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SUMMARY IN SWEDISH 
Bevattning, kraftproduktion, kylsystem, etc., många aktiviteter är beroende av och 
kräver tillgång till vatten. Varje år tas nästan 353 km3 vatten i Europa. Under 2012 
konstaterade Europeiska miljöbyrån att vattenresurserna överutnyttjas på många 
regioner. Sådan identifierade miljöbyran illegal utvinning av vatten, ofta för 
jordbruksändamål, som en orsak till överexploatering och rekommenderar 
övervakning av vatten uttag i Medlemsstaterna. 
Denna studie syfta till att undersöka möljigheterna av jordobservationsteknik för att 
upptäcka olagliga vatten uttag. Detta arbete introducerar den rättsliga ramen för 
förvaltning av vattenrättigheter i Europa för att bättre förstå och identifiera aktuella 
utmaningar för att avslöja olagliga vatten uttag. Slutligen undersöker det styrkor och 
begränsningar av detektionsmetoder som använder satellitdata. 
Kombinationen av satellitdata och fälmätningar verkar lösa ett antal tekniska problem 
(överblick av vattenförbrukningen i regional skala, bättre effektivitet). Denna metod 
löser inte några problem om styrningen av vattenrättigheter är starkt beroende av 
väder och klimat. Det kräver också tillgång till en stor mångd data och en stor insats 
för att samordning och kommunication mellan de olika myndigheter som ansvarar för 
förvaltningen av uttag av vatten.  
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RESUME 
Irrigation des champs, production d’énergie, systèmes de refroidissement, douches, 
etc., grand nombre d’activités humaines dépendent et exigent l’accès à une ressource 
vitale : l’eau. Près de 353 km3 d’eau sont prélevés chaque année en Europe. En 2012, 
l’Agence Européenne pour l’Environnement constate que les ressources en eau sont 
surexploitées dans de nombreuses régions. L’Agence identifie notamment les 
extractions illégales d’eau, souvent pour des usages agricoles, comme une des causes 
de cette surexploitation et préconise une surveillance adaptée des prélèvements d’eau 
dans les Etats Membres. 
Ce mémoire vise à étudier le potentiel des technologies d’observation de la Terre pour 
la détection de prélèvements d’eau illégaux. Il présente brièvement le contexte légal 
pour la gestion des droits d’eau en Europe afin de mieux comprendre et d’identifier 
les enjeux actuels pour la détection des extractions illégales. Enfin, il étudie les atouts 
et limites des méthodes de détection qui utilisent les données satellites. 
La combinaison de données satellites et des mesures de terrain semble régler un 
certain nombre de problèmes techniques (vue d’ensemble de la consommation d’eau à 
l’échelle régionale, meilleure efficacité). Cependant, cette méthode ne résout en aucun 
cas les problèmes liés à la gouvernance des droits d’eau et dépend fortement des 
conditions météorologiques et climatiques. De plus, elle nécessite l’accès à un grand 
nombre de données et un effort important pour la coordination et la communication 
entre les différentes autorités responsables de la gestion des prélèvements d’eau et les 
entités possédant les informations requises pour la détection de prélèvement d’eau 
illégaux.  
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ABSTRACT 
In Europe, about 353 km3 of water are abstracted every year from natural resources . 
Water resources are used for very diverse activities including, energy production, 
agriculture, domestic uses and industry. Competing uses between the different sectors 
can lead to overabstraction where demand exceeds resources availability. The 2012 
Blueprint to Safeguard Europe’s Water Resources identified non-authorised water 
abstractions, i.e. water abstractions without permits or exceeding the authorised 
amounts, as a cause of overabstraction and advocates the surveillance of water 
abstractions in each Member State .  
This thesis report aims at studying the potential of Earth Observation technologies to 
detect non-authorised water abstractions. It briefly introduces the existing legal 
framework for water abstraction in Europe in order to better understand current 
challenges for the detection of non-authorised water abstraction and tries to assess the 
strengths and weaknesses of methods, for the detection of illegal withdrawals, relying 
on Earth Observation-derived data. 
The combination of field measurements with Earth Observation-derived information 
addresses a certain number of issues experienced with the traditional field 
measurements alone approach (e.g. time and cost efficiency). However, it does not 
solve other issues related to governance and administrative aspects and heavily relies 
on weather and climatic conditions, which make Earth Observation methods non 
compatible with some regions in the European Union (EU). Besides this approach 
requires having access to a large number of data and major efforts are necessary to 
ensure a good coordination and communication between the different competent 
authorities responsible for the management of water abstractions and the entities 
which own the required data. 

Key words: Non-authorised water abstractions; Earth Observation; 
Monitoring; Water rights; European Union.  

1. INTRODUCTION 
1.1. Context of the study  

In Europe, about 353 km3 of water are abstracted every year from 
natural hydrological sources (i.e. from both surface and groundwaters) 
(Hotlos, 2008). Water resources are used for very diverse activities, 
which include energy production (44% of total water abstraction, mainly 
serving as cooling water), agriculture (24%), public water supply (21%) 
and industry (11%). These EU-wide figures mask, nonetheless, regional 
differences. In particular, in Mediterranean countries, where irrigation 
water accounts for more than half of water abstracted and by up to 80% 
in some regions (European Environment Agency, 2009). The different 
sectors of water uses also differ in their consumptive use of water. 
Indeed, when cooling water used for energy production is almost entirely 
restored to a waterbody, only 30% of water abstracted for agriculture is 
returned (mainly due to the consumption of water through crop 
evapotranspiration) (European Environment Agency, 2009). 
Competing uses of water between the different sectors can lead to 
overabstraction where the demand exceeds resources availability. In 
particular, in summer, in Southern European countries, when tourism 
activity is at its maximum and implies an increase water demand for 
domestic uses and when the hot and dry weather conditions entail an 
increase in crop water demand. The supplied irrigation water is very 
often not sufficient to meet crop water requirements (CWR) and 
increasingly relies on groundwater abstractions. Farmers often have 
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recourse to complementary groundwater resources from private wells to 
meet annual CWR, leading very often to an overabstraction situation.  
Overabstraction is currently considered as the second most common 
pressure on the Ecological status of water bodies in the EU. It 
accentuates potential water stress and puts pressure on the environment 
by lowering water tables, causing insufficient base flow in river basins, 
decreasing the quality of water and disrupting associated ecosystems 
services (European Environment Agency, 2009).  
The water quantitative challenges and overabstraction issues have been 
increasingly integrated into European policies. Introduced in 2000, the 
Water Framework Directive aims to ensure the long-term and 
sustainable use of water across Europe. It is based on a river basin 
approach and covers surface waters and groundwaters (as well as 
estuaries, coastal zones and aquatic systems). The Directive notably 
requires all Member States (MS) to prepare River Basin Management 
Plans (RBMPs) and respective programmes of measures that include 
water savings measures. It also advocates the surveillance of water 
abstractions through the maintenance of registers, regular controls and 
the requirement of prior authorisation for abstraction in each MS. Since 
2000, several other measures have been implemented at an EU level. In 
2007, the European Commission adopted a Communication addressing 
the challenge of water scarcity and droughts (COM/2007/0414), which 
includes actions such as allocating water more efficiently. In 2009, the 
White Paper on adapting climate change (COM/2009/0147) further 
advocated to integrate water quantity requirement into relevant Common 
Agricultural Policy (CAP) instruments as well as improving water use by 
agriculture especially in water stress regions. The 2011 Roadmap for a 
Resource Efficient Europe sets a quantitative target and recommends 
that water abstraction should stay below 20% of available renewable 
water resources. 
Despite all efforts made to improve water governance and water 
efficiency achievements in various sectors, only a slight decrease has 
been observed in the volumes of water abstracted for agricultural 
purposes (BIO Intelligence Service, 2012). In 2007, approximately 17% 
of the EU territory was experiencing water scarcity issues and the 
phenomenon has continued getting worse since then (European 
Commission, 2012). Water scarcity is expected to affect half of the EU 
river basins by the year 2030 (COM/2012/673). 
The 2012 Blueprint to Safeguard Europe’s Water Resources reinforces 
the European Commission’s commitment for a better water 
management and highlights non-authorised water abstractions as one 
driver for overabstraction. It also mentions the use of Earth Observation 
(EO)-derived information as a potential instrument for the detection of 
possible cases of non-authorised water abstractions (COM/2012/673). 
Between 2007 and 2013, several projects that were co-funded through 
the Seventh Framework Programme have been testing EO services for 
the detection of non-authorised water abstractions in pilot areas in Spain, 
Italy, Greece and other EU and non-EU countries. 

1.2. Objectives 
The use of EO technologies in the field of water management is 
becoming more and more mature. However, how to use related data, 
existing tools and services in combination with field data to monitor 
abstractions and ensure compliance of water abstractions with water 
rights are not yet fully mastered among water managers. Questions of 
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data requirements, availability, accuracy and reliability of products still 
raise concerns amongst stakeholders. Advantages and drawbacks of 
using such a technology may be highly variable, as the relevance of the 
outcomes seems to very much depend on needs of users, the socio-
economic context and the mode of water governance where they are 
implemented. Therefore, while EO tools and services demonstrate 
potential in dealing with non-authorised abstractions, the lack of analysis 
and feedback can therefore impede the development of such 
technologies in the field. 
This study is part of a project conducted by a French environment and 
sustainable development consultancy, BIO by Deloitte, in collaboration 
with Unversidad Castilla La Mancha (UCLM), Spain, on the behalf of the 
European Commission. It aims at studying the potential of EO services 
for the detection of non-authorised water abstraction cases in the EU. 
To do so, the present report focuses on the following sub-objectives: 
• Depicting the current legal framework for the management of water 

abstractions, the current status of non-authorised water abstraction 
in the EU and existing approaches to monitor water abstractions; 

• Identifying the main challenges for the detection of non-authorised 
water abstraction and water managers’ needs; 

• Assessing the potential of applying methods relying on EO-derived 
information for the detection of non-authorised water abstraction 
and see if these tools can resolve part of the challenges water 
managers currently have to face. 

1.3. Structure of the study 
In addition to this introduction chapter which presents the context and 
objectives of the study, the present report includes six chapters.  
Chapter 2 describes the methodological approach used for the study.  
Chapter 3 introduces the existing legal framework for water abstractions 
in the EU. 
Chapter 4 provides an overview of the current status of non-authorised 
water abstractions in the EU and presents existing approaches to 
monitor water abstraction and detect non-authorised water abstractions. 
It aims to identify current challenges encountered by water managers. 
Chapter 5 presents EO systems and aims to understand how these 
systems can help for the detection of non-authorised water abstractions. 
Chapter 6 points out the different opportunities and barriers for the use 
of EO-derived information in different situations. 
Finally chapter 7 summarises the different steps in the analysis on which 
this thesis work was articulated and provides a reflection on the work 
carried out.  

2. METHODOLOGICAL APPROACH 
The present report aims to collect supporting evidence for the 
assessment of the potential of using EO-derived information to detect 
non-authorised water abstractions. The study has, thus, been broken 
down into three different steps: a literature review, a consultation 
process and the organisation of workshops. 
First, a literature review was conducted in order to have an overview of 
existing legal frameworks for water abstraction within the EU; identify 
and analyse existing initiatives using EO systems for the detection of 
non-authorised water abstractions and practical cases throughout the EU 
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and establish a preliminary assessment of the assets and shortcomings of 
using these systems for the management of illegal water abstraction. 
Then, more than 14 interviews were held with representatives from 
Ministries, Environment Agencies and Research Institutes in different 
MS including Bulgaria, Cyprus, France, Greece, Hungary, Italy, Malta, 
Portugal, Romania, Spain and Slovenia. These interviews aimed to have 
updated information on current practices for the monitoring of water 
abstractions and on current status of non-authorised water abstractions 
in the EU Some of the interviewees were identified by the EC, the other 
were suggested during the consultation process. Interviewees were, first, 
contacted by email. Then, depending on their availability, phone calls 
were planned to proceed to the interview. Each interview lasted around 
45 minutes. A questionnaire with guiding questions was sent prior to the 
interview. The interviews took more a form of a discussion, rather than a 
“question-answer” exchange. The records of interviews were 
transcripted on paper so they would be easier to use later. 
Finally workshops were organised in countries with high levels of water 
abstractions for agricultural purposes, where strong pressures on water 
resources have been identified and where EO system have already been 
tested for the detection of non-authorised water abstractions. 
Representatives from the water authorities, scientists, researchers, 
representatives of water users associations and farmers were invited.  
The main objectives of these workshops were: 
• Presenting the preliminary assessment and collecting stakeholders’ 

feedbacks;  
• Discussing data gaps and collecting further local information (e.g. on 

water rights management);  
• Sharing practices and raise awareness regarding the opportunities of 

using EO systems; 
• Refining the preliminary assessment. 
Three workshops took place in Spain and Portugal, Italy and Greece. 
They studied the specific regions: 
• Guadiana river basin and other transboundary river basins between 

Spain and Portugal; 
• Consortia Destra Sele, Sannio Alifano and Bonifica della Capitanata, 

Italy; 
• Pinios river basin, Greece. 
A fourth workshop should be organised in France in May-June 2014. 

3. THEORETICAL FRAMEWORK  
3.1. Water governance and water rights allocation in the EU 

Conflicting water uses may result from a high water demand in a context 
of low resource availability. Management of water resources, in particular 
through water rights allocation mechanisms, aims to ensure the 
sustainable use of water resources. In each MS, water abstraction is 
“regulated” more or less formally through the allocation of water rights 
to different users. 
The definition of water rights to abstract water may vary from one MS to 
another (Appendix 1). In some MS, rights to abstract water are 
mandatory for a user to be able to abstract water. This is notably the case 
in Denmark, Germany and Ireland. In other MS, this obligation can be 
restricted to specific activities, intended volumes of abstractions or 
hectares of irrigated areas exceeding a certain threshold. In Bulgaria, for 
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instance, abstractions of more than 10 m3 per day require a permit. In 
Estonia the limit has been fixed to 30m3 for surface water and 5m3 per 
day for groundwater abstractions. In Portugal, depending on the surface 
area to be irrigated, the water user may apply to a water license or to a 
concession title. 
Water rights are defined following a combination of criteria related to: 
• Water resource used: source of water (groundwater vs. surface water), 

volumes of water intended to be abstracted over a certain period of 
time, location of the abstraction point; 

• Characteristics of use: specific use for which water is abstracted 
(industrial uses, domestic uses, irrigation, mining, etc.), location (e.g. 
spatial location of the area intended to be irrigated), irrigation 
system; and 

• Administration of the right: duration for which the holder is entitled to 
the rights conferred, transfer possibility (whether the right can be 
sold, transferred to another person or location, or inherited). 

In most MS, water resources belong to the public domain. The 
definition, allocation and control of water rights are managed collectively 
at different scales. The main forms of allocation mechanisms in the 
public domain include: 
• Public allocation: the right to abstract and use water is issued by an 

official authority (local, regional, river basin district-wide or national 
public water authorities depending on the management scale), for 
varying durations. Water rights are granted for a specific use and give 
right to a certain amount of water for a certain period of time. The 
authorised amount of water to be abstracted is determined according 
to the different water management plans. In most frequent cases, a 
given MS elaborates a national water management plan which 
distributes the national water resources between the different river 
basins which in turn elaborate their own water management plans 
and allocates water rights at a river basin level, which are then 
further allocated at regional and further down at the level of the 
water users associations or irrigators communities (Fig. 1 and Fig. 2). 

• Traditional or customary user-based allocation: based on traditional, non-
state law or custom, water allocation is based on criteria such as 
timed rotation, arable land area or flow shares. A locally respected, 
non-state institution such as a village council is generally employed 
to regulate water allocation. This allocation mechanism is usually 
confined to the beneficiaries of a local tank/pond or part of a large 
irrigation scheme (Dworak et al, 2010). 

• Water markets: in some MS, water rights can be legally transferred 
from some users (public institutions, private companies or 
individuals) to others through the exchange of a number of tradable 
certificated or permits, even across sectors. The scale of this type of 
transfer can vary from the local level to inter-basin transfers. Many 
informal water markets also exist where, for example a seller offers 
water pumped from his own well to neighbouring water users. 
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This informal type of transaction mostly occurs at local scale (Dworak et al, 
2010). In Spain, for example, temporary rights transfer contracts between 
users with a licence are possible under certain conditions. The river basin 
authority can make public offers of water rights acquisition to transfer them to 
other users. 

 

 

Figure 1. Public allocation of water rights. 
(Source: information during interviews with water managers) 

Figure 2. Governance of water rights. 
(Source: information gathered during interviews with water managers) 
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3.2. What do we know about non-authorised water abstraction in the 
EU 

 What do we call non-authorised water abstraction? 3.2.1.
The term “non-authorised” abstraction refers to any kind of abstraction 
that goes beyond the legally established water right. There are different 
forms of non-authorised water abstractions that can be grouped into the 
following key categories: 
• Water withdrawals without authorisation (particularly in case of lack 

of resources); 
• Water withdrawal volumes exceeding the authorised amount (either 

over a year, or during restricted period of time, where the use of 
water is limited); 

• Water withdrawals with pending licenses (i.e. before the competent 
authority replies to and agrees farmers’ application). 

Some MS use indifferently the terms “non-authorised” and “illegal” 
abstractions. For other countries, the term “illegal” refers to the 
infringement of a law while “non-authorised” refers to a legal status that 
can be temporary or transitional compared to the term “prohibited”. 

 Status of non-authorised water abstraction in the EU 3.2.2.
Despite the large number of local authorities in the EU that are aware of 
possible issues of compliance of water abstractions with water rights, the 
implementation of effective regulations and legal mechanisms has 
proven to be a difficult task.  
Surface water is usually better controlled as it is managed directly by 
irrigators’ associations, which is often not the case for groundwater, 
usually managed by individuals, through private wells. 
The status of non-authorised water abstraction varies from one MS to 
another (Table 1). It seems that most MS are aware of this issue but have 
difficulties to tackle it, especially in Eastern European countries such as 
Bulgaria, Romania or Slovenia, where the regularisation of water rights is 
still in its beginning. The issue of water abstraction compliance with 
water rights appears particularly sensitive politically. In the EU, at the 
exception of few regions that work on reducing water abstraction 
through better compliance with the existing regulation, the priority is 
rather placed on identifying and monitoring abstractions to have a better 
picture of the overall water requirements, than to ensuring compliance 
with water rights. Southern Mediterranean countries such as Cyprus, 
Greece, Italy, Malta, Portugal and Spain are particularly concerned with 
non-authorised water abstraction. 

 Approaches for the detection of non-authorised water abstraction 3.2.3.
The detection of non-authorised water abstractions requires verifying: 
• the existence of a water right to abstract water; and 
• the compliance of water abstractions with water rights, i.e. verifying 

that the volume of water abstracted do not exceed authorised 
amounts or that they comply with seasonal use restrictions. 

The first step for the control of water abstraction consists in determining 
which type of non-authorised water abstractions the water manager 
wants to identify. Depending on this choice the procedure for the 
detection of potential non-authorised behaviours will not be the same 
(Fig. 3).  
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Table 1. Status of non-authorised water abstractions in the EU. 
(Adapted from Dworak et al, 2010) 
MS Status of non-authorised water abstraction 
Bulgaria No data on non-authorised water abstraction (Ministry of Environment and 

Water, 2013). 
Cyprus 50 000 illegal boreholes in 2008. Level of water abstraction around 130 million 

m3/year despite the recommended 80 million m3/year. 
Greece Agricultural water uses represents about 85% of overall water abstraction.  

In the Pinios river basin, Central Eastern Greece, non-authorised water 
abstractions are predominant. There are around 30 000 – 33 000 wells in the 
area, most of which do not have permits. 

Hungary No data on non-authorised water abstraction (National Institute for 
Environment , 2013). 

Italy Illegal abstraction volumes tend to range between 12% and 20% of total 
abstraction (Global Water Intelligence, 2009). More frequent droughts and 
increasing salinisation are making the problem worse, but more intensive 
action by the forestry police in recent years has had an impact on these illegal 
activities. 

Malta Current abstraction from groundwater reaches 30 million m3/year while 23 
million m3/year has been identified as the sustainable yield.  

Portugal In 2007, in the Algarve river basin district, according to the river basin 
management plan, the amount of water abstracted from groundwater bodies 
should have been 71,5 hm3. However, based on orthophotomaps of the 
region, the amount of groundwater abstracted was estimated to 126,72 hm3. 
The same year, the orthophotomaps had enabled the detection of 4000 small 
dams whereas only 1000 were licensed at that time. 
In the Alentejo River Basin District only 1/3 of water abstraction (both from 
surface water and groundwater) are assumed to have water use titles 
(Portuguese Environment Agency, 2013). 

Romania No data on non-authorised water abstraction (Apele Romane, 2013). 

Slovenia No data on non-authorised water abstraction at the national level. 
A study has been conducted in the Vipava valley where suspicions of non-
authorised water abstractions are particularly high (results to be expected 
soon) (ARSO, 2014; Institute for water of the Republic of Slovenia, 2014). 

Spain Approximately 43% of private abstractions still need to be registered in order 
to suite the new water legislation from 1985. 
According to the National Ministry of Agriculture, non-authorised abstractions 
would amount about 5% of total water abstractions at the national scale 
(Magrama, 2014). 
In Castilla La Mancha, about 672 wells would be considered illegal or a-legal 
(i.e. in need to be adapted to the new legislation, 1985 Spanish Water Act), 
but a large amount of them would be in the process of adapting to the new 
legislative situation (70 to 80% of them) 

When the objective is to check the existence of a water right for each 
abstraction site, the water manager starts by identifying all irrigated areas 
or existing wells and surface water derivation points. This can be done 
through field inspections, analysis of aerial photos or land-use maps. The 
water manager notes the spatial location of each abstraction site and 
irrigated land and by referring to the water right registry, checks that a 
water right actually exists. 
When the objective is to verify, for a given water right, the compliance of 
the volumes of water that are actually abstracted with the authorised 
amount indicated in the water right, the water manager starts by selecting 
the abstraction site to be controlled among sites with a valid water right. 
An estimation of the actual water consumption is then required and 
compared to the authorised amount mentioned in the corresponding 
water right. The verification of abstracted volumes can be done by 
collecting records, through field inspections or using EO derived 
information. The main methods to estimate water consumption include: 
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Figure 3. Approaches and available tools for the detection of non-authorised water abstractions. 
(Source: information during interviews with water managers) 
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• In-situ metering is the most used method; it relies on the utilisation 
of flow meters, counters  or other individual pumping devices; 

• EO-derived maps of crop water consumption, supported with 
ground truth data (in-situ metering). 

Volumes of abstracted water are also sometimes estimated according to 
the operation hours and channel delivery flow. CWR can also be 
deduced from the declaration of crops that are cultivated and their 
corresponding average tabulated water requirement (Allen et al, 1998) 
In-situ metering 
In some MS such as Cyprus, water users have the obligation to install 
water metering systems and fill a declaration of water use (Arcadis, 
2011). Field technicians are sent by the water authority responsible for 
water abstraction surveillance, to check if the declarations have been 
correctly filled and comply with water rights. They visit all measurement 
points in a defined area to collect water flow measurements. 
The water metering approach requires most of the time the installation 
of water meters at all points of use at the expense of water users. Various 
types of water meters, using mechanical, ultrasonic or electromagnetic 
technologies, are used to measure water consumption. The choice of a 
water meter depends mainly on the type of end user and corresponding 
required flow rates (small or large water abstractions), costs of 
installation and maintenance (the user capacity to pay) and accuracy 
requirements.  
For most of these devices, water flow measurements are read directly on 
the water meter. Field technicians need to have access to the water meter 
which can be problematic when the water-meter is located in a private 
property. 
Wireless water meter systems have been developed recently and make 
the monitoring of water consumption easier. These devices use the 
existing global system for mobile communication (GSM) network. Water 
flow measurement can be read on a computer equipped with a radio 
modem. Field inspectors receive directly the amount of water that has 
been consumed on their computer and do not need to visit each 
abstraction site one by one.  The reading and registration is done at any 
time and the collection of data does not require the presence of the 
owner. Data are directly sent to the water authority responsible for water 
abstraction surveillance (Apator Group, undated). Cyprus has notably 
experienced wireless water meter systems that can send their readings 
directly to the collector, using the GSM network. These devices are 
however quite expensive (approximately 1500€ per water meter) and it is 
hard to oblige water users to install these water meters (Ministry of 
Agriculture of Cyprus, 2013). In Italy, the Consortium Bonifica della 
Capitanata, South Eastern Italy, has implemented the AQUACARD 
system: a large portion of the delivery outlets of their pressurised 
pipeline network is equipped with an electronic activation and metering 
system. This system controls the valve opening at the outlet and logs 
duration, date and volumes. It can moreover be programmed to limit 
abstraction to a fixed amount (related to the payment of fees). The 
implementation of the AQUACARD system has proven to be expensive 
and requires additional man power (Consortium Bonifica della 
Capitanata, 2014). 
Expensive costs of water metering devices installation and maintenance 
can be hard to support for water users. Besides, in order to check if 
water users declare the right amount of water used in their declaration, 



Applying Earth Observation services to detect non-authorised water abstractions in the EU, KTH 

11 
 

field technicians should ideally visit regularly the different measurement 
points, which can be hard to achieve considering the number of water 
meters. Moreover, except for the GSM water meters, the collection of 
data requires the access to the metering device and very often the 
presence of the owner. The method is particularly ineffective for the 
detection of water withdrawals without any authorisation. 
Earth Observation-derived information 
EO represents another approach for the detection of non-authorised 
water abstractions. Satellite or airborne images data can be used to 
identify irrigated areas and estimate crop water consumption. Suspicious 
areas can be identified by comparing the map of irrigated areas that has 
been obtained through this technique with a map of irrigated land with 
water rights; or by comparing the estimated crop water consumption 
with the authorised amount of water to be abstracted. 
EO services can thus represent a powerful tool to guide field inspections 
directly towards suspicious behaviours. The method cannot replace field 
inspections but can possibly increase their efficiency. The principles on 
which this method relies and existing EO initiatives for a better water 
management are further detailed in chapter 5. 

4. IDENTIFIED CHALLENGES FOR THE DETECTION OF 
NON-AUTHORISED WATER ABSTRACTION  

Despite all the tools available and the efforts made by the water 
authorities at different scales, technical, socio-economic, administrative 
and governance issues still exist. In light of what has been developed in 
the previous chapter and the information gathered during the different 
interviews and workshops, several challenges for water managers have 
been identified and are detailed in this chapter. 

4.1. Administrative and governance challenges 
Having updated records of water rights and land use cover maps is essential for 
monitoring water abstractions and for detecting potential non-authorised 
cases. For an efficient water abstraction monitoring, water right registries 
should indicate at least: 
• the type of water source;  
• the spatial location of the abstraction point;  
• the spatial location of the land intended to be irrigated; and  
• the authorised amount of water to be abstracted. 
Without this information, water managers have no possibilities to check 
compliance with water rights. In practice, having an updated record of 
water rights has proven to be complex. Some countries such as Greece 
or Cyprus do not have complete records of water rights which makes the 
verification step difficult or impossible. Reasons for not having updated 
registry of water rights can be: 
• missing data or data available only in analog records (requiring 

further digitization) (e.g. isolated areas in Greece); 
• error during manual digitalisation of data; 
• transition period from private ownership of water resources towards 

public water resources management (e.g. in Spain since the 1985 
Water Act). 

An efficient governance of water rights requires also a clear vision of the 
responsibilities of the different authorities responsible for the allocation of water 
rights, monitoring of water abstraction and the land administration. A 
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good cooperation and communication between the three entities will 
also play a crucial role. In particular, the authority in charge of the 
surveillance of water abstraction should be aware of every new water 
right that has been granted or any changes in the regional land-use. 

4.2. Technical challenges 
One technical challenge for the detection of non-authorised water 
abstraction is to have an overview of the overall water consumption for agricultural 
purposes at a regional or watershed scale. It is difficult and laborious to detect 
water abstraction with no water rights through field inspections. Besides, 
private wells and temporary surface water derivation point are also 
difficult to detect. 
Another challenge for water managers is to control volumes of water abstracted 
at every abstraction sites and point of use. Having access to all abstraction sites 
is necessary in order to assess the current water consumption. However, 
some regions lack metering devices, which makes the estimation of how 
much water is currently consumed more difficult. Moreover, considering 
the large number of water meters in each MS, regular visits to all 
abstraction sites (ideally two or three visits during the irrigation period) 
are very hard to achieve. 

4.3. Socio-economic challenges 
The lack of adequate economic, financial and administrative resources has been the 
most cited challenges for dealing with non-authorised water abstractions.  
The water pricing system may also have a certain impact on the behaviour of 
water users. In the Consortium Bonifica della Capitanata, in Italy, it has 
been reported that the current water pricing system may encourage 
farmers using private (and non-authorised) water abstraction to irrigate 
their crops. Indeed, when you consume little water the price is relatively 
affordable but as soon as you become a bigger consumer, the difference 
in prices becomes higher very rapidly. Water users stop paying the fee to 
be member of the Consortium, abandoning the water supply services 
and prefer abstracting water (National Research Council, 2013). 
Besides, farmers may complain from the random field inspections and 
contest the non-objective character of field visits planning (Calera et al, 
2013). Indeed, given the difficulty to plan regular visits for each 
abstraction site, water managers but to select “randomly” the sites that 
will be visited. This practice raises criticism and a sense of injustice among 
farmers. 

5. EARTH OBSERVATION, A SUPPORTING TOOL FOR THE 
DETECTION AND MANAGEMENT OF NON-AUTHORISED 
ABSTRACTION? 

Satellite or airborne images can provide with maps of irrigated areas, 
enabling water managers to see directly which areas are irrigated. By 
referring to the registry of water rights, they can then verify the existence 
of a water right for each specific location of irrigated land. Besides, time 
sequences of maps of irrigated areas can help water managers estimating 
the water consumption of crops located in the irrigated areas. And by 
referring to the registry of water rights, and hydrological plan, water 
managers can then verify that the amount of abstracted water does not 
exceed the authorised amount indicated in the water rights. 
EO-derived information can thus represent a substantial tool to direct 
and guide field inspections (e.g. by providing targeted mission roadmaps 
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for field technicians). Ground-truthing field inspections will still be 
required but their efficiency will improve. 

5.1. Detection of irrigated areas 
Each type of crop (and more generally land cover) is characterised by a 
phenological curve or profile, which represents the evolution of the crop 
coefficient through time during the growing season. This characteristic 
allows for distinguishing the different crop classes observed on a satellite 
image. Most irrigated crops belong to an easily identifiable class (Allen et 
al, 2005). The evolution of signals, obtained through EO satellite sensor, 
during the growing season can be related to the evolution of crop 
coefficient and therefore to the phenological curves.  
The signals obtained with EO systems can be converted into reflectances 
and vegetation indices. Time series of EO images can then be converted 
into a time series of normalised difference vegetation index (NDVI). 
Then, applying a supervised multispectral classification to the time series 
of EO images enables to identify the different land cover in a given area 
(Allen et al, 1998). 
Some type of land cover have similar phenological curves and their 
identification require additional information such as orthophotos and/or 
existing land-use/land-cover maps. This procedure cannot be entirely 
automatised but still needs further corroboration by an experienced 
operator. It requires precise knowledge of crops and their phenology. 
Once the land-cover maps have been obtained, irrigated areas can easily 
be identified and by referring to the registry of water rights, one can 
verify the existence of water rights for each irrigated parcel. Field 
inspections can then be orientated towards suspicious fields. 
The accuracy of this procedure depends on the contrast in the temporal 
pattern between irrigated and non-irrigated crops, which is both crop 
and weather dependent (ACMG, 2014). A low contrast may represent a 
source of error. For instance, an irrigated area located near a wetland can 
be perceived as a wetland too or the reverse. A multiannual perspective 
can increase the global accuracy by building an envelope of all irrigated 
areas across the years. Detection of new irrigated areas can be done 
through the overlay of all annual maps of irrigated land. Usual accuracy 
in semiarid areas reaches typically over 90% of precision, which is 
comparable to field work accuracy (UCLM, 2014). 
The procedure requires a temporal resolution of one image every 2-4 
weeks from about the start of the growing season until its end. Images 
need to be fairly cloud free image (<10% cloud) (UCLM, 2014). 

5.2. Estimation of abstracted volumes 
The estimation of abstracted volumes of water for irrigation purposes 
requires mapping crop water consumption over time. This can be 
accomplished by using the same time series of satellite images as for the 
detection of irrigated areas and a combination of agrometeorological data 
and models. 
Traditionally, CWRs have been expressed through actual 
evapotranspiration (ET) from agricultural fields. This ET can be 
calculated by multiplying the reference ET0 (obtained from 
agrometeorological stations) by a crop coefficient determined from 
tables according to the crop type and the crop growth stage (Allen et al, 
1998). This generic procedure does not account for variability of actual 
crop growth stage between and within parcels of the same crop. 
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The crop coefficient Kc is defined as the ratio of actual evapotranspiration 
ETc to the reference evapotranspiration ET0, defined by weather data 
(Equation 1): 
 

𝐾𝑐 =
𝐸𝑇𝑐
𝐸𝑇0

 (1) 

The values of Kc are influenced by several factors including the crop 
type, climate, soil evaporation and crop growth stages (Allen et al, 1998; 
Bailey, 1990). There are two main approaches for the determination of 
Kc and ET using EO-derived information (Fig. 4). 
The first approach uses satellite images in the visible and Near Infrared 
(NIR) spectral to calculate vegetation indexes (e.g. NDVI) and to 
determine NDVI time profiles. These NDVI time profiles can be related 
to crop coefficients and then to ET (Allen et al, 1998). Starting from the 
EO-based crop coefficient, the calculation of CWR or ETc is easily 
obtained by the inversion of equation (1). The required reference ET0 
value is obtained from agrometeorological stations using Penman, 
Penman-Monteith or Hargraves formulas, depending on data availability 
(Allen et al, 1998). It can also be obtained from high-resolution 
numerical weather prediction models. 
The second approach consists in using the information derived from 
thermal images to solve a surface energy balance or to adjust a model 
that calculates crop ET and simulates the Earth surface temperature 
(D’Urso et al, 2010).  
Both approaches require additional, non-EO data that can be provided 
by weather stations or agrometeorological stations, such as wind speed, 
solar radiation, precipitation, humidity in order to estimate ET. 
The irrigation water required (IWR) by crop growth under standard 
conditions can then be calculated as a function of ETc. and the 
precipitation rate P actually infiltrating through the soil surface 
(agrometeorological stations) (Equation 2). 
 𝐼𝑊𝑅 = 𝐸𝑇𝑐 − 𝑃 (2) 

Finally, the irrigation water applied (IWA) (i.e. the amount of water to be 
applied by the irrigation system to meet the IWR) can be obtained by 
applying an average efficiency coefficient to the IWR. IWA depends on soil, 
irrigation system and meteorological conditions, mainly wind. For 
simplified calculations, an efficiency coefficient of 85% is usually used 
(i.e. 85% of applied water is beneficial to the crop, the rest is lost by 
evaporation, run-off or percolated). 

 

 

Figure 4. Estimating the water consumption using satellite data. 
(Source: Allen et al, 1998) 
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Data on irrigation installations and equipment (data that are sometimes 
registered in water rights) can contribute to increasing the accuracy of 
IWA (UCLM, 2014). 
Finally, the step from IWA to water abstractions may involve efficiencies 
of conveyor systems and water losses along the distribution system.  
A global accuracy of 10-20% has been found for these methods 
(Gonzalez et al, 2013). 
It shall be noted that the approach based on crop coefficient derived 
from NDVI allows proceeding at higher spatial and temporal resolution 
than the approach based on thermal bands. Thermal bands are available 
only in Landsat data, with a typical spatial resolution of 100 meters, 
therefore resolving plots around 9 ha. Multispectral bands to obtain 
NDVI are available from the majority of sensors on board of space 
platforms. Typical spatial resolution ranging from 5 to 30 m. Research 
about the coupling among both described procedures is currently on 
going. The temporal resolution requirement for this purpose is slightly 
different from the detection of irrigated land alone described above in 
that one fairly cloud-free image is needed every 1-2 weeks, again from 
shortly before the beginning of the growing season until its end. 

5.3. Overview of existing initiatives 
The detection of non-authorised water abstraction requires mapping 
irrigated areas and monitoring irrigation water consumption. Several 
initiatives using EO-derived information, which could potentially help 
addressing these tasks, have been implemented in the EU and more 
generally in the world. Some of them aim to detect non-authorised water 
abstractions. Some other are related to irrigation advisory or irrigation 
scheduling, they aim to provide tools to farmers for a better irrigation 
resources management and rely also on the estimation of CWR. Some 
initiatives are related to precision farming and do not even provide maps 
of CWR or irrigated areas. However, all these initiatives use satellite 
images and require access to agrometeorological data. The present 
section introduces some of these initiatives.  

 Detection of non-authorised water abstractions 5.3.1.
The SIRIUS Irrigation Water Management Service provides decision support 
for irrigation water management (water use planning, monitoring and 
control) (Osann et al, 2013). This EO service has notably been tested in 
La Mancha Oriental, South Eastern Spain, for the detection of non-
authorised water abstraction. Every year, the water user association 
JCRMO establishes for each water management unit an upper limit for 
water abstraction per hectare for an irrigation season. Each water 
management unit has to adapt its cropping planning according to this 
limit. The JCRMO is in charge of water consumption monitoring (Calera 
et al, 2013). 
METRIC (Mapping EvapoTranspiration at high Resolution and with 
Internal Calibration) is an image processing model for calculating actual 
ETc by solving the energy balance at the Earth surface using thermal 
images and weather data (Allen et al, 2007). The Idaho Department of 
Water Resources has used this model to estimate the water used by 
irrigated agriculture and monitor compliance of water consumption with 
water rights in the Eastern Snake River Plain, Southern Idaho (Allen et 
al, 2007). In particular, in 2002, the Idaho Department of Water 
Resources compared the estimated ET during the period of peak water 
demand with the authorised pumping rates (Allen et al, 2005). The 
comparison was done for 426 water rights that were registered within the 
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study area. Pumping rates were compared to the minimum possible 
pumping rate given the estimation of ET from METRIC (Allen et al, 
2005). Eighteen suspicious behaviours were identified, among which 
fifteen were proven to be false after field inspections. The Idaho 
Department of Water Resources realised that part of their water rights 
files were erroneous. According to a study led in 1989, the absolute error 
between METRIC and lysimeter measurements of ET varies depending 
the considered time scale from 14% if image days are compared to 1% if 
the results obtained during the entire growing season are considered 
(Allen et al, 2007).  

 Services for irrigation advisory 5.3.2.
Services for irrigation advisory are also based on the estimation of CWR. 
This very same information is also required to monitor irrigation water 
abstractions and detect non-authorised water abstractions. 
The SAMIR system, for instance, is a tool for estimating agricultural 
water requirements. It has been integrated with a range of models in a 
decision-support system for irrigation water monitoring and 
management for use by the Tensift river basin authority, Morocco (Le 
Page et al. 2012). 
The TELERIEG project had for main objective to develop knowledge 
and tools on the application of remote sensing and geographic 
information systems for the improvement of irrigation water 
management and the response to natural risks affecting agriculture in 
Southwest Europe (Erena and Lopez Francos, 2012). One of the result 
was the automated image processing system that generated daily maps 
with useful parameters for irrigation management (Berthoumieu, 2012). 

 Services to support precision farming 5.3.3.
Services to support precision farming generally focus on input 
management, but not necessarily on irrigation management. Most often, 
they do not provide maps of CWR; neither do they provide maps of 
irrigated areas. However, they are based on EO images which can be 
used to derive the information required to detect non-authorised 
abstractions. In addition, they normally also either provide or have 
access to the ground-based data needed to calculate crop water 
consumption. Scale might be another issue here, as precision farming 
services often focus on smaller areas, albeit at higher resolution. 
The precision agriculture technology, Farmstar, developed by EADS-
Astrium is operational in France since 2002. If it has had a notable 
success in France, trials in the UK experienced difficulties. The main 
explanation is that unlike in France, cooperative of farmers in the UK 
are fewer and work differently. British farmers are more suspicious and 
reluctant to towards these new technologies. Also, the weather 
conditions make cloud-free images more difficult to obtain in the UK 
(INSEAD, 2010). 

5.4. Available tools and other data required for the detection of non-
authorised water abstractions using EO systems 

All initiatives mentioned above use data from various EO satellites and 
integrate them with data from ground-based networks (essentially 
agrometeorological stations). 
EO data requirements include satellite images from satellites which pass 
overhead Europe with a near-infrared (NIR) spectrum or with a thermal 
band. Several satellite images are available in the EU. 
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Table 2. Available satellite data for the use of EO-derived information 
for water abstraction monitoring in the EU. 
(Adapted from UCLM, 2014)  
EO satellite/sensor Sensor 

resolution 
Resolvable 
parcel size 

Repeat 
cycle 

Image cost 

Landsat-8 30 m 1 ha 16 days Free 
Spot, IRS, DMC 

20-30 m 1 ha 
26 days 1,000-5,000€ 

per 100x100 
km2 

Sentinel-2 10 m 0.1 ha 5 days Free 
Commercial very-
high-resolution Around 1 m 0.3 ha 

- 1,000-5,000€ 
per 10x10 

km2 
They are different from one another in the resolvable parcel size, satellite 
repeat cycle (i.e. time interval needed for the satellite to overpass the 
same area) and image cost (Table 2). 
Agrometeorological data such as the structure of soil, texture, depth, 
rainfall, humidity, wind speed, solar radiation can be provided by weather 
stations of agrometeorological stations. 

5.5. Characterisation of EO systems for detecting non-authorised 
water abstractions 

Table 3 summarises the different information that have been gathered 
concerning the characteristics of EO systems for the detecting non-
authorised water abstractions. 

Table 3. Characteristics of EO systems for the detection of non-
authorised water abstractions. 
(Adapted from UCLM, 2014)  
Objectives Mapping 

irrigated 
areas 

Mapping water consumption 

CWR IWR IWA 

Basic EO data 
requirements 

time series of satellite images in visible and NIR spectrum range 
(thermal range optional) 

Required EO image 
frequency and 
period 

every 2-4 
weeks 
during 

growing 
season 

every 1-2 weeks during growing season 

Additional data 
requirements 

ground 
truth visits 
to a small 
sample of 

fields 

agrometeorological 
station 

precipitation; 
soil water 
storage 

irrigation 
system 

efficiency 

Uncertainties none FAO-56  
 

Soil water 
balance, 
FAO-56 

none 

Accuracy 92% 
identified 
correctly 

 

+-5-10% uncertainty 
for herbaceous 

crops 
Comparable with 
eddy covariance 

uncertainty  & 
FAO56 based on 

field work 
 

10-20% 
 

10-20% 
 
 

Cost 60-80,000€ for area of 80-100,000 irrigated 

Limitations/barriers very small parcels; 
low contrast between irrigated and non-irrigated crops 

very frequent full cloud cover 
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6. DISCUSSION 
6.1. Opportunities and strengths of using EO for better water 

abstraction management 
 Technical aspects 6.1.1.
The combination of EO-derived information with field measurements 
presents a range of technical assets compared to field inspections alone. 
Where field measurements provide only punctual  values of ET for a 
specific location, EO systems can provide maps of irrigated areas and 
estimate the level of water consumption in larger geographical areas. 
These maps and estimations can help water authorities identifying suspicious 
irrigated areas at regional or watershed scale.  
EO-based methods for the monitoring of water abstractions represent a 
powerful decision-making tool to direct and guide the field inspections. It 
enables the elaboration of roadmaps to field inspections and reduce the 
number or visits required. 
They provide more objective sets of data compared to field inspections and 
prevent from the effect “why do you control my well?”. Satellite data 
could justify regular field inspections at a given location. 

 Legal aspects 6.1.2.
EO-derived information, considered as objective, can potentially provide 
legal evidence for the case of legal conflicts. In Spain, for instance, the 
Supreme Court validated in 2012 the use of identification of irrigated 
surfaces based on remote sensing for the recognition of water rights and 
detection of illegal abstractions. The observations made by the Supreme 
Court on the use of remote sensing based classification, first established 
the features that this methodology must meet in order to be considered 
as evidence in legal proceedings: the provided service on the 
identification of irrigated areas must include the presence in court of the 
individualized report about a plot, introduced by a senior expert, who is 
responsible for its completion and quality. 

 Economic aspects 6.1.3.
Cost assessments of field measurements approaches alone has been 
realised and compared to their combination with EO-derived 
information in pilot areas located in Spain, Italy, Turkey and Brazil. 
Results demonstrated that the cost of the combination with EO services 
was significantly lower than the cost of field inspections alone (UCLM, 
2014). 
When using the field measurement approach alone, the mapping and 
monitoring of irrigated areas is achieved on the basis of field inspections. 
At least two field technicians follow a set itinerary that was previously 
determined using Geographic Information System (GIS) tools and local 
maps. The team is expected to monitor approximately 1000 ha/day 
(UCLM, 2014). Ideally, the team should visit two or three time each 
abstraction point during plant growth. The annual cost has been 
estimated to 406250€ for inspecting 50 000 ha (UCLM, 2014). 
By contrast, when using the approach combining field measurements 
and EO systems, based on temporal sequence of approximately 12-24 
images per year, the cost for mapping and monitoring irrigated areas by 
means of a combination of field measurements and EO-derived 
information has been estimated to 150 000€ for inspecting 100 000 ha 
(Landsat images at no cost). The team of two well-trained field 
technicians has been replaced by a team consisting of one senior remote 
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sensing and GIS expert, one expert in image processing, classification 
and GIS as well as a team for ground truthing. At least basic webGIS 
support will be needed (UCLM, 2014). 

 Social aspects 6.1.4.
Using EO may also present some social assets. Maps of irrigated areas 
derived from satellite data can be shared and verified independently by 
many stakeholders and can thus represent useful tool for participation and 
conflict resolution. 
The EO-based approach direct and guide field inspections towards 
suspicious areas, avoiding the random selection of field to visit. 
Following the first interviews, several MS representatives stressed their 
interest for the development of such technologies to help secure compliance with 
water rights.  

6.2. Weaknesses 
The use of EO-derived information presents, however, a certain number 
of weaknesses. 

 Technical aspects 6.2.1.
Satellite or airborne images heavily rely on weather and climate conditions. 
Indeed, a thin layer of cloud can considerably drop the thermal band 
readings and cause large errors in heat fluxes calculation. ET cannot be 
estimated for cloud covered land surfaces (Berthoumieu, 2012). 
Depending on the temporal resolution of the satellite this dependence 
on weather conditions can be particularly problematic as it can affect the 
frequency and timing at which images are produced. In order to cope 
with these issues, solutions could include: 
• Making use of all available EO satellites; 
• Reducing the reliance on remote sensing by combining it with other 

approaches (Allen et al, 1998) and by interpolating image time series 
(UCLM, 2014); 

• Using an airborne platform as a small aircraft enables to get a high 
spatial resolution and to contour clouds. However, the cost for using 
such platforms can reach 150 000 to 200 000€ for the equipment 
and about 150€/h for the flight (Berthoumieu, 2012).  

Besides, the distinction between irrigated and non-irrigated areas can be 
more difficult for winter crops. Indeed, spectral responses of irrigated 
and non-irrigated crops are similar in winter, especially when there has 
been a rainy spring. EO-derived information is also highly dependent on 
the contrast between irrigated and non-irrigated land. In regions with a 
low contrast (e.g. rainy regions or near wetlands), the distinction of 
irrigated areas will be difficult. 
Another technical shortcoming is related to the number of satellites 
overpassing and their frequency in South-Western Europe.  If there were more 
satellite, more satellite images could be taken (Berthoumieu, 2012). 
The use of EO cannot be a stand-alone option and requires specific 
infrastructures and capabilities in place, for the processing and ground 
truthing of datasets.  
Another technical shortcoming identified, is the difficulty of monitoring 
water consumption with a sufficient resolution on small cultivated 
parcels with mixed patterns of crops (about 1ha or less). This is a reason 
why using EO was not retained as a priority option for the detection of 
non-authorised abstractions in Cyprus, which preferred the systematic 
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development of GSM metering (Ministry of Agriculture of Cyprus, 
2013). 

 Legal aspects 6.2.2.
EO is not recognized as a piece of evidence in many European 
countries. 

 Socio-economic Aspects 6.2.3.
Potential socio-economic barriers depend very much on cultural and 
political context. In some MS (e.g., Spain, Portugal, Italy) users at all levels 
(water authorities, farmers) are aware of and very interested in new 
technologies. They trust the information based on EO-data is reliable 
and more objective than information from other sources and they see 
the benefits of an EO-image-based map shared (via webGIS or any 
other means) among all stakeholders in a transparent governance 
environment. In other MS (e.g. Greece, England) some users are less 
open to (or less used to) EO-based technology, they are more reluctant 
to or need more time to adopt EO-based services. 
Although, several studies have highlighted economic benefits of EO-
based water abstractions monitoring, there may still be economic barriers 
resulting from insufficient or difficult-to-obtain financing for innovation 
and infrastructure development in this field. 

 Administrative aspects 6.2.4.
Availability and/or access to the necessary ancillary data might be difficult in 
some cases (e.g., agrometeorological station or soil data owned by 
another branch of administration). Gathering all these data requires an 
excellent coordination and communication between the different 
competent authorities responsible for managing water abstraction, 
measuring agrometeorological data and providing satellite images that 
may be hard to achieve. 
All administrative and governance challenges water manager have to face 
with the traditional field measurement approach will remain with an EO 
approach. In either case of non-authorised water abstractions described 
previously, spatially legal reference data (e.g., cadastral water rights, allocation 
to current hydrological plan) are always needed with EO derived 
information data. This apply equally to any in-situ, non-EO based 
approach. 

6.3. Synthesis of the identified strengths and weaknesses of two 
different approaches for the detection of non-authorised water 
abstractions 

Table 4 summarises the identified strengths and weaknesses of the 
traditional approach and the combination of EO services and field 
measurements for the detection of non-authorised water abstractions. 

7. FINAL CONSIDERATIONS 
7.1. Conclusions 

In the EU, water rights are regulated more or less formally depending on 
the MS. Some regions are more concerned with non-authorised water 
abstractions and have expressed commitment to tackle the issues. 
Traditionally, water abstraction monitoring comprises a certain number 
of weaknesses (e.g. time consuming, requires considerable economic and 
human resources, etc.). 
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Table 4. Synthesis table summarising strengths and weaknesses of two 
approaches for the detection of non-authorised water abstractions. 
Procedure Strengths Weaknesses 

Field inspections  Direct feedback - Need for considerable human 
resources; 
- Need access to water meter; 
- Punctual measure; 
- High cost; 
- Time consuming; 
- Difficulty to carry out all the 
required visits during the irrigation 
season; 
- All water sources cannot be 
monitored continuously. 

Earth 
Observation 
systems 

- Qualitative/quantitative data; 
- Several acquisition during the 

growing season; 
- Large area covered with a 

single image; 
- Fast processing; 
- Roadmaps to field visits; 
- Continuous monitoring; 
- Multi-annual perspective. 

- High cost for high-resolution 
images; 
- Need for ground-truthing; 
- Not compatible with small 
irrigated parcels; 
- Accuracy depends on the 
contrast between irrigated and no-
irrigated areas; 
- Need for cloud-free images; 
- Number of satellite overpassing 
the EU 
- Need for spatially legal 
reference data. 

Several initiatives aiming to use EO-derived information for the 
detection of non-authorised water abstraction such as SIRIUS services 
programme have been implemented in the EU. Other initiatives such as 
services for irrigation advisory or services to support precision farming 
do not go as far as mapping irrigated land or estimating crop water 
consumption but can provide interesting perspectives. Most of these 
initiatives were led in countries with semi-arid weather conditions. These 
initiatives have been implemented at local or regional level and have 
obtained promising results. The combination of field measurements with 
EO-derived information could greatly improve water abstraction 
monitoring efficiency by directing and guiding field inspections, thus 
reducing the number of required field visits, team size for field 
inspection but also costs and time spent to cover a given area. 
However, EO-based methods do not resolve administrative and 
governance issues related to the registration of water rights and heavily 
rely on weather and climatic data. Also, the spatial resolution of satellite 
makes the method non-compatible with small irrigated parcels. The 
method will have little interest in regions cloudy weather conditions, in 
regions with low contrast between the irrigated and non-irrigated lands 
(e.g. rainy weather conditions or near wetlands) or in agricultural regions 
characterised by small parcels. Besides, these methods require having 
access to a large number of input data including water rights registries, 
agrometeorological data and satellite images. Great efforts will be 
necessary to ensure a good cooperation and communication between the 
authorities responsible for water abstraction management and the 
different entities which own the required data. 
During the consultation process, the majority of MS that have been 
interrogated have shown a particular interest on the subject. Most of 
them have recognised that the main issue for water management was the 
lack of financial and human resources which impedes any reform of the 
water abstraction management and refrain any investment in new 
infrastructure.   
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7.2. Limits 
This thesis report attempts to reflect current knowledge on EO services 
and provide a preliminary assessment of their potential for the detection 
of non-authorised water abstraction. 
One of the main obstacles encountered during this work was the 
difficulty to obtain objective information from EO services companies 
or developers on existing assessment of the EO systems in term of 
accuracy or cost-effectiveness. The lack of information on these two 
crucial criteria makes the comparison with traditional field measurements 
approach more difficult. Further investigations should be carried out in 
order to conclude definitively on the potential of EO-based methods. 
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APPENDIX I – WATER RIGHTS IN THE EU 
 

Member States Authority 
responsible for 

water rights 

Ownership of water rights Type of water rights 

Surface Water Groundwater Surface Water Ground water 

AUSTRIA District Farmers and water 
suppliers Farmers 

Under Water Act water resources are strongly regulated 
irrespective of public or private ownership. 

Surface water abstraction is only possible with government 
authorization. 

Water markets or trading are not possible. 

Groundwater is the property of the 
landowner. Authorisation is not needed for 
household needs and necessary economic 

needs if the abstraction is only by 
handoperated pumping stations or if the 
withdrawal is proportional in relation to 

his/her own land. In other cases, 
authorisation for water abstraction is 

needed. 

BELGIUM 

Navigable rivers: 
regional 

government 
Un-navigable 

rivers and 
channels: 

municipalities and 
polder authorities 

G d t  
   

 
  
 

Farmers and water 
suppliers 

Farmers and water 
suppliers 

For navigable rivers, abstraction is unlicensed or licensed 
(depending on the quantity). 

For un-navigable rivers use right for riparian owners, others 
need in some cases a permit. 

 

Unlicensed, or licences for use (depending 
on quantity). 

In Flanders, metering groundwater 
abstraction is mandatory. 
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In the case of Flanders, farmers that pump up >= 500m3 of groundwater and surface water from navigable 
water bodies need to apply for a permit to the relevant authorities. Farmers that use less than 500 m³ only 

need to notify their water use. 
In Wallonia, although there is little irrigation, authorization is necessary. 

BULGARIA 

Ministry of 
Environment and 

Water, Basin 
Directorate and 

local municipality 

  Extractions of more than 10 m³/day require permission 
 

CROATIA    Not available 

CYPRUS 
Ministry of Interior, 

through District 
Offices 

  

Surface water and groundwater are owned by the government unless an historical right of use has been 
established. 

Allocation of water abstraction rights from surface water or groundwater relies on a permitting system. 
Every year (except years with satisfactory rainfall inflow): 

The Water Development Department of the Ministry of Agriculture Natural Resources and Environment 
(WDD) estimates the available total water quantities for the coming period, the water needs and prepares a 

scenario for the allocation of water for the different uses, for the coming year (Drought Mitigation and 
Response Plan). 

Farmers submit to the WWD their application for the supply of irrigation water, and give information related to 
the area and type of crops they cultivate 

CZECH 
REPUBLIC 

Regional and local 
government Farmers Farmers Rights owned by the State. 

Permission for water withdrawals are needed if the volume of water exceeds a certain level 

DENMARK Local 
municipalities Farmers Farmers and water 

suppliers Private property rights. Permits required for water abstractions. 

ESTONIA    

Water abstraction is charged according to Environmental Charges Act in Estonia. However in 2009, there 
was no water abstraction charge for irrigation of agricultural land. 

Water permit is necessary if surface water is abstracted 
more than 30m3 daily 

Water permit is necessary if groundwater is 
abstracted more than 5 m3 daily 

FINLAND Regional Farmers and water 
suppliers 

Farmers and water 
suppliers 

Under Water Act water permits needed for all water using activities as water is a common property (over 
minimum threshold). Both landowner and other users have equal rights to use water, but land owner has 

primary entitlement 

FRANCE Department Farmers and water 
suppliers 

Farmers and water 
suppliers 

Authorisation for abstraction is issued after an impact assessment has been made, and can be limited or 
revoked in situations of water shortage. 

GERMANY  Farmers and water 
suppliers 

Farmers and water 
suppliers 

As water is a public good users require a time limited licence. Right of access to the point of abstraction may 
be required. 

Permits, issued after a simple procedure, can be withdrawn at any time. Authorisation is issued after public 
participation procedure. 

For groundwater abstraction authorisation procedure includes an environmental impact assessment. 
 

GREECE 
River basin district 

Regional 
Inspectorate for 
Environmental 

  
A system of use rights and licences. Both landowner and 

other users have equal rights to use water, but land owner 
has primary entitlement. 

The use of groundwater requires licences. 
Deeper ground waters, and karstic waters 

cannot be used. 
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Protection 

HUNGARY 
Hungarian 

Environment 
Protection Agency 

Farmers and water 
suppliers 

Farmers and water 
suppliers 

Under Water Management Act water licences needed for all water using activities, and approval for building 
any irrigation infrastructure. Both landowner and other users have equal rights to use water. 

Abstractions of more than 500 m3/yr. require a license. 
Abstractions of less than 500 m3/yr. require a license for households but not for agricultural or industrial uses. 

Water licenses are granted for a given quantity of water for a given abstraction point at a given spatial 
location and for a specific use. 

IRELAND County Councils Water suppliers Water suppliers Public owned rights, water users require an abstraction licence. 

ITALY 

Inter-Regional 
River Basin 
Authorities 

(RBAs), 
Regional 

authorities and 
Consortia 

Farmers and water 
suppliers 

Farmers and water 
suppliers 

System of licences for water withdrawals. Different quantities allowed for summer and winter irrigation. Mix of 
private and public owned water rights. Nationally about 50% of the irrigated area makes use of water 

supplied by water companies (mostly public, but some private), with the other 50% directly supplied by 
farmers. 

In the case of water rights for irrigation purposes, each Consortium (association of farmers) receives from the 
regional authority a certain amount of water that has been decided according to the RBMP. The Consortium 

distribute then this amount of water to its members 
LATVIA    Not available 

LUXEMBOURG    Not available 

MALTA    Water rights are under development 

NETHERLANDS Regional Farmers Farmers 

Mix of private and public owned water rights. 
Under the Resource Management Act water, licences is needed but individual farmers have historical 
rights to extract water (up to a certain threshold for groundwater), excluding water used for drinking or 

livestock. Water permits may contain a number of conditions (e.g. volumetric controls, land titles, location of 
use). Occasionally water boards deliver water to a group of farmers. 

POLAND Regional sub-
basin 

Farmers and water 
suppliers 

Farmers and water 
suppliers 

Water is a public good. Extractions of more than 5 m³/day require permission. Legal-water permission is 
issued for a specified period. 

Permits are required from sub-basin ‘Voivodeship’ for 
withdrawals 

A permit is also required, but land owner is 
entitled to ‘normal’ use within their property. 

PORTUGAL 

 
APA, Portuguese 

Environment  
Protection Agency 
Local water users 

asspciations 

Farmers and water 
suppliers 

Farmers and water 
suppliers 

APA grants water rights (authorisation, license or concession depending on the type of use) for a given 
quantity of water over a certain period of time to individual land owners or public and private water supply 

companies. Water rights are granted according to the RBMP. Local competencies for water rights allocation 
are delegated to the local water users associations. Local water users associations elaborate Annual 

Exploitation Plan and distribute water rights among its members. 
Abstractions from public water resources require a license (licenses are granted for max. 10 years). 

Abstraction from private resources or public resources for public supply, for irrigation purposes of areas 
higher than 50 ha and for energy production require a concession right (concessions are granted for max. 75 

years). 
When equipment has a power < 5hp, water abstraction only needs a previous communication to regional 

authority. 
 

Landownership cannot be separated from existing water rights, and water rights cannot be traded. 
 

ROMANIA 
River Basin, 

control by National 
Environmental 

  No restriction providing that no installation or low capacity 
installation up to 0.2 L/s are used (and only for domestic use) 

The use of groundwater is carried out based 
on the certified reserves estimated through 

hydro-geological studies 
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Guard and the 
National 

Administration 
“Apele Romane” 

The allocation procedure is based on: (i) the water balance calculations aiming to meet the water demands of 
all water users within the river basin, including the requirements for satisfying the downstream users, such as 

for the servitudes discharges; (ii) establishing if the water demand is accepted or rejected. 

SLOVAK 
REPUBLIC 

National, river 
basin, local level   Water abstraction and use of surface and groundwater is managed in harmony with Water Act – water 

permissions. 

SLOVENIA District   Permits are required and issued for a period of 10 years. 

SPAIN 
Region or river 
basin bodies 
Water users 
association 

Farmers Farmers 

The competent authority issues entitlement and use rights. Water rights are attached to land ownership. 
For irrigation, water rights are defined for a specific abstraction site and corresponding irrigated land. They 

give right to a certain annual volumeof water (defined according to RBMP and Annual Exploitation Plan) over 
a certain period of time (max. 75years). It is not a static title and can be modified by the administration or at 
the request of the license-holder.River basin authorities are responsible for the allocation of water rights but 

local competencies are delegated to local water users associations. 
Only on the Canary Islands and in the case of non-conventional resources (desalinated seawater and 

recycled wastewater) can ownership be with water supply companies. Water rights cannot be traded, but can 
be transferred under certain conditions, with the approval of the competent authority. 

The allowed maximum water volume that can be extracted per year without applying for a legal license is 7 
000 m3. 

The Water Act 1985 created a transition period to adapt the former private exploitation of groundwater, which 
is now considered as a public resource. This transition period will last until 2035. Under this period, water 

owners are given the option to keep on their private rights for a certain time. 
The water register regroups legal licenses, legal disposition (minor groundwater abstractions) and property 

titles. 

SWEDEN 
Environmental 
courts (at river 

basin level) 

Farmers and 
private water 

suppliers 

Farmers and 
private water 

suppliers 

Private property rights. Right of access to the point of abstraction is necessary. No authorisation is needed if 
irrigation does not cause any harm to public or private interests 

UNITED 
KINGDOM 

Regional offices of 
Environment 

Agency (at river 
basin level) 

Water suppliers Water suppliers 

Right of access to the point of abstraction is required. Water entitlement can be owned by public/private 
individuals/companies. 

In 2006, Scotland introduced a risk based legislative framework to control activities likely to have an adverse 
impact on the water environment; including abstractions for agriculture. 

In Scotland, extractions > 10 m³/day require authorisation: registration up to 50m³/day, simple licence if > 
50m³ and ≤2.000m³/day, complex licence if >2.000m³/day. 

Water abstraction licence for quantities above 20m3/day. 
Licence is usually given for 12 years and carries with it 

environmental conditions. 

Same as for surface water, but requires 
consent from Environment Agency before 

pumping licence is granted. 
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