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INTRODUCTION 

Groundwater dependent terrestrial ecosystems (GDTE) are ecosystems that rely upon groundwater, e.g. 

fens, spring flushes, swamp forests. Significant changes in groundwater chemical composition (quality) 

and/or groundwater levels (quantity) can damage the quality of GDTE or even destroy it. GDTEs provide 

important ecosystem services such as regulation of water cycle, drinking water and other resources, 

pollution filtering, peat and carbon accumulation, unique biodiversity, interconnection with other 

ecosystems (landscape functioning), recreational and scenic value, and cultural heritage. 

According to the EU Water Framework Directive (2000/60/EC), the whole groundwater body (GWB, a 

management unit set by each Member State) is considered in poor status if anthropogenic pressure on 

groundwater causes significant damage to GDTE. Then, specific actions (in WFD ς programmes of measures) 

must be planned and carried out to improve the status of GWB and thereby, restore the quality of damaged 

GDTE. 

Groundwater is a dynamic system which cannot be divided by human drawn boundaries such as country 

borders, and many valuable GDTEs depend on the quality of these water resources. From a hydrological 

viewpoint, the transboundary Gauja-Koiva river basin has a joint water cycle. It means that human induced 

activities (e.g. water extraction or pollution) on one side of the border can affect groundwater and 

associated ecosystems on the other side. Thus, without joint activities and cooperation it is impossible to 

sustainably manage transboundary natural resources in the long term. 

A theoretical approach on how to identify, assess, and monitor GDTEs has been previously developed in 

Estonia. Similar climatic and hydrogeological conditions allowed us to adapt the methodology to Latvia and 

jointly update it to fit the needs of both neighboring countries ς Estonia and Latvia. During Interreg Estonia-

Latvia project Est-[ŀǘсн άWƻƛƴǘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ ŘŜǇŜƴŘŜƴǘ ŜŎƻǎȅǎǘŜƳǎ ƛƴ ǘǊŀƴǎōƻǳƴŘŀǊȅ 

Gauja-YƻƛǾŀ ǊƛǾŜǊ ōŀǎƛƴέ ƻǊ DǊƻǳƴŘ9Ŏƻ ǇǊƻƧŜŎǘΣ Ƨƻƛƴǘ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 

GDTEs was developed which was used to identify GDTEs in transboundary Gauja-Koiva river basin. The 

methodology and best GDTEs assessment techniques were tested in two pilot areas ς Matsi spring fen in 

Estonia and Kazu leja valley in Latvia. Finally, recommendations for better GDTEs monitoring and future 

works were developed. All results will be used to support the development of 3rd cycle River Basin 

management Plans (2021ς2027) for Estonia and Latvia. 

We hope that this report will be useful for many habitat and hydro(geo)experts working with assessment 

of GDTEs in line with European Water Framework Directive as well as serves as a good starting point for 

better understanding of GDTEs functioning and linkage with groundwater resources. 

Authors: 

Retike, I.(1,3)Σ YŀƭǾņƴǎΣ !Φ(3), Priede, A.(5), Tarros, S.(7), Terasmaa, J.(2)Σ ¢ǸǊƪΣ YΦ(4)Σ .ƛƪǑŜΣ WΦ(3), Demidko, J.(1),  
Koit, O.(2)Σ YǸǘǘƛƳΣ aΦ(2), Lode, E.(2)Σ tŅǊƴΣ WΦ(2), Popovs, K.(3), Vainu, M.(2), Valters, K.(1), Abreldaal, P.(2),  
Babre, A.(3)Σ .ơǾƛƸŀΣ LΦ(6), Caune, K.(1), Marandi, A.(7), Polikarpus, M.(7), Raidla, V.(7), Rieksta, M.(6), Sisask, K.(2) 

1. Latvian Environment, Geology and Meteorology Center ([ŀǘǾƛƧŀǎ ±ƛŘŜǎΣ ƒŜƻƭƻƒƛƧŀǎ ǳƴ 
ƳŜǘŜƻǊƻƭƻƒƛƧŀǎ ŎŜƴǘǊǎ) 

2. Tallinn University, Institute of Ecology ό¢ŀƭƭƛƴƴŀ «ƭƛƪƻol) 

3. University of Latvia, Faculty of Geography and Earth Science ό[ŀǘǾƛƧŀǎ ¦ƴƛǾŜǊǎƛǘņǘŜΣ HŜƻƎǊņŦƛƧŀǎ ǳƴ 
½ŜƳŜǎ ȊƛƴņǘƸǳ ŦŀƪǳƭǘņǘŜύ (Latvia) 

4. Ministry of Environment (Keskkonnaministeerium) (Estonia) 

5. Nature Conservation Agency ό5ŀōŀǎ ŀƛȊǎŀǊŘȊơōŀǎ ǇņǊǾŀƭŘŜύ (Latvia) 

6. Vidzeme Planning region ό±ƛŘȊŜƳŜǎ ǇƭņƴƻǑŀƴŀǎ ǊŜƎƛƻƴǎύ (Latvia) 

7. Geological Survey of Estonia (Eesti Geoloogiateenistus) (Estonia) 

This document reflects the views of the authors. The managing authority of the programme is not liable for how 
this information may be used.  
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1. Description of GroundEco project 

Project άJoint management of groundwater dependent ecosystems in transboundary Gauja-Koiva river 

basin (GroundEcoύέ ƛǎ ōŜƛƴƎ ƛƳǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ǘƘŜ ǎǳǇǇƻǊǘ ƻŦ LƴǘŜǊǊŜƎ ±-A Estonia-Latvia cross-border 

cooperation programme 2014-2020. 

Total budget of the project is EUR 411,764.72. Interreg V-A Estonia-Latvia cross-border cooperation 

programme contributes EUR 350,000.00 EUR and partners' self-contribution is EUR 61,764.72. Project 

duration is 26 months (10.05.2018-09.07.2020). Main materials developed during the project are available 

at the project homepage https://www.bit.ly/GroundEco.  

The objective of GroundEco project is to enhance sustainable management of common groundwater 

resources and associated ecosystems in the transboundary Gauja-Koiva river basin.  

The project's main activities are: 

 identification and exchange of data necessary for project implementation; 

 development of a joint methodology and its implementation in Gauja-Koiva river basin; 

 pilot studies and development of conceptual models (Matsi spring fen in Estonia and Kazu leja valley 

in Latvia); 

 recommendations for better management of transboundary Gauja-Koiva river basin and project 

result dissemination. 

The project partnership consists of seven partners from Latvia and Estonia: 

1. Leading partner is Latvian Environment, Geology and Meteorology Centre (LEGMC) (Latvijas Vides, 

ƒŜƻƭƻƒƛƧŀǎ ǳƴ ƳŜǘŜƻǊƻƭƻƒƛƧŀǎ ŎŜƴtrs; https://www.meteo.lv/ύΣ ǘƘŜ ǇǊƻƧŜŎǘ ŎƻƻǊŘƛƴŀǘƻǊ ƛǎ LƴƎŀ wŜǘƛƫŜ 

(inga.retike@lvgmc.lv); 

2. Tallinn University, Institute of Ecology (TU) (¢ŀƭƭƛƴƴŀ «ƭƛƪƻƻƭΣ [ƻƻŘǳǎ- ja terviseteaduste instituut; 

https://www.tlu.ee/eco), the coordinator from TU side is Jaanus Terasmaa 

(jaanus.terasmaa@tlu.ee); 

3. University of Latvia, Faculty of Geography and Earth Sciences (UL) (LŀǘǾƛƧŀǎ ¦ƴƛǾŜǊǎƛǘņǘŜΣ HŜƻƎǊņŦƛƧŀǎ 

ǳƴ ½ŜƳŜǎ ȊƛƴņǘƸǳ ŦŀƪǳƭǘņǘŜ; https://www.geo.lu.lv/ύΣ ǘƘŜ ŎƻƻǊŘƛƴŀǘƻǊ ŦǊƻƳ ¦[ ǎƛŘŜ ƛǎ !ƴŘƛǎ YŀƭǾņƴǎ 

(andis.kalvans@lu.lv); 

4. Ministry of Environment of Estonia (MEE) (Keskkonnaministeerium; https://www.envir.ee/et), the 

ŎƻƻǊŘƛƴŀǘƻǊ ŦǊƻƳ a99 ǎƛŘŜ ƛǎ YŜǊǎǘƛ ¢ǸǊƪ όkersti.turk@envir.ee); 

5. Nature Conservation Agency, Latvia (NCA) (5ŀōŀǎ ŀƛȊǎŀǊŘȊơōŀǎ ǇņǊǾŀƭŘŜ; 

https://www.daba.gov.lv/public/), the coordinator from NCA side is Ieva ±ŜƛƪǑƛƴŀ 

(ieva.veiksina@daba.gov.lv); 

6. Vidzeme Planning Region, Latvia (VPR) (±ƛŘȊŜƳŜǎ ǇƭņƴƻǑŀƴŀǎ ǊŜƒƛƻƴǎ; http://www.vidzeme.lv/), the 

coordinator from VPR side is Maija Rieksta  (maija.rieksta@vidzeme.lv); 

7. Geological Survey of Estonia (GSE) (Eesti Geoloogiateenistus; https://egt.ee/et), the coordinator 

from GSE side is Siim Tarros (siim.tarros@egt.ee).  

https://www.bit.ly/GroundEco
https://www.meteo.lv/
mailto:inga.retike@lvgmc.lv
https://www.tlu.ee/eco
mailto:jaanus.terasmaa@tlu.ee
https://www.geo.lu.lv/
mailto:andis.kalvans@lu.lv
https://www.envir.ee/et
mailto:kersti.turk@envir.ee
https://www.daba.gov.lv/public/
mailto:ieva.veiksina@daba.gov.lv
http://www.vidzeme.lv/
mailto:maija.rieksta@vidzeme.lv
https://egt.ee/et
mailto:siim.tarros@egt.ee
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GroundEco activities in a nutshell: 

WP Description of activities Main results 

WP1 Data exchange, 
mobilisation and 
collection 

 Data exchange and 
mobilisation; 

 Pilot studies and data 
collection (Matsi spring fen and 
Kazu Leja valley). 

Data exchange report provides an insight into 
the data identification, specification, exchange 
and storage processes during the GroundEco 
project. During pilot studies tools and 
approaches were tested to find best parameters 
and data analysis techniques for GDTE 
assessment, as well to collect data necessary for 
GDTE identification and assessment 
methodology testing (including assessment 
schemes). 

WP2 Development of 
joint methodology and 
implementation 

 Development of common 
structure of groundwater and 
habitats data; 

 Development of joint 
methodology; 

 Identification of groundwater 
dependent ecosystems in 
Gauja-Koiva river basin; 

 Development of conceptual 
models and assessment of pilot 
groundwater dependent 
ecosystems. 

As a result, a joint methodology for GDTE 
identification and assessment was developed 
including quantity and quality assessment 
schemes. According to the methodology, GDTEs 
were identified in the Gauja-Koiva river basin. 
Conceptual models were developed for pilot 
areas (Matsi spring fen and Kazu Leja valley) and 
their status was assessed according to 
developed joint methodology. All results are 
incorporated in this report. 

WP3 
Recommendations and 
dissemination of 
results 

 Recommendations for 
transboundary groundwater 
monitoring and groundwater 
dependent ecosystem 
assessment; 

 Development and 
dissemination of informative 
materials for target groups; 

 ²ƻǊƪǎƘƻǇ άLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ 
development of conceptual 
ƳƻŘŜƭǎέΤ 

 Seminar on groundwater 
dependent ecosystem 
assessment; 

 Special conference session for 
groundwater dependent 
ecosystems; 

 Knowledge exchange and 
training at European 
Geosciences Union General 
Assembly 2019. 

The recommendations for better GDTE 
assessment and monitoring, and future 
prospects are incorporated in this report. During 
the project 3 main public events were organized 
to introduce target groups with project progress, 
main results and to train to use the developed 
methodology. Experience exchange and 
presentation of main results to the experts all 
around the world was done during the EGU2019 
conference in Vienna, Austria. Additionally, 
materials were developed for target groups to 
raise awareness of groundwater and associated 
nature protection. Main project materials and 
organized/ attended events are available at 
bit.ly/GroundEco  
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2. Background for identification and assessment of groundwater 

dependent terrestrial ecosystems (GDTEs) according to the Water 

Framework Directive (WFD) 

2.1. Role of groundwater dependent terrestrial ecosystems in the Water Framework 

Directive 

Water Framework Directive (WFD, 2000) aims to protect all water resources, including groundwater. For 

groundwater, environmental objectives are set in Article 4 and the main goal is to achieve good 

groundwater status which is a combination of both, good quantitative and chemical status. 

Terrestrial ecosystems that are directly dependent on groundwater (GDTE) can affect the status of 

groundwater body (GWB). If a significant damage to GDTE is caused by anthropogenic alterations of 

groundwater level or chemical composition (groundwater chemistry or concentrations of any pollutants), a 

whole GWB is in poor status. 

In order for the terrestrial ecosystem to be a part of GWB status assessment, it must be directly dependent 

on GWB. This means that existence and quality of such terrestrial ecosystems relies on groundwater input 

(flow, level, certain chemical composition). Critical dependence upon a GWB is most likely where 

groundwater supplies GDTE for a significant time period of a year (continuously or for most part of the year) 

(EC 2011). 

2.2. How to determine whether a terrestrial ecosystem directly depends on 

groundwater body 

There are cases when the dependence of GWB is easy to identify, for example where a spring is clearly 

visible. Still there are many situations where terrestrial wetland ecosystems depend or partly depend on 

other water sources such as surface water, precipitation or distance from the sea. 

Member States might use available knowledge base from localized site assessments for the Habitats 

Directive (1992). If it is unclear whether the site is GWB dependent, a staged approach for screening out 

the ecosystems using ecological and hydrogeological information, as well expert judgement may be used 

to rank them in terms of likely dependence on groundwater. 

First step in such a screening approach is to identify whether certain terrestrial ecosystems theoretically 

can be dependent on groundwater resources. Member States may use lists of vegetation communities and 

habitat types under Habitats Directive to rule out sites which do not have groundwater dependent 

vegetation. Then a conceptual model of a GWB may be used to identify if groundwater in a GWB is likely to 

be discharging to and supplying a GDTE. 

Conceptual models (EC, 2010) may include information on habitat type, the ecosystem and the GWB and 

their linkages, or approximate understanding of the linkages, as well as the degree of dependence on the 

GWB. Considering the large number of GDTEs, conceptual models may never be developed for all sites. The 

priority should be given to significantly damaged ones and to GDTEs in GWBs with significant pressures. The 

conceptual model remains open to revision, as more data becomes available. 

When no monitoring results or conceptual models are available, expert judgement may be used. Member 

States may have lists of plant communities occurring in the particular country, and their dependence on 

groundwater can rely on expert knowledge using certain principles. If no data is available, adaptation of 

existing knowledge base from neighboring countries with similar climatic and hydrogeological conditions 

may be considered. 
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If an ecosystem is currently no longer groundwater dependent, due to lowering of groundwater levels, but 

has been dependent on groundwater in the past, it should also be considered as GDTE. GDTEs can be 

damaged also by rising groundwater tables, for example, if a wetland is flooded after construction of a dam 

that obstructs the discharge of groundwater. Article 4 of WFD (2000) requires that all bodies of 

groundwater are protected, enhanced and restored. However, priority should be given to preventing 

deterioration of sites which are currently considered groundwater dependent, to avoid damage in the 

future (EC, 2011). 

UKTAG (2004) suggest two simple complementary techniques which may be adapted to identify GDTEs: 

 identify ecosystem types that depend upon groundwater and then identify which of these 

ecosystems are most ecologically significant in the particular country; 

 identify points where groundwater interacts with the land surface and assume that any terrestrial 

ecosystem present is utilizing this water. 

2.3. How to determine whether there is a significant damage to groundwater 

dependent terrestrial ecosystem 

According to EC (2003) expression άǎƛƎƴƛŦƛŎŀƴǘ ŘŀƳŀƎŜέ ƛǎ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŘŀƳŀƎŜ ŀƴŘ 

the ecological or socio-economic significance of the terrestrial ecosystem. The magnitude of damage 

depends on whether GDTE continues to fulfill its ecological or socio-economic function. A GDTE which is 

crucial for regional tourism might be considered to have socio-economic significance, thus any changes in 

groundwater quality or quantity supplying the GDTE may lead to its damage and reduced visitor numbers. 

If a GDTE belongs to the Natura 2000 network, the failure to meet its conservation target can be interpreted 

as significant damage (as far as groundwater status is concerned). For GDTEs that are not part of Natura 

2000 network, formulation of targets and derivation of groundwater requirements (chemical and 

quantitative) may be developed by Member State and then comparison between actual and desirable 

situations can be performed. 

Member States are strongly encouraged to carry out analysis of significant damage to GDTEs in 

multidisciplinary teams as both good ecological and hydrogeological understanding of the sites is required. 

2.3.1. Threshold values and trigger values 

To protect groundwater, quality standards and threshold values (TVs) should be established, and 

methodologies based on a common approach developed, in order to provide criteria for the assessment of 

the chemical status of GWBs. The requirements for setting up of threshold values (TVs) are fixed in 

Groundwater Directive (GWD, 2006) ƻǊ ǎƻ ŎŀƭƭŜŘ άŘŀǳƎƘǘŜǊ ŘƛǊŜŎǘƛǾŜέ ƻŦ ²C5Φ ¢ƘŜ ŎǊƛǘŜǊƛŀ ǊŜǉǳƛǊŜŘ ŦƻǊ 

establishment and application of TVs is set out in European Commission guidance document (EC, 2009). 

TVs must be established in such a way that any exceedance at representative monitoring point will indicate 

a risk that environmental objectives under Article 4 of WFD are not being met in GWB. When establishing 

TVs Member States must consider not only pressures, hydrogeological conditions and geochemical 

pathways, but also the extent of interactions between groundwater and associated aquatic and dependent 

terrestrial ecosystems. When establishing threshold values, it is particularly important to consider pathways 

as for example, reducing conditions may remove nitrate, but high calcium content may co-precipitate 

phosphate. 

CƻǊ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǎǳŎƘ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀ ŀǊŜ ŎŀƭƭŜŘ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎέ ό9v{ύΣ ōǳǘ ŦƻǊ D5¢9ǎ 

ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ άǘǊƛƎƎŜǊ ǾŀƭǳŜǎέ are most commonly used. If trigger values are exceeded in the GDTE (not 

GWB), significant damage to it could be caused. To determine trigger values, it is necessary to understand 

the levels that different types of GDTEs can tolerate in terms of chemical inputs which do not result in 
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significant damage. After that TVs for GWB can be determined by taking into account dilution and 

attenuation between the GWB and the dependent terrestrial ecosystem through understanding of the likely 

pollutant linkage. 

Annex III of GWD (2006) states that for the purposes of investigating whether the conditions for good 

groundwater chemical status are met, Member States should (where relevant and necessary) on the  basis 

of relevant monitoring results and developed conceptual model for GWB, assess: a) the amounts and 

concentrations of pollutants being or likely to be transferred from the GWB to GDTEs and b) the likely 

impact of the amounts and concentrations of the pollutants transferred to the GDTEs. 

2.3.2. GDTEs that depend on concentrations of naturally occurring substances above threshold 

values 

Some ecosystems are adapted to higher concentrations of naturally occurring substances and according to 

WFD this is not pollution. For example, in a region of the Netherlands, zinc naturally occurs in high 

concentrations and local ecosystems have adapted to those conditions and differ from ecosystems 

elsewhere. Such ecosystems may also develop if high zinc concentrations come from anthropogenic 

pollution, but such a case should be considered pollution and damage to the currently existing ecosystem. 

2.4. How to determine the groundwater quantity and quality needs of groundwater 

dependent terrestrial ecosystems 

When GDTE has been identified, there more likely will be key periods during a year when groundwater 

input is critical to the functioning of the individual GDTEs. Ecologists in Member States may understand the 

water quantity needs of specific GDTEs, but as quantitative requirements are specific to each GDTE, the 

necessary knowledge base may be absent. Where quantitative information is available, hydrological 

modelling can be used to link groundwater resources to a GDTE. 

Characterization process should determine what groundwater chemical pressures may be acting on the 

GDTE. The information from chemical groundwater monitoring should be used to identify pollutants. If such 

data are lacking, then potential pressures from the initial GWB characterization process may provide 

necessary information. For example, if the area is intensively used for agriculture then most likely pollutants 

will be nitrates and phosphates. 

However, different GDTE categories can have large tolerance ranges to specific pollutants. Some GDTE 

vegetation types only occur in certain locations due to the unique chemistry of water supply in the area, 

still others are more or less tolerant to elevated concentrations of substances such as nutrients. Further 

investigation is needed to understand the effect of elevated pollutant concentrations on each GDTE 

category. This information can further be used to develop trigger values and help to establish TVs for GWB. 

The information exchange between Member States is strongly encouraged to identify both, quantity and 

quality requirements of specific GDTEs. 

2.5. Characterization and risk assessment 

Typically, characterization of GWB is a two-step risk assessment procedure. During initial characterization 

the uses of GWBs and the degree to which they are at risk of not meeting the environmental objectives set 

in Article 4 of WFD are assessed. If GWB is considered to ōŜ άŀǘ Ǌƛǎƪέ ƻŦ ƴƻǘ ƳŜŜǘƛƴƎ ǘƘŜ ƻōƧŜŎǘƛǾŜǎΣ ǘƘŜƴ 

further, more detailed characterization process is needed. In many cases it would be appropriate to 

combine both risk assessment procedures into one stage. 

Initial characterization may gather available information on diffuse and point source pollution, characterize 

overlying strata (define vulnerability to pollution) and assess the pressures from water abstraction and 
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artificial recharge. One of the outcomes of this process should be identification of those GWBs for which 

there are GDTEs. It is recommended to use GIS techniques in cases when there are many possible GDTEs. 

If a GWB is at risk due to negative effects of GWB pressures on GDTEs, an inventory of terrestrial ecosystems 

with which the GWB is dynamically interlinked is needed. Even though WFD prioritizes ecosystems, in 

practice it might be necessary, if large numbers of GDTEs are connected to GWB. Guidance (EC, 2003) 

provides practical guidelines for prioritizing terrestrial ecosystems. Stepwise approach suggests firstly 

focusing on Natura 2000 sites and those ecosystems which may experience significant damage (either 

ecological or socio-economical). Inclusion of anthropogenic pressures analysis can focus the risk 

assessment, for example for further characterization a source-pathway-receptor approach could be used 

to conceptualize groundwater flows and anthropogenic pressures. 

Classification of the status of GWBs under the GDTE test, for both quantitative and chemical status, is a 

decision based on the information and data from the monitoring networks, gathered in the previous 6 years 

(reporting period under WFD). There might be different levels of certainty in the risk assessment depending 

on the amount of available evidence available about each site, linkages to GWB and pressure action on 

GWB. Only those defined as being at risk of failing WDF environmental objectives under characterization 

process should be considered as potentially putting GWB at poor status. For those GWBs where there is 

significant damage of a GDTE after the characterization process, additional investigation and monitoring is 

required according to WD and GWD. 

2.5.1. Stepwise approach 

Firstly, a screening process should identify those terrestrial ecosystems which are (likely) interacting with 

GWB, which are significantly damaged and the damage is caused by pressures on GWB. Investigations may 

be used to provide evidence if GDTE is significantly damaged and if this is caused by pressures on GWB. 

During investigations a magnitude of damage (assess damage magnitude in combination with ecological 

studies), linkage between GWB and GDTE and relative importance of groundwater for particular ecosystems 

should be identified. Where there are many GDTEs, it is suggested to use already available information, 

undertake simple ecological walkover surveys of the site or use expert judgement. Only for significantly 

damaged sites a more detailed investigation should be carried out to design measures for status recovery. 

There may be GDTEs interacting with the GWB, where there is not sufficient information to allow for clear 

distinction whether these are significantly damaged or not and/or environmental supporting conditions are 

not quantifiable with a significant degree of confidence. In that case GDTE will remain at risk of being 

significantly damaged and could be prioritized for further investigation. Where the information and 

knowledge are insufficient, the status assessment procedure can be stopped and GWB is classified as of 

good status under this test, but will remain to be at risk. 

If the first step confirms that GDTE is significantly damaged and interacting with GWB, then the second step 

should identify whether environmental supporting conditions are not met due to anthropogenically 

induced changes in the GWB and if that is the case, which ones are not being met. If the departure from 

the environmental conditions is the result of groundwater abstraction, then GWB is classified to be at poor 

status. For chemical assessment developed GWB TVs can be used which may be based on GDTE trigger 

values. 

Many GDTEs may have not been subject to rigorous status assessments and could be damaged by a wide 

range of pressures such as afforestation and land development, many of which may be unrelated directly 

to the quality or quantity of groundwater supply (UKTAG, 2004). 
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2.5.2. Consideration of groundwater threshold values 

When ecosystems with different sensitivities for a certain substance depend on one GWB, the TV used is 

proposed to be based on the most sensitive GDTE (EC, 2009). If in the first step of status assessment all 

monitoring results fall under TV, all GDTEs in a GWB are deemed protected. If there are exceedances at 

some monitoring points, this does not automatically lead to poor status. Appropriate investigations can 

confirm that the objectives of WFD are still being met and suggested procedure is: 

 Derive TVs based on most sensitive GDTE based on GDTE trigger values and dilution and attenuation 

along the flow path; 

 Compare monitoring results from points where the GDTE is dependent on the GWB to this TV (based 

on conceptual understanding); 

 If the average of concentrations in each of these monitoring points is lower than the TV, the GWB 

is of good chemical status for that particular substance in relation to the GDTE test; 

 If the average of concentrations in these monitoring points are higher than the TV, an investigation 

is needed. Depending on the result, assign either good or poor chemical status for this substance 

for the GDTE test; 

 If a single GWB contains ecosystems with high sensitivity for certain substances as well as 

ecosystems with low sensitivity for the same substances, the investigation should focus on the high 

sensitivity GDTE. 

If a GDTE has been identified as significant and is significantly damaged from groundwater pressures, GWB 

is at poor status independent of the size of GWB or GDTE. 

2.5.3. Investigations 

For GWB where TV is exceeded, but significant uncertainty exists, more detailed site-specific assessment or 

expert judgment may be used. It is also important to carry out detailed site investigation in the most cost-

effective way. The investigation should always be guided by the conceptual model (EC, 2010).  

Some methods that are considered to be cost-effective are: 

 targeted ecological surveys (vegetation surveys to detect changes in abundance of species 

indicative of chemical damage such as nutrient enrichment or significant drop in groundwater 

table); 

 walkover hydro-ecological surveys to determine the locations of springs and seepages in relation 

to critical groundwater dependent ecological features and hydraulic relationships between 

groundwater and surface water (e.g. ditches, ponds, watercourses); 

 establishment of shallow dip wells to measure water levels in the near-surface deposits and their 

hydraulic relationships with the underlying GWB; 

 remote sensing data to predict water levels in GDTEs. 

Other suggested techniques are geophysical surveys (resistivity, ground-penetrating radar to predict 

stratigraphic relationships and location of water-bearing/conductive strata; drilling of deeper piezometers 

into underlying GWB and measurement of other sources of chemical pressure such as atmospheric 

nitrogen.  
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3. Methodologies used for assessment of groundwater dependent 

terrestrial ecosystems in the European Union 

3.1. Results from joint questionnaires 

Lƴ нлмн ŀ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ōȅ ŀ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ ǿƻǊƪƛƴƎ ƎǊƻǳǇ ŀƳƻƴƎ 

the member states of the European Union in order to gather information on how the member states have 

assessed their GDTEs. The purpose of it was to share experiences and to learn from best practices  

(EC, 2014). Neither Estonia or Latvia responded to the questionnaire because GDTEs had not been 

determined nor assessed yet. In the GroundEco project these experiences and best practices were taken 

into account for the development of the joint methodology for GDTE identification and assessment.  

A total of 21 countries responded to the questionnaire. From these 19 were Member States and two were 

non-Member States, who indicated that they have national GDTE designations and have an interest in 

sharing their knowledge and experience. Although the majority of Member States responded (19 from 28), 

the compilation of answers does not currently provide a complete overview of the situation in Europe and 

the work should be continued as there are still many uncertainties and knowledge gaps among the countries 

(EC, 2014). 

In TABLE 1 a compilation of the most significant results from the joint questionnaire and approaches used 

in Member States are presented. Full answers from each country are available at EC (2014).  

TABLE 1 

Summary of responses to joint questionnaire on national GDTEs identification  
and assessment approaches (EC 2014) 

No. Question Summary response 

1 How GDTEs were identified 
in your country? 

 Using Natura 2000 (90% or 19 respondents) 
 Using additional protected sites (48% or 10 respondents) 

All 19 Member States rely on Natura 2000 designations when identifying GDTEs. 
Approximately half of the countries indicated they had additional wetland 
designations in addition to those declared under Natura 2000 and that these 
were also considered for GDTE assessments. 

Seven countries identified the Annex I habitats typologies that they used when 
selecting GDTEs for assessment. 

2 How has your country 
identified that terrestrial 
ecosystems were 
groundwater dependent? 

 Expert judgement (100% or 21 respondents) 

All countries indicated that expert judgement played a key role when 
determining groundwater dependence. Few countries struggled to determine 
groundwater dependence, but included wetlands in country GDTE assessments. 

Four countries have a clear assessment criterion and other four countries use 
field assessments (bottom up approach) to carry out dependency analysis. Over 
half of the countries rely on the combination of field studies and general wetland 
characterization criteria to determine groundwater dependency. 

3 How has your country 
assessed if GDTEs were 
damaged and what criteria 
were used to determine the 
magnitude of damage? 

 Use of national monitoring network (71% or 15 respondents) 
 Specific habitats studies (19% or 4 respondents) 

Many countries responded that this assessment was rather complicated to carry 
out and in most cases was subjective. Eight countries developed specific damage 
criteria for wetland assessment. Other countries rely on the conservation status 
from Habitats Directive reporting, site-specific assessments of damage (if and 
where available) and expert judgement. 

Five countries were not able to determine significant damage. Four countries 
have considered abiotic factors (pressures, trends) to determine if groundwater 
has the potential to cause damage to a GWDTE, rather than focus on damage at 
the wetland itself. 

4 How has your country 
coordinated gathering of 

 Using information coming from different organizations: (76% or 16 
respondents) 
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No. Question Summary response 

relevant data and who was 
responsible for 
coordination? 

 Local level (33% or 7 respondents) 

The assessment coordination was primarily undertaken at a national level. Seven 
countries indicated that the assessments were undertaken by working groups 
and three countries did not have any specific coordination approach. 

5 What are the lessons 
learned from the first 
assessment of GDTEs and 
what changes will be made? 

 Developing significant damage, groundwater dependency and 
prioritization criteria and/or assessment methodologies (43% or 9 
respondents) 

 Gathering additional monitoring data (33% or 7 respondents) 
 Better coordination (19% or 4 respondents) 

To sum up, further work is required regarding: developing significant damage 
and groundwater dependency criteria; improving GDTE condition assessment 
methodologies and developing abiotic threshold criteria; gathering additional 
monitoring data; improving knowledge of the pressure source and groundwater 
pathways to the wetland and then linking this back to measures. 

6 What are the remaining 
constraints to GDTE 
assessment in your country? 

 Lack of shared methodologies (52% or 11 respondents) 
 Exchange of experience within working groups (52% or 11 respondents) 

Most of the countries report that there is a lack of supporting guidance 
documents at EU level. Better linkages between ecologists and groundwater 
experts at EU level and greater sharing of experiences between countries are 
necessary. 

There were requests for sharing on how GDTEs were selected, criteria for 
determining groundwater dependence and significant damage, and the overall 
assessment approaches, the use of screening criteria and monitoring data for 
GDTE assessments. 

In particular there were requests for the establishment of baseline conditions for 
GDTEs ς what are the reference conditions in terms of ecology and the abiotic 
factors that countries should achieve. 

The main outcomes from the questionnaire can be summarized as follows: 

 All countries rely on Natura 2000 designations when identifying GDTEs. About half of the countries 

also consider additional wetland designations; 

 Expert judgment plays a key role in GDTE identification process and only a few countries have clear 

criteria for identification process;  

 Most countries acknowledge that the assessment of the significance of damage to GDTE is 

subjective. Countries rely on the conservation status from the Habitats Directive reporting, site-

specific assessments of damage (if and where available) and expert judgement. Some consider 

abiotic factors (pressures, trends) to determine if groundwater has the potential to cause damage; 

 Majority of countries admit that there is a lack of guidelines at EU level on how to perform 

assessments and not enough cooperation between ecologists and hydrogeologists. The necessity to 

share knowledge and good experience between countries is also highlighted. Some countries 

request to establish joint baseline conditions for GDTEs. 

3.2. Methodology for identification and assessment of groundwater dependent 

terrestrial ecosystems in Estonia 

In Estonia a preliminary methodology for identification and assessment of groundwater dependent 

terrestrial ecosystems was developed in 2015 (Terasmaa et al., 2015). The report on the methodology was 

written in Estonian. Therefore, the following section presents the translation of the relevant parts of the 

report, which have not been published in English before. The pre-existing Estonian methodology was taken 

as a starting point in the GroundEco project for the development of joint methodology for Estonia and 

Latvia. 
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3.2.1. Identification of terrestrial ecosystems depending on groundwater bodies 

Two principal mechanisms for the dependency between GDTEs were considered (FIGURE 1). 

 

 

FIGURE 1 Conceptual models for two main types of terrestrial ecosystem dependence on groundwater in 
Estonia (and also in Latvia): (A) the ecosystem is fed by the groundwater body, (B) the ecosystem is 

supported by the groundwater body (Terasmaa et al., 2020) 

These two mechanisms may be combined and may be absolute or partial and can affect different parts of 

the ecosystem (wetland) differently. For example, a mire that is mostly fed by precipitation may have a 

section that is fed by springs. 

In the case of Estonia, the ecosystems considered depending on groundwater are mires, including paludified 

forests and grasslands, but not alluvial forests and grasslands). Ecosystems that depend fully on 

groundwater are spring fens, which have formed on the locations of perennial seepage-springs. Although 

some spring fens are probably fed by Quaternary aquifers that do not belong to groundwater bodies1, most 

larger spring fens are totally or partially dependent on water coming from GWBs. Spring fens may be 

affected both by changes in the quantity and quality of the groundwater bodies. All the largest spring fens 

and spring fen groups were selected to the list of Estonian GDTEs. 

Minerotrophic mires also have a significant connection with GWBs, as their water regime and 

hydrochemistry depend mostly on groundwater. The dependency is more significant in the alkaline fens of 

western and northern Estonia, as the Quaternary cover is thinnest there. Transition mires and bogs are 

usually not fed by groundwater, and therefore they are assumed to not have a direct dependency. However, 

the water in the peat layer may not be fully isolated from the groundwater aquifer. A drop in the 

groundwater level may cause a drop in the bog water level, if the peat layer is not separated from the 

aquifer by a continuous impermeable aquitard. That theory is supported by modelling results in some bogs 

in the vicinity of oil-shale mines in northern Estonia (Kalm & Kohv, 2009; Marandi et al., 2013). The list of 

GDTEs includes all mires (including bogs) with the size over 20-30 ha that are located on GWBs in a bad and 

endangered status (Quaternary Vasavere and Ordovician Oil-{ƘŀƭŜ ōŀǎƛƴύΦ hƴ ǘƘŜ vǳŀǘŜǊƴŀǊȅ aŅƴƴƛƪǳ-

Pelguranna groundwater body all mires, including bogs, were included. On Ordovician-Silurian Pandivere 

ŀƴŘ tƿƭǘǎŀƳŀa-Adavere GWBs (designated nitrate vulnerable zones according to Nitrates Directive (1991)), 

larger minerotrophic mires with higher ecological value were included. On other GWBs only larger 

minerotrophic mires (also some transitional mires) with higher ecological value were included in the list of 

GDTEs. 

 
1 Since 2019, all Quaternary aquifers have been joined to groundwater bodies in Estonia 



 

16 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

Identification was fully based on the expert judgement. Altogether 71 mires, mire systems or groups of 

mires were identified as GDTEs depending on GWBs (FIGURE 2). Some of them could be dependent on 

several GWBs. In many cases the dependency is hypothetical because of the lack of hydrogeological data. 

 

FIGURE 2 Identified terrestrial ecosystems dependent on groundwater bodies in Estonia (only the 
groundwater bodies mentioned in the text are shown) (Terasmaa et al., 2015)  

3.2.2. Indicators and criteria for the evaluation of quantitative and qualitative effects of 

groundwater bodies (GWBs) on groundwater dependent terrestrial ecosystems (GDTEs) 

According to the WFD (2000) criteria have to be set for GDTEs in order to evaluate the effect of GWB on 

the ecosystem. In order to maintain favorable ecological status, GDTEs need to maintain groundwater 

discharge. If a GDTE is in an unfavorable ecological status and it is caused by the pressures on GWBs, then 

it affects the status of the whole GWB.   

Groundwater body can have a negative quantitative and/or qualitative effect on the GDTE: 

 Quantitative effect ς human influence has lowered groundwater levels, so that the GWB does not 

provide enough water to sustain the GDTE in its natural state. 

 Qualitative effect ς human influence has affected the GWB in such a way that its chemical 

composition causes the deterioration of the ecological value of the GDTE. 

3.2.2.1. Indicators and criteria for the assessment of the quantitative effect  

The first step to assess whether the contributing GWB could have a negative effect on the GDTE, is to 

determine the status of the GDTE. If the status is unfavorable, then potential other causes have to be ruled 

out first. Often the unfavorable status is caused by surface drainage and not by unfavorable changes in 

groundwater body. In the case of spring fens, the impact of surface drainage is usually smaller than in 
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minerotrophic mires. In spring fens, the effect of drainage is mitigated by the constant inflow of 

groundwater. 

The negative quantitative effect of a GWB on a mire may be expected if there have been no changes in the 

surrounding surface drainage network and other surface water bodies, but the mire water level has 

dropped, and discharge from the mire has decreased. It is important to also take into consideration 

meteorologƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ǿƘƛŎƘ ŦƻǊ ǎƻƳŜ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜ Ƴŀȅ ŀŦŦŜŎǘ ƳƛǊŜΩǎ ǿŀǘŜǊ ǊŜƎƛƳŜ ŎƻƴǎƛŘŜǊŀōƭȅΦ 

Groundwater dependent mires are affected by the amount of water in the GWB. Suitable indicators for a 

potential change are mire water level and annual minimal water level compared to long-term average levels 

(TABLE 2). For spring fens, the amount of groundwater flow is also an important indicator. It can be assessed 

by measuring the discharges of surface water bodies (streams) that originate from the fen. The water level 

dynamics in wells of the GWB that feeds the mire can also be used as an indicator. If the groundwater level 

drops, then it could result in a decrease of groundwater inflow to the GDTE and the deterioration of its 

status. 

3.2.2.2. Indicators and criteria for the assessment of the qualitative effect 

There is no data suggesting that groundwater quality has led to the deterioration of the status of terrestrial 

ecosystems in Estonia. Generally, the amount of nutrients in spring fens and minerotrophic mires is 

relatiǾŜƭȅ ƘƛƎƘΦ ¢ƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ƳƛǊŜΩǎ ǿŀǘŜǊ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ŘŜŎŀȅƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƘŜ 

consequent release of nutrients, assimilation of nutrients by vegetation and outflow through surface water 

discharge, also by the dilution of ƳƛǊŜΩǎ ǿŀǘŜǊ ǘƘǊƻǳƎƘ precipitation. 

Threshold values (TVs) for nitrates in GWBs have been developed in the United Kingdom to assess their 

effect on various types of wetland ecosystems (UKTAG, 2012). In terms of phosphates, the development of 

TVs is still ongoing. In Estonia, there is not enough relevant data on the hydrochemistry of groundwater 

dependent mires to develop TVs. The role of nitrates and other substances in groundwater in the 

functioning of ecosystems and their effects on biota is also unclear. Therefore, thorough hydrochemical and 

ecological studies have to be conducted if these TVs are to be developed (TABLE 2). 

TABLE 2 

Criteria for assessing the status of GDTEs 

Effect 
Terrestrial ecosystems 

Comment 
Indicator Criteria 

Quantitative A) Mire water level 

A piezometric well is installed 
to the center of the mire 
massif, where mire water 
level is measured. 

A) Annual mean or 
minimal water level 
compared to long-term 
average water level. 

In order to determine possible long-term 
effects, changes in biota have to be 
monitored even before permanent 
monitoring of water level is started. 

If the status of the habitat is 
deteriorating, the nature of the 
influencer has to be determined. The 
effect of the drainage system, changes in 
meteorological conditions have to be 
assessed. If there are no long-term 
measurements, then proxy methods 
have to be used to determine 
approximate historical water levels 
(maps, photos, written sources).  

B) Groundwater level at the 
same location 

If there is known 
anthropogenic influence to 
the GWB (e.g. mine), then 
groundwater levels should be 
measured also outside of the 
mire massif in the direction of 
the influencer. 

B) Annual mean water 
level compared to long-
term average water level. 

Qualitative A) Nutrient content (nitrates, 
Ptot, Ntot) both in surface and 
groundwater 

Currently none Based on current knowledge it is not 
possible to define criteria for 
determining the effect of changes of 
groundwater quality to GDTEs. Relevant 
studies to produce such criteria have to 
be carried through. 
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3.2.3. Evaluation schemes of quantitative and qualitative effects of groundwater bodies on 

groundwater dependent terrestrial ecosystems 

It is not possible to develop a simplistic and universal evaluation scheme that gives a high-reliability answer 

without the acquisition of additional data. Therefore, the developed schemes enable to pinpoint the 

ecosystems for which the effect of GWB cannot be ruled out as the cause for the unfavorable status. In 

these cases, more thorough studies have to be performed to determine the actual effect of the GWB, the 

size of the effect and suitable mitigation measures. 

3.2.3.1. Quantitative effect 

The assessment scheme for the potential quantitative effect of a GWB on GDTEs consists of the following 

steps (FIGURE 3): 

1. GDTEs depending on the evaluated GWB have to be determined. 

2. National monitoring and inventory programmes for terrestrial ecosystems do not include water 

level monitoring. Therefore, there is no data on their water level and its dynamics. Generally, the 

deterioration of the status of mire habitats is caused by a decrease in the mire water level. 

Therefore, the only possible indicator currently available for determining the potential water level 

decrease is the deterioration of the conservation status according to the assessment of habitats 

listed in Annex I of the Habitats Directive (hereafter Annex I habitats). As repeated inventories have 

been performed only in some mires and permanent monitoring is also carried through only in some 

areas2, then it is difficult to find trends in the status of a specific mire. Therefore, the most 

reasonable solution in this step is to select areas, whose ecological status is less than good (B). These 

areas move to the next step. 

3. The prerequisite for changes caused by groundwater is the occurrence of intensive groundwater 

abstraction in the vicinity of the GDTE and the subsequent drop in the groundwater head. As the 

size of the cone of depression depends on the properties of the aquifer, intensity and time since 

commencing the pumping and depth of the wells, it is impossible to give a universal radius of threat. 

For the evaluation scheme the following solution is proposed: if in a 10 km radius of the GDTE at 

least 1000 m3/d of groundwater is abstracted, then the effect of abstraction on the water level drop 

in the ecosystem cannot be ruled out. The limits are rather conservative in order to assure that no 

potential case of the negative effect is ruled out in this step. 

4. The next step is to assess if the annual average groundwater level in the aquifer feeding or 

supporting the GDTE is lower than its long-term average water level. A groundwater level drop in 

the recharge area of the GDTE will likely cause a drop in the amount of water reaching the 

ecosystem. On the other hand, a drop in the groundwater level downstream of the GDTE, could 

cause an increase in the amount of water seeping out from the ecosystem. In both cases, a drop in 

ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǿŀǘŜǊ ƭŜǾŜƭ ǿƛƭƭ ǇǊƻōŀōƭȅ ŦƻƭƭƻǿΦ LŦ ǘƘŜ ŜŎƻsystem does not feed from groundwater, 

but its water level is kept high because of the pressure from the underlying aquifer, then also, in 

that case, a drop in groundwater level could cause ŀ ŘǊƻǇ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǿŀǘŜǊ ƭŜǾŜƭ όƳƛǊŜ ǿŀǘŜǊ 

level). 

5. If the assessment shows that the water levels in the ecosystem and in the groundwater aquifer that 

the ecosystem depends on, are lower than they should be, and groundwater abstraction is taking 

place in the vicinity, then it is possible that the groundwater level drop is caused by the abstraction. 

To prove or deny it, a preliminary, field-work based study should be carried out, in order to evaluate 

 
2 Since 2017 permanent monitoring in Estonian mires has been suspended (see Chapter 4.3.4) 
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whether the water level drop in the ecosystem could be caused by groundwater abstraction and a 

decrease of the water level in the GWB. 

6. If the preliminary study proves that groundwater abstraction and a water level drop in the 

groundwater body most likely have affected the ecosystem, a thorough study, including field-work 

and analysis of meteorological data, should be carried out to determine the functional connections 

between the GDTE and the GWB. 

7. After that a monitoring and action plan should be prepared and applied in order to survey possible 

ŦǳǊǘƘŜǊ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǎǘŀǘǳǎ ŀƴŘ ǘƻ ŦƛƴŘ ƻǳǘ ƳŜŀƴǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƛt. That step is 

especially important for GDTEs situated in nature protection areas of national importance and 

Natura 2000 areas.  

 

FIGURE 3 Assessment scheme for the quantitative effect of groundwater on groundwater  
dependent terrestrial ecosystems 

3.2.3.2. Qualitative effect 

The assessment scheme for the potential qualitative effect of a GWB on GDTEs consists of the following 

steps (FIGURE 4): 

1. GDTEs feeding from the evaluated GWB have to be determined. GDTEs that are only supported by 

the groundwater body are left out in this step. 

2. National monitoring and inventory programmes for terrestrial ecosystems do not include water 

chemistry monitoring. Therefore, there is no data on water and peat chemistry and its dynamics. 

The only possible indicator currently available for determining the potential negative effect of the 

water chemistry, is the deterioration of the conservation status according to the assessment of 

Annex I habitats. As repeated inventories have been performed only in some mires and permanent 
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monitoring is also carried through only in some areas3, then it is difficult to find trends in the status 

of a specific mire. As the quality of GWB cannot have had a negative effect on the ecosystem, if the 

ŜŎƻǎȅǎǘŜƳΩǎ ό!ƴƴŜȄ L Ƙŀōƛǘŀǘύ ǎǘŀǘǳǎ ƛǎ ŀǘ ƭŜŀǎǘ άƎƻƻŘέΣ ǘƘŜrefore the most reasonable solution in 

this step is to select areas, whose ecological status is less than good (B). These areas move to the 

next step. 

3. The next step is to assess whether the deterioration of the status of the ecosystem could be caused 

by changes in the water chemistry (increased concentrations of Ntot or/and Ptot, nitrates etc.). That 

step is impossible to perform, because of the lack of data. Additionally, there are no TVs for nutrients 

set for mires and other terrestrial ecosystems. Also, the relations between the chemistry of different 

types of mires and their status are not clear enough. If such TVs existed, then ecosystems where 

they are exceeded would move to the next step. But even without the TVs, the ecosystems whose 

worse than good status could be explained by other effects then changes in groundwater body 

(drainage, peat extraction, alkaline pollution etc.), may be removed from the assessment in this 

step. 

4. ¢ƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ Ƙŀǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜd. If the 

concentration of TotN, TotP, nitrates or other relevant substance in the groundwater monitoring 

well of the GDTE is two times or higher than the threshold value for the specific ecosystem type 

(2*TV), then the GDTE moves to the next step. The double threshold value is proposed to take into 

consideration potential dilution of groundwater, as groundwater might not be the only water source 

for the GDTE.   

5. If it has been determined that the water quality in the ecosystem and in the feeding aquifer, is 

inadequate, then it is possible that the inadequate quality of the water in the ecosystem is caused 

by the quality of the groundwater. To prove or deny it, a preliminary, field-work based study should 

be carried out, in order to evaluate whether the worse than the good status of the ecosystem could 

be caused by loading from the groundwater. 

6. If the preliminary study proves that the water quality of the groundwater most likely has affected 

the ecosystem, a thorough study, including field-work and hydrochemical analysis should be carried 

out to determine the functional connections between the GDTE and the GWB. 

7. After that, a monitoring and action plan should be prepared and applied in order to survey possible 

ŦǳǊǘƘŜǊ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǎǘŀǘǳǎ ŀƴŘ ǘƻ find out means for improving it. That step is 

especially important for GDTEs situated in nature protection areas of national importance and 

Natura 2000 areas. 

 

 
3 Since 2017 permanent monitoring in Estonian mires has been suspended (see Chapter 4.3.4) 
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FIGURE 4 Assessment scheme for the qualitative effect of groundwater on groundwater dependent 
terrestrial ecosystems 

3.2.4. Application of the evaluation schemes and conceptual models of groundwater dependent 

terrestrial ecosystems 

The assessment schemes were tested on the 70 significant GDTEs in Estonia, but none of them reached the 

end of the scheme. 

In some cases, groundwater abstraction was identified in the vicinity of GDTEs with worse than good status. 

But because of the lack of water level monitoring wells in the GDTEs and also lack of adjacent groundwater 

level monitoring wells, the potential effect of groundwater level lowering could not be detected. Still, most 

probably there are GDTEs in worse than good status because of too low groundwater level.  

The qualitative effect could not be assessed at all because there are no habitat-specific thresholds of 

ŎƘŜƳƛŎŀƭ ǎǳōǎǘŀƴŎŜǎ ƛƴ 9ǎǘƻƴƛŀΦ !ƭǎƻΣ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ƳƛǊŜΩǎ ǿŀǘŜǊ Ƙŀǎ ƴƻǘ ōŜŜƴ ƳƻƴƛǘƻǊŜŘΦ 

According to the existing knowledge, there are no GDTEs in Estonia whose status is worse than good 

because of groundwater quality.  

Based on the tests, conceptual models were compiled for two mires (Selisoo mire and mire near Kurtna 

{ǳǳǊƧŅǊǾύ ǘƘŀǘ ŀǊŜ ǇǊƻōŀōƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ŀ ƘƛƎƘ-priority GWB and could suffer from anthropogenic 

influence via the GWB (by the water removal from oil-shale mines and groundwater abstraction from an 

intake). 

3.2.5. Monitoring scheme for groundwater dependent terrestrial ecosystems 

Determination of GDTEs and assessing the effects of GWBs on the ecosystems is complicated in Estonia, 

because the present monitoring networks have not been established with the goal to enable determining 
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interactions between groundwater and surface water. Currently, the parameters monitored from surface 

water or terrestrial ecosystems are relevant only for these ecosystems and parameters monitored from 

GWBs are relevant only for groundwater. Also, groundwater monitoring points are located mostly in places 

that are not representative from the perspective of dependent ecosystems. 

Monitoring of the quantitative dependency/effect of GDTEs (mires) should be based on observations of 

mire water level and their ecological status. Mire water level should be monitored in piezometers equipped 

with automatic loggers. That data enables to analyze water level dynamics and to compare the data with 

meteorological data. In addition to the mire water level, also the water level in deeper peat layers and in 

the underlying Quaternary sediments is a good indicator and should be monitored in piezometers equipped 

with data loggers. If the water levels in the deeper peat layers or in the mineral sediments are lower than 

the mire water level, then it is an indication that water is seeping into the underlying groundwater body. 

In parallel to mire water level monitoring, the groundwater level in the influencing groundwater body 

should be monitored as well. That should be preferably done in monitoring wells as close as possible to the 

mire. In addition to the establishment of the monitoring network, the ecological status of the mire 

ecosystem has to be determined, based on the methodology developed for Annex I mire habitat types. If 

the drop in the mire water level has already been determined, the habitat status assessment has to be 

made regularly, in order to determine the actual effect of water level drop on the ŜŎƻǎȅǎǘŜƳΩǎ status. If 

possible, these mires should be included in the national monitoring programme for Annex I mire habitats. 

¢ƘŜ ƴǳƳōŜǊ ƻŦ ƳƛǊŜǎΩ ǿŀǘŜǊ ƳƻƴƛǘƻǊƛƴƎ ǎǘŀǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ǎǇŀǘƛŀƭ ǇƭŀŎŜƳŜƴǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎǇŜŎƛŦƛŎǎ ƻŦ 

the monitored mire, for example: its size, distribution of different habitat types, the location of pressure(s) 

etc. For a small and compact area, probably one station would suffice. If the pressure affects the mire 

through the groundwater body only from one direction, then the monitoring stations should be installed to 

the side of the mire that is closest to the pressure and to the center of the mire. For larger mires, the 

monitoring stations should be installed on transect(s) leading from the center of the mire towards the 

pressure(s). 

In the selection process of mires that have to be equipped with monitoring networks for observing the 

effects of GWBs, areas that have the highest ecological value, are located in nature protection areas of 

national importance and/or Natura 2000 areas and would presumably suffer most, have to be preferred. 

These areas include mires that potentially depend on the Ordovician Ida-Viru Oil-Shale Basin groundwater 

ōƻŘȅ όaǳǊŀƪŀ ƳƛǊŜ ŎƻƳǇƭŜȄΣ {Ŝƭƛǎƻƻ ƳƛǊŜΣ tǳƘŀǘǳ ƳƛǊŜΩǎ ŎƻƳǇƭŜȄΣ {ƛǊǘǎƛ ƳƛǊŜύΦ ! ƳƻƴƛǘƻǊƛƴƎ ƴŜǘǿƻǊƪ Ƙŀǎ 

already been estaōƭƛǎƘŜŘ ƛƴ {Ŝƭƛǎƻƻ ƳƛǊŜ ŀƴŘ ƛƴ aǳǊŀƪŀ ƳƛǊŜΩǎ ŎƻƳǇƭŜȄΦ Lǘ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ ǘƘŜ 

ƴƻǊǘƘŜǊƴ ǇŀǊǘ ƻŦ tǳƘŀǘǳ ƳƛǊŜΩǎ ŎƻƳǇƭŜȄΣ ƛƴ ƻǊŘŜǊ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǿŀǘŜǊ ǊŜƳƻǾŀƭ ŦǊƻƳ ǘƘŜ bŀǊǾŀ 

open-cast mine on the mire ecosystems. 

As a second priority a monitoring network should be established in the mires depending on the Quaternary 

±ŀǎŀǾŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ōƻŘȅ όƳƛǊŜ ƴŜŀǊ YǳǊǘƴŀ {ǳǳǊƧŅǊǾΣ ƳƛǊŜ ǿŜǎǘ ŦǊƻƳ [ŀƪŜ bƛƛƴǎŀŀǊŜ ŀƴŘ [ŀƪŜ 

bƿƳƳŜƧŅǊǾΣ ǘǊŀƴǎƛǘƛƻƴŀƭ ƳƛǊŜǎ ŀƴŘ ƳƛǊŜ-forests around Lake Konsu). They are smaller and have lower 

ecological value, but are a part of the Kurtna Kame Field landscape complex, belong to the Kurtna Landscape 

Conservation area, and partly to the Kurtna Natura area. It is reasonable to develop a common monitoring 

network for the mires and lakes. 

¢ƘŜ ƳƛǊŜǎ ƻƴ ǘƘŜ vǳŀǘŜǊƴŀǊȅ aŅƴƴƛƪǳ-Pelguranna GWB near and in Tallinn are likely affected by its 

ǉǳŀƴǘƛǘŀǘƛǾŜ ŜŦŦŜŎǘΦ ¢ƘŜǊŜŦƻǊŜΣ ŀǎ ŀ ǘƘƛǊŘ ǇǊƛƻǊƛǘȅΣ ŀ ƳƻƴƛǘƻǊƛƴƎ ƴŜǘǿƻǊƪ ŎƻǳƭŘ ōŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ aŅƴƴƛƪǳ 

bog, where relatively natural mire habitats ǎǘƛƭƭ ŜȄƛǎǘΣ ŀƴŘ ƛƴ tŅŅǎƪǸƭŀ ōƻƎΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ǎǘǊƻƴƎƭȅ ŀƭǘŜǊŜŘ 

but is under municipal protection. 

Other groundwater dependent mires are most likely not significantly affected by groundwater quantity. 

According to the current knowledge, there are no valuable or protected mires depending on other 
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groundwater bodies that are threatened by groundwater level decrease caused by groundwater 

abstraction.      

The proposed scheme for monitoring the potential effect of groundwater on a GDTE is following: 

 Determine the groundwater catchment of the GDTE. 

 Establish at least one groundwater monitoring well (level and quality) on the groundwater 

catchment and preferably also one monitoring well (only level) downstream of the GDTE. If the 

GDTE is only supported by the GWB, then the well should be established in the direction of the 

potential pressure. 

 Establish monitoring well(s) for mire-water level and quality on the GDTE. 

 Measure water quality in the wells four times a year. If the GDTE is not fed by the groundwater body 

but is just supported by it, the water quality measurements are not needed. 

 Measure the water level in the wells using automatic sensors every 3 hours or manually at least 

once a month. 

3.2.6. Conclusions 

 Based on existing data, a total of 71 mires, mire complexes or groups of mires were determined that 

probably depend on GWBs. 26 of these depend on GWBs that had the highest priority according to 

the project scope statement (in northeastern Estonia and in nitrate vulnerable zones according to 

Nitrates Directive (1991)). A map layer and attribute table for GDTEs were compiled. 

 Criteria for evaluating the effect of GWBs on the mires were developed. In the case of the 

quantitative effect of the GWBs, the criteria are annual average or annual minimum mire water level 

compared to long-term average mire water level and annual average groundwater level compared 

to long-term average groundwater level. In the case of qualitative effect, there are no monitoring 

data of ƳƛǊŜǎΩ ǿŀǘŜǊ ŎƘŜƳƛǎǘǊȅΣ ŀƭǎƻ ǘƘŜ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ status of various mire types and their 

hydrochemistry are unknown. According to currently available data and the level of knowledge, 

there are no terrestrial ecosystems in Estonia that are in a bad status because of groundwater 

quality. 

 Methodology and evaluation schemes for assessing the potential quantitative and qualitative effect 

of groundwater bodies to GDTEs were developed. 

 Tests on the potential effect of groundwater bodies on GDTEs were performed as far as there was 

available data. 

 Conceptual modelǎ ǿŜǊŜ ŎƻƳǇƛƭŜŘ ŦƻǊ ǘǿƻ ƳƛǊŜǎ ό{Ŝƭƛǎƻƻ ƳƛǊŜ ŀƴŘ ƳƛǊŜ ƴŜŀǊ YǳǊǘƴŀ {ǳǳǊƧŅǊǾύ ǘƘŀǘ 

are probably dependent on a high-priority groundwater body and could suffer from anthropogenic 

influence via the GWB (by the water removal from oil-shale mines and groundwater abstraction 

from an intake).  

 Principles for monitoring schemes for GDTEs were given. 

3.3. Delineation of threshold values for groundwater dependent terrestrial ecosystems 

in United Kingdom 

Threshold values (TVs) are needed to determine the limits for pollutants which, if exceeded, would indicate 

a pressure that could be or is causing damage to GDTE. A combination of damaged GDTE (such as the failure 

to meet conservation objectives) and exceedance of the relevant TVs may require further investigations to 

confirm whether damage has occurred, to define hydrogeological and hydrochemical pathways between 

GWB and GDTE and finally assess the status of GWB. 
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UKTAG (2012) have derived GDTE TVs for British wetlands and sets out how these values should be 

improved in the future and what kind of information and knowledge is lacking. At the beginning it was 

proposed to develop TVs for nitrates and phosphates as the macronutrients N and P are the major chemical 

pollutants that impact GDTEs, and nutrient pressures are the most widespread pressures in UK GWBs. 

Standards for other pollutants may be developed in the future as more information (monitoring data) 

becomes available. 

3.3.1. Nutrients as a risk for GDTEs damage 

In general, higher nature conservation value is given to wetlands characteristic of low nutrient settings as 

they tend to be associated with a high species diversity per unit area and support more rare species that 

wetlands in higher nutrient settings. 

Changing nutrient conditions may change the relative competitive ability of individual plant species and can 

result in degradation or complete loss of high value species and communities; may change plant 

communities within GDTE; may increase dominance of particular plant species that are responsive to 

elevated levels of nutrients (for example, common reed, nettle) and may change the structure of particular 

plant communities (such as reedbeds) that affect their function as a habitat for birds or insects. 

Nutrients can enter GDTEs by various pathways: aerial deposition, surface water (during flooding) and 

through lateral water movement in the soil, groundwater, direct deposition (such as spreading of fertilizer) 

and re-mineralized nutrients within GDTE. 

Main factors affecting the sensitivity of wetlands to nutrients are: vegetation management (cutting and 

removal of biomass will remove nutrients); water management; reversibility impact (it is very costly and 

time consuming ǘƻ ǊŜǾŜǊǘ ŜŎƻǎȅǎǘŜƳΩǎ ƛƴƛǘƛŀƭ ǎǘŀǘǳǎύΤ ƴǳǘǊƛŜƴǘ immobilization (for example, phosphate 

immobilization by iron and calcium). 

3.3.2. Nutrient related wetland categories 

Different wetland types will have different dominant water sources and thus different exposure to 

nutrients. For example, wetlands fed by regular over-topping of rivers in comparatively fertile lowland 

situations tend to support productive vegetation dominated by a relatively few nutrient responsive species. 

Groundwater fed wetlands are less likely to be exposed to high nutrient pressure and will be characterized 

by less productive vegetation. Finally, predominantly by precipitation fed systems (such as bogs) are not 

naturally exposed to elevated nutrient concentrations thus will tend to be highly infertile and acidic. 

UKTAG (2012) groups wetlands into 11 broad categories that take into account trophic classes and ecology 

according to the following criteria: 

 Dominant water source (precipitation/ surface and groundwater); 

 Landscape setting (valley bottom, slope etc.); 

 Intrinsic wetland sensitivity (based on expert judgement). 

The categories are: 1) quaking bogs; 2. wet dunes; 3. fens (mesotrophic) and fen meadows; 4. fens 

(oligotrophic) and wetlands at tufa forming springs; 5. wet grasslands; 6. wet heaths; 7. peatbogs and 

woodlands on peatbogs; 8. wetlands directly irrigated by springs or seepage; 9. swamps (mesotrophic) and 

reedbeds; 10. swamp (oligotrophic); 11. wet woodlands. 

These categories are adapted from a functional wetland typology developed for Scotland (SNIFFER, 2009) 

and relate to the more detailed National Vegetation Classification and wider Natura 2000 feature types. 

The resulting wetland classes are still quite broad and it is therefore possible that the same category can 

contain a different set of species or species dominance at different altitudes. 
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3.3.3. Factors affecting the relationship between nutrient and wetland conditions 

Large variability around the mean nitrates or phosphates concentrations and its associated condition for 

each vegetation category was observed. Initial analysis of such a large variance pointed out differences 

between countries, whereby nitrate values in GDTEs of the same type were often much lower in Scotland 

and Wales than they were in England.  

It was decided to study if the variability was due to catchment related factors such as catchment size, land-

use and geology. As the possible reasons for a variance were identified: dominant land use (arable, 

woodland, grassland, heath, urban, coastal); mean altitude of the wetland above ordnance datum (above 

or below 175 m); catchment geology (using WFD generic geology types; categories: organic, calcareous, 

siliceous and salt); catchment size (using WFD generic catchment size types; categories (extra small, small, 

medium and large)); mean annual recharge to the groundwater (used categories: low (0-200 mm/annum); 

medium (200-400 mm/annum); high >400 mm/annum). 

Several reasons were pointed out why some GDTEs were observed to have a good status, though they were 

fed by groundwater containing nutrient concentrations that looked elevated at first sight: 

 Wetlands at lower altitudes have changed due to historic nutrient changes; 

 The wetland categories used were broad and included a range of National Vegetation Classification 

communities within the categories; 

 Groundwater nitrate and phosphate concentrations were lowered in the pathway from aquifer to 

wetland in situ groundwater due to chemical processes, and the potential GWB pressure had 

therefore not been transferred to the wetland vegetation; 

 Phosphate may be limiting plant growth. Probably GDTEs in the lowlands that experience elevated 

nitrate concentrations in the groundwater feeding the site were not ecologically impacted because 

the low phosphate concentrations curtail growth and restrict ecological change; 

 Probably some wetlands under elevated nitrate concentrations were already damaged or at least 

approaching a point where ecological enrichment would become apparent, but this was not yet 

recognized in the site condition assessment. 

3.3.4. Development of threshold values for groundwater dependent terrestrial ecosystems 

Threshold values were developed using three sources of information: 1) empirical correlation between 

wetland condition and chemistry data for hydrogeologically linked GWBs across the UK; 2) site specific 

investigations and 3) other published databases and literature. Step by step delineation approach is 

described in UKTAG (2012). 

TABLE 3 

Proposed groundwater nitrate (NO3 mg/l) threshold values (UKTAG, 2012) 

GDTE category 
Altitude 

<175m AOD >175m AOD Any altitude 

Quaking bog 18 4  

Wet dune   13 

Fen (mesotrophic) and fen meadow 22 9  

Fen (oligotrophic and wetlands at tufa forming springs) 20 4  

Wet grassland 26 9  

Wet heath 13 9  

Peatbog and woodland on peatbog   9 

Wetland directly irrigated by spring or seepage   9 

Swamp (mesotrophic) and reedbed   22 

Swamp (oligotrophic)   18 

Wet woodland 22 9  
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The analysis of phosphate concentrations was more problematic due to low variability of phosphate 

concentrations between wetlands in good and poor conditions and high number of values under detection 

limit. The main factors or their combination leading to such results are: the wetland ecology might be 

predominantly impacted by nitrate coming from the groundwater, whereas phosphates are more likely to 

be transported through surface waters and the wetlands investigated may be nitrogen limited. 
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4. Development of joint methodology for identification and assessment of 

groundwater dependent terrestrial ecosystems in Gauja-Koiva river 

basin 

4.1. Groundwater monitoring in Estonia and Latvia 

4.1.1. Groundwater monitoring in Estonia 

In Estonia regular observations of groundwater regime were started in 1946, the planned development of 

a hydrogeological observation network began in 1960. The general coordinator of the monitoring 

programme is the Ministry of the Environment in cooperation with the Environmental Board, the 

Environmental Inspectorate, the Environment Agency and the Environmental Investment Centre. 

The water monitoring programme prepared for the second period (2016ς2021)4 of the river basin district 

management plans helps to monitor the achievement of environmental objectives, assess the impact of 

human activity and gain reliable data on the actual environmental status of water bodies. The water 

monitoring programme is an activity plan prepared in accordance with the WFD establishing a framework 

for Community action in the field of water policy (WFD) article 8, Annex 5, and the requirements from the 

legislation Water Act and Minister of the Environment regulation no 49 Sampling methods. Monitoring is 

used to evaluate the chemical and quantitative status of groundwater. The monitoring programme provides 

an overview of the methods used for planning monitoring and the planned monitoring locations, monitoring 

frequencies and indicators to be monitored. 

4.1.1.1. Monitoring of the quantitative status of groundwater bodies 

The number and location of monitoring points for the quantitative status of groundwater bodies is chosen 

in the following manner: 

1) it allows to consider the long- and short-term changes in the recharge of groundwater bodies while 

measuring the groundwater body water levels; 

2) the number and location of monitoring points for the quantitative status of groundwater bodies at 

risk must additionally allow to evaluate the impact of water abstraction and water discharge on the 

groundwater levels; 

3) the number and location of monitoring points for the quantitative status of transboundary 

groundwater bodies must additionally allow to evaluate the direction and quantity of groundwater 

flow across the state border. 

On the basis of the abovementioned, the spatial denǎƛǘȅ ƻŦ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ōƻŘƛŜǎΩ ƳƻƴƛǘƻǊƛƴƎ ƴŜǘǿƻǊƪ 

depends most directly on the level of human impact on groundwater (water abstraction, intensity and 

nature of industrial activity, including mining and agriculture) in different regions. 

For this reason, a denser network of groundwater monitoring wells has been designated for the Ordovician 

Ida-Viru and the Ordovician Ida-Viru oil-shale basin groundwater bodies, where the pressure on 

groundwater is the highest due to oil shale mining. A relatively dense monitoring network is also designated 

for the Cambrian-Vendian type groundwater bodies, as these are subject to the most intense consumption 

of groundwater which have caused the formation of extensive cones of depression in groundwater. The 

cones of depression may increase the risk of saltwater intrusion from the Baltic Sea or from the underlying 

crystalline bedrock. 

The quantitative status of the Cambrian-Vendian, the Cambrian-Vendian Gdov, the Cambrian-Vendian 

Voronka and the Ordovician-Cambrian groundwater bodies from the West-Estonian river basin, the 

 
4 http://www.envir.ee/et/vesikondade-veeseireprogramm-2016-2021 
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Ordovician-Cambrian groundwater body from the East-Estonian river basin, the Silurian-hǊŘƻǾƛŎƛŀƴ tŅǊƴǳ 

and the Quaternary Vasavere body are at risk because of groundwater overdraft. Therefore, the changes in 

the groundwater levels of these layers need to be monitored meticulously to avoid saltwater intrusion or 

ŘŜǘŜǊƛƻǊŀǘƛƻƴ ƻŦ D².Ωǎ ǉǳŀƴǘƛǘŀǘƛǾŜ ǎǘŀǘǳǎ ŎƻƴŘƛǘƛƻƴŜŘ ōȅ ǘƘŜ ǿƛŘŜƭȅ ǎǘǊŜǘŎƘŜŘ ŎƻƴŜ ƻŦ ŘŜǇǊŜǎǎƛƻƴ ŘǳŜ ǘƻ 

groundwater overdraft. This allows us to implement timely measures to maintain a good quantitative status 

of the groundwater body and to avoid overdraft of groundwater. 

If the good status of a GWB or a group of GWBs is not at risk and the GWBs have similar hydrogeological 

conditions, the monitoring of the quantitative status of groundwater may be optimized. This means that 

not all GWBs need to have at least three monitoring points. This is why the East-9ǎǘƻƴƛŀƴ ǊƛǾŜǊ ōŀǎƛƴΩǎ 

Quaternary aquifers (except for the Quaternary Vasavere and Quaternary Meltsiveski groundwater bodies 

which are in a bad state) have one bore well each for the monitoring of quantitative status. The GWBs of 

Quaternary Prangli, Middle and Lower Devonian Kihnu and Middle and Lower Devonian Ruhnu located on 

islands also have one bore well each for monitoring the quantitative status of groundwater. 

In general, the monitoring wells were chosen from the existing ones. The reliability of evaluating the status 

of groundwater bodies with the existing monitoring network was evaluated, considering the heterogeneity 

of groundwater bodies and spread of monitoring points. As a result, it was decided to restore some of the 

monitoring wells conserved during previous years in areas with insufficient coverage and add additional 

monitoring wells. The vertical coverage of groundwater bodies is ensured with groups of monitoring wells 

with different open intervals. 

The monitoring of the quantitative status of groundwater bodies includes measuring the water levels of 

groundwater bodies and, if necessary, the quantity of water flow in springs and gaining watercourses. 

For monitoring of groundwater bodies quantitative status there are 247 monitoring wells where water level 

data is gathered with the frequency of 1 time per year, 1 time per month (manual measurements) or with 

automatic sensors 8 times per day (in 163 monitoring wells). To ensure that the water level data collected 

during the monitoring of the quantitative status of groundwater bodies is comparable with meteorological 

measurements, the automatic sensors are set to measure simultaneously in every three hours. 

4.1.1.2. Monitoring of the chemical status of groundwater bodies 

The electrical conductivity of groundwater and its chemical composition need to be measured for the 

evaluation of the chemical status of groundwater. Before taking samples, water needs to be pumped out 

of the bore well at least until the values of field parameters (pH, electrical conductivity, dissolved oxygen 

concentration, temperature) have stabilized. This ensures that samples are taken from groundwater and 

not from the water that has remained in the well. However, it is desirable that at least 4-6 well volumes are 

pumped out of the observation well to ensure that sampled water originates from the aquifer and not from 

stagnant water in the well casing. According to the regulation No.49 of the Minister of the Environment 

ά{ŀƳǇƭƛƴƎ ƳŜǘƘƻŘǎέ5, the following measurements must be taken on site, together with water samples: 

water temperature; contents of dissolved gases, e.g. oxygen; electrical conductivity; pH, i.e. the negative 

logarithm of hydrogen ion concentration. 

The network for monitoring the chemical status of groundwater is prepared in a way that would allow a 

reliable evaluation of the chemical status of each groundwater body. The monitoring network must also 

allow to describe the natural and anthropogenic changes in the chemical composition of groundwater and 

the significant and constant changes in pollutant concentrations, and to evaluate the achievement of 

environmental objectives for areas that are dependent on groundwater and need protection. 

 
5 https://www.riigiteataja.ee/akt/108102019001  

https://www.riigiteataja.ee/akt/108102019001
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Furthermore, the monitoring points must be evenly spread across the groundwater body vertically as well 

as horizontally. The evaluation of the chemical status of groundwater depth-wise has been ensured in 

Estonia with groups of monitoring wells with different open intervals. The representability of monitoring 

points is ensured by choosing an appropriate open interval at an observation point typical of the 

groundwater body, i.e. with the bore well construction and water abstraction. The layouts of monitoring 

points must consider the size of the area that an observation point is representative of. Local sources of 

pollution (point source pollution) need individual monitoring. 

Water samples for monitoring the chemical status of groundwater bodies are taken during the summer 

minimum period of groundwater levels in shallow groundwater bodies and at any time from the confined 

groundwater bodies formed in the Cambrian-Vendian, Ordovician-Cambrian, Lower-Middle Devonian and 

Silurian GWBs underlying the Lower-Middle Devonian GWBs. 

According to the recommendations of the European Commission, the following elements are considered as 

the main elements of groundwater, which allow to designate the hydrogeochemical class of groundwater 

and check the quality of monitoring analysis: Na, K, Ca, Mg, Cl, SO4, NO3, HCO3, Fe, Mn, NH4. Changes in the 

hydrogeochemical type of groundwater is the first indicator for changes in groundwater caused by either 

anthropogenic or natural factors. The abovementioned ions also allow us to check whether the analysis 

results of water samples are reliable. This is why these indicators are monitored in each and every 

groundwater body. 

In each groundwater body, the following data is collected at least once per year: electrical conductivity, pH, 

dissolved oxygen concentration (O2), hardness, chemical oxygen demand on the basis on Mn (COD-Mn), 

concentration of ammonium ions (NH4
+), nitrate ions (NO3-), chloride ions (Cl-) sulphate ions (SO42-), macro-

components characteristic of the chemical composition of groundwater (HCO3
-, Ca2+, Mg2+, Na+ and Fe), 

which are necessary for establishing the chemical type of groundwater. Cl-- and Na+-ions serve as indicators 

of saltwater intrusion and increase of electrical conductivity. 

Annex I of the Groundwater Directive establishes groundwater body threshold values for nitrates (50 mg/l) 

and the concentration of pesticides, including their metabolites, degradation and reaction products (0.1 

ҡƎκƭ ŀƴŘ лΦр ҡƎκƭ ƛƴ total) applied across the union. The concentrations of these pollutants need to be 

monitored in all groundwater bodies. 

According to Annex I of the groundwater directive, the concentration of pollutants in groundwater bodies 

formed from the deeper well protected layers of groundwater, may be measured once in every two water 

management plan periods (12 years). 

In Estonia, the threshold values for monophenols, petroleum products, benzene and sum of PAHs have 

been designated on the basis of pollutant concentrations in some groundwater bodies. Therefore, water 

samples must be taken from these groundwater bodies to measure the concentrations of these pollutants. 

Pursuant to Part B of Annex II of the Groundwater Directive, at least once during the duration of a water 

management plan, data about the following pollutants must also be collected from each groundwater body: 

arsenic, cadmium, lead and mercury, and also trichloroethylene, tetrachloroethylene and other synthetic 

substances. 

For monitoring of groundwater bodies qualitative status there are 227 monitoring wells where water 

chemical analysis is gathered with the frequency of 1 time per year.  

4.1.1.3. Additional monitoring of groundwater bodies in nitrate-sensitive areas 

Additional monitoring of groundwater bodies in nitrate-sensitive areas is carried out in the main monitoring 

points (in 53 locations) as well as additional monitoring points (in 72 locations) which differ in terms of 

monitoring frequencies. Koiva water basin is not considered as a nitrate-sensitive area. 
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²ƘŜƴ ǘŀƪƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊ ǎŀƳǇƭŜǎ ǘŜƳǇŜǊŀǘǳǊŜ όǘϲύΣ ŘƛǎǎƻƭǾŜŘ ƻȄȅƎŜƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴ όh2), pH and electrical 

conductivity is measured on site. In nitrate-sensitive areas the monitoring frequency for nitrate compounds 

(NH4 and NO3) is 1-4 times per year, for phosphates (PO4) 1-2 times per year and for pesticides 1-2 times 

per one water management plan cycle (6 years). In 8 main monitoring points petroleum products, benzene 

and sum of PAHs analysis are taken once per one water management plan cycle. The concentrations of 

other relevant chemical substances are measured once per year for the main and additional monitoring 

points. 

The concentration of pesticides, pesticide ingredients, including their metabolites, degradation and 

reaction products is measured every year in relevant main or additional monitoring points for groundwater 

bodies located in nitrate-sensitive areas. 

To ensure the reliability of the monitoring data, the parties fulfilling their contractual obligations are 

required to hold a certificate of attestation for taking water samples in order to guarantee that water 

samples are taken as required. All water samples must be analyzed in a laboratory which has accreditation 

for the analysis of the given water type and indicators. A quality system like this shall guarantee the 

reliability of data from the moment of taking the samples till the analysis results of data, as the attestation 

and accreditation system shall guarantee control and supervision over the entire data supply chain. 

Groundwater monitoring in the Koiva River Basin District is carried out in 7 wells. Of these, groundwater 

quality observations are made in 5 wells, while groundwater quantity is monitored in 2 wells (ANNEX 3). 

4.1.2. Groundwater monitoring in Latvia 

Regular surveys of groundwater quality in Latvia have been conducted since 1959. The objectives and scope 

of the groundwater monitoring network varied over time, mainly due to changes in regulatory documents 

as well as global trends in groundwater monitoring. The groundwater monitoring network was mainly set 

up between 1959 and 1991, initially to assess the water quality of deep pressurized aquifers and their 

changes, as these aquifers began to be used intensively for centralized drinking water supply not only in 

cities during this period, but also in populated rural areas. Gradually, it was supplemented by the addition 

of "level principle" monitoring stations, which consist of well-placed boreholes with filters at various 

intervals up to a depth of 200-400 meters, and the installation of "balance stations" with shallow boreholes. 

From 2004, the groundwater monitoring network also includes springs. This is an important improvement 

in the monitoring network, as springs with high water flow mostly represent water quality in much larger 

catchment areas than wells and are an important indicator of diffuse pollution. 

In Latvia, groundwater monitoring simultaneously fulfills the requirements of the Nitrates Directive and the 

Water Framework Directive (WFD, 2000/60/EC). The primary objective of nitrate monitoring in Latvia is to 

detect any nitrate contamination to ensure good drinking water quality throughout the country, as well as 

to reduce the impact of nitrate pollution on small and large rivers whose waters flow into the Baltic Sea. In 

the current reporting period (report of the Nitrates Directive 2012-2015), 68% of all monitoring observation 

points represent confined aquifers which in Latvian hydrogeological conditions are less vulnerable to 

nitrates pollution compared to shallow Quaternary and fractured aquifers. Thus, regarding the Nitrates 

Directive, sampling of shallow wells and springs should be the priority and deeper wells could be monitored 

in cases when pollution is found in the upper aquifers. 

Under the constraints of limited funding, the groundwater monitoring programme is being adapted to the 

requirements of the two directives (Nitrates Directive and WFD), which are not equivalent. The WFD 

requires the identification of the background level of natural chemical composition and trends in the 

aquifers used in the main water supply of underground water bodies, which in the case of Latvia are deeper 

confined water. The current groundwater monitoring programme is more adapted to fulfill the 

requirements of the WFD than to fulfill the requirements of the Nitrates Directive. 
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Groundwater monitoring provides data on the status of the groundwater body. It is the main and strategic 

goal of monitoring in any year of the monitoring programme period. Achieving good groundwater status in 

all groundwater bodies and assessing the risk of failing to achieve this goal is the main objective of 

groundwater resource management. Groundwater monitoring is primarily done at groundwater body level, 

while integrating river basin management into a common strategy for achieving environmental quality 

objectives. 

Groundwater status within the monitoring network is observed in 311 wells at 61 stations and 30 springs. 

Of these, quality (chemical composition) observations are provided at 53 stations in 218 wells and 30 

springs, while quantitative (water levels) observations at 60 stations in 305 wells. Accordingly, groundwater 

monitoring in the Gauja River Basin District is carried out at 6 stations in 23 wells and 12 springs. Of these, 

groundwater quality observations are made in 21 wells and 12 springs, while underground water quantity 

is monitored in 23 wells (ANNEX 3). 

The frequency of monitoring observations during the six-year cycle of monitoring of river basin districts 

includes a detailed breakdown of monitoring stations by groundwater bodies and types of monitoring. 

Monitoring points that are monitored each year and observable parameters for groundwater quality can 

vary according to the annual monitoring plans developed. The frequency of groundwater monitoring is 

variable: the frequency of quantitative observations ς two times a day (automatic level measurements) up 

to four times a year, and the frequency of groundwater chemical observations is four times a year, up to 

once a year (over a six-year period, it changes from one time in six years to one time each year). 

Groundwater quality monitoring parameters are traditional field measurements, key ions, nitrogen 

compounds and their ionic forms, heavy metals, chemical pollutants, and pesticides (atrazine, simazine, 

bentazone, MCPA, promethrin, propazine, 2,4-D, MCPB, isoproturon, aclonifene, bifenox, aldrin, dieldrin, 

heptachlor, heptachlor epoxide, dimethoate, cypermethrin, alpha-cypermethrin, trifluralin). Chemical 

pollutants are monitored only in urban areas, artificially replenishing groundwater resources, as well as in 

the areas of water extraction and associated potential cones of depression. Pesticides are monitored in 

agricultural areas, including monitoring stations that coincide with the nitrate vulnerable zone. Primary 

pesticides are analyzed in the first sensitive and unprotected lower-lying aquifer, and in the case of pesticide 

detection, the deepest aquifers are sampled. Other observable parameters are observed at all monitoring 

points (both wells and springs). 

The frequency of monitoring observations and its determination in the following years may change, taking 

into account the new monitoring data obtained, experience gained, developed scientific projects in 

connection with the implementation of the WFD, and new requirements of EU and regulatory enactments 

in the Republic of Latvia. This will be assessed by developing a monitoring plan for each specific year. 

4.1.3. Comparison of groundwater chemical monitoring in Estonia and Latvia 

In general, Estonian and Latvian groundwater monitoring programmes are quite similar, but there are some 

differences in the observed water quality indicators (TABLE 4). The main difference is that in Estonia until 

now, total phosphorus and nitrogen are not measured in the groundwater. This is also problematic from 

the GDE (groundwater dependent ecosystems) point of view because in surface water monitoring, those 

are one of the main parameters for deciding the ecological status of the habitat (Terasmaa et al., 2020). 

Marandi et al., (2019) have suggested that threshold values of total phosphorus and nitrogen should be 

established in the GWBs strongly influencing the GDEs in the area and that these parameters should be 

gradually integrated into the existing monitoring strategy. 
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TABLE 4  

The aggregated list of observed water quality indicators of GWBs in Estonia (EE) and Latvia (LV) 
(Terasmaa et al., 2020) 

Parameters LV EE  Parameters LV EE 

Traditional measurements  Nitrogen compounds and their ionic forms 

Temperature Yes Yes  NH4
+, mg/l Yes Yes 

Conductivity 200/Σ ҡ{κŎƳ Yes Yes  NO2
-, mg/l Yes Yes 

pH index Yes Yes  NO3
-, mg/l Yes Yes 

Eh, mV Yes Yes  Ntot., mg/l Yes No 

Fetot., mg/l Yes Yes  TOC, mg C/l Yes No 

O2 dissolved, mg/l Yes Yes  DOC, mg C/l Yes No 

Key ions  UV absorption, cm-1 Yes No 

Na+, mg/l Yes Yes  Permanganate index, mg/l Yes Yes 

K+, mg/l Yes Yes  Heavy metals 

Ca2+, mg/l Yes Yes  /ŘΣ ҡƎκƭ Yes Yes 

Mg2+, mg/l Yes Yes  tōΣ ҡƎκƭ Yes Yes 

Cl-, mg/l Yes Yes  bƛΣ ҡƎκƭ Yes No 

SO4
2-, mg/l Yes Yes  IƎΣ ҡƎκƭ Yes Yes 

HCO3
-, mg/l Yes Yes  !ǎΣ ҡƎκƭ Yes Yes 

aƴΣ ҡƎκƭ Yes No  Chemical pollutants 

Ptot., mg P/l Yes No  ¢ǊƛŎƘƭƻǊŜǘƘȅƭŜƴŜΣ ҡƎκƭ Yes Yes 

PO4
3-, mg/l Yes Yes  ¢ŜǘǊŀŎƘƭƻǊƻŜǘƘȅƭŜƴŜΣ ҡƎκƭ Yes Yes 

Total hardness, mmol/l Yes Yes  ¢ǊƛŎƘƭƻǊƻƳŜǘƘŀƴŜΣ ҡƎκƭ Yes Yes 

 

1,2-dichloroethaneΣ ҡƎκƭ Yes Yes 

.¢9·Σ ҡƎκƭ Yes Yes 

Pesticides Yes Yes 

4.2. Groundwater assessment in Estonia and Latvia 

Groundwater body (GWB) is a management unit established in the Water Framework Directive (WFD) to 

ensure good groundwater status and to protect groundwater resources and associated ecosystems from 

further deterioration. Due to large heterogeneity of European aquifers, there is no unified methodology on 

how to delineate GWBs. The approaches vary between Member States and often also between neighboring 

countries with similar hydrogeological conditions. According to WFD, common principles are needed to 

manage groundwater resources in transboundary areas. Within a transboundary river basin, water 

management activities should be jointly coordinated for the whole of the river basin district between 

involved Member States. 

At the beginning of WFD implementation, it was encouraged to harmonize approaches how each Member 

State delineate GWBs. However, the harmonization process could lead to not only changed boundaries of 

GWBs, but also to changes in long-term monitoring networks, which consequently would increase the need 

for extra investments in new monitoring stations and review of whole RBMPs. Now Member States do not 

plan to harmonize GWBs, but only exchange GWB delineation strategies to take that into account when 

analyzing GWB status differences in transboundary areas. 

This section contains a summary of the implementation of groundwater monitoring in Estonia and Latvia, 

paying more attention to monitoring of groundwater quality (chemical composition). The aggregated list of 

observable parameters for groundwater quality between countries is attached in ANNEX 3. 
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Currently there are 31 GWBs delineated in Estonia (FIGURE 6). From these 8 GWBs are at risk (FIGURE 5). 

In Estonia the GWB status assessments have been made in 2014 όh« IŀǊǘŀƭ ǇǊƻƧŜƪǘΣ ¢ǸǊƪύ and in 2015 

(Perens et al). In the Gauja-Koiva river basin there are 2 GWBs that have a good status based on both 

quantity and chemical composition (FIGURE 5). At the moment (2019-2020) there is in progress a new GWB 

status assessment report that is prepared by GSE as conducted by Estonian Environmental Agency. 

 

FIGURE 5 Status of groundwater bodies in Estonia, based on 2014 assessment 
(orange color marks GWBs in bad status) 

In Latvia, the status assessment of the GWBs was updated in 2015, taking into account the old boundaries 

of GWBs (previously 16 GWBs have been identified). Based on this assessment, all GWBs were in good 

quantitative status and three regional areas within those GWBs (which were not identified as separate 

GWBs but as part of the respective Pos) were in poor qualitative status. 

In 2018, the boundaries of the GWBs were reviewed and a total of 25 GWBs were delineated, of which 3 

GWBs were assessed being in poor quality status (GWBs at risk) and the remaining 22 GWBs will be assessed 

within the 3rd period River Basin Management Plan cycle (2022-2027). Currently, there is only one GWB at 

risk in the Gauja-Koiva river basin, where poor quality status is noted (see Chapter 4.2.2, FIGURE 10). 

4.2.1. Groundwater body delineation approaches in Estonia 

The methodology used in the delineation of Estonian GWBs is based on the guidance documents by 

European Commission on the common implementation strategy of the WFD and Groundwater Directive.  

A detailed description about the Estonian delineated GWBs and their boundaries can be found in a GSE 

published report Perens et al (2012). In 2018 and 2019 GSE, as commissioned by the Ministry of the 

Environment, synthesized information collected on Estonian GWBs and updated their conceptual models 

according to the new dataset (Marandi et al., 2019). 
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In general, the delineation of GWBs in Estonia was carried out by taking into account the following general 

criteria: natural baseline quality of groundwater, hydrogeological parameters of aquifer-forming rocks, the 

extent of vertical water exchange between different aquifers, possible anthropogenic pressures and socio-

economical aspects (Perens et al. 2012). The delineation of the GWBs was carried out by combining the 

borders of the existing hydrostratigraphic units (aquifer systems), the coastline, Estonian land border and 

the limits of river basin districts in Estonia (Ibid.). In deeper aquifer systems the chloride concentration of 

350 mg/L was chosen as a limit to the extent of GWBs due to the fact that more saline waters do not comply 

with drinking water quality standards (Ibid.).  

GWBs in Estonia are delimited in three dimensions, which means determining the aquifers overlying and 

underlying strata, surface elevations and the overall thickness of the groundwater body. The three-

dimensional nature has been achieved by creating cross-sections for each GWB.  

In most cases, the aquifers that form the GWB are separated by aquitards. In the absence of an aquitard 

between different GWBs, the boundary between them is defined by different lithological composition and 

the resulting water type differences. Due to the different nature of groundwater flow, a distinction is made 

between porous aquifers, where groundwater flows mainly through the pores of granular rocks 

(sandstones), and fissured-karstic aquifers (carbonate rocks), where groundwater flows along fissures and 

interconnected crevices. This different behavior of the hydrogeological system also results in different 

measurement frequencies for groundwater monitoring and determines the need to distinguish GWBs 

composed of carbonate and siliciclastic rocks in the hydrogeological section. As the geological setting of 

Estonia is characterized by wide lateral distribution of different bedrock formations and similar 

hydrogeologic conditions in aquifers in different parts of the country, the GWBs comprising bedrock 

aquifers have quite a wide lateral extent (FIGURE 6, FIGURE 7, FIGURE 8). 

From the Estonian legislation Water Act6 it is predefined that GWB has to be delineated if one of the 

following conditions is met: (1) a groundwater resource allocation has been calculated and approved for a 

part off or for the whole of the aquifer; (2) the aquifer supplies drinking water to at least 50 people; (3) at 

least 10 m3 of water per day can be abstracted from the aquifer at present or are planned to be abstracted 

in the future; (4) the natural chemical composition of groundwater is such that it can be used for drinking 

water. Marandi et al. (2019) have suggested that due to a large number of GWBs that would have to be 

established (mostly in Quaternary aquifers of local extent) when these conditions are followed by the letter, 

the legislations should be changed so that the GWBs can be determined if one of the above conditions is 

met but there is no obligation for it. 

Among many smaller changes to the existing GWB network in Estonia, Marandi et al. (2019) suggested two 

general ones to the initial GWB delineation developed by Perens et al. (2012). The first concerns the deep 

Ordovician-Cambrian GWB in the East Estonian river basin district. It was recommended that this GWB 

should be split up into two separate GWBs due to different anthropogenic pressures affecting different 

areas underlain by the GWB (potential effects of current oil shale and future phosphorite mining in north-

eastern Estonia and groundwater abstraction in south-eastern Estonia).  

The second general change to the GWB delineation is broader and concerns the Quaternary aquifers in 

Estonia. In the delineation developed by Perens et al., (2012), small 13 Quaternary GWBs were established 

based on the areas where groundwater from the Quaternary aquifers forms an important source of water 

supply. Other Quaternary aquifers were not considered as part of the GWB framework in Estonia. However, 

as Quaternary aquifers all over the country can affect the formation of groundwater quality, the infiltration 

rates and the transmission of anthropogenic pollution from the land surface to the subsurface, it was 

suggested that all Quaternary aquifers should be considered as a part of the Estonian GWB framework. The 

 
6 https://www.riigiteataja.ee/en/eli/527122019007/consolide  

https://www.riigiteataja.ee/en/eli/527122019007/consolide
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delineation of all Quaternary aquifers with a potential for water abstraction or having an important 

influence to the groundwater dependent ecosystems as separate GWBs would have led to formation of 

hundreds or even thousands of new Quaternary aquifers, which would not have been administratively 

manageable. Thus, a simpler approach was implemented. All Quaternary aquifers were joined with the 

underlying bedrock GWB. This approach is justifiable, because in most cases the Quaternary aquifers form 

a unified hydrogeological system with underlying bedrock aquifers and have the same anthropogenic 

pressures affecting them. It also greatly facilitates the calculation of groundwater budgets for different 

GWBs. Four Quaternary aquifers which have a more regional importance to the water supply systems or 

which are located on islands and do not have an underlying bedrock GWB, were kept as separate GWBs in 

the new delineation. In the future new independent Quaternary GWBs can be delineated when water 

abstraction from an aquifer increases or when it is shown that they exert an important influence to the 

groundwater dependent ecosystems in the area. However, before such new GWBs can be delineated, a 

comprehensive monitoring network has to be put in place in the area in question, so that the quantitative 

and chemical status of the GWB can be properly assessed (Marandi et al., 2019). 

 

FIGURE 6 Groundwater bodies in Estonia (Marandi et al., 1997) 
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FIGURE 7 Geological map of Estonia and hydrogeological cross-section of Estonian bedrock together with the 
distribution of major aquifers and aquitards. Modified after tŅǊƴΣ нлму. 






























































































































































































































































