for a long
time. This is caused by the increase of free carbon dioxide (CO2) liberated by falling water-
tables. An increase in water temperature and in the content of bicarbonate and sulphate ions
also occurs. The contamination of agricultural soils by these salts causes the development of a
dark crust that obstructs root aeration. Moreover, chemical reactions between the soil salts
and the bicarbonates in the irrigation water generate compounds (e.g. sodium carbonate) that
are highly toxic to plants, leading to reduced productivity.
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The construction of large dams to create enhanced water sources for irrigation (and other
purposes) can have dramatic effects on landscapes and biodiversity. In Portugal and Spain
there have been several cases where new dams have flooded historic landscapes and displaced
traditional communities, as well as submerging valuable natural and semi-natural habitats of
some importance for rare species of wildlife. For example, Spanish dams such as Melonares
(in Sevilla), Breña II (Córdoba), Irueña (Salamanca) and Andévalo (Huelva) will destroy /\Q[
SDUGLQD�habitats, which is a priority species in Appendices II and IV of the habitats Directive.

Bringing very large quantities of water from distant areas by means of integral irrigation
plans, reservoirs or canalisation of rivers can lead to an unnatural increase in groundwater
level in some regions. The dangers of this are the swamping of the soil, a decrease in its
aeration and parallel chemical processes, with important repercussions on soil microfauna and
vegetation. Both agricultural and wild plants may suffer significantly retarded growth rates.

In some regions of France, the recharging of rivers in dry periods with irrigation water which
has been transported from mountainous areas can have significant impacts upon local flora
and fauna. This has been particularly noted in the south-west and Poitou-Charentes. Cold and
clear water released into the area causes a thermal shock to wildlife and can be highly erosive.
Another phenomenon in these areas has been the effect of canalisation of rivers as part of
irrigation infrastructure projects, which has been damaging to local aquatic biodiversity (Pujot
et Dron, 1998).

����(QYLURQPHQWDO�,PSDFWV�RI�,UULJDWLRQ�E\�0HPEHU�6WDWH

This section briefly summarises experts’ views about the occurrence and severity of impacts
in the Member States, grouped according to the classification presented in Chapter 2.

*URXS�$�0HPEHU�6WDWHV

In overview, the impacts of irrigated agriculture in 6SDLQ vary at regional level. Negative
impacts upon biodiversity are found in regions with wetlands: Andalucía, Aragon, Castilla La
Mancha, Castilla y León, Cataluña and Murcia; and in regions where irrigated farms are
adjacent to wetlands. The most common impact is where the irrigation of former dryland
areas threatens valuable dryland species. In the case of Castilla y León and Aragón there are
significant negative effects upon pseudosteppe bird life. The trends are increasing or stable in
each affected region, but mainly increasing overall. Impacts of irrigation upon water
pollution, groundwater exhaustion, salinisation and erosion principally affect Andalucía,
Murcia, the Balearic islands, Valenciana and the Canaries. The most common impacts here
are eutrophication of water by nutrients, lowered groundwater tables, salinisation by marine
intrusion and reduced water flow in rivers. These trends are also increasing. However, in the
regions of Asturias, Cantabria, Galicia and País Vasco there are no important negative
impacts because of the relative insignificance of irrigation here. Positive impacts are most
marked in relation to a few localised mountain and delta areas, as discussed under section
3.2.4.
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In *UHHFH� the agricultural intensification process in the lowlands, associated with irrigated
production of industrial crops such as sugar beet and cotton, has been a principal source of
environmental degradation. The increase in irrigation here, in particular, has been a major
cause of the over-exploitation of aquifers and the exhaustion of water resources. The
expansion of mass tourism in coastal areas has aggravated the problem through its impact on
land-use patterns and the allocation of water resources - over-abstraction of water for both
drinking and irrigation is found in these areas. A deterioration of the quality of affected water
courses and lakes has also been observed, where nitrates, phosphates and ammonia emissions
have exceeded accepted values in recent years in many cases. Overall, the most severe
environmental problems related to irrigation in Greece are significantly lowered groundwater
tables, salinisation of ground water from the sea and from dissolved salts in soil strata,
contamination of land by salts and related desertification, and desertification as a result of
significant soil erosion on irrigated slopes (Caraveli, 1999).

In�,WDO\��over-abstraction of groundwater is a serious issue in some areas of the Po valley, and
in many parts of the country water sources are polluted by a combination of agricultural
inputs and domestic and industrial contamination. Coastal pollution of seawater is also a
problem in some areas. In both these cases, irrigated intensive agriculture makes some
contribution to the overall impact. In southern Italy, a marked regional disparity in water
availability has led to the construction of large surface water transfer facilities from Basilicata
to Apulia, with some negative impacts upon landscapes and habitats (Hamdy, Lacirignola,
1999).

In 3RUWXJDO�� irrigation leads to a mix of positive and negative impacts depending on the
regions considered. In the regions of Entre Douro e Minho, Beira Litoral and Beira Interior,
where irrigation is generally in decline, the traditional systems here make a positive
contribution to the maintenance of landscape character and biodiversity. In Tras os Montes
also, beneficial extensive systems of irrigation persist. However in Lisbon and Vale do Tejo,
irrigation is associated with modern intensive cultivation methods which give rise to
problems of pollution, drinking water contamination and habitat and species decline. The
irrigation practices in the Algarve have led to serious pollution of drinking water sources, and
the problem also occurs in relation to the production of vines, horticultural crops, rice and
maize around Lisbon and Vale do Tejo. Salinisation is also a problem in coastal areas of
Alentejo, Algarve, Beira Litoral and the coast north of Lisbon. Investigation of this problem
in the Algarve has shown it to be caused by seawater intrusion (Caldas, 1999).

*URXS�%
In $XVWULD, existing irrigation practice in the east of the country has led to contamination of
ground water with pesticides and nutrients (especially nitrate). Significantly lowered
groundwater tables are a problem only in some regions (e.g. Marchfeld). Elsewhere,
insufficient water sources for irrigation may locally restrict the development of agriculture.
Agricultural use and irrigation of former dryland areas still threatens valuable dryland species
in some regions. However, irrespective of the development of irrigation, the agricultural use
of former meadows (dryland and wetland) has already destroyed habitats and valuable species
in some lowland areas of Austria (Mottl, pers. comm.).

In WKH�8.� the picture is similar to Denmark. Serious drought in the period 1988-94 led to
some dramatic incidents of streams drying up and low flow in larger rivers in much of the
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south-east of England. Groundwater tables were also significantly lowered during this period.
However, since then a succession of wetter years has largely restored water balance. In the
long term, the UK authorities see an increasing need to control and to improve the efficiency
of agricultural water use in south-east England since this area is expected to suffer more
frequent water shortages as a result of global warming (MAFF, EA, personal communication
1999).

In WKH� 1HWKHUODQGV�� the dessication of former wetland areas due to over-abstraction of
groundwater is a serious phenomenon affecting 560,000 hectares of semi-natural and natural
habitats. Between 1950 and 1985 the water table in the Netherlands fell by an average of
25cm. The problem is a combined result of abstraction by industry, domestic supplies and
agricultural and horticultural irrigation, mainly by sprinklers. In addition, the use of poor
quality surface water from the Rhine for irrigation purposes has led to localised problems of
soil and water contamination, and the pollution of polder waters by nutrients, due to increased
run off from irrigated land, is also recognised in some areas (Bleumink and Buys, 1996).

,Q�)UDQFH��the principal environmental impacts of irrigation vary markedly between the main
irrigated regions. In the mediterranean and south-west areas, where most irrigation is via
collective systems and is used for horticulture, the most notable impacts of irrigation have
been the result of major engineering works to supply water from rivers to arid regions,
including canals, dams and reservoirs. Here, there has been significant damage to semi-
natural habitats and to aquatic ecosystems as a result of these changes. In addition, the
lowering of groundwater tables is also an issue. In the more northerly regions problems of
pollution and soil erosion, particularly from irrigated maize, predominate, although as the
case study shows, lowered groundwater tables have also been a problem in some areas,
particularly during periods of prolonged drought (Ifen, others, 1997).

In *HUPDQ\, the most common environmental impact of irrigation today is the localised
contamination of water supplies due to nitrate leaching from irrigated fields. In a few rare
cases, soil erosion due to irrigation on slopes has also been a problem. However, in the past it
is likely that the introduction of groundwater irrigation led to the dessication of former
wetland areas in several regions (Sourell, pers. comm.).

In 'HQPDUN, the environmental impacts of irrigation are not nationally significant. However,
surface water irrigation causes some low-flow or drying out of rivers with damage to aquatic
flora and fauna in some regions, particularly in years of drought (Hvid, pers. comm.).

In %HOJLXP, ground and surface water contamination by pesticide and fertiliser run-off from
irrigated land has been observed in some areas, but the extent of the problem is not fully
known at this stage (OECD, 1998).

*URXS�&
As would be expected, the environmental impact of irrigation in these Member States,
including 6ZHGHQ�� )LQODQG�� /X[HPERXUJ� and� ,UHODQG is minimal and appears unlikely to
become any more significant in future. The only one of these countries reporting any
environmental impacts has been Sweden, where it is noted that irrigation can reduce nitrate
contamination of water by diluting agricultural leachate, and that in dry summer months,
abstraction of surface waters from small streams for irrigation can cause localised problems
for the ecology of these rather sensitive habitats.(de Mare, pers comm).
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&KDSWHU����)LYH�&DVH�6WXGLHV�RI�WKH�(QYLURQPHQWDO�,PSDFW�RI�,UULJDWLRQ

This chapter includes a selection of case studies which have been chosen to illustrate in more
detail some of the environmental impacts of irrigation in the EU. The selection has been
designed to include areas from both the south and north of the Union, and to cover a broad
spread of irrigation types and environmental impacts.

The five areas selected are:

• Daimiel (Cuidad Real) in Castilla La Mancha (central-southern plateau), Spain;
• Campo de Dalias (Almeria coastline) in Andalucia (south), Spain;
• Argolis area in the North-East Pelopponese, Greece;
• Marchfeld, in eastern Austria;
• Beauce, northern France.

The principal characteristics of irrigation in each area are shown in table 4.0.1 below.

7DEOH�������2YHUYLHZ�RI�&DVH�6WXG\�&KDUDFWHULVWLFV
Area North or

south EU
Type of irrigation Crop production

systems
Institutional
arrangements

Environmental
impacts

Daimiel, Spain South Groundwater with
pressure
(sprinklers),
permanent or
support

Arable
Vineyard

Water rights with users,
public regulation and
control on water
extractions, and agri-
environmental incentives
(2078/92)

Deterioration and
dramatic desiccation
of valuable wetlands
with negative effects
on biodiversity

Dalias, Spain South Groundwater with
pressure (drip),
permanent

Glasshouse
horticulture

Water rights with users,
public regulation and
control on water
extractions

Salinisation (marine
intrusion) and
pollution from high
levels of chemical
inputs, but some
wildlife benefits from
artificial lagoon

Argolis,
Greece

South Surface and
Groundwater with
pressure
(sprinklers)
continuous

Intensive (tree
crops and
horticulture)

Complex system –  50%
of abstractions private
and under-regulated,
50% collective.

Marine intrusion –
salinisation of soils
and groundwater,
erosion and
desertification

Marchfeld,
Austria

North Groundwater and
Surface waters

Arable and other
crops

Formerly unregulated,
now controlled through a
project instigated by the
state, with charges to
farmers

Biodiversity losses
due to lowered
groundwater table,
pollution of rivers by
agricultural inputs

Beauce, France North Groundwater with
pressure
(sprinklers),
periodic

Arable, outdoor
horticulture

Private use rights but
with quotas and water
metering; inter-basin
working group (local
government, water
authorities, environment
and industry)

Aquifer lowering
causing low/no flow
in rivers with likely
negative impact on
aquatic ecology as
well as economic
impacts on non-
irrigated cropland

Each of these is presented here in turn.



57

����&$6(�678'<����7$%/$6�'(�'$,0,(/

����� ,QWURGXFWLRQ

The 7DEODV� GH� 'DLPLHO, in the province of Ciudad Real, are one of the most peculiar
geographical accidents in the landscape of La Mancha, in southern Spain. The
geomorphological and hydrological conditions that come together in the High Basin of the
River Guadiana give rise to a network of small lakes and areas flooded by the overflowing of
the Rivers Guadiana,  Gigüela,  Riansares and Záncara. The resulting wetland area is included
in Category A - exceptional interest - in the Catalogue of important wetland areas in Europe,
as a habitat for the conservation of European and North African aquatic birds.

Until recently the River Gigüela, which flows from the north-east (in the province of Cuenca)
to the south-west (province of Ciudad Real), overflowed naturally at various points
downstream from the area of Puerto Lápice. These floodings are known locally as WDEODV; the
two main ones in La Mancha are the 7DEODV� GH�9LOODUWD and the 7DEODV� GH�'DLPLHO.  The
River Guadiana, which also floods, rises in Los Ojos de Guadiana and joins the River Gigüela
in the area of the 7DEODV�GH�'DLPLHO.

The considerable ecological productivity and biodiversity of the wetlands in La Mancha give
them a high environmental value and unique geochemical and limnological character. They
provide good conditions for many species and large populations of nesting and overwintering
waterfowl. The area has attracted special national and international recognition for its
conservation value. It is designated as a UNESCO Biosphere Reserve, RAMSAR site, Special
Protection Area (SPA) under the birds Directive 79/409, and has been proposed as a Natura
2000 site under the habitats Directive 92/43. A number of other international and local
designations also apply to the area.

2ULJLQV�RI�LUULJDWLRQ
The plains of Castile La Mancha are an area of scarce and often irregular rainfall, between
300 and 400 mm/per year. This, and the fact that the drainage of the soil is deficient due to
the multitude of depressions and small lakes with high evapotranspiration, makes them
among the most arid parts of the Iberian Peninsula.

Dry farming on these plains is limited to some winter cereals, vineyards and olive groves.
The irregularity of rainfall means land is often fallowed for long periods. On the whole, such
farming is not very profitable. However the area has been transformed by irrigation.

In the early 1980s there was a rapid increase in the cultivation of maize at the expense of
winter cereals. This produced yields higher than the Spanish average, leading to talk of a
‘maize revolution’. In 1991 81,000 hectares were under cultivation; this went down to 60.000
hectares in 1992 and fell further to 38.000 in 1993, since when maize has almost disappeared.
Large areas in the region have also been devoted to sugar beet and alfafa.

Table 4.1.1 shows annual extractions from the Western La Mancha aquifer and the areas
irrigated:

7DEOH������
<HDU YROXPH� H[WUDFWHG DUHD�LUULJDWHG ZDWHU�GHOLYHUHG
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�KP�� �KD� P��KD
1974 152 28,666 5,302.4
1976 221 48,750 4,533.3
1978 265 66,250 4,000.0
1980 320 78,125 4,095.0
1982 387 91,254 4,240.9
1984 415 96,585 4,296.7
1986 525 117,200 4,479.5
1988 568 121,276 4,683.5
1990 522 117,212 4,453.4
1992 410 89,280 4,592.2
1994 236 73,505 3,210.5
1995 217 73,582 2,949.0

,QLWLDWLYHV
The expansion of irrigated land on the plains of La Mancha was made possible by the use of
groundwater and the building of wells and infrastructure by farmers, on an individual basis.
The use of water from the Western La Mancha Aquifer ‘nº 23’, with an area of 5,000 km2 in
the centre of La Mancha, was particularly significant.  Until the middle of the 1970s the
aquifer could be regarded as being in surplus. Between 1980 and 1987 the rhythm of drillings
and extractions accelerated, influenced by several factors:

• the good returns from irrigated land compared to dry land increased the number of farms
switching to irrigated cropping;

• public subsidies were available for irrigation machinery and infrastructure;
• a new Water Act had been proposed (eventually passed in 1985) which would limit the

number of wells in the area;
• there was a view locally that the water should be exploited before supplies dried up.

7KH�5K\WKP�RI�&KDQJH
The 30,000 hectares irrigated by the Aquifer in 1974 had become nearly 130,000 hectares ten
years later. However, at the end of the 1970s the drop in level of the Aquifer’s water table
indicated an excess of demand over supply, putting extreme pressure on the resource. The
Aquifer’s natural outlets, responsible for the course of the Guadiana (los Ojos de Guadiana),
ceased to flow, which led to a progressive reduction in the extent of the La Mancha wetlands.
The 7DEODV�GH�'DLPLHO National Park, the heart of these wetlands, began to deteriorate as the
incidence of flooding seriously diminished.

The text box below presents a chronology of irrigation in the area, illustrating the long
sequence of cumulative damage to the aquifer and the National Park due to the gradual
expansion of irrigation.
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&KURQRORJ\�RI�LUULJDWLRQ�LQ�WKH�'DLPLHO�UHJLRQ�����������
���� The 2EUD�6LQGLFDO�GH�&RORQL]DFLyQ (Union Colonization Department) excavated a large well to extract

water and irrigate the area of Gil Pérez, near the town. A huge tank with a capacity of around 6,000
cubic metres was built; however the irrigation channels were never built.

����� Valencian businessmen started growing rice in the Guadiana; the maximum area used was 30,000
hectares. This lasted about 10 years but ceased due to the gradual disappearance of the water.

���� In the decade 1940 to 1950 a total of 6 wells were legalized; they are listed with the Communities of
Farmers with a Right to Irrigate.

����V Some farmers formed a consortium and contacted the State Forest Patrimony to get subsidies for
planting poplars in wetland areas. The lack of adequate title deeds in some cases, however, and
negligence in others meant that only 10 hectares were reforested.

���� Ricardo Ibáñez Gerez suggested the creation of the Vallehermoso Reservoir and the transformation of
the area of the Vega del Azuer into irrigated land.

���� The Act which regulated the activity of the National Institute of Colonisation (,QVWLW~WR�1DFLRQDO�GH
&RORQL]DFLyQ) and the Ministry of Public Works so that they could begin drainage of the banks of the
Guadiana and its tributaries;  it was estimated that 30,000 hectares of La Mancha wetlands needed to be
drained. The Act also enabled the Ministry of Public Works to subsidise the building of an irrigation
channel, the ‘New Guadiana River’. This became the collector of a network of axial drainage channels.

���� $  Forestry Company planted 10 hectares of poplars in easily flooded areas to produce paper pulp. The
venture failed when both the water table and the river dried up. In the town of Daimiel there were 1890
hectares of irrigated orchards and 300 hectares of rice fields beside the river Guadiana.

���� The Ministry banned duck shooting in the 7DEODV indefinitely.
���� In the decade 1950 to 1960, 411 wells were legalised and listed in the Irrigators’ Associations.
���� Union groups were set up to drain the Daimiel wetlands. Priority was given to the draining entrusted to

the Institute of Colonisation and the Ministry of Public Works in July 1956.
The first list of the 200 most important global wetlands appeared. 4 out of 10 in Spain were in Category
A: Las Marismas del Guadalquivir (the Coto de Doñana) - the Guadalquivier river marshes (Analusia);
the Ebro Delta (Catalonia); La Albufera (Marine marshes in Valencia); Las Lagunas de Castilla La
Nueva (Castile-La Mancha lagoons) (no longer in existence).

���� Act setting up the Las Tablas National Hunting Reserve.
���� The work necessary to canalise the rivers of La Mancha was speeded up.An alarming drop in the level

of water in the 7DEODV began to be noticed.
���� In the decade 1960 to 1970, 78 wells were legalised and listed with the Irrigators’ Associations.
���� The RAMSAR Agreement caused controversy because of its adverse effect on the Tablas de Daimiel:

the Government ordered the cessation of drainage work and sets up an inter-ministerial committee. For
the first time the 7DEODV was completely drained.

���� ‘Tablas de Daimiel’ National Park was set up, with an area of 1,875 hectares.
���� 24 wells in Daimiel were legalised during the year. The level of water in the wells fell 70 centimetres.

According to the Ministry of Public Works 5,723 hectares were under irrigation in the 7DEODV area, a
consumption of 28 hectometres per year. The Guadiana Water Commissariat calculated the existence of
around 31,000 hectares irrigated from Aquifer 23.

���� RAMSAR Convention came into force. 70 wells legalised in the 7DEODV. The water level fell  1m.
���� 38 wells legalised in the 7DEODV.  The water level fell by a further metre.
���� According to the Ministry of Public Works, 9,469 hectares of the 7DEODV were irrigated, with a

consumption of 51 Hm3 per year. 118 wells were legalised: the water level fell by another metre.
���� 325 wells were legalised; the water level fell another metre.
���� 251 wells were legalised; the water level fell another metre.
���� The area Los Ojos del Guadiana dried up; natural auto-combustion of peat began. The uncontrolled

extraction of peat for sale as fertiliser began.135 wells were legalised; the water level fell 1 metre.
���� The Guadiana Water Commissariat calculated that some 83,000 hectares had been irrigated from

Aquifer 23.
����. 72 wells were legalised during the year; the water level fell by another metre.
���� The Ojos del Guadiana flowed for the last time. The Guadiana Water Commissariat calculated that

101,000 hectares had been irrigated from Aquifer 23.78 wells were legalised.
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As a result of inaction by the authorities, the drought has led to salinisation of the
subterranean water and contamination and eutrophication of the surface water. Also, there has
been a reduction in nesting areas due to changes in�vegetation, including peat fires, and a
generalised subsidence of land with a concomitant impact on the landscape and the loss of
traditional enterprises (eg crayfish gathering). Moreover, the drying up of the aquifer, the
level of which has fallen by 40 metres, together with long periods of drought, has led to the
breaking up of riverbeds and their contamination by polluting agents, fertilisers and

&KURQRORJ\�FRQWLQXHG���������
���� The Water Act was passed, making all groundwater public property. The Puente Navarro dam was

completed in an attempt to recuperate 425 hectares of the area of Las Cañas.  The new dam was
useless, however, as no water was provided by the rivers. The Guadiana Water Commissariat
calculated that 109,000 hectares had been irrigated from Aquifer 23.82 wells were legalised; the water
level fell by 1.6 metres.

����� The National Park dried up. On September 5th a third of the National Park was burnt; the
subterranean combustion of the peat would continue for a further 8 years. A ‘Viability Study of a Plan
for the Hydric Regeneration of the Tablas de Daimiel National Park’ was carried out by the consulting
firm EPTISA. The Guadiana Water Commissariat calculated that 120,000 hectares had been irrigated
from Aquifer 23. During the year 293 wells were legalised; the water level did not fall as it was a wet
year.

����� The La Mancha plains’ Aquifer was provisionally declared to be over-exploited. Water was brought to
the National Park from the High Basin of the River Tagus by means of the Tagus-Segura Aqueduct.
60 Hm3 were authorised over three years,  and the water could not be used for any other purposes than
environmental ones. The Guadiana Water Commissariat calculated that 127,000 hectares had been
irrigated from Aquifer 23. 153 wells were legalised this year; the water level fell by 1.5 metres.

���� The Guadiana Water Commissariat calculated that 127,500 hectares had been irrigated from Aquifer
23. 3 wells were legalised; the water level fell by 1.3 metres.

���� A device was built to control the level of water inside the National Park. This device would only work
when there was water, which there had not been for the last few years. The neighbouring villages’
sewage outlets were stopped.  The green filters of Daimiel, Villarubia de los Ojos and other
municipalities filter part of their sewage but do not prevent the contamination of the Aquifer.

���� During the decade 1980 to 1990, 782 wells were legalised in Daimiel. ICONA carried out 7 deep
drillings, from which water was extracted to fill the ponds beside where the visitors walk to avoid the
danger of fire. These were super-wells from which up to10 Hm3 of water could be extracted in a year.
The Guadiana Water Commissariat calculated that 123,000 hectares had been irrigated from Aquifer
23. The water was at a depth of 25.2 metres. The Tagus-Segura Transfer to the National Park was
extended for another three years.

���� The Guadiana Water Commissariat calculated that 120,000 hectares had been irrigated from Aquifer
23. The water was at a depth of 29.5 metres.

���� Income Compensation Programme was launched. The Guadiana Water Commissariat calculated that
117,000 hectares had been irrigated from Aquifer 23.

����� The water was at a depth of 30.9 metres. A Royal Decree-Law extended the water transfer to the
National Park for another 3 years. The Guadiana Water Commissariat calculated that 111,000 hectares
had been irrigated from Aquifer 23.
Results of the first year of the Income Compensation Programme: No. of beneficiaries: 1,335, Total
payments in pesetas: 1,978,718,818, 56 cases sanctioned.

1994 The water was at a depth of 37.1 metres
The number of legalised wells about which the Daimiel Community of Farmers with a Right to Irrigate
had information was: Legal wells: 2,315, In the process of being legalised: 485, those refused
legalisation: 279, those built after 1986 and with no possibility of being legalised: 300. Total: 3,379.
Various observers calculate that between 25% and 40% of these wells, which come within the
provisions of the Water Saving Plan, were dry, without water.

1995 Western La Mancha’s Aquifer 23 was declared over-exploited. A European Commissioner visited Las
Tablas de Daimiel. After the visit the Commissioner said that Spain would not receive any aid from
the European Union to palliate the drought.
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pesticides. All these effects are together responsible for a major wetland crisis. Since the end
of the 1970s all this has not only had a devastating effect on the flora and fauna but it has also
jeopardised irrigated farming itself because of a drop in profitability due to the decreasing
availability of water in wells.

������$JULFXOWXUDO�6WUXFWXUH

&URSV
The terrain of the 7DEODV is gently undulating.  Traditionally it sustained vines, cereals and
some olive groves. Today this has been replaced by large areas of intensive crops irrigated by
pipes or gigantic pivots that extract water from the Aquifer. In order of significance, the
different land cover in the area is shown in Table 4.1.2.

7DEOH������
&URS DUHD��KD� SHUFHQWDJH
Dry land cereals 9,302.50 21.41
Irrigated cereals 20,684.09 47.60
Vineyards 8,267.63 19.03
Olive groves 895.20 2.05
Olive groves/vineyards 894.36 2.05
Almond trees 71.37 0.16
Oak groves 121.96 0.28
River bank trees 51.62 0.11
Unproductive land 2,712.68 6.25
Uncultivated land 461.16 1.06
727$/ ��������� ������

The cultivable land used for cereals makes up 69% of the municipal district. Next in
importance is the area dedicated to vineyards, followed by olive groves, olive
groves/vineyards and almond trees which make Daimiel one of the most agricultural districts
in Spain.

)DUP�6L]H
The average size of an irrigated holding – 11.42 hectares – is misleading. Almost half the
holdings account for only 10% of the total surface area, with an average size of 2.37 hectares
each; these are part-time holdings. There are also a large number of holdings between 10 and
25 hectares, which is a suitable size for full-time irrigated farms. In addition, there are 61
large irrigated farms of between 50 to 100 hectares each, which account for 31% of the total
land.

������,UULJDWLRQ�6WUXFWXUH

Table 4.1.4 shows the characteristics of the irrigated farms that obtain water from Aquifer 23.

7DEOH�������,UULJDWLRQ�RQ�)DUPV�LQ�'DLPLHO
$UHD 1��RI�IDUPV :HOOV +D P���\HDU KD�ZHOO P��KD�\U &RQVXP�

SWLRQ
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P��KD
>3 ha 3,067 3,082 4,936.49 18,840.252 1.60 6.113 3,817
3 – 5 ha 1,924 1,957 7,398.82 24,536.058 3.78 12.538 3,316
5 – 10 ha 2,714 2,759 18,938.74 57,806.641 6.86 20.952 3,052
10-20 ha 2,031 2,116 27,401.81 127,553.481 12.94 60.281 4,655
20-30 ha 750 818 17,572.20 80,335.713 21.48 98.210 4,572
30-50 ha 520 624 19,283.20 93,243.379 30.90 149.428 4,835
<50 ha 391 835 39,482.52 179,836.493 47.28 215.569 4,559
727$/ ������ ������ ���������� ����������� ����� ������ �����

An analysis of the social structure of irrigated land and water consumption highlights the
following aspects:

• The owners of 64% of the wells own 23% of the land and extract 17% of the water;
• The farms of between 10 and 50 hectares own 30% of the wells and 48% of the land and

extract 52% of the water;
• The farms of more than 50 hectares are those which consume disproportionately more

water.  6.5% of the wells in the whole of La Mancha own 29% of the irrigated land in La
Mancha and extract 31% of the water from the Aquifer. almost 200 Hm3 a year.

7\SHV�RI�,UULJDWLRQ
Flood irrigation is barely used in La Mancha – 0.22% - except for some small areas of
vineyards and vegetables. Sometimes the efficiency of this system is no more than 50%. due
to the problems of deep filtration and percolation. The main irrigation system used is
sprinkling – 77.36% of the area’s surface. This is more efficient than flooding but it is still
insufficient to ensure the uniform distribution of the water and it is wasteful of both water and
energy. For crops with a concentrated root system. drip irrigation is increasingly used,
covering 22.42%of the cropped area. This system is potentially the most efficient since it
requires only basic technical training for farmers to make the most of all of its potential in the
use of water and fertilisers. In Western La Mancha it is used for 99.5% of all melon groves
and 35.3% of vineyards.

������6RXUFHV�RI�:DWHU

/DV�7DEODV�GH�'DLPLHO is supplied by the following water sources:
• 90 Hm3 per year by infiltration of surface run off, now lost as a result of the regulation of

the head of the Rivers Záncara and Cigüela;
• 180 Hm3 per year from rain water infiltration;
• 50 Hm3 per year from subterranean water from Aquifer 24 in the nearby area of Campo de

Montiel.

The Ministry of Public Works data (1987) states that Aquifer 23 had a water supply of 335
Hm3 per year while net extractions were carried out at the rate of 595 Hm3 per year. This
meant that Aquifer 23, the reservoir at the core of the La Mancha region, was being emptied
at the rate of 260 Hm3 per year. By the year 2005 if the present rate of exploitation continues,
it will be exhausted.

The reduction of these renewable resources due to the effects of the drought and the very big
increase in the number of subterranean water pumping stations, meant an average extraction
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from the reserves of 300 Hm3 per year. This made the water table fall by between 20 metres
and 40 metres in different locations across the aquifer. The reserves used up between 1974
and 1997 are reckoned to amount to 4000 Hm3 which is between 40% and 80% of the
estimated storage capacity of Aquifer 23. Tables 4.1.5 and 4.1.6 indicate the hydric balances
for Aquifer 23 in an average year, for the periods specified:

7DEOH��������:DWHU�%DODQFH������������
     LQIORZ      +P� RXWIORZ  +P�

River infiltration      56 Draining of Aquifer
(Rivers & Tablas) 125

Rain infiltration     195 Pumping  290
Subterranean       50 Evapotranspiration   10
Return of surface water       20
TOTAL     321 TOTAL  425
Extracted from reserves     104
TOTAL     425

7DEOH��������:DWHU�%DODQFH������������
LQIORZ          �+P� RXWIORZ   +P�

River infiltration            1 Draining of Aquifer
(Rivers & Tablas)

    18

         100 Pumping    450
Subterranean           50 Evapotranspiration      10
Return of surface water             -
TOTAL          151 TOTAL    478
Extracted from reserves          327
TOTAL           478

Contrasting the inflow and the outflow produces a negative average balance – ie a loss of the
Aquifer’s reserves – which has increased from 104 Hm3 in the period 1974 to 1981 to 327
Hm3 between 1982 and 1995.

������3ROLFLHV�WR�$PHOLRUDWH�WKH�(QYLURQPHQWDO�,PSDFWV�RI�,UULJDWLRQ

A number of policies have been implemented in an effort to improve the sustainable
management of the aquifer: each is described briefly below.

����/DV�7DEODV�GH�'DLPLHO�+\GULF�5HJHQHUDWLRQ�3ODQ
Of several proposals put forward in this Plan, the only effective one was the Water Transfer
of 1988 to 1996, enabled by a Central Government decree-law for Water Transfer from the
Tagus-Segura to Las Tablas. This permitted a flow of 60 Hm3 over the full period. with a
ceiling of 30 Hm3 per year which was put in force for three years until the summer of 1990,
and subsequently extended to 1996.

����1DWLRQDO�:HWODQGV�&RQVHUYDWLRQ�3ODQ
The Las Tablas de Daimiel Hydric Regeneration Plan has enabled the recuperation of the
ecosystem and the administration of the hydraulic resources by importing water from outside
the system. This is surprising, given that the National Park lies above a reservoir of
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subterranean water of unknown proportions. The proposal. made in 1985 by José Enrique
Azcarate, Director of the Geological and Mining Institute of Spain (,QVWLW~WR� *HROyJLFR� \
0LQHUR� GH�(VSDxD), involved using water from the catchment of Aquifer 23, 3 kilometres
away from the 7DEODV in places where depressions did not affect natural replenishing.  This
would have been introduced into the River Cigüela and the�7DEODV would have flooded.

����,UULJDWLRQ�3ROLF\
In 1987 the over-exploited Aquifers 23 and 24 with a hydric deficit calculated at 4000 Hm3

received help from the Central Government. The recuperation of the ecosystem with special
contributions from the Tagus-Segura Transfer has allowed the Regional Government to use
the aquifers for irrigation and the promotion of tourism.

Lack of control was evident in the earlier expansion of irrigation because it did not take into
account the resources available which were only sufficient to supply a maximum of 50,000
hectares. This is now causing economic and social tension with the ‘victims’ of restraint
demanding state aid to palliate the low productivity of their dessicated land. Efforts have been
made through Aquifer Water Extraction Plans to balance the water extracted by
replenishment. Some recovery has been made possible in the last two years due to abundant
rainfall.

��� 7KH�)DUP�,QFRPH�&RPSHQVDWLRQ�3ODQ
In April 1992 the Spanish government, at the request of the Ministers of Agriculture and
Public Works and the regional government of Castile-La Mancha, asked the EU to declare
Aquifers 23 and 24 (Ciudad Real and Albacete) an Environmentally Sensitive Area (ESA).
This was so that the incomes of the La Mancha farmers could be compensated with EU funds.
The Spanish government calculated that in the two aquifers there were around 8,400 irrigated
farms with an area of between 105 and 135 thousand hectares.

Under Objective 1 Structural Funds the region of Castile La Mancha developed a programme
to reduce irrigation levels by compensatory payments, using FEOGA funds (75%); with 25%
match-funding from the Regional Government Department of Agriculture and the Central
Government Ministry of Agriculture. This Plan reduced the area irrigated and affected more
than 200,000 ha in the two Aquifers 23 and 24. Subsidies were paid to farmers amounting to
over 10,000 million pesetas by 1996.

Given that the situation of over-exploitation of the Aquifers affected the protected natural
areas, the regional government proposed compensation in the form of an agri-environment
programme for the area (Income Compensation Programme or Wetlands Plan) under the EU
Agri-Environmental Regulation 2078/92. The Spanish government presented the Income
Compensation Programme as part of a wider plan: the ‘Coordinated Action in Western La
Mancha and Campo de Montiel’ Plan.

The Programme offers farmers the possibility of contracting to reduce the volume of water
used for their irrigated land over five years, in exchange for a payment. Taking the average
water consumption in the irrigated areas as 4,920 m3/ha per year, the reduction agreed can be
at three levels - 100%, 70% or 50%. For this the farmers have to present an annual crops plan
for an irrigated area consistent with the level of reduction chosen according to a scale of the
theoretical consumption for each crop. The reduction in water consumption in any of its
forms carries an obligation not to exceed specific limits in the use of fertilisers and pesticides.
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7DEOH��������/LPLWV�RQ�:DWHU�4XDOLW\
OPTION WATER

(m3/ha/year)
NITRATE
FERTILIZERS
Active units/ha/year

PESTICIDES
(active ingredient)
litres/ha/year

50% 2,460 90 2.00
70% 1,525 70 1.50
100% 0 40 1.00

The farms with a right to benefit from this scheme are those irrigated lands delimited by the
Guadiana River Basin (excluding vineyards). The farmer has to accept the plan for the whole
of his irrigated land. The Plan has facilitated compensation for the drop in income produced
by the reduction in water extraction and hence the necessary cropping change; it has also
made it legitimate and socially acceptable. The programme thereby provides a much-needed
answer to a social and environmental problem, which explains why it has been so widely
adopted.

On the other hand, the reduction in the consumption of water by the farmers has meant an
extensification of their agricultural activity. This reduction in activity has obviously had a
negative effect on the wider economy of the area. The Plan is a programme with a high
economic cost; its environmental benefit is something that will only become evident in the
long run. But there are still many farmers who see the Plan as providing provisional economic
compensation only until more transfers of water have conveniently replenished the Aquifers
and they can go back to irrigating without any restrictions.

The present situation can be summarised in the following points.

• The strong economic boost experienced by the region was closely linked to the over-
exploitation that is now being questioned and reduced because of its disastrous effect on
its main driver – water.

• The existence of water use rights allowed a large number of individual water entitlements
to develop that collectively involved huge volumes of water. These increased water
consumption beyond what was reasonably obtainable from the Aquifers.

 

• Obligatory limitations on extractions imposed by the Water Authorities - enforcing the
provisions of the Water Act  - started in 1991.  These will have to be maintained for as
long as the situation of over-exploitation continues.

• There remain doubts among irrigators about the future of the current agri-environmental
support which compensates them for the economic loss produced by the reduction in
extractions.

• In practice it is very difficult to decide when a viable crop is being abandoned or when a
subsidy is being paid for land which could no longer be irrigated anyway. It seems likely
that the current system favours the big farmers to the detriment of the small ones.

����:DWHU�3ROLF\���6XSSO\��'UDLQDJH�DQG�6HZDJH
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The regional government of Castile-La Mancha is providing around 77.000 million pesetas to
put two plans into practice:
• improving the water supply;
• drainage and sewerage so that by the year 2005 untreated water will be a thing of the past.
A more detailed knowledge of the water resources in ‘System 23’ as well as the other
subterranean waters in Castile La Mancha could potentially lead to a saving in infrastructure.
It should enable the authorities to take better advantage of the endogenous hydric resources,
plan water flows and provide alternatives for the conservation of natural resources; this is
essential given the ecological importance of the area.

In overview, the policies put into practice have sometimes been contradictory and have failed
to achieve a proper balance between economic development and conservation. The result has
been a long series of environmental impacts, detailed below. Compensation payments under
the ESA scheme have, however, played an important part in reducing excessive use.

������(QYLURQPHQWDO�,PSDFWV

1HJDWLYH�,PSDFWV
The over-exploitation of the Aquifer has endangered ecosystems in the ‘Tablas de Daimiel’
National Park dependent on water from La Mancha. The law that established this Park
explicitly states the influence of Aquifer 23 on the area.

The problem of the over-exploitation of the Aquifer affects the National Park directly because
it is interconnected with it and because its initial equilibrium had already been affected by the
draining that took place in the 1960s. This wet ecosystem owes its origin historically to the
discontinuous supply from the rivers Záncara - Cigüela system and to the more continuous
supply from the natural outlets of the Western La Mancha Aquifer. In this sense the 7DEODV
are an indicator of the state of the Aquifer. As a consequence of the over-exploitation of the
Aquifer and the subsequent drop in its levels, the natural outlets of the Guadiana through its
famous 2MRV (Eyes) have been temporarily stopped.

Also included in the group of environmental side effects is the drop in the water table levels
consequent on the lack of rain; in some cases this has been due to human actions (embanking.
artificial lakes and abusive uses. some independent and some associated with other causes).
This has meant that the rivers Guadiana. Azuer. Záncara and Cigüela. as well as their main
tributaries, have for the time being lost their natural function as physical support for the
surface water. This has had a negative effect on the wetlands.  Equally. the riverbank
vegetation has been almost totally eradicated.

In 1996 heavy rains came, causing yet another problem. This was the subsidence of land
mainly near the Rivers Azuer and Guadiana. with the formation of depressions. These
formations stem from karstic processes occurring as a result of decalcification. The rains in
the winter of 1995/1996 had, with the weight of water,  overloaded the surface layers of the
soil. This led to the collapse of the structure of underlying limestone rocks, a phenomenon
also due to the fall in the level of the water table in the limestone caused by the over-
exploitation of the Aquifer.

The closing of the outlets of the 2MRV� GHO� *XDGLDQD and the subsequent draining of the
publicly owned land situated downstream led to this land being occupied; it was ploughed,
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crops were sown and it was irrigated from nearby wells. As a complement to this, areas with a
lot of peat have frequently ignited, producing serious risks to people and to this very unusual
natural resource.

The quality of the water depends on the contributions made by the different sources; water
from the river Gigüela is brackish with salinity above 2g/1, while that from the River
Guadiana is sweeter - its salt content around 0.5 g/l. The salinity of the groundwater is
therefore midway between the two. However some years have passed since the waters of the
rivers Gigüela and those of Las Tablas de Daimiel were ‘crystal clear’. The contamination by
industry, urban sewage, purifiers and green filters, not to mention the use of fertilisers and
pesticides in the agricultural areas, have affected its quality dramatically.  The little water still
left in the area has become full of toxic and noxious products. High temperatures and an
excessive concentration of birds in the few pools means that summer epidemics and botulism
have caused very serious damage to the birds and other fauna.

3RVLWLYH�'HYHORSPHQWV
Fortunately the rainfall in the last few years has alleviated the severe drought. During the
season 1996/97 there was a record rainfall: 560 1/m2, when the average in the past has been
approximately 400. Las Tablas de Daimiel National Park has therefore had some chance to
recover after catastrophic periods of contamination. In another nearby protected area, Las
Lagunas de Ruidera, groundwater has appeared again. Unfortunately it does not look as if this
will be the case with Las Tablas de Daimiel. The neighbouring Campo de Montiel Aquifer is
smaller and so it empties and refills quickly.  However the Aquifer that sustains Las Tablas,
which has an estimated capacity of 12,500 Hm3 and an area of 5,200 Km2 is much more
sluggish and its replenishing capacity is not fully known. The Aquifer’s water table levels
have only risen by some five metres; in some places the water is to be found at a depth of
nearly 90 metres while the average is over 28.

On the other hand, the contribution of the River Cigüela has been so large that it has filled the
National Park and produced a rare phenomenon – ‘the remounting Guadiana‘ - a phrase used
to describe a river that begins to flow backwards. The volume of water from the Cigüela
retained by the National Park’s hydraulic devices produced a current which flowed up the dry
riverbed of the Guadiana in search of its origins. As a result during 1997 the 7DEODV were
completely full. with a rising flow upstream in the Guadiana and another natural Guadiana
downstream in the direction of the Vicario reservoir.  This has meant the return of the
traditional colonies of herons and other birds.

1HZ�0HDVXUHV�WR�$GGUHVV�(QYLURQPHQWDO�,PSDFWV

Positive factors for the future include:
• the fact that regulations have now been in existence for some time. known. accepted and

observed by a large number of users;
• there has been a reduction in the number of extractions;
• the emergence and progressive organisation of water Users’ Associations that have

promoted training and been increasingly willing to collaborate and participate in water
management and administration;

• the growing demand for - and the carrying out of - modernisation and improvements in
the more efficient use of water;
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• the greater presence of different collective organisations interested in the positive
development of the situation.

The Guadiana River Basin plan of action has now been developed. It involves:
• Increasing hydrogeological knowledge of the area;
• drawing up a Specific Recovery Plan for the environment connected with the wetlands

and the specific areas of the Aquifers, including the recovery of the Hydraulic Public
Property despoiled in the area of the Aquifers;

• drawing up a Specific Protection Plan for the quality of the water in the area related to the
National Sewage Plan, and for the eradication of the diffuse pollution;

• drawing up a Joint Exploitation Plan for the surface and subterranean hydric resources
that takes into account a maximum volume of extractions not in excess of 200 Hm3 per
year from the Western La Mancha Aquifer;

• preparation of a Document defining the basic norms, specifically those referring to the
area of the Aquifers.  This is to find a way out of the situation caused by the Water Act’s
Provisional Orders, to allow the individualised administration of the subterranean waters
to be replaced by communal management;

• drawing up a Territorial Rearrangement Plan for the areas where water is used and for the
crops in the area of the Aquifers. The objective of this Plan is the accomplishment of the
sustainable development of the area that will be compatible with the use of hydric
resources, the respect of the environment and the recovery of the La Mancha wetlands;

• The design of programmes aimed to increase the users’ participation in administration and
management tasks though their organisations;

• drawing up a Plan to establish Extension Services to address the existing problems in the
High Basin and propose possible solutions that will engage the whole population of the
area.

It is to be hoped that the much more comprehensive range of new measures described here
will prove more decisive than past policies, in addressing the environmental problems
highlighted in this case study. However it seems likely that for the foreseeable future, a mix
of enhanced regulatory and planning controls as well as financial support through the agri-
environment scheme, will remain important.
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����&$6(�678'<����*5((1+286(�,55,*$7,21�,1�µ&$032�'(�'$/Ë$6¶
�(DVWHUQ�$OPHULD�5HJLRQ��$QGDOXFLD�

������,QWURGXFWLRQ

Almería is an arid province. Average rainfall varies between 600 mm in the high areas to the
south-east of the Sierra Nevada and 200 mm in the southern Levante. Rainfall is usually of
short duration but can reach 100 mm in less than an hour. The spatial and temporal variability
of rainfall and the peculiar geomorphology of both the seasonal and ephemeral water courses
and the aquifer system mean that both surface and subterranean hydrological resources are
very scarce. The notable exceptions to this are the aquifers of Western Almería, where Campo
de Dalías is found.

This area saw the beginning of the agricultural “miracle” in Spain. It extends from the south-
eastern coastal limit of the provinces of Granada and Almeria to the town of Aguadulce in the
east, bounded to the south by the Mediterranean and to the north by the Sierra de Gádor. It
covers approximately 30.000 square kilometres (see map).

������+LVWRU\�RI�,UULJDWLRQ

The Ministry of Agriculture. through the National Institute for Colonisation (,QVWLW~WR
1DFLRQDO� GH� &RORQL]DFLyQ or ,1&). was responsible for the introduction of the irrigation
system which has transformed Campo de Dalías. The area was divided into six sectors
according to contour lines. Water pumped from the aquifers would be distributed by means of
gravity systems from irrigation channels and utilised in the agricultural plots with surface or
flood irrigation. In 1941 the National Institute for Colonisation had already declared Sectors I,
II and III to be “Areas of National Interest”. This was the beginning of the process that would
transform it into irrigated land, although until the 1950s only crops with little need of water
were grown there. In 1950 the first relatively important well, 35 to 40 metres in depth, was
dug by hand and the water was pumped to a concrete irrigation channel for distribution to
nearby fields.

Investment in irrigation built up progressively in a series of four geographical sectors,
beginning in 1953 with the “General Plan for the Colonisation of the Irrigation Sector at
Aguadulce”, affecting 1,556 ha, 750 ha of which were suitable for irrigation. Initially,
production was concentrated upon traditional crops such as sugar beet, lucerne, cotton and
barley, but from the mid 1950s vegetables, especially tomatoes, became more important.
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It was not until the 1970s that the expansion of greenhouses began in earnest. New sectors V
and VI, following in the steps of sectors I – IV, were declared to be of National Interest. In
1973 the General Plan for the Transformation of Sector VI was passed; this involved the
irrigation of 2,100 ha by groundwater. However a drop in the water table of the wells was
noticed due to the over-exploitation of the aquifers (it is not known exactly when this had
started). There was also a deterioration in the quality of the water. These problems would
modify the original project that had planned to use only water from wells. Instead the supply
of surface water from the Benínar reservoir was considered. In 1977 the “General Plan for the
Transformation of Sector V” using regulated water from this reservoir, was passed

The introduction of drip irrigation with pressure systems took place in the second half of the
1970s. Its uninterrupted expansion since then has been possible because it displaced the
traditional surface irrigation systems and thereby saved water through a more efficient system,
and because it harnessed new resources.

In 1980 the Spanish Geological and Mining Institute (,QVWLW~WR� *HROyJLFR� \� 0LQHUR� GH
(VSDxD.  or ,*0(). now the Technological and Geomining Institute (,QVWLW~WR�7HFQROyJLFR�\
*HRPLQHUR. or ,7*() resumed a series of studies intended to identify possible marine
intrusion. In 1984, with evidence of the over-exploitation of the aquifers and marine
intrusion, the first legal restrictions on the expansion of the irrigated area was introduced.
Decree 117/1984 (May 2) of the -XQWD�GH�$QGDOXFLD (Autonomous Government of Andalusia)
regulates access to new resources; while Law 15/1984 (May 24), applicable throughout Spain,
limits “the use of scarce hydraulic resources as a result of prolonged drought”. These
restrictions meant the freezing of the project to irrigate Sectors IV and V. Nevertheless these
decrees have not achieved the desired objective of controlling extractions from the aquifers.
Private initiative has drip irrigated land in Sectors IV and V using groundwater, while the
water from the river Benínar was used to irrigate Sector VI.

With the Water Law of 1985 in force and under the terms of Article 56, the Royal Decree
2618/1986 (December 24) declared the Campo de Dalías aquifer to be overexploited. It also
laid down conditions for the carrying out of any work and specified that authorisation would
be needed for any increase in irrigated area. However this has had little or no effect either on
the use of overexploited aquifers or on limiting the area irrigated - both continue to increase.

Farmers, on being questioned about this, answer: “if it is forbidden, then it should apply to
everyone. Once they report you and you pay the fine, the greenhouse is legal. The water
problem couldn’t be solved even if you charged it at 1 million pesetas/ha: people will either
build a greenhouse or they won’t.” This suggests that both the enforcement and the economic
impact of any enforcement have been insufficient to act as a deterrent to unsustainable
practices.

At the same time as the National Institute for Colonisation was improving Sectors I, II and III,
private initiative was exploiting the deep aquifers to irrigate land in Sectors IV and V - as
well as others not included in the original irrigation parameters. Land in Sector VI which was
already irrigated by the Canal de San Fernando had its irrigated area increased as new wells
were made by private initiative. In 1986 the network and the regulating tanks for Sector VI
were built by the Andalusian Institute for Agrarian Reform (,QVWLW~WR� $QGDOX]� GH� 5HIRUPD
$JUDULD��,$5$).
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In 1990 all aspects of agrarian reform in the West Region of Almeria were declared to be of
General Interest by the Autonomous Government of Andalusia. On April 17th 1991 the River
Basin Confederation of the South (&RQIHGHUDFLyQ�+LGURJUiILFD�GHO�6XU) passed the Statutes
of the Central Board of the Users of the West Almeria Aquifer (-XQWD�&HQWUDO�GH�8VXDULRV
GHO�$FXtIHUR�GHO�3RQLHQWH�$OPHULHQVH). This Board consists of individual users and irrigators.
They decided to organise themselves voluntarily not only to protect their rights and interests
from third parties but also to supervise their coordinated use of the water.

In 1992 the first phase of the Transformation Plan
for the West Region of Almeria was passed as an
urgent measure. This Plan provides. among other
things. for the improvement of the irrigation
channel in Sector IV. In January 1994 the Almeria
City Council stopped boring in Sector III. Its
water supply now comes from wells in the Bernal
rambla which provide a flow of some 400 litres
per second.

�������'HYHORSPHQW�RI�0RGHUQ�,UULJDWHG�$JULFXOWXUH

The gradual transformation of Campo de Dalías and the rest of the Almerian littoral was
based on investment in irrigation, starting with infrastructure built by the old ,QVWLW~WR
1DFLRQDO GH�&RORQL]DFLyQ in 1953. This work has been continued since 1984 by the  ,QVWLW~WR
$QGDOX]� GH� 5HIRUPD $JUDULD (in 1984 responsibility for agriculture was transferred to the
Autonomous Government of Andalucia). The development of intensive farming under plastic
in Almeria has been enhanced by the following factors:

• physical - the climate and the existence of water from the Sierra de Gador aquifers;
• socio-economic and financial - farmers’ social homogeneity (equally distributed land

ownership) and public and private provision of financial support;
• technological - the continuing development of crops and new production techniques;
• commercial - the growth of the agri-food sector and the progressive consolidation of

markets and increasing access to new ones.

7DEOH�������shows the development of the area occupied. in hectares by greenhouses in the
Netherlands (generally regarded as a pioneer country in this field) compared to all of Spain
and to Almería alone. It should be borne in mind that over 90% of the greenhouses in Almería
are in Campo de Dalías.

It was soon realised that greenhouses were an essential technological and productive base,
allowing a much earlier ripening (and therefore better prices for out of season crops) and an
increase in production. Several harvests annually raise profits per hectare. The use of plastic
materials contributed to lower investment costs than more traditional structures.

7DEOH���������*UHHQKRXVH�$UHD�'HYHORSPHQW��LQ�KHFWDUHV�
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��������\HDU ���1HWKHUODQGV ������6SDLQ �����$OPHUtD
       1904             30            -               -
        1927           2.025            -               -
        1946           3.254            -               -
        1968           6.946           546              30
        1970           7.236          1.220             920
        1975           7.906          4.400            2.975
        1980           8.760         11.270            7.150
        1985           8.973         18.680           11.850
        1986           9.088         20.260           12.300
        1987           9.210         26.160           13.200
        1988           9.322         26.564           14.300
        1990           9.769         28.100           16.500
        1994          10.800         42.426           25.000
Source: Salinas, 1999c

Almeria has first place in horticultural production and fifth place in agricultural production in
Spain. About 80 per cent of the greenhouse-covered area is in the west of the Province and
20% in the eastern Levante. There has also been a steady increase both in the area devoted to
horticulture and the yields obtained. Between 1988 and 1996 the area under cultivation
increased from 29,000 to 40,000 ha, while yield per ha rose from an average of 38.86 million
tons/ha to 54.2 million tons/ha.

In the last few years. production and marketing have been concentrated on the following
crops, which represent 97% of total production: tomatoes; beans; peppers; cucumbers;
aubergines; squash – melons and watermelons; Chinese cabbage and lettuce. Among these,
lettuce, watermelons, melons and peppers have experienced a notable increase, while cut
flowers have declined.

In Campo de Dalías 57,939 ha are devoted to producing vegetables, which is 31% of the area
of Andalucia devoted to horticulture (187,357 ha).  Some crops – squash and cucumbers - are
grown nowhere else in Andalucia; while others are never grown elsewhere in winter. The
coast is devoted almost exclusively to intensive irrigated crops, the inland areas to fruit trees
and olive plantations.

7DEOH��������&URSSLQJ�LQ�'DOLDV��3HUFHQWDJH�&RYHU�E\�$UHD
JUHHQKRXVH RSHQ�DLU

YHJHWDEOHV
IUXLW�	
FLWUXV

ROLYH
JURYHV

RWKHU

Campo de Dalías      81.6        11.7     4.7       1.5       0.5
Source: (QFXHVWD�VREUH�ORV�UHJDGtRV�HQ�$QGDOXFLD��&RQVHMHUtD�GH�$JULFXOWXUD�\�3HVFD�  1997)

)DUP�6L]H
The area of farms devoted to greenhouses corresponds with the structure of the land
ownership in the coastal areas, where small properties are predominant. Typically they are
around 1.2 hectares in size and farmed by part- or full-time family farmers. Net family
earnings can be up to 10 million pesetas. The average gross earnings from one ha are between
4 and 8 million pesetas and labour requirements per ha are 2 to 3 workers. This explains the
migration of population to the greenhouse areas; many people who would once have been day
labourers (seasonal workers) are now smallholders.
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7\SHV�RI�,UULJDWLRQ
Greenhouse development has in no way been impeded by the government’s restrictions
intended to protect the aquifers. At present 26,000 irrigated hectares are occupied by
greenhouses, particularly concentrated in the west region. Elsewhere in Almeria, in Bajo
Andarax and lower Campo de Dalías, greenhouses were introduced later but have expanded
considerably over the last few years partly because of restrictions on new greenhouses in the
western region and the hope of new and better water resources in these two areas.

The system has been changed to drip irrigation in almost all the greenhouses, and in much of
the irrigation of vegetables and fruit trees in the open air, as can be seen in Table 4.2.3.

7DEOH��������7\SHV�RI�,UULJDWLRQ
'ULS�LUULJDWLRQ���� *UDYLW\������

Western Region Campo de Dalías 89               11
Bajo Andarax 41               59
Campo de Nijar 99                 1
Bajo Almanzora y Pulpi 55               44
727$/�&2$67 ��               ��
+,17(5/$1' ��               ��
$/0(5,$ ��               ��
Source:  (QFXHVWD�VREUH�ORV�UHJDGtRV�HQ�$QGDOXFLD��&RQVHMHUtD�GH�$JULFXOWXUD�\�3HVFD,  1997)

The water is pumped from boreholes directly into a network of pipes running from the Sector
IV channel to the reservoirs. The length of these pipes is about 500 km of which
approximately 100 km belong to the main and secondary network. For the most part they are
rectangular irrigation channels made of concrete or stonework with metal sluices at outlets
and sectioning points. The average gradient of the main piping is 2m per thousand m. The
volume of flow that is carried is variable but it does not exceed 1,200 cubic litres - the figure
reached in Sector IV at maximum capacity.

The relative efficiency of the two main irrigation systems in Campo de Dalías can be
appreciated in Table 4.2.4.

7DEOH������
:DWHU�GHOLYHU\�PHWKRG �����*UDYLW\ ������'ULS $OO

V\VWHPV
4XDQWLW\�QHHGHG��P��KD�       5,397       5,875 5,732
$FWXDO�TXDQWLW\���P��KD�       9,242       6,126 6,460
,UULJDWLRQ�HIILFLHQF\�LQ�WKH�SORW ���          58       96    89

:DWHU�6RXUFHV
The scarcity of surface water has meant resorting to ground water sources, including springs,
which represent 78% of all water resources in Almeria but 92% in Campo de Dalías.  This
allowed the continuation of irrigation during the serious drought in the early 1990s but
consequently inflicted serious damage on most of the coastal aquifers.
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Given the relative importance of open-air channels, which are mostly made of earth and
therefore produce considerable water losses, the networks need renewal. Even on the coast,
more than a third of the irrigation network still has water in open channels.

7DEOH��������3HUFHQWDJHV�RI�(DFK�7\SH�RI�'LVWULEXWLRQ�1HWZRUN
3LSLQJ /LQHG�FKDQQHO (DUWK�FKDQQHO

West Region, Campo de Dalías 59 29 12
Source: (QFXHVWD�VREUH�ORV�UHJDGtRV�HQ�$QGDOXFLD��LELG� 1997)

The state of the networks is closely linked to the age and type of distribution system.

7DEOH��������$JH�RI�6\VWHPV
    DJH��\HDUV�

       $UHD ���� !����	���� !����	�����  !��
West Region, Campo de Dalías    14%          39%          16%    31%
Source: (QFXHVWD�VREUH�ORV�UHJDGtRV�HQ�$QGDOXFtD��LELG��1997).

,QVWLWXWLRQDO�6HWWLQJ
In general the irrigators are organised into Irrigators Associations or within Water Districts
which control water distribution over 80 per cent of the irrigated land.

7DEOH�������2UJDQLVDWLRQ�RI�:DWHU�6XSSO\
     DUHD ������ZDWHU�GLVWULFWV ������3ULYDWH

        1R�          +D�    1R.        +D�
Campo de Dalías         90      18.170  1,422       2,613
Source:  (LELG� 1997).

The most important losses occur in the plots themselves, essentially in those irrigated by
gravity; next in importance are those caused by seepage or leakage in irrigation channels and
by evaporation in ponds (Table 4.2.8).

7DEOH�������:DWHU�/RVVHV
/RFDWLRQ�RI�ZDWHU�ORVV KP���\HDU ��RI�WRWDO�ORVV
Ponds (Evaporation in  6,217 ponds)      3.23 �����          17.1
Channels      5.33                28.1
Pipes      3.31                17.5
Irrigation network      0.28                  1.5
Plot      6.79                 35.9
727$/    18.94               100.0
Source:  (LELG,1997)

:DWHU�3ULFHV
As mainly ground water is used for irrigation and as most of this water remains private,
farmers bear the entire cost of water extraction and distribution. The price of this water is
relatively high, especially when compared with the usual prices paid in areas where surface
water is predominant.
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Given the great productivity of the coastal irrigated land, water prices are higher in this zone
than in the inland areas. However water prices do not serve to regulate water demand. The
high marginal productivity obtained by the utilisation of water in greenhouse farming -
sometimes as much as 1,300 pta/m3 - means the farmer can afford to pay a relatively high
price for the water used. The average price of water on the coast is 18 pta/m3, although in
some irrigation districts it can reach 35 pta/m3.  The possible increase in the price of water
due to the considerable investment necessary to ensure its availability is unlikely to
discourage farmers because the cost of water only represents between 1.5% and 3% of the
value of the final product for this type of farming. In fact the price of water is comparatively
lower in the Western region than in most other regions of the province of Almeria (Table
4.2.9).

7DEOH��������:DWHU�3ULFHV
                        $5($ 35,&(��3WV��P�

                  Western 16
                  Bajo Andarax 14
                  Campo de Nijar 20
                  Bajo Almanzora y Pulpi 23
                  &2$67 18
������������������,1/$1' 9
������������������$/0(5,$ 15
Source���LELG������)

������(QYLURQPHQWDO�,PSDFWV

1HJDWLYH�,PSDFWV
The negative impacts caused by greenhouse farming and intensive irrigation can be divided
into a number of different categories, as follows.

• /DQG�8VH�DQG�/DQGVFDSH�±�in principle,� territorial planning as part of overall municipal
planning should integrate the aesthetic aspects of the landscape and also those that have a
negative effect on resources such as their contamination or exhaustion. In practice, this
has been difficult to achieve and over exploitation of the aquifer is a clear result.

• 6RLO� ± The production system in use requires large quantities of sand. This has led to
uncontrolled extractions of “red earth” which has raised the aquifer to surface level and
led to the formation of an artificial lagoon called ‘Cañada de las Norias’. The waters of
this lagoon and the lixiviated waters from the greenhouses constitute a highly polluted
habitat. The electricity and telegraph poles that supply the village show that in some
places the excavations have reached a depth of 6 m. The lagoon is wholly surrounded by
greenhouses; there is no buffer area to protect it and the species that live there. It is the
same at Albufera de Adra, a Nature Reserve of 65 ha with a ‘buffer zone’ of 152 ha that is
completely covered with greenhouses.
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Panoramic view of Natural Reserve of "Albuferas de Adra"

• :DWHU�� At the end of the 1970s concerns were raised about the over-exploitation of the
aquifers the West Region of Almeria, especially in Campo de Dalías. Although awareness
of the problem has grown slowly, further increases in water extraction are expected as a
response to the expansion in the greenhouse area and the water quality is declining, as
salinity increases. The Hydrological Plans for the Southern Basin (&XHQFD�6XU) and the
Segura Basin (&XHQFD�GHO�6HJXUD) estimate a deficit of 270 Hm3 for the whole of Almeria
and specify that this should be reduced to 170 and 80 Hm3 over the next ten and twenty
years respectively. To achieve this objective, the plans state that water demand should be
kept constant by improving the use of water resources. This can be achieved by recycling
purified sewage and desalinating the salty water. They also recommend that external
resources should be transferred, from the river Guadalfeo for the western part and from
the river Negratín and the Tagus-Segura water for the eastern part, by means of a canal
system interconnecting all Almeria’s resources. The loss of water produced during
irrigation occurs mainly in the plots, especially in those irrigated by gravity; there is also
leakage in channels and evaporation in ponds. Off-farm, water losses occur along the
irrigation canals since these channels are in the open air. The plans propose that this
situation should be rectified by piping, but of course this will not address the wider issues
examined here.

• 3HVWLFLGHV - the worst problems in this area are caused by organochlorates and carbamates.
The pesticide residues accumulated in the water have caused serious damage in Campo de
Dalías; the products of hydrolysis or the action of micro-organisms are sometimes more
toxic than the original products.

• )HUWLOLVHUV� � the poorly controlled use of fertilisers causes soil contamination and water
pollution by nitrogen and phosphorus. This is one of the main causes of serious
eutrophication in the area’s modest wetlands.

• 3ODVWLFV�DQG�RWKHU�ZDVWH - plastic waste is produced by the replacement of the greenhouse
covers every two years. This waste is piled up on farms, since no institution accepts
responsibility for it. It remains on farms in the fierce sun and the heat reduces its volume.
Regularly, farmers set fire to these residues, an illegal but common practice in the Campo
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de Dalías. The large number of hectares covered in plastic has earned Campo de Dalías
the name “Plastic Sea”, indicating its impact on the landscape.

• ,PSDFW� RQ�ZHWODQGV – this includes the Nature Reserve of La Albufera de Adra, in the
delta of the River Adra. The agricultural use of land in the delta has resulted in the former
wetlands becoming reduced to two main lagoons surrounded by narrow strips of marsh
that act as a buffer between the farming area and the protected space. At some points it is
even possible to touch the covers of the greenhouses from the observation towers. The
wetlands arose out of a primitive bay closed by marine deposits formed by the debris
accumulated from the bed of the gullies of ‘Las Ramblas de las Adelfas’ and ‘Las
Ramblas de la Estanquera’, and from the building of the fishing port of Adra. The same
processes are still occurring with the birth of the small lagoon ‘Albufera Nueva’ between
the ‘Albufera Grande’ and the beach.

Before it was declared a protected area, farmers had been reclaiming land from the
lagoon, in the process reducing the area for aquatic plants. Even so, it has some notable
species such as 1DMDV� PDULQD and 3RWDPRJHWRQ� SHFWLQDWXV. These waters also house
valuable fish including the )DUWHW� Aphanius�LEHUXV� endemic in the Iberian Peninsula and
an endangered species (Royal Decree 439/1990). The )DUWHW travels by means of the
irrigation channels to the private irrigation pools which have the best ecological
conditions for it. It feeds on the algae which grow in the ponds and irrigation channels,
and its presence is recommended to farmers to control algae. The farmers, on the other
hand, prefer to clean the vegetation from the ponds with copper sulphate. Meanwhile the
irrigation channels are being changed to pipes to avoid water loss through evaporation.
This process will be completed in about a year.

The main problems the )DUWHW faces for its development in the lagoons are: the
disappearance of the surface water course of the River Adra; contamination of the river
bed by uncontrolled dumping; drying up of the irrigation channel and ponds; removal of
algae from the tanks by toxic copper sulphate (or covering the tanks); eutrophication and
contamination of the lagoons; and the introduction of exotic species into the pools (Red
Crab, *DPEXVLD) which compete with or predate upon the )DUWHW�

 

• The lack of a buffer zone between the greenhouses and the lagoons makes them an easy
place for dumping wastes – plastic, cans, water from washing the tanks, organic residues,
debris. This adds to pressures on ecologically vulnerable sites. While the penalties for
dumping and other ecological offences are relatively low, this threat will not decrease
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unless market conditions, such as demand for higher quality products such as organic
crops, were to cause a radical shift in farmers’ attitudes. Penalties (fines) are frequently
levied but even when they are paid, they do not represent 3% of the farmer’s annual
profits.

3RVLWLYH�,PSDFWV
What is striking in the area is the formation of the artificial lagoon ‘Cañada de las Norias’,
where successive extractions have made the aquifer come to the surface, leading to the
formation of an artificial lake. This attracts a large number of aquatic birds of considerable
ecological value, such as )RFKD�&RP~Q� $QDGH�5HDO and  0DOYDVtD�&DEHFLEODQFD. The lake
area is about to be declared a Protected Space.

The 0DOYDVtD�&DEHFLEODQFD� a globally endangered species, at present uses the Albuferas de
Adra as its main European area for wintering and breeding. These lagoons and, more recently,
the Cañada de Las Norias are where the 0DOYDVtDV take refuge when they are subject to
human pressure in other parts of Spain. In 1977 there were fewer than 20 examples at the
Laguna de Zoñar (Cordoba), their original habitat, and the species was thought to be almost
extinct. Some pairs emigrated and nested in the Albuferas de Adra, the first examples being
sighted in 1984. The suitability of the lagoon has led to an increase in the population with up
to 2,000 recorded on the census in the summer of 1998.

The secret of this growth is the eutrophication of the waters by the pollution caused by
agricultural practices. This is why lagoons in the area are almost anoxic and why mosquitoes
of the 4XLURQRPLRV�family take advantage of the algae to deposit their larvae. This mosquito
is an important part of the 0DOYDVtDV food. However, this situation is not ecologically stable
because pollution from irrigated lands will create considerable environmental problems in the
future.
 
 0HDVXUHV�$GRSWHG�WR�$PHOLRUDWH�(QYLURQPHQWDO�,PSDFW
 The main measures agreed for the conservation of these outstanding areas have been:
 

• A LIFE Project, the objective of which is the control of wastes from farms, by providing
farmers with a collection service for empty containers and other waste, to prevent them
being left near the lagoons;

• A civic awareness campaign to encourage farmers not to damage the ecosystem. It is
hoped to be able to perpetuate the life of the )DUWHW by advising farmers not to cover their
storage pools or use products like copper sulphate;
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• Maintained or possibly increased penalties for building new greenhouses. At present the
amount of the fine is simply internalised by farmers in their greenhouse construction
budgets, because the profitability of greenhouse farming outweighs any possible deterrent
effect.

It is clear from the current situation that the mix of current and previously adopted measures
has proved insufficient and unsuccessful in conserving the still very valuable area which
surrounds Campo de Dalías. Further measures are needed, and some are under consideration,
including the longer term possibility of buying the land around the lagoons, to create a true
buffer zone. However, it is notable that none of the measures so far implemented is really
addressing the irrigation systems which are so integral to the problems documented here. In
this context, some of the measures described for case study 1 (Tablas de Daimiel) might also
prove to be of some value if applied here.
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����� &$6(� 678'<� ��� 7+(� 9$//(<� 2)� $5*2/,'� ,1� 1257+�($67(51
3(/2321(6(��6287+(51�*5((&(�

������,QWURGXFWLRQ

In Greece, sea water intrusion into the aquifers due to over-pumping is occurring with varying
intensity in almost all the valleys neighbouring the sea of both the mainland and the islands
where irrigated agriculture based on groundwater has been introduced. However, the
phenomenon has been studied rather systematically only in the case of Argolid in the north-
eastern part of the Peloponese (Poulovassilis, 1998). The study which has been conducted
covers the main Argolid plain, the valley of Assini-Drepanon, located eastwards of the main
plain, and the Iria valley, located further eastwards (see map 1 of the report and Poulovassilis,
1998). Here we will focus on the main Argolid valley.

������0DLQ�&KDUDFWHULVWLFV�RI�WKH�5HJLRQ�DQG�6RXUFHV�RI�:DWHU�IRU�,UULJDWLRQ

The Argolid plain occupies the northern part of a geological depression formed between the
Arachneo mountain to the east and the Arcadic mountain ridge to the west, both being
limestone formations. The southern part of this depression is occupied by the sea, thus
forming the Argolid bay. Several ephemeral (winter only) streams enter the plain and, with
the exception of the Xerias and Inachos, they end at the outskirts of the plain, where the water
they transport is absorbed by the rather coarse sediments to recharge the underground water-
bearing formations.

The total area enclosed by the watersheds of the Argolid is about 1100 km2, while the plain
covers an area of 42,000 hectares of which 29,500 are cultivated. Only 26,000 hectares of
cultivated land are considered suitable for irrigation (Poulovassilis, 1998, p.175). A
significant expansion of irrigation has been taking place in the region from the 1950s onward,
following an intensification of production, with intensive cultivation of tree crops (mostly
orange trees) and horticultural crops characterising the plain. Monocultivation of orange trees
has gradually replaced the variety of arable crops that were previously grown in the area (eg
dry land cotton production and horticulture). As a result, the average use of fertilizers per
hectare has risen to 15 kg/ha (in previous decades 1/3 of this quantity was used). On more
sloping land olive trees are grown using increasingly more modern methods with irrigation.
The average size of holding in the area is about 2 ha1.

From stratigraphical studies conducted in the region, it has been found that the thickness of
the sediments of the plain is variable and that its centre exceeds 600m. It has also been found
that at the central-southern part of the plain, the sediments include three to five aquifers,
sandwiched between clay layers. These aquifers at their outskirts are encircled by unconfined
aquifers, the latter being mainly responsible for the recharge of the confined aquifers (Ibid).
The groundwater retained in this region has been the main source for supplying the needs of
the area. The region is endowed with a number of springs discharging water of very good
quality, the most important of which are the Lerni and Kefalari springs, located at the south-
western edge of the plain (Ibid, p. 176).

                                                
1 Information drawn from discussions with experts from the Argolid Local Administrative Authorities, Spring
1999.
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������ 7KH� ([SDQVLRQ� RI� ,UULJDWHG� $JULFXOWXUH� LQ� $UJROLG� DQG� (QYLURQPHQWDO
'HJUDGDWLRQ

Warmer and drier conditions prevail in this zone, as compared to Western and Northern
Greece, so irrigation is applied from March to October. The basic irrigation technology in the
region is sprinklers and drip systems, i.e. pressure systems.  In particular, 65% of the systems
based on pressure are sprinklers and 35% are drip. There is a tendency to substitute drip for
sprinklers, but this is taking place rather slowly due to the high costs involved in setting up
new drip irrigation systems. Around 10-20% of irrigation needs in the area are covered by
traditional irrigation systems (ie systems without pressure)2.

Irrigation in the Argolid plain has been mostly based on groundwater abstraction, as was
previously mentioned. Only 10-20% of water is drawn directly from the 3 springs that exist in
the region.

Estimates of the expansion of the irrigated area and the increase in the volume of water used
for irrigation, as well as of the contribution of various water sources, are given in Table 4.3.1.

7$%/(�������([SDQVLRQ�RI�,UULJDWHG�$UHD�DQG�,QFUHDVH�LQ�9ROXPH�RI�,UULJDWLRQ�:DWHU
Year Irrigated area

(ha)
Irrigation

water applied
m3x106/year

Contribution of various water sources

Direct abstraction
from Groundwater

Kefalari-Lerni
springs

Kiveri springs

1940 4,600 37 26 11 0
1965     12,500 100 80 20 0
1985     17,000 135 100 20 15
1995     21,000 150 115 20 15

Source: Poulovassilis, 1998

The irrigated area today has reached 25,000 hectares. The expansion has resulted in sea water
intrusion into the aquifers. This was first recorded in the early 1960s, when groundwater,
pumped from certain wells, showed an increase in the concentration of chlorides, while signs
of chloride toxicity - such as leaf burns and defoliation, particularly in citrus trees - were
observed. The Ministry of Agriculture was alerted and decided that a comprehensive research
programme to investigate the condition of the Argolid natural resources should be initiated.
The aim of the programme was not only to address sea water intrusion and pollution
problems, but also to secure the continuation of irrigated agricultural production in the area.

Specific research programmes were established on:

(a) the spring water resources of the region (in particular the hydrological regime, water
quality and their potential use for irrigation and artificial recharge, etc.);

(b) the hydrological characteristics of the ephemeral streams (in particular those of Inachos
and Xerias streams, in an effort to retain their run-off); and

(c) the groundwater resources.

                                                
2 Information drawn from discussions with experts at Agricultural University of Athens and the Argolid Local
Administrative Authorities, Spring 1999.
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The research programme started in 1963 (Poulovassilis, 1998). Estimates of the evolution in
groundwater levels (heads) and the values of chloride concentration (parts per million - ppm)
in the region, between 1964 and 1992, are given in Table 4.3.2 and presented graphically in
figure 4.3.1.

7DEOH��������$YHUDJH�*URXQGZDWHU�/HYHOV�DQG�&KORULGH�&RQFHQWUDWLRQV�
Date Average gw.

Level (m)
Average chloride
concentr. (*ppm)

Date Average gw.
level (m)

Average chloride
concentr. (*ppm)

Jan-64 30.3 124.8 Apr-74 5.6 137.4
Oct-64 8.2 124 Oct-74 0.9 231.5
Apr-65 10.7 90.2 Apr-75 0.6 208
Oct-65 4 103.2 Oct-75 -5.5 238.3
Apr-66 6.9 106.5 Oct-85 -3.8 265.7
Oct-66 2.1 139.5 Apr-86 1.1 266
Apr-67 5.4 134.6 Oct-86 -4.4 278.8
Oct-67 -1.3 154.2 Apr-87 4.4 233.2
Apr-68 9.7 113.1 Oct-87 -3.7 267.3
Oct-68 6.4 114.2 Apr-88 0.8 266.5
Apr-69 13.2 121.2 Oct-88 -6.2 261.1
Oct-69 8.8 113.3 Apr-89 -3.8 287.1
Apr-70 11.9 129.2 Oct-89 -9.7 314
Oct-70 5.2 135.2 Apr-90 -11.6 332.5
Apr-71 8.8 139 Oct-90 -18.4 362
Oct-71 4 128.4 Apr-91 -2.4 296.1
Apr-72 9 127.4 Oct-91 -6.2 335.1
Oct-72 1.2 153.5 Apr-92 -1.5 300.7
Apr-73 6 122.2 Oct-92 -10.4 370.1
Oct-73 2.3 164.7
Source: Giannoulopoulos, 1999.

In experiments of artificial recharge of the aquifers, which started in 1964, good quality water
from Kefalari spring was transported to the eastern part of Argolid. It was injected into
existing wells in irrigated areas close to Nafplion city and in the Assini-Drepano valley,
where the most severe symptoms of chloride toxicity were observed. The experiments
continued until 1967 and involved the injection of about 1 million cubic metres of water per
recharge period (winter and early spring). These experimental recharge efforts resulted in a
substantial improvement of groundwater locally, accompanied by the improvement of the
affected citrus plantations.
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)LJXUH�������(YROXWLRQ�RI�$YHUDJH�*URXQGZDWHU�/HYHOV�DQG�&KORULGH�&RQFHQWUDWLRQV�RI
WKH�$OOXYLDO�$TXLIHU�LQ�WKH�3ODLQ�RI�$UJROLG
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Based on the results of these experiments, the Ministry of Agriculture decided that artificial
recharge ought to be applied on a large scale using the winter and early spring discharges so
that sea water intrusion could be controlled and the natural recharge of the aquifers
supplemented.  The research programme ended in 1967, but research efforts re-started in
1985 in the framework of a new research project financed by the Ministry of Agriculture and
later by the EU. It was conducted under the supervision of the staff of the Laboratory of
Agricultural Hydraulics of the Agricultural University of Athens in collaboration with the
staff of the local unit of the Ministry of Agriculture. Within the framework of these projects,
artificial recharge re-started in the 1990s (Poulovassilis, 1998, p. 177).

In Argolid the over-pumping of water increased over time, accompanied by an increase in
salinization. Farmers had to abandon their affected wells and to open new ones further away
from the coast or buy water from their northern neighbours. In this way, the pumping fields
moved gradually inland towards the central and northern part of the plain. This inland
movement somewhat moderated the salinisation process, but did not prevent the lowering of
the piezometric surfaces and water tables in this part of the plain. This fall obliged farmers to
deepen their boreholes or drill new ones penetrating even deeper layers, so that in many cases
they had to pump water from a depth of 200 metres.

An increase in salinisation was observed in the 1963-1990 period and a further dramatic fall
in the piezometric surfaces, so that many boreholes dried up. The serious shortage of water
observed in the late 1980s led to the application of artificial recharge and the use of the Kiveri
water for irrigation. For the recharge, water from the Kefalari spring was used, which was
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transported to the southern part of the plain. After the construction of the Kiveri canal in
1994, water from this spring could be transported into the central part of the plain by free
flow and the recharging front moved northwards. The volume of water injected in the 1990-
1996 period is shown in table 4.3.3.

7$%/(��������:DWHU�9ROXPH�$SSOLHG�IRU�$UWLILFLDO�5HFKDUJH�IURP����������
<HDU �������������µ�����P�

1990 3.09
1991 6.92
1992 5.68
1993 3.89
1994 14.00
1995 13.59
1996 7.22

727$/ �����
 Source: Poulovassilis, 1998.

As a result, a substantial reduction in salinity was observed in the 1990-96 period, in
combination with a substantial upward movement of piezometric surfaces, particularly in the
central and northern parts of the plain.

6DOW�EDODQFHV in the soil profile were also examined and the conclusion was that the salts are
washed out of the upper soil layers under the combined action of rainfall and irrigation water.

Moreover, LUULJDWLRQ�UHWXUQ�IORZV were monitored and it was concluded that they have led to
an increase of various contaminants in groundwater – eg nitrates (the result of agricultural
activity). In particular, nitrate concentrations were found to be over 50ppm (which is the
drinking water standard) in nearly over two thirds of the aquifer in the area. In the eastern part
of the plain QLWUDWH�FRQFHQWUDWLRQV range from 100 to 350ppm. Even though no measurement
of pesticide concentrations in water has taken place, the high concentration of nitrates would
suggest that pollution from pesticides is also high. The fact that ‘unconfined aquifers’ prevail
in the area means that hydrological conditions favour such pollution3.

�������,QVWLWXWLRQDO�)UDPHZRUN�DQG�6WUDWHJLHV�IRU�0HHWLQJ�,UULJDWLRQ�'HPDQG

In Argolis water from the three springs (surface water) is transferred by the  (Land
Improvement General Boards) through the canal and distributed by the TOEB (Land
Improvement Local Boards) to its members (producers or farm holdings) according to a plan
that establishes how each producer will water his crops.  The TOEB also collects the relevant
sum of money (service fees) from its members.  From the 25,000 hectares irrigated in the
valley, less than half use this type of collective irrigation measures. while the rest use private
irrigation works (with the water drawn through drilling)4.
As irrigated cultivation is expected to expand further, water requirements will continue to
increase. To meet the increased demand for water, two strategies have been adopted.

                                                
3 Information drawn from discussions with P. Giannoulopoulos, Sept., 1999.
4 Information given by experts from the Argolid local administrative authorities, Spring, 1999.



85

The first strategy considers the discharges from the Kiveri springs as the basic source of water
for irrigation. A pumping station has been installed close to the springs to pump water from
the Kiveri canal. Moreover, a number of pumping stations will be installed along this canal to
transport water to higher elevations into excavated ponds. Finally, the water retained in these
ponds will be pumped into an underground irrigation network consisting of pipes and
covering the whole plain.

Apart from the enormous costs involved in this kind of irrigation water delivery system, fears
are expressed that the rather high chloride concentrations of the Kiveri water may have
detrimental effects on the productivity of the plantations, particularly those consisting of
citrus trees. Also, the indiscriminate use of the Kiveri water may cause severe deterioration in
the quality of both soils and groundwater, especially in those areas where unconfined aquifers
- which constitute 2/3 of the whole plain - are developed.

It has been estimated that for a given quantity of water per year, 150 million m3/year, 3,000
kg/ha/year of salt will be deposited on the irrigated soils. If this water load were to remain in
the soils the latter will be salinised in some years’ time (Poulovassilis, 1998).

The second strategy considers groundwater as the main source for irrigation water after
supplementing its natural recharge by an artificial one. For the implementation of this
strategy, winter and early spring discharges of local springs can be used, mainly those of the
Kefalari, which can be transported to the plain by free flow. It is estimated that groundwater
could provide sufficient water for the irrigation needs of the region if artificial recharge is
properly applied (ibid).

The general conclusion of experts who have conducted research in the region is therefore that
ground water from the Argolid plain could continue being the main source for irrigation,
provided that an artificial recharge from the Kefalari and Lerni springs (which contain good
quality water, without salinity) takes place. This strategy would, they believe, entail little or
no negative environmental impact.

These experts claim that the Greek authorities responsible for taking decisions on such
matters are considering the two strategies described above, but so far they have not adopted
and implemented the second one, which is favoured by the experts. It is to be hoped that such
a strategy will be agreed and taken forward in the near future, if further environmental
problems are to be minimised.
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�������0DLQ�&KDUDFWHULVWLFV�RI�WKH�5HJLRQ

The Marchfeld region is situated in eastern Austria, east of Vienna and bounded to the south
by the river Danube. The region is known for its special geological and climatic conditions,
including water shortage (Ernegger et al, 1998). It is the greatest plain in Lower Austria,
covering about 1,000 km2, 67,000 ha of which are situated on the ‘Niederterasse’ and 33,000
ha on the ‘Hochterasse’. About 70,000 ha are used for intensive agriculture. In total, 190 km2

of the Marchfeld is within the Donau-Auen National Park which was designated in 1996. The
following map shows the area and the Marchfeldkanal.

Source: Grubinger, 1998

The Danube, which has the flow characteristics of a mountain river, was regulated as early as
the Middle Ages because the river occasionally flooded and extended far into the Marchfeld.
However, the first major regulation took place between 1870 and 1875 and the river was
gradually regulated further, leading to a complicated system of water use and flood protection
today (Ernegger et al. 1998).

Between 1900 and 1950, the Marchfeld became one of Austria’s main corn growing areas
with wheat, oats and barley the main crops. This development, together with the expansion of
Vienna into the Marchfeld, led to a loss of wetland areas; the landscape was ‘improved’ to
become agricultural steppe. However, the precipitation levels in the Region are mostly too
low and the distribution of precipitation too diverse to ensure optimal harvests. Mean annual
precipitation amounts to approximately 580 mm, ie 390 mm during the vegetation period with
precipitation peaks in spring and autumn (Mottl, 1992), which is one of the lowest figures in
Austria. Irrigation therefore began to be introduced, especially after 1950, to increase
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productivity and secure harvests in dry years. These developments were in line with national
agricultural policy guidelines after 1945 (Ernegger et al, 1998).

Today, the total irrigated area is approximately 45,000 ha. About 42,000 ha of these are
irrigated with groundwater, while surface water from on-farm rivers and from distant
reservoirs is used for about 2,000 ha. Overhead irrigation by means of small-sized sprinkler
arms or sprinkling machines is the exclusive form of irrigation. Most water is abstracted from
individual wells with the help of diesel operated pumps (tractor pumps), a minor part of
overhead irrigation is accomplished by means of electrically operated central pumping
stations with buried water distribution systems. Surface water overhead irrigation is also
accomplished by means of central pumping stations (Mottl, 1992).

The area in intensive agricultural use has however decreased over the last two decades,
together with a fall in the number of agricultural holdings and an increase in the average size
of holdings. The following tables show the development of cropped areas in the Marchfeld
region between 1979 and 1995.

7DEOH��������$UHD�RI�&URSV�LQ������������������LQ�WKH�0DUFKIHOG�5HJLRQ��KD�
&URS ���� ���� ����
6XJDU�EHHW       6,518       7,255       7,181
6XQIORZHU            74       1,660       1,896
(DUO\�SRWDWRHV       1,489       1,052       1,352
/DWH�SRWDWRHV          768       1,605       2,710
&HUHDOV     52,747     40,841     32,948
9HJHWDEOHV       2,537       2,888       4,023
:LQWHU�UDSH       1,477          365
6R\D�EHDQV            25       1,305       1,845
/HJXPHV          109       5,556       2,015
6XEVLGLVHG�IDOORZ�ODQG          273       6,355
2WKHU       1,537       1,311       1,564
7RWDO�DUHD ���������� ���������� ����������

Source: Land- und forstwirtschaftliche Betriebszählung/Bodennutzung 1979, 1990, 1995, ÖSTAT

7DEOH��������3HUFHQWDJH�$UHD�RI�&URSV������������������LQ�WKH�0DUFKIHOG�5HJLRQ
&URS ���� ���� ����
6XJDU�EHHW 10 11 12
6XQIORZHU - 3 3
(DUO\�SRWDWRHV 2 2 2
/DWH�SRWDWRHV 1 2 4
&HUHDOV 80 63 53
9HJHWDEOHV 4 4 6
:LQWHU�UDSH - 2 1
6R\D�EHDQV - 2 3
/HJXPHV - 9 3
6XEVLGLVHG�IDOORZ�ODQG - 0 10
2WKHU 3 2 3
7RWDO�DUHD 100 100 100

Source: Land-und forstwirtschaftliche Betriebszählung/Bodennutzung,  ÖSTAT

�������(QYLURQPHQWDO�3UREOHPV
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The Marchfeld hosts one of the most important groundwater deposits in Austria of about 1.4
bn m3 of water. Intensive agricultural use and drainage have however led to severe lowering
of the groundwater table of 5-10 cm per annum and up to 50 cm per annum in particularly dry
areas. Between 1945 and 1995 groundwater levels fell by 2.5 metres (Ernegger et al, 1998).
This has led to the loss of 80% of all wetlands in the Marchfeld region and a significant
decrease in biological diversity. Further problems in the area occur in the form of over-
fertilisation and pesticide pollution.

The groundwater table has been falling for more than 30 years, albeit with annual fluctuations
depending on the weather. Studies have confirmed that a restoration of the water supply and
distribution will only be possible by means of drastically restricting groundwater abstractions.

Reasons for the lowering of the groundwater table include the regulation of the Danube in the
last century, leading to accelerated river flow and therefore a decrease in groundwater
recharge and the constantly increasing groundwater abstractions for agriculture, industry and
households during the last decades. Since 1945 abstractions in the part of the Marchfeld
belonging to Lower Austria have increased from:

• 1.5 million m3 to 5 million m3 per annum for drinking water;
• 2 million m3 to 19 million m3 per annum for industrial use;
• 10 million m3 to 32 million m3 for agricultural irrigation.

Additionally, 20-30 million m3 are abstracted per annum in the part of the region belonging to
Vienna. Overall, excessive water abstraction has amounted to about 350 million m3  during
the last decade.

As far as agriculture is concerned, soil compaction, increased evaporation due to increased
maize production and intensive grassland management have led to decreased seepage of
precipitation water and more rapid drainage. Increased abstractions for irrigation have led to
the depletion of existing supplies. In addition, there are water quality problems due to nitrate
and phosphate leaching as well as residues from pesticides. Water quality is also affected by
deposits from former gravel mining sites and insufficient wastewater treatment. These
problems also affect rivers in the region which, over big stretches, have seen a substantial
decline in water quality.

�������6WUDWHJLHV�IRU�0HHWLQJ�,UULJDWLRQ�'HPDQG�DQG�6ROYLQJ�(QYLURQPHQWDO�3UREOHPV

Several measures have been put in place to counteract these negative environmental effects.
Payments under the Austrian agri-environment programme influence the extent of
groundwater pollution and pay for set-aside and green cover measures.

The need for large scale water transfer projects to enable the optimal agricultural use of the
‘granary’ of Austria was recognised as early as 1850 and the use of water from the Danube
was one of the first options considered. The earliest outlines for the creation of canals off the
Danube appeared in 1953. The geographical situation of the Marchfeld made it possible to
construct a descending channel from the Danube to supply the plains with water. Various
studies between 1954 and 1974 showed that this was technically possible (Korf, 1958, 1962,
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Grubinger, 1958), and several project proposals were presented, but were rejected at the time
because of the difficulties and high costs associated with land purchase.

In 1974, Lower Austria’s regional government reconsidered the proposals due to an
increasing need for groundwater table enrichment. The Austrian Raumordnungskonferenz
was asked to evaluate the proposal for the Marchfeldkanal and decided to go ahead with the
project. In 1983 the Planungsgesellschaft Marchfeldkanal was established and the building of
the Marchfeldkanal was decided in 1985. Building work began in 1987 and the canal was first
flooded in 1992. The Marchfeldkanal is an artificial channel resembling a natural river.
Unlike other water transfer projects in other regions of Europe, its novel design aims to create
a range of semi-natural features and habitats along its course.

The costs of the project were divided between the national government (45%), the
Environment and Water Fund (30%), the catastrophe fund (15%) and regional government
(10%). The local population was involved in the planning stage of the project through
information evenings and the opportunity to air criticism and suggestions. Its aims were to:

• enable direct infiltration into the groundwater to secure the water supply;
• improve water quality of rivers;
• create semi-natural wetlands and habitats for flora and fauna;
• renovate leaking dams and regulate drainage to ensure adequate flood protection.

The Marchfeld canal project provided for the construction of an inlet structure on the Danube;
an 18 km long, open canal with a maximum normal flow of 15 m3 of water per second, and a
seepage plant for water recharge. The main canal conveys surface water from the Danube into
the project area. In the lower section of the channel, part of the water is diverted to a
groundwater recharge plant, where it is filtered and seeps continuously into the aquifer.
Through this, the groundwater level is gradually raised over a large area by about 2 metres.
There is also a groundwater infiltration plant and pressure pipelines to supply the higher parts
of the project area. The infiltration plant provides for infiltration of up to 300 litres of water
per second, which amounts to 10 m3 per annum. It is aimed at the long-term balancing of the
groundwater level and the direct supply of irrigation water for agriculture. The infiltration
plant’s operation has been delayed due to contamination from former gravel mines nearby,
which have severely affected groundwater quality.

������5HVXOWV�7R�'DWH

The project essentially aims at replenishing groundwater and providing sufficient amounts of
water for different users, especially for irrigation. Renaturalisation of the Marchfeld landscape
and the creation of ecological networks of the remaining biotopes were further aims of the
project. Its implementation improved low-flow problems in the main tributaries in the
Marchfeld. Artificial wetlands of value for flora and fauna were created (BMLF). According
to officials from the Donau-Auen National Park there are no adverse effects, and the project
has arrested further groundwater depletion, which is regarded as very positive.

A cost-benefit-analysis by the canal’s construction company came to the conclusion that
without construction of the canal, a stop to groundwater abstractions for agricultural use
would have been unavoidable. This would have led to significant changes in the crop
structure and would therefore have changed the character and appearance of the whole region.
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There would also have been effects on biodiversity because more monocultures would have
developed since cereals use the smallest amount of water. The following benefits are ascribed
to the project:

• improvement and long-term security of the water supply for agriculture and industry;
• quantitative security of drinking water supply and qualitative improvement in some areas;
• improvement of water quality and better waste water treatment;
• improved flood protection;
• improved ecological and landscape aspects and creation of recreation areas.

These benefits do not occur to the same degree and strength in all parts of the Marchfeld
region but depend on the local circumstances.

In 1984, an independent environmental impact assessment was carried out for the project by
the Austrian ministry for health and the environment. The assessment came to the conclusion
that the project would:

• through its design, create a variety of new habitats and ecological networks;
• lead to an improvement in water quality;
• not lead to soil contamination through long term accumulation of harmful substance

through irrigation;
• lead to the creation of recreational areas.

The major area for future development of irrigation plans in Austria is the Marchfeld-
Hochterasse, Public discussion of the pros and cons of this led to the elaboration of a study,
which identifies appropriate measures to improve the environmental impacts of irrigation in
this region (Bundesministerium für Ernaehrung, Landwirtschaft und Forsten, pers.comm).
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The nappe de Beauce is a very important aquifèr system extending for 9000 km2 between the
rivers Loire in the south, Orge and Seine in the north and Loing in the east, in northern-
central France. The aquifer straddles six French Departements and two Regions and it feeds
two main river basins. The aquifer is held in a reservoir made up of various geological layers
including chalks and sands, but the water table itself is supported by an impermeable layer of
clay and silex which separates it from the chalk underneath.

The thickness of the water table varies across its length from almost nothing in the extreme
west to over 150 metres at the centre. The water resource in the system is estimated to be 20
billion cubic metres, derived exclusively from heavy winter rainfall, estimated at 100mm,
which corresponds to an average supply of 900 million cubic metres of water per year.
However, the precise behaviour of the aquifer is complex and remains relatively poorly
understood (Rieu, SHUV�FRPP)

The map below shows the location of the Beauce region in France.
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The Beauce aquifer represents the almost exclusive source of water for certain rivers which
only drain from the upper levels of the aquifer and are therefore very sensitive to any
lowering of the water table. These rivers include the Conie, Aigre, Essonne and Oeuf. The
Beauce aquifer also makes a substantial contribution to the water in the Loire, equivalent to
that of a large reservoir, via a number of smaller tributaries.

������$JULFXOWXUH�DQG�,UULJDWLRQ�LQ�WKH�%HDXFH

The Beauce region is a predominantly arable area, devoted to the production of wheat, maize,
barley, sugar beet and field vegetables. Oilseeds and sunflowers have also been important
crops in the area, as well as legumes such as field peas. The average size per holding is
around 100 hectares, which is significantly larger than the national average for France. There
has also been a significant trend towards farm enlargement in recent years, as the agriculture
of the area has become more specialised. It is therefore an area of particularly modern,
mechanised and intensive arable production of relatively high profitability, and the farmers
tend to operate at a relatively high level of technical skills and competence (Rieu, SHUV
FRPP).

7DEOH�������&URSSLQJ�LQ�WKH�%HDXFH��KD�
&URS�W\SH ���� ���� ���� ,QFUHDVH�����
Maize 41,440 48,650 57,400    38%
Irrigated maize 32,500 39,640 48,820    50%
Barley 62,370 69,650 85,110    36%
Irrigated barley 4,840 16,520 21,400  442%
Peas 52,620 47,100 42,380 -  20%
Irrigated peas 27,930 23,510 19,950 - 29%
Wheat 279,740 277,850 288,330     3%
Irrigated wheat 167,844 166,710 172,998     3%
Irrigated beet 30,000 30,000 30,000     0 (quota)
Source: Davy, pers.comm.
Irrigation in this region is complementary irrigation applied to the most productive and
economically valuable crops including wheat, barley, maize, sugar beet, peas and vegetables.
In some of these cases, irrigation water significantly increases the yields per hectare, while in
other cases quality attributes may be just as important in providing the incentive to irrigate.

According to official water agency statistics, the average quantity of water used varies from
500 to 2,500 cubic metres per hectare per year, depending upon the crops and the weather
conditions. However, it is widely suspected that these figures underestimate real water use
because farmers have an incentive to under-declare abstractions in order to minimise water
charges (see the discussion in Chapter 6 on cross-compliance).  On some farms, water use has
been found to exceed 3500 cubic metres per hectare per year, on occasion. It is thought that
such a high level of use is probably not efficient and involves a degree of waste which could
be reduced by better husbandry and water management techniques.

Irrigation is almost exclusively by sprinkler systems. Individual farmers have sourced
irrigation water from the aquifer because it has proved cheaper to sink a well than to attempt
to finance surface water irrigation systems using either on-farm reservoirs or transport of
water from rivers, which would require some kind of collective infrastructure.
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Since 1976, abstractions for irrigation have increased considerably as a result of the
introduction of new forage crops, as well as increased numbers of irrigating farms and an
expansion of the irrigation season due to its introduction on spring crops.

The total area of land registered for irrigation with the water agency grew from around 50,000
hectares in 1977 to over 300,000 hectares by 1991 (Dubois de la Sablonniere, 1998).
Agricultural statistics show that this area increased by a further 260,000 ha between 1991 and
1993 (Davy, 1999). The result of this growth has been a gradual lowering of the water
resource in the Beauce aquifer since around 1980.

������(QYLURQPHQWDO�DQG�(FRQRPLF�,PSDFWV�RI�,UULJDWLRQ

When the winter rainfall is insufficient to restock the aquifer to balance the levels of
abstraction for irrigation, this can strongly disrupt the functioning of the catchment area by
lowering the level of the water table and restricting the supply of water to its rivers. Thus,
although the stock of water in the aquifer may still be substantial, its level becomes too low to
allow it to supply these outlets.

An approximate balance-sheet for the aquifer is shown in table 4.5.2

7DEOH�������%HDXFH�$TXLIHU�%DODQFH�6KHHW��PLOOLRQ�FXELF�PHWUHV�
2XWSXWV ,QSXWV
Supply of drinking water and water to
industry

100 Heavy winter rainfall 900

Irrigation 250
Seine-Normandy waterways 250
Loire-Brittany waterways 300
7RWDO ��� ���
Source: Dubois de la Sablonniere, 1998

In the central region of the aquifer, it has been estimated that the quantity of abstractions by
1991 had reached 60% of the level of average rainfall, which thus led to the progressive and
increasingly rapid lowering of the water table. A continuing decrease was noted every year
between 1988 and 1994.

In five years (including four years of drought from 1989 to 1992 and one normal year in
1993) the level of the aquifer fell below the lowest level previously recorded in 1906. Some
of the smaller rivers ceased to flow during this period. The river Conie dried up for 6 weeks
in 1991 and then for more than a year and a half in 1992-4. The level of the Loire was also
lowered and the watercress beds of the Essonne river dried up (3HUVSHFWLYHV� $JULFROHV�
1996).

Difficulties were also suffered by the agricultural sector in respect of forage crops situated in
the périphéral zones of the aquifer where marked reductions in productivity and a significant
increase in the drawing down of the water table was seen. Where irrigation had been sourced
from relatively shallow boreholes, many of these became unable to access the aquifer.

There is currently little data available to indicate the ecological effects of the lowering of the
Beauce water table and in particular, the low flow and temporary drying up of the rivers that
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drain from it. However, some work in the United Kingdom has indicated the kinds of effect
that are likely to be associated with this process (Fojt, 1993):

• the importance of water within aquatic systems is not simply related to the quantity of
water but also to the chemical, nutritional and flow characteristics of the system. Whether
the water flow in a river is sluggish or rapid, its water chemistry and nutrient status have a
fundamental influence upon associated plants and invertebrates;

• in calcareous streams typical of some of those found around the Beauce aquifer, the
aquatic ecology is dependent upon the maintenance of fast flow and low nutrient status, as
well as a steady flow regime due to the regular groundwater outflow. The disruption of
the supply of groundwater to this river type will undoubtedly have significant ecological
consequences;

• in the upper reaches of the stream, grasses and herbs will colonise the dry channel floor.
Downstream, lower flow will increase the water’s nutrient status, particularly if enriched
rainwater is continuing to drain into the river from nearby cropped land. and there is a risk
that plant growth in the summer months will clog up the stream flow even further and silts
will become deposited. Algal blooms may develop, deoxygenating the water and causing
fish kills.

• silt deposition on the river bed may also change the channel gradient, thus increasing the
tendency for more siltation in future.

CEMAGREF, a research institute in Montpelier, is currently completing a detailed study of
the Beauce aquifer and the impacts of its lowering (Rieu, SHUV� FRPP), which is due to be
published some time after March 2000. Unfortunately, it has not proved possible to obtain
any early results from this study for the purposes of this report.

������$FWLRQV�WR�$PHOLRUDWH�WKH�,PSDFWV�RI�,UULJDWLRQ

In 1995, a year of heavy winter rainfall followed by a relatively low level of irrigation and
other demand during the summer did much to restore the aquifer. However, the water
agencies saw a need to take preventative action in future, to ensure that similar problems as
had occurred in the early 1990s should not reoccur at a later date.

This led to the development of a series of concerted efforts to address the more effective and
sustainable management of the aquifer. Today, the annual lowering of the water table by
irrigation, from a similar starting level, has been much less pronounced during the dry season
than in previous dry seasons. The improvement stems from the fact that the farm sector and
the administration have taken steps to control the level of abstractions in relation to the
volume of water that is actually available in the aquifer.

,QFHQWLYHV�IRU�,PSURYHPHQW
The two water agencies of Loire Brittany and Seine-Normandy gave permission for the
creation of an inter-basin working team involving representatives from Regional councils,
local communities, central government, farming organisations, industrial users and
environmental protection agencies.
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The working team was given the following roles:

• to monitor the state of the aquifer;
• to identify joint goals for the sustainable management of the aquifer to allow its use while

still protecting the natural environment;
• to develop action plans to help in the pursuit of these goals;
• to develop a shared commitment to, and ownership of, these action plans among the key

stakeholders in the area.

The team has supported a programme to develop a mathematical model which can measure
the state of the aquifer after the winter rains and use this to determine the availability of water
in each season. The model is being developed by the water agencies and supported by the
French Ministries of agriculture and environment, as well as the regional councils. It should
be completed by the year 2000.

In addition, there have been further initiatives:

• to increase the use of water meters at all pumping points for the aquifer, the Loire-
Brittany water agency has grant-aided water metering up to 80% of the costs of
installation;

• technical support has been offered to local farmers to help them draw up water
management plans, to monitor soil water status, to assess crop needs accurately and to
reduce wastage of water;

• research is underway to develop rules for sharing water supplies and minimising the
economic impact of a water quota (see below) on individual farms.

&RQWUROV�RQ�:DWHU�8VH
Each year, the average level of the aquifer is calculated crudely by reference to the observed
levels in 9 different locations across its area. This is used to set thresholds of increasing
restriction on water abstractions. A quota for water use per hectare is then set in each county,
for agricultural irrigation.

The water agencies also levy a charge on abstracted water, which increases when the aquifer
is in a state of imbalance and abstractions exceed supplies. Individual farmers can have the
level of this charge reduced if they can show through water metering that they are using a
relatively low level of water. The maximum reduction in the charge (of 33%) applies to those
using less than 900 cubic metres per hectare, while those using between 900 and 1900 cubic
metres get a smaller reduction and those using more than 1900 cubic metres get no reduction.

It is certainly too early to say whether these measures will prove sufficient to protect the
Beauce aquifer and the rivers that it supplies, in the medium to long term, particularly if
global warming reduces rainfall and increases the incentive to irrigate, as has been indicated
in some studies (CEC, 1999). However, these steps do represent the start of a concerted and
co-operative approach to the more effective management of the resource.
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&KDSWHU� ��� 7KH� 6LWXDWLRQ� DQG� ,PSDFWV� RI� ,UULJDWLRQ� LQ� WKH� $SSOLFDQW
&RXQWULHV�RI�&HQWUDO�DQG�(DVWHUQ�(XURSH

����,QWURGXFWLRQ

The impact of agricultural irrigation on the environment in Central and Eastern Europe varies
considerably from country to country. Irrigation played an important part in the large scale
collectivised agriculture which was promoted under the Soviet regime, but most so in the
regions and countries covering parts of the Pannonian and Danubian Plains. Thus, during the
1980s about 25 per cent of the agricultural area of Bulgaria was under irrigation, whereas
LUULJDWHG land covered less than 1 per cent of the agricultural area in the Baltic States.

Consequently, the environmental impact of irrigation is significant in countries such as
Romania and Bulgaria but negligible in the Baltic States. Due to its high costs, the outright
destruction or at least neglect of collective structures and the fragmentation of land
ownership, the total extent of irrigated�land has declined strongly during the last ten years, in
some countries by up to 90 per cent. Given the relatively small extent of the irrigated area and
moderate use of fertilisers and pesticides in CEE, agricultural irrigation is currently not
judged an important threat to natural resources or biodiversity by most respondents from the
applicant countries who were consulted for this study. Historically, however, irrigation
infrastructure (reservoirs, canals etc) and the high use of agricultural inputs on irrigated fields
had large negative impacts on natural resources and wildlife habitats.

����+LVWRULFDO�([WHQW�DQG�(QYLURQPHQWDO�&RQVHTXHQFHV�RI�,UULJDWLRQ

Wetland drainage, river regulation and irrigation have been key policies for raising
agricultural productivity for centuries, particularly so in the Pannonian and Danubian Plains.
Soviet agricultural planners continued these policies enthusiastically with a strong belief in
the progress of mankind through technological manipulation of nature. Given the strong
productivity increase achievable through irrigation in areas with hot, dry continental summers
the expansion of the irrigated area was one of their key activities. Thus, in Bulgaria the
percentage of irrigated land increased from 14 per cent in 1960 to 27 per cent in 1989.

Apart from the negative effects of the intensive agriculture that has been facilitated by
irrigation, irrigation on this scale required a very large investment in related infrastructure
such as river dams, storage reservoirs, transportation channels, river regulation, pumping
stations and field based distribution systems. This had a strongly negative impact on river
ecosystems and other habitats. Irrigation also enabled the planting of new crops such as rice
which are heavily dependent on generous water provision. In 1989 rice fields covered 49,000
ha in Romania, while rice was grown on several thousand hectares in Hungary during the
1950s and 1960s. Most of these rice paddies will have been established on previous wetland
areas, due to their need for flood irrigation.

Many reports on the relationship between agriculture and biological diversity in CEE state
that a strong negative impact arose from agricultural collectivisation, mechanisation,
intensification, drainage and water regulation, affecting habitats and wildlife in various CEE
countries (e.g. IUCN, 1992, 1993, 1995). However, irrigation is rarely singled out as a
separate factor for habitat destruction or other negative environmental impacts. This may be
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due to the fact that it is one of a number of stresses on water supply and management
including water regulation, wetland drainage and industrial water consumption. Furthermore,
irrigation is often only the second step in agricultural intensification after river regulation or
drainage, which may greatly reduce a large part of the original natural values of an area.

Nevertheless, the following examples from individual countries show that agricultural
irrigation has had a negative environmental impact in CEE countries in the past, the effects of
which persist at present in some cases:

+XQJDU\�  Agriculture was responsible for 13 per cent of total water use in the late 1980s.
Agricultural water consumption and the installation of irrigation to fields is one important
factor behind the serious loss of wetlands in Hungary since the 1950s. High levels of water
consumption by agriculture were identified as a particular threat for remaining marshy areas
and connected lakes in the Hungarian lowlands. Reservoirs for water storage on rivers are
blamed for the destruction of riverine forests. The rice paddies mentioned above had been
abandoned by 1990 and were considered ’uncultivated wastelands’ (all from IUCN, 1992).
However, since 1990 the negative impacts of irrigated agriculture have declined. Due to lack
of capital and lower crop prices the irrigated area has declined strongly and is mainly targeted
at high value crops (fruit and vegetables, some sugar beet). Increasing water prices support a
trend towards drip irrigation.

5RPDQLD�  There are no overviews of the impact of irrigation on the environment in Romania
in spite of the importance of irrigated agriculture (3.19 million ha is irrigable, about 21 per
cent of total agricultural land). However, the 1998 DG VI report on the agricultural situation
and prospects in Romania voices concern about the past use of heavily polluted water from
rivers for irrigation purposes. About 200,000 ha of irrigated land are known to have been
irrigated with water from unsuitable sources. Nitrate pollution of groundwater (reaching
1,500 mg/l in one extreme case) is particularly serious in irrigated areas along the Danube
river and in Botosani Judet. Soil salinisation had occurred on 0.6 million ha of land by 1995,
while oil pollution and salt water intrusion were detected on 0.05 million ha (CEC, 1998).

Negative impacts of irrigation on habitats or protected areas are reported for individual cases
only, although such damage is likely to be a regular occurrence in the Danubian Plain (in
combination with water regulation and drainage). Grimmett and Jones (1989) report damage
to brackish lakes along the Black Sea coast (Lacul Istria and Lacul Tasaul) due to inflow of
sweet irrigation water that decreases their salinity content. A forest reserve not far from the
coast (Hagieni Forest) is also threatened by unspecified effects of irrigation on surrounding
land (Grimmett and Jones, 1989).

The quality and use of irrigation infrastructure in Romania decreased sharply during the
1990s. The use of irrigation currently only amounts to 10 per cent of irrigation capacity
available at the end of the 1980s. Due to the land privatisation process, the high costs of input
and equipment maintenance and a lack of management structures the irrigated area continues
to decline. Given the poor economic situation of the country, farmers are using agrochemical
inputs very sparingly and the environmental impact of current irrigation practices is thought
to be small. Environmental management and sustainable water use need to become an integral
part of the anticipated re-building of Romania’s irrigation system.
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����&XUUHQW�([WHQW�DQG�7\SH�RI�,UULJDWLRQ�LQ�&((

The table below shows the considerable importance of irrigation for agricultural production in
countries and regions located in the Carpathian basin. Irrigated areas in both the Czech and
Slovak Republic are mainly located in southern areas connected to the Pannonian Plain. In the
Baltic States and Poland irrigation is generally not very important for agricultural production,
although its total area is quite large in Poland. During the Communist period irrigation in
these countries was mainly used on grassland for dairy production. In many countries the total
irrigated�area declined substantially between the mid 1980s and the mid to late 1990s, falling
to less than half its previous level in Hungary and Poland for example.

&RXQWU\ $UHD�RI�LUULJDWHG�ODQG��
��RI�DJULFXOWXUDO�ODQG

7\SH�RI�LUULJDWLRQ�RU�FURSV�LUULJDWHG

Bulgaria 1995: 690,000 ha (~ 11 %)
1997: only 50,000 ha are
actually irrigated by farmers

1989: 50 % long furrow irrigation
          49 % sprinkler irrigation
            1 % trickle irrigation

Czech
republic

 1995: 141,249 ha (3.3 %)
1999: only 7-14,000 ha are
 actually irrigated by farmers

1999:  99 % sprinkler irrigation
            0.5 % trickle irrigation
            0.5 % other systems of irrigation

Estonia 1996: 4,886 ha (~0.3 %)
1999: only ~ 600 ha are
 actually irrigated by farmers

1996:  100 % sprinkler irrigation
           (traditionally mainly used
            on grassland)

Hungary 1980s: 250,000 ha (4 %)
1998: ~ 100,00 ha are
actually irrigated by farmers

1999: mostly sprinkler irrigation
          drip irrigation is increasing
          sheet irrigation is declining strongly

Latvia very small
(a few hundred ha?)

 n.a.

Lithuania very small
(a few hundred ha?)

 n.a.

Poland 1997: 138,772 ha
(~0.75 %)

1998:  96.6 % furrow or sheet irrigation
            3.4 % sprinkler irrigation
            (90 - 95 % of irrigation is targeted
             at grasslands)

Romania 1990: 3.19 million ha (21 %)
1999: only ~ 10 % of this is
 actually irrigated by farmers

1990:  87.7 % sprinkler irrigation
           10.2 % furrow irrigation
            2.1 % saturated (rice production)

Slovak
republic

~ 1990: 350,000 ha (14.3 %)
1998: 323,00 ha are actually
irrigated by farmers

1999:  all sprinkler irrigation
          (water use per ha declined by 70 %
           from 1986-1990 to 1991-1995,
           then was 309 m3 /ha/year)

Slovenia 1999: 4,995 ha (0.64 %)
stable or increasing in all
regions

1999: mainly sprinkler irrigation
          drip irrigation in fruit plantations

n.a.: data not available
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����&XUUHQW�(QYLURQPHQWDO�,PSDFW�RI�,UULJDWLRQ

Given the relatively small extent of the irrigated area and moderate use of fertilisers and
pesticides in CEE, agricultural irrigation is currently not judged to be an important threat to
natural resources or remaining wildlife habitats by a number of respondents approached from
the applicant countries (see Annex 1). The table below shows information supplied by them
or found in publications from the early 1990s. Unfortunately, the available information is
quite patchy and ideally, should be addressed by more comprehensive surveys.

&RXQWU\ 6RLO�DQG�ZDWHU�UHVRXUFHV /DQGVFDSHV�DQG�ELRGLYHUVLW\
Bulgaria
(past and
present
effects)

Significant lowering of
groundwater tables; salinisation of
groundwater and soils;
contamination of water by
pesticides and nutrients;
Reduction of water flow in rivers;
Disruption of natural regulation of
water flow by flood plains;
soil erosion on irrigated slopes

Dryland habitats were destroyed in the past;
drying out of valuable wetlands;
reservoir creation and diverting water from rivers
destroys valuable habitats;
leaky irrigation systems are creating artificial
wetlands of value for flora and fauna

Czech
Republic

No significant problems, sourcing
of water is well regulated

Currently no significant problems

Estonia Negligible negligible

Hungary Significant lowering of
groundwater tables was a problem
in the past, currently not
considered a problem by Ministry
of Agriculture

Drying out of valuable wetlands;
reservoir creation and diverting water from rivers
destroyed valuable habitats;
leaky irrigation systems are creating artificial
wetlands of value for flora and fauna

Latvia Negligible (?) Negligible (?)

Lithuania Negligible No significant impact

Poland Significant raising of
groundwater tables;
contamination of water by
pesticides and nutrients;
reduction of water flow in rivers.

Drying out of valuable wetlands;
reservoir creation and diverting water from rivers
destroys valuable habitats;
leaky irrigation systems are creating artificial
wetlands of value for flora and fauna

Romania Limited contamination of water by
pesticides and nutrients (as inputs
are expensive); salinisation effects
– localised  on groundwater but
more extensive on soils.

Dryland habitats were negatively affected in the
past.

Slovak
republic

n.a. Reservoirs and dams in upstream catchment
areas have negative impact on river ecosystems;
no negative impacts reported in irrigated areas

Slovenia Irrigation is well regulated and
does not use very large resources
of water compared to river flow

Reservoir creation destroys valuable habitats, no
other significant effects;
new irrigation projects need to undergo EIA
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n.a.: data not available

����&RQFOXVLRQV�DQG�3HUVSHFWLYHV

Because of the importance of irrigation in regions with summer drought, in particular for high
value crops, there is considerable interest, especially in Bulgaria and Romania, in restoring
irrigation systems. Given the large potential increase in production, agricultural irrigation is
likely to be extended to larger areas in south-eastern candidate countries over the medium
term as economic conditions improve. Although the irrigated area is not likely to reach past
proportions, irrigation could become a significant negative environmental factor again,
particularly if poor management prevails.

Water user organisations and management structures for irrigation systems need to be re-
established or re-organised in a number of applicant countries. The World Bank and other
donors are already supporting such efforts, for example in Romania. It is important that
environmental considerations are taken into account during such projects, and that water users
and management organisations are given environmental information and training. Foreign
donors should strive to promote environmentally sustainable irrigation management systems
and involve the environmental administration as well as relevant experts in project planning
and management.

Potential technical mitigation measures have been described for Poland, as listed in Box 5.1.
These might usefully be applied in other regions where irrigation is an important factor in
agricultural production.

%R[�����2SWLRQV�IRU�WHFKQLFDO�PLWLJDWLRQ�RI�WKH�HQYLURQPHQWDO�LPSDFW�RI�LUULJDWLRQ

1.  Development of irrigation systems within an integrated water management system in a
catchment area

2.  Development and use of groundwater irrigation technologies to protect wetlands and
organic soils using regulated run-off

3.  Improving the operation of irrigation systems through automation and mechanisation
4.  Development of appropriate irrigation systems and practices, under different soil,

plant and climatic conditions, in order to achieve optimum yields with high water
use efficiency

5.  Improving the quantity and quality of yields through improved agricultural techniques
and the introduction of new crop varieties

6.  Conserving water and fertilisers through the scheduling and monitoring of irrigation
 and fertilisation
7.  Adaptation of pesticide and nutrient use to the natural climatic, agronomic and

environmental conditions of the area and water supply
8.  Fertigation (supply of nutrients with the irrigation water)
9.  Constructing small reservoirs for irrigation water supply in areas with no

valuable habitats

Source: SHUV�FRPP, Dr Leszek Labedzki, 1999

The mitigation measures described in Box 5.1, however, would only have a positive effect in
areas where irrigation is already an established factor. They could in no way compensate for
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the destruction of dryland or wetland habitats or of river ecosystems caused by the expansion
of existing irrigation systems or the establishment of new irrigated areas. Given the often very
negative impact of past water regulation, drainage and irrigation schemes on such habitats in
CEE, any substantial new projects would generally be undesirable from an environmental
point of view. It would instead be advisable to devote present and future resources primarily
to the improvement and optimisation of present irrigation infrastructures and systems in CEE.
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&KDSWHU����3RWHQWLDO�:D\V�RI�$PHOLRUDWLQJ�WKH�(QYLURQPHQWDO�,PSDFWV
RI�,UULJDWLRQ

As has been shown in chapters 3 and 4, in particular, the environmental impacts of
irrigation stem from a variety of direct and indirect effects that relate to the process of
irrigation itself, as well as the farming practices enabled by it. Each of these impacts may
be amenable to certain measures to ameliorate their negative and enhance their positive
effects on the environment.

Several kinds of measure can be considered, in this respect. At the farm level, changes can
be made to agricultural practices (eg cultivation techniques), to farming systems (eg
switching from sprinkler to drip irrigation) or to land use (eg from crops to grass), to
ameliorate impacts. These RQ�IDUP changes will commonly need to be encouraged or
ensured through a mix of SROLF\ instruments which may include regulations, advice
(supported by research), and economic instruments, including charges or financial
supports. In order to facilitate the effective operation of policies to ameliorate
environmental impacts associated with irrigation, there may also be a need for
LQVWLWXWLRQDO changes or new developments in the management of water at national or
more local levels, including major modifications to water supplies.

3RWHQWLDO�2Q�IDUP�&KDQJHV

• Technical measures can be applied to increase the efficiency of irrigation systems and
thereby reduce abstractions and their adverse environmental impact on water quantity,
as well as reducing soil erosion. An example would be a switch from spray irrigation
to drip irrigation, which involves lower water losses and reduced impact upon soil
surfaces. However, there may be no environmental gains if more efficient use does not
result in lower overall water use, but simply allows an increase in irrigated area.

• The adoption of different, less damaging or more beneficial agricultural practices
associated with irrigated farming – for example to reduce the use of fertilisers or
pesticides which may contaminate soils and water, thus encouraging enhanced water
quality, or to avoid large areas of monoculture thus preserving greater diversity in
habitats and landscapes. This may involve farmers switching to organic or integrated
production methods, or taking certain sensitive areas of land out of irrigated cropping
(eg to create buffer zones adjacent to valuable habitats). Finally, in some cases it may
be possible to grow more drought-resistant crop varieties in order to reduce irrigation
water demand.

 
 3RWHQWLDO�3ROLF\�,QVWUXPHQWV
 

• Measures to reduce the quantity of water used in irrigation in order to mitigate
environmental damage due to excessive use for irrigation. These mainly include
economic and regulatory policies such as water metering and charging, licenses and
time-limited abstraction permits.

• Measures which control where irrigation can be practised – for example, prohibiting
its application in particularly sensitive areas or surrounding ‘buffer zones’.



103

• Measures which alter the incentives available to farmers under national or EU policies
and thereby encourage improved practice in relation to irrigation. Relevant policies
would include compensation payments for irrigated crops under the CAP (including
the attachment of cross-compliance conditions), agri-environment payments under
Regulation 2078/92 and its successor in the rural development Regulation 1259/1999.
They could also include environmental conditions in relation to other sources of CAP
finance, including direct aids for supported crops and aid to producer organisations (of
which the aid offered under the Fruit and Vegetable regime is particularly relevant to
this study).

1HZ�'HYHORSPHQWV�DQG�,QVWLWXWLRQDO�0HDVXUHV

• Measures which identify and exploit new sources of water previously not used in
irrigation (usually adopted in an attempt to reduce the level of overexploitation of
existing sources). This can include large-scale and long-distance water transfers as
well as coastal facilities to desalinise sea water so that it can be made available for
irrigation.

• Measures which improve the institutional management of water resources, for
example collectivisation of formerly private and unregulated water use rights in
particular regions, thereby facilitating the setting of agreed limits to abstractions.

Different combinations of these approaches will be more relevant to particular kinds of
irrigation and specific sites, and to particular types of environmental impact than to
others. Briefly, therefore, each impact is considered in turn using the same order as in
Chapter 3, so as to address the type and possible mix of measures which might be applied
to reduce negative and enhance positive environmental effects. Following this, we
develop suggestions in relation to particular aspects of EC policies, including agricultural
policy (eg through cross-compliance and agri-environment or rural development
spending), environmental policy (mainly through legislation, taxes and charges), regional
policy, enlargement policy, and research and development policy.

There can be a large number of actors involved in the planning, financing, construction,
management and operation of irrigation systems and the agricultural production which
results. This is an important factor in considering the most effective means of managing
environmental impacts. The focus here is particularly on measures which can be taken at
EU level.

���� 3ROOXWLRQ� RI�:DWHU� DQG� 6RLOV� E\� $JURFKHPLFDOV� DQG� 1XWULHQWV� IURP� ,UULJDWHG
&URSV

These impacts can be addressed to some extent by the adoption of less intensive
production technologies, including integrated crop management and biological pest
control. In glasshouse production there may be scope for improved nutrient recycling
through the establishment of more closed systems. However at present, economic
conditions do not always favour such developments and therefore it may be necessary to
use economic incentives (potentially including cross-compliance conditions or agri-
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environmental incentives) or input charges, in order to shift the balance towards such
technologies.

Pollution taxes, although an efficient solution in theory, are rarely feasible in practice
since it is usually extremely difficult to make a direct link between particular practices
and specific environmental impacts – the relationship is commonly diffuse, time-lagged
and often somewhat unpredictable. Thus it is rarely possible to tax the act of water
pollution itself, except in cases of extreme, point source pollution. This has been the
experience in Spain, where the 1985 Water Law introduced a ‘spillage levy’ to charge
farmers for pollution from agricultural inputs. The returns from the levy have been very
low in the case of point source pollution, and non-applicable in cases of diffuse spillage,
such as is most common in irrigated areas (Sumpsi et al, 1999). However, taxes on
potentially polluting inputs such as pesticides are in place in several Member States and
are being considered by others (Brouwer et al, in press). These would have an impact on
both irrigated and non-irrigated systems.

In irrigated areas which are affected by nitrate pollution from agricultural practices, the
full implementation of the Nitrate Directive should help to address this problem. Under
the Directive, Member States should establish measures to combat nitrate pollution in
water, including establishing and implementing action programmes in all nitrate
vulnerable zones, or throughout their territories, by 1995. Implementation of the Directive
is, however, significantly behind schedule in many Member States and relatively few had
even designated zones by 1997 (CEC, 1997). Most Member States have established
Codes of good agricultural practice, which was also required under the Directive.
However, many of these contain only guidance on how to avoid pollution, and this alone
may be insufficient to ensure the necessary changes in farm practice. The action
programmes require mandatory restrictions on farmers’ activities, including reduced use
of nitrogen inputs in order to balance crop requirements and soil N-supplies. However,
few Member States have yet established these programmes – in the context of this study,
the lack of such programmes in Spain, Italy, Portugal and Greece is a particular concern.

Under the Agenda 2000 provisions, cross compliance could be used to address these
problems by requiring those receiving direct CAP aids to adopt input use or nitrogen
balance plans, or to comply with input limits. Conditions or new regulations could also
apply as well to pesticide pollution caused by irrigated agriculture, perhaps in particularly
sensitive areas (eg around Natura 2000 sites) or areas where contamination of water
supplies is already a significant problem.  However, some of the main sectors responsible
for heavy pesticide use do not receive direct payments and are therefore not within the
scope of the common rules Regulation.

Agri-environmental programmes could also be used to compensate, by means of a
hectarage payment, those farmers who voluntarily agree to fulfil strict environmental
conditions going beyond good farming practice. For example, they can be used to promote
the adoption of organic or integrated farming in sensitive areas, which would require a
significant reduction in the use of chemical inputs in intensive irrigation. In some cases
these schemes could also pay farmers to cease irrigated, intensive agriculture and possibly
take land out of arable production and put it into pasture or woodland. However, such
long-term land diversion may pose significant economic problems in areas where irrigated
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production is particularly important to local business, as is the case in many southern
regions.

Environmental regulation or stricter land use planning policies may be necessary to
prevent water quality deterioration by chemical pollution and also the accumulation of
plastics and other wastes in areas of intensive, irrigated greenhouse production, which
also has negative impacts on the landscape (eg the Campo de Dalías case study). The very
high profitability of this kind of intensive irrigation, and the fact that it is not subject to
direct support under the CAP, means that cross-compliance under the common rules
Regulation cannot be applied, and voluntary agri-environmental programmes could be
very expensive. However, as the case study has shown, even regulation may be ineffective
unless it is backed up by a combination of stiff penalties, strong enforcement and some
commitment by local public authorities to develop an alternative, more environmentally
sustainable economic future for the area.

The common market organisation for fruit and vegetables, which was reformed in 1996
by Regulation 2200/96, established a new system of subsidies via operative programmes
run by producer organisations. Support under the programmes is intended to adapt
production better to meet the needs of the market, improve quality, handling, marketing
and value and to encourage environmentally sound practice and waste management
techniques. In Spain, there are some interesting examples of operative programmes which
have had a positive environmental effect in areas of intensive irrigation devoted to fruit
and vegetable production, including the Mediterranean coast.

In summary, helpful measures could include the following.

• Stricter implementation of the Nitrates Directive at Member State and local level.

• Improved and targeted incentives for converting to organic or low-input production in
the irrigated areas where these problems are particularly evident;

• The application of cross-compliance for crops eligible for direct payments under the
CAP. Possible conditions might include specific limits on the use of fertilisers,
manure and agrochemicals on irrigated crops, mandatory management plans or
nutrient/pesticides bookkeeping requirements and special training requirements.

• In addition, it may be desirable to review the practice of allowing differential
payments for irrigated crops. If it is to be retained, a payment differential could be
made subject to specific conditions which decrease the incentive to expand irrigation
in inappropriate circumstances.

• For areas of intensive irrigated horticulture, stronger regulatory mechanisms coupled
with strategies for alternative development, including organic or low-input production
methods and a greater promotion of environmentally sustainable operative
programmes among producer groups. The latter could be strengthened by specific EC
guidance.

• More support for the marketing of organic products from irrigated farm systems.
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����([FHVVLYH�$EVWUDFWLRQ�/HDGLQJ�WR�'DPDJH�WR�9DOXDEOH�(FRV\VWHPV

On important nature conservation sites, the full application of the provisions of the EC
habitats and birds Directives as well as national and regional legislation could make a
major contribution. Under the Directives, valuable habitats of European importance
should be designated by the Member States to form the Natura 2000 network of protected
areas throughout the EU. Measures should then be taken at national or more local levels
to ensure that these sites are maintained or brought up to ‘favourable conservation status’
in order to protect their assets under the habitats Directive. These targets are to be
achieved by 2004 at the latest. As with the nitrates Directive, however, the
implementation of these Directives has been significantly delayed in most Member States,
such that the network of protected sites has yet to be established and protective measures
have not all been introduced. Furthermore, some valuable ecosystems will not be formally
identified and protected under EC legislation, and these will require additional measures
at national or sub-national levels.

In some cases, full implementation of the Directives will have implications for pre-
existing irrigation systems, as for example where these are damaging adjacent sites by
excessive abstraction (as in the case of Daimiel). Implementation should also affect the
design and planning of future irrigated areas through the provisions under Article 6 of the
habitats Directive. This requires H[�DQWH evaluations of projects affecting Natura 2000
sites to ensure that there are no negative effects. If it is anticipated that the environmental
impacts of a new project on a protected site will be significant and negative and
alternatives exist, Member States are obliged to refuse permission for it to proceed, in
order to meet the requirements of the Directive. Only in exceptional circumstances are
projects with negative impacts allowed, and in such cases compensatory measures have to
be taken to ensure that the overall coherence of Natura 2000 is protected.

In southern Member States where the problems of aquifer exhaustion can be particularly
severe, adequate protection of some sites may require the cessation or significant
reduction of irrigated agriculture in adjacent areas where these are needed as buffers to
maintain water supplies to the site. Alternatively, water may be imported from other
sources in order to reduce the level of abstraction from the local aquifers. The economic
costs of such action can, however, be considerable for farmers in some of the affected
areas.

3RVVLEOH�0HDVXUHV�WR�$FKLHYH�&KDQJH

In areas where irrigation does not produce high value crops and where most of these crops
are supported under the CAP (eg Tablas de Daimiel case study), regulation, cross-
compliance and/or agri-environmental payments may be used, either singly or in
combination, to reduce the level of abstractions. Higher water charges related to
abstraction licenses or water use itself (via water meters) would also seem potentially
effective.

In coastal areas of the Mediterranean, the high value of irrigated cropping to produce
largely unsupported fruit and vegetables may render cross-compliance measures relatively
ineffective and agri-environmental payments extremely costly. Yet it is in these areas that
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the greatest overuse of water resources occurs, with consequent exhaustion of aquifers,
salinisation and pollution. Typically, water demand curves in these areas are also largely
price-inelastic (Sumpsi et al, 1999), meaning that water pricing strategies may be limited
in their achievements. There has been a tendency for excessive abstraction problems to be
addressed by ambitious projects for water transfer from other regions with more ample
supplies (eg in Spain, Italy and Austria and some Eastern European countries). However,
the potentially negative environmental impacts of such transfers must also be recognised.

A key problem in seeking to tackle excessive abstraction is that in many parts of Europe
water rights remain unregulated or poorly enforced. Even where abstraction is authorised
by a permit or licensing system, permits may not be time-limited and may not specify the
maximum quantities or particular conditions for abstractions that are permitted.
Consequently each licence holder may abstract as much as they deem necessary and alter
this in accordance with changing agricultural practices.

Today, some governments are taking national action to change this situation. In Spain, a
national water use plan has been agreed which seeks to regulate all water use, including
that in agriculture, in order to achieve a better balance between supply and demand and to
protect the environment. Under a 1985 Water Law, Spanish water authorities have powers
to declare that an aquifer is over-exploited. This means that farmers in the area have to
organise an irrigation community to ensure collective as opposed to individual
exploitation, and to agree a reduction in abstractions and a prohibition on sinking any new
wells.

However, although this regulatory approach to over-exploitation of aquifers appears to be
a useful measure, the two Spanish case-studies in this report show how in practice, it can
remain relatively ineffective on its own. In Campo de Dalias, farmers have not complied
with the limits on abstractions and prohibitions on new wells, enforcement is difficult and
costly, and the measure is extremely unpopular at local level, due to its potential
economic consequences. Where fines are imposed, farmers tend to view these as a normal
part of their running costs and no changes are made to the irrigation systems themselves.

In Tablas de Daimiel, a similar pattern of behaviour was observed until the introduction of
an agri-environmental scheme, which was viable in this area due to the lower value of the
crops produced by irrigation, compared to Dalias. Only once this scheme was in place did
farmers begin to comply with the Water Law.

In northern Member States, environmental issues arising from the drought of the early
1990s have led to proposals for the revision of national policies on water use rights and
water charging. For example in the UK, the Government has consulted on proposals to
end farmers’ unlimited permits to abstract water for irrigation and to replace these with
time-limited, maximum quantity licences with associated conditions designed to ensure
that water is not taken during the most sensitive periods (eg to ensure the maintenance of
minimum levels of flow during the summer). This change would follow a sustained
campaign by the Environment Agency – the public water regulator for England and Wales
- to raise farmers’ awareness of the need to plan for the most efficient use of irrigation
water. There has also been encouragement for farms to construct their own on-farm water
storage reservoirs so that they can take water from rivers during the winter months when
rainfall is heaviest and save this for summer irrigation use.
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A similar campaign to increase water storage capacities as a means of reducing peak river
water demand during the dry season has been promoted in many regions of France, in
recent years. From 1982 to 1994, the area of reservoirs, ponds and other water storage
structures for agricultural use in France increased from 28,000 ha to 45,000 ha. Some of
these structures will be assisted by public finance, while others may result from
investment by groups of farmers themselves. However, these developments may not
always be beneficial to the environment since they may have direct negative impacts upon
local habitats and landscapes if inappropriately designed or sited.

In summary, amelioration measures could include the following.

• Improved progress in implementing the habitats and birds Directives within all
Member States, to ensure that future projects for irrigation will not damage these sites
and to speed the adoption of new regulatory or other mechanisms to address current
threats to sites from established irrigation systems.

• In tandem, the full implementation of the Environmental Impact Assessment Directive
in relation to projects involving agricultural intensification or new irrigation
infrastructure. Where EIA predicts major negative impacts upon valuable ecosystems,
projects should be prohibited or modified in order to reduce significantly these
impacts.

• The wider adoption of a system of time-limited, specific permits for water abstraction,
including conditions on the seasonality of abstraction where necessary.  This is
primarily a matter for the Member States but the Commission could encourage a
debate on this topic and help to identify good practice.

• The initiation of a wider debate on the adoption of cost recovery and charging
systems, once the proposed Water Framework Directive has been adopted.  This could
include a survey of best practice, and lead to a wider use of charging systems to
discourage excessive abstraction, especially in sensitive areas.

• Conditions requiring abstraction permits and water meters from farmers claiming
compensatory payments for irrigated crops under Article 3 of the Common Rules
Regulation (1259/1999) of the Common Agricultural Policy.

• A requirement by the EC that Member States should supply more evidence about
sustainable water abstraction and irrigation in their Objective 1 Programmes and Rural
Development Plans, within guidance on planning and implementation.

 

• EC guidance for accession countries considering further investment in irrigation and
careful scrutiny of SAPARD plans to exclude proposals which appear likely to
promote unsustainable irrigation projects in areas valuable for wildlife.

• Time-limited incentive schemes for reducing abstraction rates, in some locations.

����'LVSODFHPHQW�RI�9DOXDEOH�'U\ODQG�+DELWDWV�E\�,UULJDWHG�$JULFXOWXUH
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Again, proper implementation of the habitats, birds and EIA Directives should ensure that
inappropriate developments are prevented in Natura 2000 sites, in future. National and
regional legislation should also offer protection to other important sites, although its
impact is rather variable at present.

The proper application of the Environmental Impact Assessment Directive should ensure
that no substantial new irrigation projects can be put in place without a prior assessment
of their potential environmental impacts. Such assessments are particularly needed where
irrigation projects could have an impact on proposed Natura 2000 sites. The application of
EIA to Annex II category projects involving agricultural intensification on uncultivated or
semi-natural land, could help to identify and ameliorate damage where irrigation is
displacing former dryland habitats.

However, the need to provide an EIA does not in itself ensure that any damaging
development will be refused. It is likely that the Commission will continue to have to play
a role in ensuring that Member States live up to their obligations under the EIA, habitats
and birds Directives, in this respect.

The economic implications of limiting further increases in irrigation, particularly in the
southern Member States, could be highly significant. Thus more priority should be given
to compensatory measures or alternative economic development strategies (eg ecotourism
or adding value to dryland agricultural outputs), to be introduced in parallel with any new
limits. Expansion of agri-environment schemes in areas of high nature value dryland
farming could also provide a stronger incentive to maintain traditional systems. Such
schemes are applied on a very limited scale in some regions or Member States at present –
Greece being an example.

In the longer run it is particularly important to recognise that some dryland habitats under
agricultural management will not be viable without an element of public support.  Such
systems are unevenly distributed within the EU and this factor needs to be then taken into
account when the distribution of relevant Community funds is being considered. It is
legitimate for those Member States that have retained dryland habitats of Community
significance to expect some contribution from Community funds for their longer term
management, especially when there are heavy opportunity costs involved.

A survey of high nature value farming systems which could be affected by greater
investment in irrigation in accession countries would be helpful. This could provide
guidance in assessing applications for investment projects under SAPARD.

In sum, possible measures include:

• improved progress in implementing the habitats and birds Directives within all
Member States, to ensure that future projects for irrigation will not be permitted to
encroach on these sites;

• in tandem, the full implementation of the Environmental Impact Assessment Directive
in relation to projects involving agricultural intensification or major new irrigation
infrastructure. Where EIA predicts major negative impacts upon valuable ecosystems,



110

projects should be prohibited or modified in order to reduce significantly these
impacts;

• compensatory measures (eg agri-environmental payments) or alternative economic
development strategies (eg ecotourism or adding value to dryland agricultural outputs)
to increase the viability of surviving dryland farming systems;

• further survey and research to ensure that the Commission is aware of the incidence
and vulnerability of remaining dryland sites of high nature value across Europe,
including in the accession countries.

���� %HQHILWV� IURP� /HDN\� ,UULJDWLRQ� 6\VWHPV�� 7UDGLWLRQDO� 0RXQWDLQ� ,UULJDWLRQ� LQ
7HUUDFHV��DQG�5LFH�&XOWLYDWLRQ

As noted in chapter 3, inefficient irrigation systems can, in certain circumstances, be
associated with environmental benefits. However, rarely will it be desirable to introduce
measures to prevent the adoption of new technologies which increase irrigation efficiency,
given the increasing demand for water within Europe. Alternatively, wherever irrigators
wish to adopt more efficient systems and a clear environmental cost can be demonstrated,
they could be required to divert a proportion of water to enhance the supply for nature
conservation purposes. The mechanisms for achieving such modifications could include
cross-compliance conditions on crop subsidies or voluntary agri-environmental
incentives. Cross-compliance will not apply in the CEECs because direct payments are
not expected to be made. However, environmental conditions could be attached to
investment aid in these, and other, circumstances.

Rice production is a special case. Suitable measures for encouraging environmental
benefits and discouraging the costs associated with rice production need to be developed,
mainly at Member State level. For example, there is already one Spanish agri-
environmental scheme which supports environmentally-sensitive methods of rice
production in an area which is important for bird life (the Ebro delta). Incentives for
organic rice production could be better targeted, for example in the vicinity of important
wetlands.

In relation to mountain terraces where irrigation was traditionally practised, the decline of
these systems is a consequence of much broader economic changes. These include high
labour costs and increased competition within the EC for agricultural products, coupled
with wider socio-economic trends which have encouraged people to move away from
isolated hill communities and towards ‘growth poles’ along the coastal belts.

The Common Agricultural Policy offers particular support for less favoured areas (LFA),
including mountainous regions, which is designed to contribute to the maintenance of
agriculture in areas where the natural and/or social conditions are working against it. To
date, aids in some mountainous regions (eg in Spain) have been paid only on livestock
headage, which has therefore excluded or only partially reflected areas of traditional
irrigated terrace  production of permanent and annual crops, despite the fact that the
Regulation permits hectarage aid for crops as well. As a result of the Agenda 2000
agreement all future LFA aid must be offered as an area payment and it is therefore
possible to envisage the measure having more of an impact upon the survival of



111

traditional terrace systems in southern countries such as Spain. However, since these aids
are co-financed by the EC at between 25 and 50 per cent, the payment rates in some
Member States may remain insufficient to arrest decline in these areas where working and
living conditions are hard. For example, in Spain at present, the average LFA payment is
only 40,000 ptas, or around Euro 300, per farm.

In the face of such strong pressures for change, even an amended LFA support scheme
would need to be coupled to agri-environmental programmes in most areas to promote
positive environmental management and restoration of terraces, to reduce soil erosion and
benefit biodiversity and landscapes. There may be some areas in southern Member States
where such schemes could be effective, particularly if coupled to new rural development
strategies promoting high-quality environmentally-friendly product marketing, ecotourism
and other similar activities.

Elsewhere, the development of alternative land uses that can offer some benefits to the
environment and prevent desertification, appears to be a possible alternative strategy to
ameliorate environmental impacts. Such uses could include the kinds of drip-irrigation
discussed in the case of Spain, in chapter 3. Alternatively, certain kinds of sustainable
forestry or nature management could be an option in some areas. Again, these may require
promotion via agri-environmental incentives, or programmes offering investment, advice
and training under the new CAP Rural Development Regulation.

In sum, therefore, the most useful measures here appear to include:

• requirements on those who are investing in more efficient irrigation in areas where
leaky systems have generated benefits to wildlife, to divert a proportion of water to
enhance the supply for nature conservation purposes – through cross-compliance
conditions on direct aids, or conditions on investment aids which support this change
(including in guidelines on state aids);

• agri-environmental schemes and other more integrated local business development
strategies which encourage the benefits of extensive rice and mountain-terrace
irrigated agriculture while discouraging forms of production which can be damaging
to the environment – these could be targeted at the most sensitive or valuable
remaining  areas  and include support for training, adding value and marketing local
produce;

• imaginative reform of the Less Favoured Area support schemes at Member State level
so that they provide additional support to environmentally-beneficial traditional
irrigation systems, on condition that these benefits are maintained;

• the targeted support of other environmentally-sensitive farming or non-farming land
use practices in areas where traditional systems have been lost and desertification is a
serious concern(eg appropriate forestry, nature management, drip irrigation systems).
Suitable EU funds for these purposes might include Structural Funds, LIFE-nature,
and rural development measures under Regulation 1259/1999.

����6RLO�(URVLRQ
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There is clearly scope for applying appropriate forms of irrigation technology to reduce
the incidence and the severity of soil erosion in some regions. As explained in chapter 3,
drip systems are less eroding than sprinkler systems or some kinds of irrigation by hand,
and there is scope to introduce this technology more widely in many parts of southern and
northern Europe.

However, such systems are very costly and frequently beyond the means of the majority of
small farms with irrigated plots in the Southern Member States. The collectivisation of
water management can improve the potential for installing new technologies, as can the
imposition of user charges that can then be used to fund infrastructure improvements of
this kind. However, the most important first step in such situations will often be simply to
get the myriad of small farmers to recognise that there is a significant problem, which can
only be solved if they all agree to take action together.

There are a growing number of local examples of successful joint management schemes
which are promoting improvements in the efficiency and environmental impacts of
irrigated agriculture in some Member States. France, Austria and Spain all provide useful
models which could be applicable in other countries. Some of these schemes are
promoted through national legislation and/or voluntary initiatives, while others involve
Community assistance.

Agri-environment incentive schemes and other measures under the Rural Development
Regulation, including technical assistance, could play a larger part in promoting
appropriate joint management schemes in future. There may also be a role for attaching
cross-compliance conditions to certain irrigated crops to reduce erosion, deriving such
conditions from the codes of practice for soil conservation that already exist in a number
of Member States. For example, requiring all farms to have erosion management plans,
such as those adopted in the USA under the soil conservation program, could be a first
step.

• Promotion of soil conservation plans and soil conserving practices at farm level
through investment aids (with appropriate environmental safeguards to prevent over-
exploitation of aquifers due to expansion of irrigated areas), advice and possibly agri-
environmental incentives;

• Application of cross-compliance conditions on supported crops, or conditions on aid
to producer groups, in areas where soil erosion is a serious issue, to require the
adoption of soil conserving practices;

• Encouragement of collective water and soil management either through regulation to
oblige the formation of collective user groups to manage their water supplies for
public as well as private benefit, or advice and/or financial aid to encourage their
formation.

����6DOLQLVDWLRQ

The problem of salinisation is not easily remedied by technical means. It can often be an
indicator of over-abstraction of water supplies (eg in mediterranean coastal areas) which
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can ultimately only be properly addressed by reducing water use, as discussed under
section 6.2.

In areas where high-earning agriculture or tourism are partly the cause of over-abstraction
and resulting salinisation, it may be cost-effective to finance seawater desalinisation for
use in both drinking water and agricultural supplies for irrigation. However there will be
many cases where this is not economically viable, and here it seems that the only
solutions will be those that introduce alternative production systems which are less
dependent upon continuous supplies of irrigation water.

In glasshouse systems, achieving reduced water use through more efficient recycling of
water and nutrients will be possible for some producers. For field crops, the use of more
drought-tolerant and salt–tolerant varieties may be possible but there may also be
situations where, once the full environmental costs of salinisation and aquifer exhaustion
are taken into account, irrigated agriculture is no longer a viable proposition. The
significant economic consequences of its cessation would suggest that these areas may
require a programme of new investment to develop and support sustainable rural
development strategies.

A database of areas where salinisation is becoming a severe threat or is likely to become a
threat in future would help to give early warning and to guide appropriate investment in
alternative agricultural developments, especially for projects relying on Community
funding. The feasibility and cost of such a database could be discussed with the EEA.
Inappropriate investment in areas with salinisation problems should be avoided.

In sum:

• Adopt similar measures to those recommended under 6.2 above;

• Promote investment in nutrient and salt recycling systems in intensive glasshouse
production, the use of salt-tolerant cultivars in some areas and the consideration of
desalinisation plants where this is adjudged to be cost-effective;

• In areas already seriously damaged by salinity, support the development of alternative
economic and environmental management strategies to replace irrigated agriculture,
(eg using Structural Funds, rural development Regulation aids);

• Develop a database of areas in Europe (including accession countries) where
salinisation is a serious threat, to guide future project developments in these areas.

����0DMRU�,QIUDVWUXFWXUH�,PSDFWV

As with the displacement of valuable, low input agricultural habitats by irrigated lands,
irrigation projects which threaten important habitats and species through the development
of major infrastructure should be controlled through proper application of the habitats and
birds Directives and the appropriate use of EIA procedures. These have been discussed
under 6.2 and 6.3 above.
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However, the weight given to economic benefit, inadequate enforcement of legislation
and a lack of political will, may be the major obstacles to effective use of these measures,
in many existing Member States and in the accession countries. The environmental
safeguards in the new Structural Fund regulations, including ISPA, will need to be fully
utilised in order to ensure that EC legislation is respected, beyond 2000.

In sum:

• Ensure proper implementation of the habitats and birds Directives to protect important
sites from damage due to major infrastructure developments for irrigation and produce
guidance on best practice in the implementation of Article 6 of the Habitats Directive,
in particular;

• Ensure proper implementation of the environmental impact assessment Directive and
promote the adoption of the strategic environmental assessment Directive so that
projects and programmes of potentially significant negative environmental impacts
can be identified and either prohibited or modified in order to reduce these impacts, in
future;

• Give guidance to accession countries to ensure that their accession funds are not used
to support projects or programmes involving major infrastructure with negative
impacts upn the environment;

• Require ex-post monitoring of any approved projects or programmes to check whether
they succeed in minimising negative environmental impacts;

• Produce further guidance to Member States and accession countries on how to ensure
effective implementation of the Directives, drawing upon the findings of ex-post as
well as ex-ante appraisals.

����6XJJHVWLRQV�IRU�(&�3ROLF\�DQG�0HPEHU�6WDWH�,PSOHPHQWDWLRQ�RI�(&�3ROLF\

������$JULFXOWXUH�3ROLF\

$JUL�HQYLURQPHQW�DQG�5XUDO�'HYHORSPHQW�0HDVXUHV
These are areas where EU policies already provide potential tools for the Member States
to apply as they see fit. Some options are presented below:

• Where environmentally sensitive, extensive farming practices associated with
irrigation are currently under threat from competition by intensive production methods
with more negative environmental impacts, Member States can be encouraged to
make use of agri-environmental payments to support the retention of the former. So,
for example, payments to support organic or extensive rice production, or traditional
mountain-terrace agriculture may be feasible. In the latter cases, there could be scope
for channelling more support through the policy for less-favoured areas and areas with
environmental restrictions (Articles 13-21 of Regulation 1257/99). This could help to
promote the retention of terrace agricultural systems in some regions of southern
Europe.
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• Similarly, it may be desirable for Member States to offer agri-environmental support
under Articles 22-24 of the Regulation, to maintain dryland farming systems against
the threat of abandonment or transformation to irrigated agriculture, in those regions
where such farming is valuable for maintaining biodiversity and landscapes, as well as
conserving scarce water supplies.

• Agri-environmental payments could also be used in combination with appropriate aids
for training and investment, to encourage the adoption of more water-conserving
strategies and techniques on a variety of farm types in both southern and northern
Member States. For example, the adoption of drip-irrigation systems, the
implementation of soil conserving measures and/or conversion to organic or
integrated crop management systems could all be valuable in particular areas.

The new rural development plans to be introduced under the Agenda 2000 CAP reforms
should also provide an opportunity to develop integrated projects at local level to promote
the longer-term sustainability of environmentally beneficial systems of irrigated
agriculture. These would allow the use of agri-environmental schemes, to maintain
beneficial but economically marginal farming systems, to be linked to marketing,
processing, eco-tourism and other economic development aids for the same areas,
designed to improve the long-term viability of such production systems by increasing
their ability to compete successfully.

Another important aspect of these plans is the requirement for measures to be compatible
and consistent with one another. This condition should be used to ensure that investment
and other aid under the new plans does not promote the development of irrigation in ways
that will cause environmental damage, because these measures would then conflict with
agri-environmental measures, which are a compulsory part of all rural development plans.
This should be an issue for particular scrutiny in the ex ante appraisal of plans.

&URVV�FRPSOLDQFH

It is clear from the analysis in chapter 3, and the case studies in chapter 4, that irrigated
agriculture involves a mixture of supported and unsupported crops, under the CAP
regimes. However, there are particular instances where supported crops appear to have
been an important factor in exacerbating the negative environmental impacts of irrigated
farming practices. Most notable among these are cotton in the south, and maize in both
north and south, but other crops such as starch potatoes, tobacco and non DSSHODWLRQ
FRQWUROHH wine may also be relevant in some localities (rules for AC wines commonly
prohibit the use of irrigation). The map below (Sumpsi et al, 1999) indicates the extent of
irrigated crops which are CAP-supported in Spain, showing that with the exception of the
intensive horticultural irrigation of the Mediterranean coastline, a clear majority of crops
receive CAP support, although not all in the form of direct payments to producers.
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In Greece, 95 per cent of cotton production is irrigated, and this is a crop which receives
relatively high levels of EC subsidy. The area devoted to cotton production continues to
expand and Greece and Spain are now seeking an increase in the Maximum Guaranteed
Quantity under the support regime, to reflect this increase. Other subsidised crops which
are significant in terms of irrigated agriculture in Greece include maize (100% irrigated),
tobacco (45-50% irrigated), vines (27 % irrigated) and a currently very small but growing
proportion of olives. Tomatoes produced for processing are also an important irrigated
crop in Greece, and these receive support indirectly through the aid granted to processors.
However, many of these aids are not covered by Article 3 of the common rules Regulation
which establishes the principal cross-compliance mechanism, since the support is not
given in the form of direct compensation payments to any of these commodities other than
maize, tobacco and olive oil. However, the Commission’s proposed new cotton regime
would appear to offer scope for cross-compliance in this particular context.

Under the EC’s arable aid regime, Member States fix reference yields at national or
regional level, which represent the average yields of specific crops. These are used to
translate the arable premium payments, which are set in Euro/tonne at EC level, into area
payments (Euro/ha) at national or regional level. Under the Regulations, regionalisation
plans can provide for different yields for irrigated and non-irrigated land, meaning that the
area payments for irrigated crops can be significantly higher than those for non-irrigated
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crops grown in the same regions. This option has been maintained under the Agenda 2000
reforms, in Article 3(3) of the new arable aid Regulation no.1251/1999.

Also under the arable aid regime, compulsory set-aside requirements apply to supported
crops. For most regions, the Member States must set aside a fixed minimum proportion of
the arable area in each region. However under special arrangements for Spain, the set-
aside area can be wholly allocated to dryland arable areas (‘seccano’), rather than split
between these areas and the traditionally irrigated areas (‘regadio’).

It is therefore possible to envisage the application of cross-compliance conditions to
ameliorate some of the most signficant environmental impacts of irrigation applied to
supported crops. Some options are discussed below.

• The example of cross-compliance to be applied in France from 2000 might have wider
applications elsewhere in Europe. In France, the fact that irrigated maize commonly
has a much higher yield than unirrigated maize has led the government to adopt two
separate reference yields for maize under the CAP arable aid regime. Thus, those
producing irrigated maize receive a higher subsidy per hectare than those producing
unirrigated maize. This has provided an additional incentive, on top of the yield
differential, for producers to ensure that as much of their maize as possible qualifies
for aid under the irrigated category. A similar situation exists in Spain for the main
supported crops, with differential payments for irrigated and non-irrigated areas.

The French government noticed that there was a discrepancy between the irrigated
maize area as recorded in arable aid claims by producers, and the total area authorised
for irrigation, as recorded by the French water authorities. Under the French Water
Law of 1992, all irrigating farms have to be registered with the water authority and all
must have water meters installed. It therefore appeared that either:

• Farmers were over-claiming irrigated maize areas when applying for aids from the
Ministry of Agriculture – ie making false claims for aid; or

• Some proportion of irrigated farms were not registered with the water authority
and subject to water meters, and were thereby in breach of the 1992 Water Law.

The cross-compliance condition to be introduced in France in 2000 therefore makes a
direct link between allowing claims for aid and demonstrating that farms have
complied with the 1992 Law. To receive payments in future, farmers will have to
show that they have registered with the authority and have installed a water meter.
This should help to ensure that the quantity of water abstracted for irrigation is fully
notified to the authorities and can be controlled by them. Similar conditions might be
applicable in other areas, such as parts of Spain, where supported crops are grown
using irrigation and water authorities have insufficient control over levels and
conditions of use.

• It would be possible to use cross–compliance conditions to limit input use on
supported, irrigated crops such as maize, cereals, rice, olives and tobacco in order to
reduce water pollution risks, or to require the use of drip-irrigation to minimise
erosion risks on land growing some of these crops. It would probably be most cost-
effective to devise the conditions in such a way that they relate only to farmers in
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particularly sensitive areas. For example, conditions could place limits on N, P or
pesticide usage on land within or close to a designated Nitrate Vulnerable Zone or a
protected area under the habitats or birds Directives. Alternatively they could require
the adoption of drip irrigation techniques on any land of certain slope and soil types
(akin to identifying ‘erosion vulnerable zones’ at local level). A third option might be
to require all irrigated crops receiving support to be subject to nutrient or soil
conservation management plans, perhaps similar to those which have been applied
under cross-compliance in the USA.

• Finally, it might be possible to link the absolute extent of irrigated agriculture to
cross-compliance conditions, aiming to render it uneconomic to produce certain
intensive crops in particularly sensitive areas. For example, in order to receive support
payments for certain crops grown using irrigation, the areas concerned might need to
be approved as ‘not highly vulnerable to salinisation’ by the local water authority.

In a recent study of the Tablas de Daimiel area in Spain, it has been concluded that the
implementation of a cross-compliance scheme could be more effective in reducing water
consumption in the area than the current agri-environmental programme (Sumpsi, Varela-
Ortega and Blanco, 1999). The cross-compliance system would involve making aid
payments to farmers conditional on adherence to new laws to reduce water use in the area,
drawn up under the existing Spanish Aquifer Exploitation Regulation and Over-
Exploitation Decree.

�������(QYLURQPHQWDO�SROLF\

1LWUDWHV�'LUHFWLYH
Over time, the full application of the Nitrates Directive (91/676) should help to reduce the
incidence of nitrate contamination of waters associated with intensive, irrigated
agriculture in many parts of northern and southern Europe. However, as discussed in
section 6.1 above, implementation of the Directive is considerably behind schedule.
Within Europe as a whole, the main areas where there is agricultural contamination by
nitrates are those with a high concentration of intensive livestock rearing, but also arable
or horticultural areas with heavy use of nitrogen fertilisers which, particularly in southern
Europe, will generally coincide with irrigated areas.

In Spain, the process of declaration of vulnerable areas, the key element in the Directive,
started in 1998. It has still not been finished, as some regions with serious problems of
nitrate pollution from agricultural practices (eg Murcia) have still not designated any
vulnerable areas (see table below). Most regional authorities have passed Codes of Good
Agricultural Practice (CGAP), which are currently voluntary but which would become
compulsory within Vulnerable Zones once corresponding Action Programmes have been
agreed. However practically no region has yet passed Action Programmes for these areas.
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An examination of the different CGAP passed by Autonomous Communities in Spain
shows that the format and specifications they have established are quite similar. The
specifications can be divided into three sections:

1. those addressing fertiliser practices,  such as the periods when fertilisers should not be
used; the ways fertilisers should be used depending on soil type and the location of the
plot; the types of fertiliser recommended according to soil type and crops; the
application of fertiliser plans for each farm and the setting up of fertiliser plan
registers;

2. those laying down the recommended crop rotation and other aspects linked to soil use,
and the minimum period when the soil should be covered by vegetation;

3. those concerning irrigation techniques. These establish a classification of irrigated
land according to nitrate pollution risk, which depends on the kind of soil, slope,
agricultural practices, method of irrigation, use of irrigation water and quantity of
water used. For each level of risk there is also a series of specifications with
recommendations to increase efficiency: the choice of irrigation technique to use
depending on the soil, the availability of water, the type of crop and climate and the
way to apply ‘ferti-gation’ (combined application of fertilisers and water).

However, the CGAP are general recommendations of best practice; they do not establish
quantitative limits on the use of nitrogen fertilisers, manures and/or irrigation water.
Further measures will therefore be needed in order for Spain to meet its obligations under
the Directive.

In Greece, codes of good agricultural practice devised under the nitrates Directive apply to
the whole country, and include general guidance on the most suitable irrigation method
for each soil type and advice on how to plan irrigation so as to minimise leaching.
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However, none of this information has yet been produced in a readily accessible form, for
farmers themselves (Greek Ministry of Agriculture, SHUV�FRPP).

:DWHU�)UDPHZRUN�'LUHFWLYH

Certain environmental impacts of irrigation should come within the scope of the proposed
Water Framework Directive which is anticipated to be adopted in 2000.

The new Directive will require Member States to adopt catchment management planning
for the protection of water reserves and water quality. This practice is already established
in some Member States such as France, Austria and the UK. Perhaps most importantly in
relation to irrigation, the Directive will for the first time address the quantitative aspects
of water management, requiring a system of prior authorisation of all water abstractions.
Catchment plans will also need to include measures to achieve ‘good water status’ for all
surface and groundwaters by the end of 2010. Good water status is defined as when ‘the
water has a rich, balanced and sustainable ecosystem and…. the established
environmental quality standards for pollution are respected.’

In another section of the Directive, a specific reference is made to the issue of water
charging, although this has proved highly controversial during the debate on the draft text.
The Commission’s original proposal would have required Member States to ensure that
water charges covered the full costs of water provision by sector. However, this has been
rejected by Council and Parliament in subsequent stages of negotiation and the text that is
adopted later this year is likely only to make a general statement promoting the concept of
cost recovery without obliging Member States to follow this through in any particular
context. Thus there seems little scope for the Directive to further the application of
environmental cost recovery, in relation to irrigation practices.

Notwithstanding the particular issue of charging, it appears that this Directive could have
a profound and beneficial effect in ameliorating the environmental impacts of irrigation
throughout the EU. However, the Directive is not yet agreed. Assuming agreement is
reached during 2000, there must be a risk that its implementation in the Member States
will follow a similar piecemeal and delayed pattern as that already seen in relation to the
nitrates and habitats and birds Directives. Indications from some Member States suggest
that to date, the proposed framework Directive has not significantly influenced policy
developments or debates at the national level (pers comm by Ministry officials in Greece
and Spain).

+DELWDWV�DQG�%LUGV�'LUHFWLYHV

The full implementation of these Directives by the Member States should have two
important influences upon the environmental impacts of irrigation. Firstly, under Article 6
of the habitats Directive, new irrigation projects likely to cause damage to existing
valuable sites or important species (whether these be dryland or wetland areas) should be
prevented or their negative impacts ameliorated by modifications to the plans, before such
development is permitted. Secondly, through the pursuit of favourable conservation status
for designated Natura 2000 sites and for important species throughout the wider
countryside, existing irrigation practices should be modified so as to minimise their
detrimental impacts upon biodiversity.
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However, as the earlier discussions in sections 6.2, 6.3 and 6.6 have shown, there is
currently little evidence that these aims are yet being achieved. Due to the delayed
implementation of the Directives in many Member States, it is probably too early to say
whether existing or proposed designations are being effective in preventing the expansion
of irrigation in sensitive areas, although some positive signs are reported in Spain, for
example. The requirement to achieve favourable conservation status could potentially
have a far more substantial influence upon irrigation practices in many parts of Europe,
but while designation remains incomplete, few Member States have yet given much
consideration to this part of the Directive and how it might be achieved, particularly in the
longer term and outside Natura 2000 sites.

The Directive itself does not specify or provide any positive funding mechanisms for
achieving this target and it has generally been assumed that Member States should use a
variety of EC Funds and national measures as available. Since the achievement of these
goals will often entail a significant shift in farming practices, it seems very likely that
agri-environmental and other rural development aids under the CAP, as well as new
funding under EC Structural Funds, will be required.

Under these circumstances, the Commission will need to continue to take measures to
encourage a swifter and more ambitious implementation of the Directives at Member
State level. The provision of best practice examples and of further guidance on the
management of semi-natural and artificial biotopes would be one important aspect of this.
Another important step would be to ensure a closer linkage between the requirements of
the Directives and the implementation of key related EU policies within the Member
States, notably agriculture and regional development policies. In that respect, recent
indications by the Commission that regional plans may not be approved until
environmental Directives are complied with are particularly welcome, and a similar
approach could potentially be applied to rural development plans under the CAP.

(QYLURQPHQWDO�,PSDFW�$VVHVVPHQW

Although it has not been a major focus of this study, information gathered from most
Member States indicates the historic importance of large-scale agricultural water
management projects with adverse impacts upon the environment. Some damaging
schemes have involved the expansion of irrigation into new areas where it has displaced
valuable dryland systems or led to the dessication of former wetlands, while others have
supported large-scale water transfers with associated engineering and infrastructure
development which has itself damaged ecosystems and degraded landscapes.

Under the Environmental Impact Assessment Directive 85/337, all such projects should
be subject to prior environmental assessment within a broader process which enables
authorities to modify or refuse proposals on environmental grounds, once the assessments
have been completed. However, the Directive itself does not provide the broader
framework for such action; it merely requires that the assessment itself is undertaken. In
addition, there is no requirement under the Directive for ex post evaluation of the impact
of projects once they are approved.
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In addition, EIA only applies to one-off, large scale projects, whereas many environmental
impacts of irrigation may result from a series of smaller scale changes over a period of
time. The implementation of the proposed Strategic Environmental Assessment Directive
could, once agreed, bring an important new discipline to bear upon Member State policies
and programmes of a more cumulative and strategic nature.

It is therefore important to ensure that:

• the EIA Directive is fully implemented, particularly in respect of Annex 2 projects
involving agricultural intensification on semi-natural or uncultivated land;

• EIA should be undertaken in accordance with consistent quality criteria which ensure
that the environmental impacts of irrigation, as discussed in this report, will be
assessed and evaluated;

• Member States must have in place the necessary means of prohibiting or requiring
significant modifications to proposed irrigation developments where EIA indicates
significant and detrimental environmental impacts;

• When permission to proceed is given for any project following EIA, there is a
requirement for ex-post reporting of environmental impacts;

• Member States’ strategic water management programmes are themselves subject to
EA under the proposed new Directive on SEA.

������5HJLRQDO�3ROLF\

6WUXFWXUDO�)XQGV��(5')��(6)��($**)��DQG�&RKHVLRQ�)XQGV

The new Structural Funds regulations incorporate measures intended to ensure that they
are used in ways that promote sustainable development. However, these conditions do not
apply to the new Cohesion Fund regulation. It is therefore very important that all
expenditure under any of these funds should be scrutinised at both Member State and EU
levels to ensure that:

• programmes do not include measures which conflict with the overall objectives of
environmental sustainability;

• irrigation projects will not damage habitats nor exhaust water supplies;
• any expansion of irrigation should go hand in hand with introduction of adequate

controls on abstraction, water charging and collective management strategies to ensure
that it will remain strictly within the environmental carrying capacities of the regions
concerned;

• funds can be used to promote the conversion of irrigated areas back to dryland culture
where appropriate for nature conservation, as well as to promote the more efficient
use of water in existing systems, coupled to conditions which would require an overall
diminution in total abstractions as a result of adopting new water saving measures.

It will often be difficult for anything more than a general, strategic assessment to be
applied at EC level because regional plans do not contain great detail of the proposed
measures and kinds of project that these will support. It is therefore important that EC
guidance should make it clear to Member States that they have an obligation under the
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Funds to exercise a more detailed and thorough degree of environmental scrutiny in their
programme monitoring committees and other regional and national appraisal systems.

������$FFHVVLRQ�3ROLF\

Similar principles as those relating to the Rural Development measures under the CAP,
and the Cohesion Fund under Regional Policy, should also be applied to SAPARD and
ISPA plans and projects under the accession funds.

A survey of high nature value farming systems which could be affected by greater
investment in irrigation in accession countries would be helpful. This could provide
guidance in assessing applications for investment projects under SAPARD.

Good practice guidance on ways of ameliorating or preventing negative environmental
impacts from irrigation could also be valuable, particularly for those countries where
irrigation was formerly important and where it is likely to increase in future.

Finally, it would be valuable to undertake an evaluation of the potential reinstatement of
irrigation infrastructure in those countries where this is most likely to occur. It is
necessary to balance the merits of renewal against any potential environmental disbenefits
and thereby to target the limited resources for renewal to those areas where the
environmental and economic impacts will be most positive.

������5HVHDUFK�DQG�,QIRUPDWLRQ�3ROLFLHV

It is evident from this study that there are currently no authoritative or comprehensive and
consistent sources of data on the irrigated or irrigable areas in all the Member State and
the trends in these areas over recent decades. These data are crucial to any overview of
irrigation in the EU and assessment of likely future demand. Currently, where data is
available, figures are frequently difficult to reconcile (eg OECD versus published national
sources), sometimes because different Ministries within a Member State obtain their data
from a variety of sources and using different methods (eg water licenses versus CAP
claims for irrigated cropland, in France).

It is even more apparent that data on the environmental impacts of irrigation is available
for a few areas in some detail (eg Daimiel case study), but that across the Union as a
whole, no comprehensive information is collected on this issue. Our findings have
therefore been based largely upon expert assessments, supplemented by details from a
handful of specific case studies in localised areas. The data for Spain is certainly more
abundant than for most other countries but, even here, empirical work on environmental
impacts is largely confined to a small number of case studies.

New strategic work on future trends in water use and water supplies is now underway in
Europe, particularly in relation to climate change and other long-term trends. There is also
a growing international and European focus on water charging policies and strategies, and
the economics of institutional water management. However, much of the international
research is general and theoretical, and relatively little touches directly on environmental
issues and how they can be addressed.
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We therefore suggest the following.

• The Commission considers the adoption of a common classification system and
glossary of different types of irrigation that could be used in gathering data on
irrigation within the Member States;

• The Commission should also consider financing the establishment of a data base on
irrigation and its impacts, with the co-operation of the Member States;

• Research funding could also be used to develop a more strategic awareness of
environmental risks in relation to irrigation within Europe. For example, areas subject
to severe salinisation or under threat of salinisation could be identified and recorded
on an EU database. This would provide information to guide investment and signal
the need for sensitive future development in these areas.

• More effort should be devoted to identifying, analysing and promoting examples of
best practice in minimising or ameliorating environmental impacts of irrigation,
drawn from different areas of Europe and potentially from further afield where similar
issues may be encountered (eg California, Australia).

• Further, more detailed work should be undertaken to allow EU Member States to
prepare for the likely consequences of global warming upon their water supplies and
the level of water demand from agriculture and other sectors.
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