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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.  



 

13 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

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 
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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


 

35 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

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. 



 

37 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

 

FIGURE 8 Delineated groundwater bodies in Devonian aquifers (Marandi et al., 1997)  
(two GWBs (No.25 and No.26) are located in the Koiva river basin)  

4.2.2. Groundwater body delineation approaches in Latvia 

In 2018 Latvia has started GWB and GWB at risk review process. According to WFD, GWB delineation 

process should be iterative and ongoing considering new knowledge base and new monitoring data.  Step 

by step national GWB delineation approach is presented in FIGURE 9. 

The first step (FIGURE 9, step 1) in GWB review process was initial identification of aquifers and their vertical 

boundaries according to the existing national knowledge ς national hydrogeological stratification set in 

national legislation (MK noteikumi Nr.696) and freshwater distribution maps (Levins et al. 1998). This step 

is a common first step in the GWB delineation process in most Member States, because all national 

monitoring networks are built considering the national knowledge base. Ignorance of existing groundwater 

management principles would result in the need for installation of many new wells and monitoring stations 

which would be economically unreasonable and loss of long-term data series. As well basic hydrogeological 

conditions do not change over time and are still valid. 

Second step (FIGURE 9, step 2a) was identification of aquifers in terms of WFD. This means that only 

aquifers providing significant quantities of water should be considered as aquifers. For that reason, two 

main assessments were carried out. Firstly, the water abstraction fields were mapped to identify the areas 

where aquifers currently provide more that 100 m3/d of water and supply largest cities and villages. 

Secondly, the wells which currently supply or can provide more than 10 m3/d of water should be mapped. 

As we currently could not use such data due to database development, a stricter approach was chosen to 

select wells which might be used for more than 10 m3/d in the future. 

Then (FIGURE 9, step 2b) aquifers were identified according to freshwater distribution. According to WFD 

only freshwater or water which are used for drinking water supply after the traditional treatment processes 

(e.g. iron removal with aeration) should be considered as aquifer and be a part of GWB. In this step the 

areas which contain low water quality, are not used for water supply and there are better groundwater 
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quality aquifers above them, were not considered as aquifers and were excluded from GWBs. In some cases, 

low quality water areas were kept as a part of GWB as there are no better water resources available in the 

territory at the depth which is economically reasonable to install water supply wells. 

 

FIGURE 9 Schematic flowchart illustrating main steps and data pre-treatment  
procedures for groundwater body delineation in Latvia 

In the third step (FIGURE 9, step 3a) watersheds were modelled using 3D hydrogeological modelling results 

(Virbulis et al., 2013). This allowed us to take into account horizontal hydrogeological conditions. And it 

could be observed that initial GWB delineation carried out in 2008 provided more or less similar results at 

least for the upper aquifers. As there was a limited amount of data in 2008 and the process was mostly 

manual, then more differences were observed in deeper aquifers as was expected. 

Finally, GWBs in three dimensions were delineated based on all previous steps and considering existing 

monitoring networks. This was an essential step as delineation of GWBs should not be carried out only 

statistically and scientifically, but should take into account national opportunities to further monitor and 

assess the quantitative and chemical status of GWBs. For that reason, some of the watersheds were merged 

into larger GWBs only based on groundwater monitoring network distribution. In the future, when more 

funding is available for installation of new monitoring sites, the GWBs could be split. 

As a result, initially 22 GWBs in good status were identified and after additional data analyzes also three 

GWBs at risk were identified; altogether 25 GWBs were identified in Latvia. Delineation approach of GWB 

at risk F5 (seawater intrusion) and methodology for establishing background levels and threshold values is 
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described by .ƛƪǑŜ ŀƴŘ wŜǘƛƪŜ όнлмуύ and Retike anŘ .ƛƪǑŜ όнлмуύ. [±Ha/ όнлмуύ describes delineation 

approach of GWB at risk A11 (Sulphuric Goudron pollution), but [±Ha/ όнлмфύ describes delineation 

approach of GWB at risk Q2 (artificial recharge in Baltezers) and also methodology for establishing 

background levels and threshold values for two GWBs at risk A11 and Q2. 

Current boundaries of GWBs in Latvia and Gauja-Koiva river basin are represented in FIGURE 10. In the 

Gauja-Koiva river basin altogether five GWBs are located: four GWBs (Q1, D6, A8 and P) in good status and 

one GWB at risk A11 - {ǳƭǇƘǳǊƛŎ DƻǳŘǊƻƴ tƻƻƭǎ ƻŦ Lƴőǳƪŀlns. More detailed information about these GWBs 

is available in ANNEX 1. 

 

FIGURE 10 Groundwater bodies in Latvia and Gauja-Koiva river basin 

4.3. Habitat assessment in Estonia and Latvia 

4.3.1. Availability and quality of habitat data in Estonia 

The description and classification of the habitats of Estonia started in the 1930s. After joining the European 

Union, the habitats were reclassified based on the habitat types listed in Annex I of the European Council 

Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora 

(Habitats Directive) according to the national interpretation (Paal, 2007) of these habitat types. The national 

interpretation manual (Paal, 2007) was compiled according to the Interpretation Manual of European Union 

Habitats (European Commission DG Environment, 2013) and the detailed vegetation site type classification 

of Estonia (Paal, 1997). From the habitat types listed in Annex I of the Habitats Directive, 60 are found in 

Estonia. Majority of habitat types are coastal, forest, mire and grassland habitats; the number of 

freshwaters, rocky and marine habitat types is lower. For collecting the habitat data and for inventories, 

the guidelines and data forms have been prepared for each habitat class (e.g. forest, mire, grassland). In 

addition to data relevant for the characterization of Annex I habitat types, vegetation site types according 

to Paal (1997) are usually determined during inventories as well. 

https://www.envir.ee/et/eesmargid-tegevused/looduskaitse/natura-2000/loodusdirektiivi-elupaigatuubid-0
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A number of nationwide inventories have been conducted since re-establishing independence of Estonia in 

order to ascertain the occurrence and condition of various habitat types7. For example, national-scale 

inventories on the distribution and status of old-growth and natural forests; valuable forest habitats; 

coastal, floodplain, alvar and wooded meadows; and wetlands were performed in the 1990s. For the 

designation of Natura 2000 network, this information was used in addition to a national-scale inventory of 

Annex I habitat types performed in the early 2000s. 

After the establishment of the Natura 2000 network, the process of inventorying continued, new areas 

important for biodiversity were identified and the already known areas were re-inventoried. For example, 

marine habitats were inventoried within inventories performed from 2007 to 2011 and 2014 to 2016. A 

national-scale mire habitat re-inventory was made from 2008 to 2011 and a follow-up project started in 

2017 to amend and refine collected data. That inventory will be finalized in 2020. A national-scale coastal 

habitat inventory was carried out from 2014 to 2016. 

The main aim of the inventories is to elaborate the protection regime and management plans for the 

protected areas. Therefore, habitat inventories have been performed in a number of protected areas since 

2009. For example, over the last ten years, the forest habitats were re-inventoried in 84,000 hectares. 

The datasets of Annex I habitats are stored in the Estonian Nature Information System (EELIS). EELIS is the 

main database in Estonia for nature-related data, which was initiated in 1999 and it is maintained by the 

Estonian Environment Agency. In its essence, it is a geographical information system that consists of a 

desktop application working with Microsoft Windows, which is linked to a PostgreSQL geodatabase in a 

central server. Most of the data are added and managed via the desktop application by the specialists in 

the Environment Agency. The main users of EELIS are environmental officials, but rights for using the 

software for viewing and downloading spatial data may also be obtained by scientists and specialists 

working in the field of nature via specific contracts. 

Habitat data in EELIS is being constantly updated in cooperation between the Environmental Board and the 

Environment Agency. The Board orders inventories and the Agency enters the data to the database. The 

Řŀǘŀ ŦǊƻƳ ƘŀōƛǘŀǘǎΩ ƛƴǾŜƴǘƻǊƛŜǎ ƛǎ ǎǘƻǊŜŘ ƛƴ ǘƘe άnatura_elupaikέ dataset (the national dataset). If a habitat 

polygon or its attributes are updated according to a newer inventory, then the old polygon is archived and 

also the adjoining polygons are updated, therefore there are no overlapping polygons in the dataset.  

In adŘƛǘƛƻƴ ǘƻ ǘƘŜ άƴŀǘǳǊŀψŜƭǳǇŀƛƪέ ŘŀǘŀǎŜǘΣ ǘƘŜǊŜ ƛǎ ŀ ǎǇŜŎƛŦƛŎ ŘŀǘŀǎŜǘ ƻŦ ǎŜƳƛ-natural Annex I habitats to 

help site managers to manage these habitats in protected areas. This dataset differs from the 

άƴŀǘǳǊŀψŜƭǳǇŀƛƪέ ŘŀǘŀǎŜǘΦ ¢ƘŜǎŜ ǘǿƻ datasets may have overlapping polygons, different habitat boundaries 

and/or habitat code. Currently, the work to include the semi-ƴŀǘǳǊŀƭ ƘŀōƛǘŀǘǎΩ ŘŀǘŀǎŜǘ ƛƴǘƻ ǘƘŜ 

άƴŀǘǳǊŀψŜƭǳǇŀƛƪέ ŘŀǘŀǎŜǘ ƛǎ ƛƴ ǇǊƻƎǊŜǎǎΦ IƻǿŜǾŜǊΣ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ D5¢9ǎΣ ǘƘŜ inconsistency 

of these two datasets is manageable and combining these does not create significant problems. Generally, 

habitat polygons in the national and the semi-ƴŀǘǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎΩ ŘŀǘŀǎŜǘǎ Ŏƻƴǘŀƛƴ Ŧǳƭƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ 

their status (representativity, degree of conservation of structure, degree of conservation of functions, 

restoration possibilities and global assessment). Occasionally, though, no status information at all or only 

the representativity is given. Lack of status information is more typical for patches that are located outside 

of protected areas and have been inventoried a long time ago, as re-inventories have mostly been made in 

protected areas. 

Besides these two datasets, there are datasets from different non-governmental organizations (NGOs), e.g. 

9[CΣ tY«Σ Ŏƻntaining habitat data that are also stored in EELIS. The main NGO-maintained dataset that 

contains groundwater dependent habitats is the dataset of mires. It includes data from various national-

 
7 Table 5. Estonian habitat inventories from 1991 to 2007 in 
https://www.keskkonnaagentuur.ee/publications/329_PDF.pdf  

https://www.keskkonnaagentuur.ee/publications/329_PDF.pdf


 

41 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

scale mire inventories. Most of the habitat data from that dataset has not been transferred to the national 

dataset yet. That issue complicates the usage of the dataset of mires with the national habitat dataset for 

identifying GDTEs. Specific methodology would have to be developed in order to combine these two 

datasets, as polygon configurations, coverage and sometimes also habitat information differs significantly 

between them. 

Altogether, knowledge on the distribution and status of Annex I habitats in Estonia is quite good and is 

constantly improving. Also, the data is readily available for users. 

4.3.2. Availability and quality of habitat data in Latvia 

In Latvia, the habitats are being identified according to the national interpretation manual of the Annex I 

habitat types (!ǳƴƛƸǑ ό9ŘΦύΣ нлмо and its latest amendments in 2016, published in the website of the Nature 

Conservation Agency, www.daba.gov.lv). The national interpretation manual has changed several times, 

because it was gradually improved, as the knowledge on the habitat types, their characteristics (sub-types, 

species, etc.) and their geographical distribution constantly increase. In Latvia, 61 habitat types listed in the 

Annex I of the Habitats Directive have been identified, out of these two are marine and 59 terrestrial and 

freshwater habitat types. The largest number of the habitat types are coastal, forest, grassland and mire 

habitats. 

Habitat inventories are being done for various nature conservation and planning purposes (e.g. 

development of nature management plans, monitoring of Natura 2000 sites, inventories of semi-natural 

(biologically valuable) grasslands to implement agri-environmental scheme, different ecosystem 

restoration projects, e.g. under LIFE programme). There had been also habitat-specific inventories, e.g. 

inventories of semi-natural grasslands in 2000ς2002, 2005ς2009, and 2013; national scale and area-specific 

inventories of woodland key habitats in 1995ς1996 and in the early 2000s. With very few exceptions, only 

protected habitat types (i.e. Annex I habitat types) are being mapped. 

During the time period from 2017 to 2020, habitats are being inventoried and mapped within the so far 

largest national scale inventory that covers the entire teǊǊƛǘƻǊȅ ƻŦ [ŀǘǾƛŀΥ ǘƘŜ ǇǊƻƧŜŎǘ άtǊŜŎƻƴŘƛǘƛƻƴǎ ŦƻǊ 

ōŜǘǘŜǊ ōƛƻŘƛǾŜǊǎƛǘȅ ǇǊŜǎŜǊǾŀǘƛƻƴ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ǇǊƻǘŜŎǘƛƻƴ ƛƴ [ŀǘǾƛŀέ όǎƘƻǊǘ ƴŀƳŜΥ Nature Census), No. 

5.4.2.1/16/I/001). Since 2017, all surveyed habitat patches are attributed with a standard data field form 

which includes the basic information on the particular patch (habitat type according to the codes and names 

listed in the Habitats Directive, structures, functions and processes, impacts, characteristic species, 

protected species). The national scale inventory, both within and outside Natura 2000, is being carried out 

by certified habitat and species experts who are specially trained and have inter-calibrated their skills. 

Similarly, the habitat experts who contribute to nature management plans for protected nature areas, must 

be certified which means that certain qualifications and knowledge are required and must be improved on 

a regular basis. 

All the habitat data and large amount of species data are stored in the National Biodiversity Information 

Data System OZOLS (http://ozols.daba.gov.lv/pub/), full information available for authenticated users 

including data downloading and updating options, whereas unauthenticated users can view the habitat and 

some other data online. Habitat data in GIS-formats are available also from the Nature Conservation 

Agency, the national public authority responsible for biodiversity data, upon request. 

In 2019ς2020, the habitat data in the National Biodiversity Information Data System OZOLS did not yet 

cover the entire territory of Latvia, as all inventory data are being double-checked before uploading into 

the database that is a time-consuming process. All the data from the Nature Census project will be available 

in the OZOLS data system around mid-2021. However, the data in the data system are constantly being 

improved, e.g. after local, detailed inventories, surveys for various purposes, as well as the situation is 

https://www.daba.gov.lv/public/lat/dati1/vides_monitoringa_programma/#inventmetodika
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
http://ozols.daba.gov.lv/pub/
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constantly changing (e.g. protected habitats are being restored, replaced by other land use types, etc.). 

Therefore, the habitat data layer is never άcompƭŜǘŜŘέΦ 

In 2019ς2020, the quality of habitat data in Latvia was varying and uneven. The National Biodiversity 

Information Data System OZOLS contains both older information from earlier inventories, i.e. habitats 

mapped before 2017 (mostly without data field form information, only habitat code and sub-type, rarely 

some notes). In cases when the mapping has been done when developing nature management plans, more 

detailed, though descriptive, information can be found in the nature management plans (all available at the 

website of Nature Conservation Agency www.daba.gov.lv, in Latvian). Habitat patches mapped after 2017 

mostly contain field data forms and cover areas outside Natura 2000. 

Since numerous Natura 2000 sites or parts of them have been surveyed several times during the last decade 

and there had been slight differences in the national EU habitat interpretation, sometimes the data layers 

are overlapping with each other, i.e. certain habitat patches might be named with different codes or might 

have different patch configuration. 

Considering the varying habitat data quality, at the current stage (2019ς2020) before deeper analysis or 

further application the data user should critically revise the original data sources and, in the case of 

overlapping, use the newest data layers, which are of higher precision and contain more detailed 

information. 

Vegetation studies and maps of plant communities may provide deeper insight into ecological processes in 

D5¢9ǎΦ ±ŜƎŜǘŀǘƛƻƴ ƳŀǇǎ ŀƴŘ ǊŜƭŜǾŞǎ ǿƛǘƘ ƎŜƻǎǇŀǘƛŀƭ ǊŜŦŜǊŜƴŎŜ ƳƛƎƘǘ ƘŜƭǇ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ D5¢9 ǎƛǘŜǎ ŀƴŘ 

their quality. However, up to now, there have been few studies on the vegetation and ecological processes 

of GDTEs, i.e. spring ecosystems, fens and other. The vegetation might be a useful indicator to identify 

GDTEs, however, currently the data and knowledge on the vegetation variation in Latvia and underlying 

drivers (groundwater dependent and other) are insufficient. 

Several studies concerning vegetation diversity in groundwater dependent ecosystems (springs, fens, 

wetland forests) have been conducted in Latvia: forests ς by Prieditis (1997a, 1997b), springs ς by Pakalne 

όмффпύΣ tŀƪŀƭƴŜΣ 2ŀƪŀǊŜ όнллмŀΣ нллмōύΣ tŀƪŀƭƴŜΣ Yŀƭƴƛƴŀ όнллрύΣ takalne et al. (2007). There is a private 

TURBOVEG-based Mire Vegetation Database of Latvia (GIVD ID EU-LV-002) that comprises more than 1900 

ǊŜƭŜǾŞǎ όƛƴ нлмнΣ ǘƘŜ Řŀǘŀōŀse is being continuously being updated) described in mires (including GDTEs, 

ōǳǘ ƴƻǘ ƻƴƭȅύ ƛƴ [ŀǘǾƛŀ ōȅ [Φ !ǳƴƛƸŀ όAunina, 2012). There are studies which focused on certain species 

groups, e.g. bryophytes and algae in spring ecosystems (e.g. 'ōƻƭƛƸŀ, 1988; Pakalne et al., 2007; Medne, 

2015). In many cases, the spring-related vascular plant species have been explored (data available in 

different published and unpublished sources, e.g. OZOLS data system). The studies on spring-related species 

do not analyze the relation with groundwater-related parameters and groundwater-dependency of these 

species. So far, no inventories focused on GDTE locations have been carried out in Latvia. For in-depth 

analysis, vegetation data can be extracted also from the vegetation monitoring data sets, i.e. if monitoring 

was carried out in areas that can be considered GDTEs ς in most cases, such monitoring is/was conducted 

in nature conservation areas before and after restoration (grasslands, mires, rarely forests). These data are 

owned by the Nature Conservation Agency, scientific institutions or private owners. 

Only one ecohydrological study carried out in Latvia is known. The authors have explored the groundwater-

habitat-vegetation dependency in Slitere National Park (ElsheƘŀǿƛΣ нлмфΤ ²ƻƱŜƧƪƻ et al., 2019). The 

currently available published data can be used in identifying some GDTE areas, figuring out the diversity 

potential (vegetation variation) and, in a few cases, the data can be used in long-term landscape-scale 

monitoring of vegetation change in GDTEs. 

http://www.daba.gov.lv/
http://www.daba.gov.lv/
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4.4. Joint methodology  

4.4.1. GDTE identification methodology for Estonia and Latvia 

During the GroundEco project, GDTE identification was carried out both in Estonia and Latvia, but only in 

the Gauja-Koiva river basin. The Koiva basin in Estonia covers 1,309 km2; the Gauja basin in Latvia is nearly 

10 times larger with the total area of 13,039 km2. 

In identification of GDTEs, only the existing habitat and other available data were used. No special surveys 

(except for pilot areas, see Chapter 5) were carried out. Thus, the results may also reflect the data quality, 

though the impact of data deficiency on the result cannot be fully quantified. However, we assume that 

also in the future, the GDTE identification will be based on existing data sets, thus it will always depend on 

the habitat and other data quality and availability, unless special GDTE field inventories will be carried out. 

In the GroundEco project, it was decided that the joint methodology for the identification of GDTEs in 

Estonia and Latvia will be based on the classification of habitats listed in Annex I of the Habitats Directive 

(hereinafter ς Annex I habitat types). It is the path taken by most other EU countries (EC, 2014) and it is the 

only common classification that has been applied in both countries. The Annex I habitat types are all of 

Community interest and require protection according to the Habitats Directive, therefore they help to 

narrow down all potential groundwater dependent ecosystems to valuable groundwater dependent 

groundwater ecosystems, which should receive increased attention in terms of their status and well-being. 

To identify the GDTE locations in Estonia and Latvia, from the list of all terrestrial Annex I habitat types the 

ones were chosen that critically depend on groundwater input according to their definition in the EU 

manual for Annex I habitat identification and/or the national habitat interpretation. Each habitat type and 

its potential groundwater dependency was discussed by the experts involved in the GroundEco project. It 

was concluded that the habitat types that can be automatically considered GDTEs in Estonia and Latvia are:  

 Humid dune slacks (2190); 

 Fennoscandian mineral-rich springs and springfens (7160); 

 Calcareous fens with Cladium mariscus and species of the Caricion davallianae (7210*8); 

 Petrifying springs with tufa formation (Cratoneurion) (7220*); 

 Alkaline fens (7230); 

 Fennoscandian deciduous swamp forests (9080*).  

Some habitat types are considered GDTEs only in exceptional cases either in both countries, or only in one 

of the countries. These are as follows: 

 Molinia meadows on calcareous, peaty or clayey-silt-laden soils (Molinion caeruleae) (6410), 

 Hydrophilous tall herb fringe communities of plain and of montane to alpine levels (6430), 

 Active raised bogs (7110*), 

 Degraded raised bogs still capable of natural regeneration (7120), 

 Transition mires and quaking bogs (7140), 

 Bog woodlands (91D0*) (TABLE 5).  

In Estonia and Latvia, in most cases the habitat type 6410 has developed in slightly drained fens that have 

been used for hay making and/or pasturing in the past, i.e. these are semi-natural habitats. Therefore, 6410 

habitats are only considered GDTEs if they occur in larger GDTE habitat complexes, i.e. are part of a habitat 

complex which is predominantly fed by groundwater. 

Habitat types 6430, 7110*, 7120 and 7140 are considered GDTEs under certain circumstances only in 

Estonia. This is due to different national interpretations of Annex I habitats in both countries and different 

 
8 Except for Cladium mariscus stands in lakes, as they cannot be considered terrestrial 
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degrees of impacts on groundwater. In Estonia, the habitat type 6430 includes fens (national vegetation 

site type 3.1.1.), paludified grasslands (2.4.1.), and floodplain grasslands (2.2.1.) according to the Estonian 

national interpretation (Paal, 2007). The first two habitat sub-types depend on groundwater input, 

therefore these sites of habitat 6430 are considered GDTEs, whereas sites that contain floodplain grasslands 

are not. Habitat types 7110*, 7120 and 7140 are considered GDTEs only in Northeastern Estonia in the oil 

shale mining region (FIGURE 2 in Chapter 3.2.1), and the dependence is only quantitative not qualitative. 

They are not critically dependent on groundwater under normal circumstances, but are considered GDTEs 

as a precautionary measure, as studies have shown (Kalm & Kohv, 2009; Marandi et al., 2013) that the 

groundwater drawdown caused by extensive subsurface mining could lower the water level both in 

transition mires or bogs. Both in Estonia and Latvia, the habitat type 91D0* includes not only transition mire 

and bog woodlands, which are not critically dependent on groundwater, but also coniferous fen woodlands, 

which are critically dependent on groundwater. Therefore, the sites where habitat 91D0* consists of fen 

woodlands should be considered GDTEs in both countries, whereas other subtypes of 91D0* ς only in 

Northeastern Estonia, similarly as other habitats related with bogs and transition mires. In Estonia the 

distinction can be made if habitat inventories include data of national vegetation site types (fen forests ς 

4.1.1.). In Latvia, similar information is almost absent and currently it is not possible to make the 

distinction9.  

Other terrestrial habitat types related to waterlogged soils were not included in the list of groundwater 

dependent habitat types, because the experts involved in the GroundEco project assessed them to be more 

dependent on surface water or precipitation. These include the habitat type Boreal Baltic coastal meadows 

(1630*) that critically depends on seawater; Wet heaths (4010) critically dependent on precipitation; 

Northern Boreal alluvial meadows (6450), Alluvial forests (91E0*), Riparian mixed forests (91F0*) that 

critically depend on regular flooding. 

In Estonia and Latvia, the selection of GDTEs is not limited to the Natura 2000 network of protected nature 

areas, but refers to the entire territory of both countries. In the identification process, all mapped Annex I 

habitat polygons in the official habitat datasets in both countries should be used. In Estonia, it includes both 

the official habitat dataset and the semi-natural communitiesΩ dataset but not the mire dataset (see Chapter 

3.2.2.1.)   

In order to prioritize GDTEs, to select the most important sites, to limit their number and subsequent 

financial burden related to monitoring, a minimum areal limit is fixed to 10 ha or 20 ha for the habitat 

polygons (the minimum area is habitat- and country-specific) (TABLE 5). The exceptions are very rare habitat 

types, which, in most cases, are naturally confined to small areas. For these the minimum area considered 

is 1 ha: habitats 2190, 7160, 7220*. The minimum areal limits were differentiated according to the actual 

cover and level of fragmentation of specific habitat types in both countries. 

  

 
9 The groundwater dependent 91D0* subtypes could be distinguished in the habitat inventory data since 2017, 
however, not in older inventory data. Thus, these criteria cannot be fully applied in Latvia yet 
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TABLE 5  

Selected Annex I habitat types and additional criteria for selecting significant groundwater dependent 
terrestrial ecosystems in Estonia and Latvia 

Habitat types listed in Annex I  
of the EU Habitats Directive  
(European Commission 1992) 

Additional criteria used 
(Latvia/Estonia) 

Considered as GDTEs 

Humid dune slacks (2190), 
Fennoscandian mineral-rich springs and 
springfens (7160), Petrifying springs 
with tufa formation (Cratoneurion) 
(7220*) 

Single polygon with 1 ha area or smaller if part of a habitat complex with 
the total area of at least 1 ha. 

Calcareous fens with Cladium mariscus 
and species of the Caricion davallianae 
(7210*) 

Single polygon with 10 ha/20 ha area or smaller if part of a habitat 
complex with the total area of at least 10 ha/20 ha. Cladium mariscus 
stands in lakes are excluded. 

Alkaline fens (7230) Single polygon with 10 ha/20 ha area or smaller if part of a habitat 
complex with the total area of at least 10 ha/20 ha. 

Fennoscandian deciduous swamp 
forests (9080*) 

Single polygon with 20 ha area or smaller if part of a habitat complex 
with the total area of at least 20 ha. 

Considered as GDTEs in exceptional cases 

Molina meadows on calcareous, peaty or 
clayey-silt-laden soils (6410) 

Considered as GDTE if part of a GDTE habitat complex (e.g. 7210*, 7230) 
with the total area of at least 20 ha. 

Hydrophilous tall herb fringe 
communities of plain and of the montane 
to alpine levels (6430) 

Single polygon with 20 ha area or smaller if part of a habitat complex with 
the total area of at least 20 ha (only in Estonia where the habitat type, 
according to the national habitat interpretation, includes poor fens and 
poor paludified grasslands). 

Active raised bogs (7110*), Degraded 
raised bogs still capable of natural 
regeneration (7120), Transition mires and 
quaking bogs (7140) 

Single polygon with 20 ha area or smaller if part of a habitat complex with 
the total area of at least 20 ha (only in NE Estonia in oil shale mining region 
and only quantitative dependence), not considered GDTE in the rest of 
Estonia and in Latvia. 

Bog woodlands (91D0*) Transition mires and bog woodlands (only in NE Estonia in oil shale mining 
region and only quantitative dependence) - single polygon with 20 ha area 
or smaller if part of a habitat complex with the total area of at least 20 ha.  
Coniferous fen woodlands (included in 91D0*) (in both countries) - single 
polygon with 20 ha area or smaller if part of a habitat complex with the 
total area of at least 20 ha 

An additional criterion is the presence of GDTE-related species that include species of the protection 

categories I and II in Estonia (according to Paal & Leibak, 2011), and species that rely on groundwater-fed 

habitats listed in Annex II of the Habitats Directive in Latvia10 (the list of species is given in TABLE 6). The 

presence of such species makes the site a significant GDTE, even if it does not meet the areal threshold.  

Hereinafter the sites that comply with the above-mentioned criteria are called άǎƛƎƴƛŦƛŎŀƴǘ D5¢9ǎέΦ 

  

 
10 The different criteria of GDTE-related species are based on different principles of listing the protected species 
ƛƴ ōƻǘƘ ŎƻǳƴǘǊƛŜǎΦ ¢ƻ ŀǾƻƛŘ ōƛŀǎŜŘ ǎŜƭŜŎǘƛƻƴ ƻŦ ǎǇŜŎƛŜǎΣ ǘƘŜ άD5¢9 ǎǇŜŎƛŜǎέ ǿŜǊŜ ōŀǎŜŘ ƻƴƭȅ ƻƴ ŜȄƛǎǘƛƴƎ ǇǊƻǘŜŎǘŜŘ 
species lists, though the actual number of species, including threatened species, that depend on GDTE habitats 
may be higher.  
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TABLE 6  

GDTEs related species (additional criteria in identifying GDTE sites) 

Important species relying on GDTEs in Estonia 
(Protected species of the categories I and II. Species 

selection according to Paal & Leibak (2011), protection 
categories according to Government regulation 

No.195) 

Important species relying on GDTEs in Latvia 
(Species listed in Annex II of the Habitats Directive 

present in Latvia) 

Angelica palustris, Carex heleonastes, Carex irrigua, 
Coralorhiza trifida, Dactylorhiza incarnata ssp. cruenta, 
Dactylorhiza russowii, Eriophorum gracile, Gentiana 
pneumonanthe, Gymnadenia odoratissima, Hammarbya 
paludosa, Herminium monorchis, Hydrocotyle vulgaris, 
Juncus squarrosus, Juncus subnodulosus, Juncus stygius, 
Ligularia sibirica, Liparis loeselii, Lycopodiella inundata, 
Malaxis monophyllos, Ophrys insectifera, Pedicularis 
sceptrum-carolinum, Pinguicula alpina, Rhinantus 
rumelicus subsp. osieliensis, Rhynchospora fusca, Rubus 
arcticus, Saussurea alpina subsp. esthonica, Saxifraga 
hirculus, Schoenus nigricans, Selaginella selaginoides, 
Swertia perennis 

Saussurea alpina ssp. esthonica, Ligularia sibirica, Liparis 
loeselii, Saxifraga hirculus, Vertigo geyeri, Vertigo genesii, 
Vertigo moulinsiana, Vertigo angustior 
  

Areas that have been highly damaged a long time ago and have a very low or no ecosystem recovery 

potential may be excluded from the GDTE list. The criteria to select GDTEs are focused on areas that still 

have the quality to reach the minimum criteria of the GDTE habitat types listed above. Again, the exceptions 

are rare habitat types that have very few locations and cover very small areas. Histograms of GDTE sites 

coverage are suggested to be made in order to assess the need for that criterion. 

Sites consisting of multiple hydrologically or geomorphologically related patches (habitat complex) either 

from the same, or different habitat types may be merged into a single polygon (if the patches share a 

common border) or multipart (if the patches are separated) GDTE polygon with a single ID in the database. 

In that case the areal limit (10 ha/20 ha (Latvia/Estonia), or 1 ha in the case of rare GDTE types) applies for 

the whole merged polygon. The size of each individual patch should still be not less than 0.1 ha. Moreover, 

marginal fens and groundwater dependent woodlands around bogs or around bog woodlands can be 

approached as one site GDTE (polygon), but not the bog or bog woodland itself, as the latter are not 

considered GDTEs (unless in Northeastern Estonia). If the merged polygon consists of different habitat 

types, then these are described in the attribute table of the polygon. 

In the process of testing the applicability of the GDTE identification methodology, several data 

insufficiencies were distinguished both in Estonia and Latvia that hinder a smooth identification process. 

When mapping Annex I habitats, the habitat patches are being identified on the basis of compliance of 

vegetation and abiotic conditions with the habitat description in the national Annex I habitat interpretation 

manuals. The area should meet certain criteria, e.g. presence of certain indicator species, minimum number 

of certain species, vegetation structure, processes. It means that the habitat patches depending on 

groundwater influence may be fragmented across landscape, e.g. spring mires may be fragmented by forest 

patches or many spring discharges can occur in river valley and ravine complexes, although feeding from 

the same aquifer. Thus, in perspective of GDTE identification, many habitat patches may belong to the same 

ecosystem and should be considered as a single GDTE. Additionally, the habitat maps may be with low 

precision or some GDTE habitat locations may be missed when carrying out inventories, or habitat types 

may be misinterpreted as non-GDTE habitat types (or vice versa). The habitat patches may overlap (mapped 

in different years with different quality of background information). 

Therefore, the GroundEco project experts agreed that the selection of GDTE sites may not be based solely 

on habitat data, but also involve other types of data (e.g. relief, soils, peat deposits, forest types). Selection 

of GDTE sites is largely affected by data quality, i.e. precision of habitat data and other supporting data. In 
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some cases, some important data layers might not be available or are outdated. For example, in 2019ς2020 

detailed relief data, based on LiDAR-data, were not available for the entire Gauja basin in Latvia, soil data 

is available almost only for agricultural lands and the maps are based on field inventories in the 1960s. In 

Estonia, relief and soil data are more readily available, as LiDAR-elevation data has been collected three 

times for the whole country and a digital soil map covering whole Estonia exists as well. The field inventories 

for the soil map were made between 1954ς1990. Therefore, these layers support the habitat complex 

delineation process in Estonia well. 

Topographic data help to identify geomorphologically related habitat polygons that should be approached 

as one GDTE. For example, all polygons of habitat 7220* that are inside one valley should be considered as 

a single GDTE (FIGURE 11). Organic soil and peat deposit data help to identify hydrologically related habitat 

polygons, for example various separated mire-habitat polygons that are situated on a single peat deposit 

should be considered as a single GDTE (FIGURE 12).    

 

FIGURE 11 An example of separate habitat polygons in a valley system and a suggestion how to combine 

them as a habitat complex for the identification of significant GDTEs 

 

FIGURE 12 An example of separate habitat polygons on a single organic soil (peat) deposit polygon; the 

habitat polygons should be considered as a habitat complex for the identification of significant GDTEs 
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It means that the GDTE site selection process cannot be entirely automated and cannot rely only on 

strictly defined criteria (e.g. habitat types and patch area), thus the expert judgement is still needed to 

take the final decision. Also due to varying data availability in Estonia and Latvia the additional information 

that can be used to assist delineating habitat complexes will remain country-specific.  

In addition to the varying availability of supportive data, the interpretation of Annex I habitat types in both 

countries varies slightly as well. Two main differences concerning habitat types considered GDTEs were 

identified: 

a) Habitat type (Alkaline fens 7230) includes only base-rich (calcareous) fens in Latvia, but in Estonia 

it covers both rich (calcareous) and poor fens (acidic, oligotrophic). Poor fens do not have any 

protected habitat status in Latvia. Therefore, poor fens cannot be distinguished as GDTEs in Latvia 

from the Annex I habitat data, although they may be important in terms of ecosystems services 

and biodiversity conservation. However, by nature these are considered GDTEs also in Latvia; 

however, during development of this methodology (2019ς2020) they could not be identified on 

the map due to lack of data.  

b) In Latvia, the habitat type Hydrophilous tall herb fringe communities (6430) includes only alluvial 

riverbank communities and dry and semi-dry forest edges and therefore does not meet the criteria 

of GDTEs. In Estonia, the habitat type includes not only riparian tall herb communities, but also 

species-poor fens and paludified grasslands, which both are considered GDTEs. 

4.4.2. Results of the identification of significant GDTEs in Estonia and Latvia in Gauja-Koiva basin 

According to the developed joint methodology, the delineation of significant GDTEs in the Koiva basin in 

Estonia resulted in 18 polygons in total covering an area of 570 ha (FIGURE 13). Their areas range from 1.9 

ha to 92 ha and include six habitat types (TABLE 7). Eight sites include more than one habitat type. The most 

common GDTE in Koiva basin is the habitat Fenoscandian deciduous swamp woods (9080*), which is 

represented in 11 sites and also covers the largest area. The habitat type Hydrophilous tall herb fringe 

communities (6430) is represented in eight significant GDTEs, Alkaline fens (7230) ς in seven, Mineral-rich 

springs and springfens (7160) ς in two, and Bog woodland (91D0*) ς in one significant GDTE. Twelve of the 

sites are fully inside Natura 2000 areas and 13 fully inside nature protection areas of national importance. 

On four occasions the additional criterion of presence of mire-related species in the protection categories 

I and II were applied to polygons that otherwise would not have fulfilled the areal threshold. The GDTE-

related protected plant species detected in potential GDTEs in the Koiva basin were Malaxis monophyllos, 

Corallorhiza trifida, Dactylorhiza russowii, Liparis loeselii and Saxifraga hirculus. 

Ten significant GDTEs include habitat polygons whose conservation status has not been assessed and seven 

of the significant GDTEs include habitat polygons whose conservation status11 ƛǎ ǿƻǊǎŜ ǘƘŀƴ άƎƻƻŘέ ό.ύ 

(TABLE 7).  

All significant GDTEs but one is presumably dependent on the Middle-Devonian groundwater body in the 

Koiva basin and one GDTE is presumably dependent on the Upper-Devonian groundwater body in the Koiva 

basin (TABLE 7). The dependencies on groundwater bodies were determined only based on spatial 

information. The uppermost groundwater body below the GDTE was considered to be the one that the 

GDTE depends on. Actual dependence could be verified using water level and chemistry data from both the 

groundwater body and the ecosystem. Before 2019 the verification would have been more important in 

 
11 Conservation status is a term used in the Habitats Directive for the assessment of the status of habitats. It 
combines three criteria ς degree of conservation of structure, degree of conservation of functions, and 
restoration possibilities (Explanatory notes, n.d.). It can be provided at site level (field data forms, the Natura 
2000 database) or nationally at country level in the Article 17 report under the Habitats Directive (mandatory for 
the EU Member States). Here, it applies to site level. 
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Estonia, because there were several independent Quaternary GWBs and most of the Quaternary aquifers 

were not considered as GWBs or parts of GWBs (see Chapter 4.2.1). Therefore, it would have been 

necessary to determine whether the water in the GDTE originates actually from a Quaternary GWB, a 

bedrock GWB below it or from a non-GWB Quaternary aquifer, as ecosystems depending on non-GWB 

aquifers are irrelevant in terms of the requirements posed by the WFD. Since 2019 almost all Quaternary 

aquifers in Estonia have been joined to the uppermost bedrock GWB and only four have remained as 

independent GWBs. Therefore, in most of Estonia (including the Koiva basin), using only spatial information 

for determining the GWB that the significant GDTE depends on, is reliable enough.  

 

FIGURE 13 Significant GDTEs identified in the Koiva river basin in Estonia. The colors of the polygons indicate 
the largest habitat type in the GDTE polygons (light grey color represents all Annex I habitat polygons in the 

Koiva river basin on November 20th, 2019). Numbers of the polygons overlap with the order numbers in 
TABLE 7 

TABLE 7  

Attributes of the significant GDTEs identified in the Koiva river basin 

No Main habitat type Secondary habitat types 
Rare 

species 

Natura 
2000/ 

National 
PA 

Conserv. 
status 

Area 
(ha) 

GWB 

1 
Fennoscandian deciduous 
swamp woods (9080*) 

Hydrophilous tall herb fringe 
communities (6430) 

0 Yes/Yes A, B, C 32,6 D2 

2 
Hydrophilous tall herb fringe 
communities (6430) 

Fennoscandian deciduous 
swamp woods (9080*), 
Alkaline fens (7230) 

0 Yes/Yes 
A, B, C, 

NA 
68,4 D2 

3 
Fennoscandian deciduous 
swamp woods (9080*) 

Hydrophilous tall herb fringe 
communities (6430) 

0 Yes/Yes NA, A 30,1 D2 

4 
Fennoscandian deciduous 
swamp woods (9080*) 

Hydrophilous tall herb fringe 
communities (6430), Alkaline 
fens (7230) 

0 Yes/Yes C, NA 81,2 D2 

5 
9080* Fennoscandian 
deciduous swamp woods 
(9080*) 

Hydrophilous tall herb fringe 
communities (6430), Alkaline 
fens (7230) 

0 Yes/Yes NA, B 24,9 D2 

6 
Hydrophilous tall herb fringe 
communities (6430) 

  0 No /Yes NA 39,1 D2 
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No Main habitat type Secondary habitat types 
Rare 

species 

Natura 
2000/ 

National 
PA 

Conserv. 
status 

Area 
(ha) 

GWB 

7 
Hydrophilous tall herb fringe 
communities (6430) 

Fennoscandian mineral-rich 
springs and springfens (7160) 

0 No/No B, A 35,0 D2 

8 
Fennoscandian mineral-rich 
springs and springfens 
(7160) 

  0 No/No B, C 4,5 D2 

9 Alkaline fens (7230)   0 No /No C 25,1 D2 

10 Alkaline fens (7230)   1 Yes/Yes NA 1,9 D2 

11 Alkaline fens (7230)   0 No/No C 35,6 D2 

12 Alkaline fens (7230)   0 No/No NA 24,2 D2 

13 
Fennoscandian deciduous 
swamp woods (9080*) 

  0 Yes/Yes A 20,9 D3 

14 
Fennoscandian deciduous 
swamp woods (9080*) 

Hydrophilous tall herb fringe 
communities (6430) 

0 Yes/Yes C, NA, A 91,9 D2 

15 
 Fennoscandian deciduous 
swamp woods (9080*) 

  1 Yes/Yes B, NA 10,2 D2 

16 
Fennoscandian deciduous 
swamp woods (9080*) 

  1 Yes/Yes NA 10,1 D2 

17 
Fennoscandian deciduous 
swamp woods (9080*) 

  1 Yes/Yes A 2,7 D2 

18 Bog woodland (91D0*) 
Fennoscandian deciduous 
swamp woods (9080*) 

0 Yes/Yes A, B 31,7 D2 

PA ς protected area 
Conserv. status ς conservation status values according to the Annex I habitat status assessment 
GWB ς the groundwater body the ecosystem is dependent on (D2 ς MiddleςDevonian in the Koiva basin; D3 ς Upper-Devonian 
in the Koiva basin) 
NA ς status not available 
As the GDTEs may consist of several habitat polygons of the same or different types, there may be several conservation statuses 
values for a single GDTE 

The GDTE delineation in the Gauja basin in Latvia resulted in 42 polygons (including multipart polygons) 

with the total area 162 ha (FIGURE 14). Significant GDTEs in Gauja basin include only two Annex I habitat 

types: Fennoscandian mineral-rich springs and springfens (7160) and Petrifying springs with tufa formation 

(Cratoneurion) (7220*). 

 

FIGURE 14 Significant GDTEs identified in the Gauja river basin in Latvia. Light grey color represents all 

mapped Annex I habitat polygons in the Gauja river basin in November 2019. 
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The areas of single patches or multipart polygons (considered as a single GDTE) range from 1 ha to 74.1 ha. 

In all cases using the existing habitat data (inventories until November 2019) the significant GDTEs occur in 

Natura 2000 sites (overlap with protected nature areas of national importance or micro-reserves), majority 

of them in Gauja National Park on the slopes of River Gauja Valley and side-valleys and ravines. The largest 

D5¢9 ŀǊŜŀ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ aŜȌƻƭŜ bŀǘǳǊŜ wŜǎŜǊǾŜ όƘŀōƛǘŀǘ тмслύΦ ¢ƘŜ ƻǘƘŜǊ ǎƛƎƴƛŦƛŎŀƴǘ D5¢9ǎ ƻŎŎǳǊ ƛƴ 

±ŜŎƭŀƛŎŜƴŜ tǊƻǘŜŎǘŜŘ [ŀƴŘǎŎŀǇŜ !ǊŜŀΣ wŀǳƴŀǎ {ǘŀōǳǊŀƎǎ bŀǘǳǊŜ wŜǎŜǊǾŜΣ ½ņƎadu kalni micro-reserve and 

.ņƴǹȌǳ ȊŜƭǘŀ ŀǾƻǘǎ ƳƛŎǊƻ-reserve. In most cases, a single GDTE consists of one of these habitat types, only 

in Raunas Staburags Nature Reserve both spring habitat types (7220*, 7160) form a significant GDTE. 

However, in some areas characteristics of both spring habitat types (7220*, 7160) are mixed and overlap 

όтннлϝΣ тмслύΣ ǘƘǳǎ ƛƴ ǘƘŜ Ƙŀōƛǘŀǘ ƛƴǾŜƴǘƻǊƛŜǎ ǘƘŜȅ ŀǊŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ŀǎ ƻƴŜ ƻǊ ŀƴƻǘƘŜǊ όŜΦƎΦ 5ņǾƛŘŀ ŘȊƛǊƴŀǾǳ 

ŀǾƻǘƛΣ .ņƴǹȌǳ ȊŜƭǘŀ ŀǾƻǘǎύΦ 

According to the available data, in the Gauja basin in none of the cases presence species that rely on 

groundwater-fed habitats were found in GDTE habitat patches which were smaller than the minimum area 

(TABLE 5). The reason may be insufficient species data, especially concerning Vertigo spp. 

Although the Koiva basin in Estonian side is almost 10 times smaller than the Gauja basin in Latvia, the total 

area of identified GDTEs is larger in Estonia (570 ha) than in Latvia (162 ha). Primarily, this may be explained 

by differences in the national interpretation of Annex I habitat types concerning the habitat type 

Hydrophilous tall herb fringe communities (6430), as in Estonia this includes poor fens that cover relatively 

large areas in the Koiva basin. In Latvia, such habitats are, most probably, present in the Gauja basin, but 

are not identified in the habitat inventories, because they are not considered as protected habitats. In the 

Koiva basin in Estonia, relatively large areas are covered by single patches of Fennoscandian deciduous 

swamp woods (9080*), a habitat type that is also present in the Gauja basin in Latvia, but the swamp woods 

are highly fragmented and thus continuous patches do not reach the minimum area. On the Estonian side 

several significant GDTEs were identified as Alkaline fens (7230), which are a very rare habitat type in the 

Gauja basin in Latvia and in none of the cases reached the minimum area. Similarly, in none of the cases 

Bog woodlands (91D0*) were not considered significant GDTEs in the Latvian side. In the Koiva basin, the 

spring habitats (7160, 7220*) are very rare and cover small areas, while on the Latvian side they are more 

common. Differences in both countries may be related also to land use, land use intensity and history (e.g. 

drainage intensity), degree of naturalness and proportion of protected nature areas. 

Since the habitat data quality and quantity are constantly improving in both countries, the first attempt to 

apply the joint methodology in Latvia cannot be considered the final result. The GDTE maps should be 

revised if significant new habitat or other relevant data become available. In Latvia, the GDTE identification 

should be repeated after the country scale habitat inventory (the data will be available after mid-2021). 

After completing the inventory, the number of GDTEs and the total area of significant GDTEs may 

considerably increase. 

4.4.3. Assessment schemes of groundwater dependent terrestrial ecosystems 

4.4.3.1. Assessment schemes for the quantitative effect  

After the identification of a GDTE in the landscape, and preferably verifying the dependence on the GWB 

using water level and water chemistry data, the next step is to assess whether the GWB could have a 

negative effect on the GDTE.  

The assessment scheme for the negative quantitative effect of the GWB on the GDTE consists of five steps 

(FIGURE 15). The scheme was developed during the GroundEco project based on the preliminary Estonian 

assessment scheme (FIGURE 3) (Terasmaa et al., 2015) and the procedure suggested by the European 

Commission (EC, 2009). 
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FIGURE 15 Proposed scheme for assessment of significant damage to GDTE  

caused by quantitative pressures in GWB 

Combination of water level measurements in groundwater monitoring wells in GDTEs and their 

surroundings are typically used indicators for quantitative changes. For example, seasonal dynamics of mire 

water levels compared to short- and long-term average levels will indicate already occurring negative 

effects in GDTE (FIGURE 15, Step 1). Significant groundwater abstraction, dense abstraction well network 

or known human activities lowering the groundwater levels near GDTE can also result in a decrease of 

groundwater inflow to GDTE, thus deteriorating its condition (FIGURE 15, Step 2ς3). Groundwater level 

drop in the monitoring well of GWB feeding the mire or the change of spring discharge providing the base 

flow for spring fen will indicate the first negative tendencies (FIGURE 15, Step 4). Still, appropriate measures 

may stop the negative influence, but timely actions may prevent potential damage to GDTE. The proposed 

assessment scheme (FIGURE 15) requires often limited long-term monitoring data όYƭǄǾŜ Ŝǘ ŀƭΦΣ нлммōύ or 

missing water level targets for different GDTE types (Whiteman et al. 2010). Thus, the most common 

indicator is actual evidence of damage in GDTE (FIGURE 15, Step 1) observed as an ecological response to 

groundwater depletion (Rohde et al., 2017).  

Commonly used groundwater quantitative management approaches in the GDTE management area are 

volumetric allocations, buffer/well exclusion zones, groundwater level triggers, and groundwater rate of 

decline triggers. Their advantages and disadvantages from a technical and implementation perspective are 

well described by (Noorduijn et al., 2019). Three groups of management approaches were identified: 

Volumetric approach. Abstraction limits are often set as fraction of natural recharge for groundwater 

catchment or as historical long-term average abstraction rate, assuming that the system is already in a new 
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steady state. In management plans the term "Environmental water allocation" (EWA) is sometimes 

included, explicitly reserving a share of groundwater for maintaining the GDE. Definition of EWA gives the 

environment the same legal status as other (human) water users. The approach requires reliable estimation 

of groundwater recharge. It can be useful for sustainable exploitation of groundwater resources in a 

catchment, but individual GDE sites, located close to groundwater abstraction sites can be permanently 

damaged. 

Buffer zone approach foresees defining buffer zones around GDEs where groundwater abstraction is 

limited. It is one of the simplest measures. A number of analytical equations have been developed to model 

the buffer zone approach. The buffers zones will provide short term protection to GDE from groundwater 

abstraction; therefore, they should be used in combination with other approaches. It can be applied in 

combination with volume-based allocations ς άǎƻŦǘ-ōǳŦŦŜǊ ȊƻƴŜǎέ ς where abstraction in close proximity to 

GDE can be limited by volume or season.  

Groundwater response trigger values such as groundwater level or rate of groundwater head decline can 

be predefined indicating the need for initiating groundwater conservation measures. The problem with the 

trigger approach is that even in the event when trigger value is exceeded and groundwater abstraction is 

stopped completely, the groundwater table will continue to decline for some time. The trigger approach 

requires identification of adequate observation locations and threshold values and establishment of 

monitoring infrastructure. 

In the assessment scheme we recommend a simple volume-based assessment approach. This approach 

should help to identify cases when groundwater abstraction can potentially have impact on GDTEs and in-

depth investigation is needed. More sophisticated measures should be elaborated on a case-by-case basis 

in line with existing regulations. 

Step 1. National monitoring and inventory programmes for terrestrial ecosystems in Estonia and Latvia 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 first step is to find out if there is any piece of evidence that the water level of the GDTE is 

considerably lower than it has been previously. For that historical maps, pictures, oral descriptions or any 

other means of information can be used. Comparison with analogous ecosystems known to be in good 

condition is also one possible solution for determining the potential water level decrease and deterioration 

of the ecosystem. If the given ecosystem already has conservation status determined and it is less than 

good (B) according to the assessment of habitats listed in the Habitats Directive, this GDTE also moves to 

step 2. If the habitat status is at least good and there is no evidence about water level lowering, the GDTE 

will be not assessed further.  

Step 2. It is proposed that simple as possible assumptions are used to initially assess if groundwater 

abstraction can have impacts on GDTEs (FIGURE 15, Step 2). One possibility is to estimate the area needed 

for the groundwater recharge to compensate for groundwater abstraction.  

The decline of groundwater head within an aquifer due to water abstraction is triggering enhanced inflow 

of the water from aquifers above and below and recharge from the surface. The rate of this additional 

groundwater inflow is controlled by local hydrogeological and hydrological conditions; therefore, it can vary 

significantly from place to place. Provided that groundwater abstraction is sustainable, in a certain distance 

from the abstraction site enhanced water flow to the aquifer (recharge) will compensate for the water 

abstraction. In a simplified case it can be assumed that there is a circular area around the abstraction site 

that is affected by it. Groundwater abstraction rates considered relevant depend on the distance from the 

GDTE according to the following equation: 
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ὼ   , 

where x is the distance from the water abstraction or group of wells (m), Qyr is abstraction from the GWB 

(m3 yr-1), Ryr is average recharge rate (m3 m-2 yr-1). It is recommended to use local value for Ryr. If the 

information is not available use the following value: Ryr = 0.07 m3 m-2 yr-1. If the GDTE is closer to the 

abstraction site than the value of the x, groundwater abstraction is considered relevant to the GDTE.  More 

complex methods such as a combination of most appropriate tools or local-scale mathematical models 

should be used to conduct investigations when there is evidence for the possible threat to GDTE (FIGURE 

15, Step 5). 

Step 3. If there is no relevant GW abstraction in the vicinity, also other means of human activities may lower 

the GW level and have a negative impact on the GDTE. Deep ditches reaching the mineral sediments below 

the peat and mines (both open-pit and underground) could be the reasons. Appropriate investigation (using 

maps, databases, in-situ observations) of the presence of such stressors has to be carried out.  

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. A drop 

in the groundwater level downstream of the GDTE, could cause an increase in the amount of water seeping 

out from the ecosystem. If the ecosystem does not directly feed from groundwater, but its water level is 

kept high because of the pressure from the underlying aquifer, a drop in groundwater level could also cause 

ŀ ŘǊƻǇ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǿŀǘŜǊ ƭŜǾŜƭΦ LŦ ǿŀǘŜǊ ƭŜǾŜƭ Řŀǘŀ ƛǎ ƴƻǘ ŀǾŀƛƭŀble, a preliminary three-point 

monitoring network has to be set up (see Chapter 5 for best practices). This data helps to evaluate whether 

the water level drop in the ecosystem could be caused by groundwater abstraction or other human 

activities in the vicinity of the GDTE that have lowered the groundwater level.  

Step 5. If the negative effect on the GDTE by the GWB cannot be ruled out in the first four steps of the 

assessment, a more thorough appropriate investigation has to be conducted. A thorough study (see  

Chapter 5 for best practices) includes a detailed water level network in and around GDTE, and collection of 

the hydrogeological and meteorological data, to determine the functional connections between the GDTE 

and the GWB. 

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

ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǎǘŀǘǳǎ ŀƴŘ ǘƻ ŦƛƴŘ ƻǳǘ ƳŜŀƴǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƛǘΦ ¢Ƙŀǘ ǎǘŜǇ ƛǎ ŜǎǇŜŎƛally important 

for GDTEs situated in protected or Natura 2000 areas.  

The proposed quantitative assessment scheme (FIGURE 15) provides more concrete steps, than the initially 

proposed scheme by the European Commission (2009). At the same time, it leaves more flexibility by also 

considering indirect data (such as analysis of any evidence in FIGURE 15, Step 1 and 3) and assigning the 

confidence levels. The reason for that is reporting deadlines set by WFD (European Commission 2000) and 

the high probability that many necessary data will remain missing as gathering it takes a long time. 

Unfavorable status of GDTEs is often caused by surface drainage. Due to a typically smaller area of the 

spring fens in comparison with minerotrophic fens, the area affected by the surface drainage is usually 

smaller in the spring fens, and the drainage caused water deficit might be more intensively mitigated by 

the constant inflow of groundwater. As highlighted by Kilroy et al. (2005), the delineation of catchment 

areas for GDTEs is an essential step to carry out an appropriate assessment of quantitative pressures. 

UKTAG (2004) emphasizes that many GDTEs could be damaged by a variety of pressures such as 

afforestation and land development which are not directly related to groundwater supply, and 

identification of main pressures requires detailed assessments. Thus, other potential causes must be ruled 

out at first. The negative quantitative effect from GWB is expected if there have not been any changes in 
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the surrounding drainage network and other surface water bodies, but the water level in the mire has 

dropped and discharge from the mire has decreased. It is important to consider also meteorological 

conditions which may have a considerable effect on the water regime in the mire. When the linkage degree 

between GDTEs and GWB is not well understood, then GWB can be classified as of good status but may 

remain at risk. These cases may be prioritized for further investigation (European Commission, 2011). 

4.4.3.2. Assessment schemes for the qualitative effect 

The chemical status of GWB is determined based on established TVs by each Member State required by 

Groundwater Directive (European Commission, 2006). The criteria for establishment and application of TVs 

are set in the guidance document (European Commission 2009), and it is based on the outputs of European 

Union research proƧŜŎǘ ά.wL5D9έ όaǸƭƭŜǊ Ŝǘ ŀƭΦ, 2006). Derivation of groundwater TVs for GDTEs is a 

complex task and requires a good knowledge of ecological needs and responses to various pollutants of 

each GDTE type. Also the information about the influencing area expressed as GDTE catchment area and 

domination pressures, as well as a good understanding of the main physical, chemical and biological 

processes occurring in the pathway from groundwater formation in GWB to groundwater inflow into GDTE 

is needed (Hinsby et al. 2ллуΤ YƛƭǊƻȅ Ŝǘ ŀƭΦ нллрΤ YƭǄǾŜ Ŝǘ ŀƭΦ нлммŀΤ wƻƘŘŜ Ŝǘ ŀƭΦ нлмтύ. 

Many EU Member States struggle with the derivation of TVs for GDTE and have set limits for nitrates mostly. 

In terms of phosphates, the derivation process is ongoing in the United Kingdom (European Commission, 

2015; UKTAG, 2012). GDTEs are often not considered when establishing national groundwater monitoring 

networks, and lack of long-term integrated monitoring programmes combining the needs for both 

groundwater and nature protection has led to poor understanding of GWB and GDTE interactions όYƭǄǾŜ Ŝǘ 

al. 2011b). Thus, Estonia and Latvia have not established TVs for GWBs considering GDTEs. 

Similarly, to the quantitative assessment scheme (FIGURE 15), a qualitative or chemical assessment scheme 

(FIGURE 16), applied to terrestrial ecosystems identified as being groundwater dependent, was developed 

during the GroundEco project. It consists of five steps as well and was developed based on the preliminary 

Estonian assessment scheme (FIGURE 4) (Terasmaa et al., 2015) and the procedure suggested by the 

European Commission (EC, 2009). The following analysis should be carried out only if there is any evidence 

of GDTE not having a good status (FIGURE 16, Step 1). Considering the fact that groundwater TVs for GDTEs 

are missing in many countries (Rohde et al. 2017) and their establishment is a long-term process which 

includes the negotiation between various experts, managing authorities and decision-makers, the proposed 

second step (FIGURE 16, Step 2) suggests usage of indirect data (such as fertilization amounts, location of 

polluted sites and land cover data). Such analysis will indicate if there are any significant human-induced 

chemical pressures, their type, and will point out the relevant parameters to be monitored and analyzed. 

After that the national monitoring should provide necessary data for comparison with the established TVs 

(FIGURE 16, Step 5). Again, there are certain proposed strategies on how to set GWB chemical status in case 

the groundwater monitoring results exceed the derived TVs (European Commission 2009). Still the chosen 

approach is a matter of each Member State. 

Step 1. National monitoring and inventory programmes for terrestrial ecosystems in Estonia and Latvia do 

not include water chemistry monitoring. Therefore, there is no data about water chemistry and decisions 

have to be made based on indirect evidence - if the GDTE is in considerably worse conditions than it has 

been previously or is typical for analogous ecosystems because of the water quality of the GWB. For that 

historical maps, pictures, oral descriptions or any other means of information can be used. If the given 

ecosystem already has conservation status determined and it is less than good (B) according to the 

assessment of habitats listed in the Habitats Directive, this GDTE also moves to step 2. If the habitat status 

is at least good and there is no other evidence about changes in ecosystem, the GDTE will be not assessed 

further.  
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FIGURE 16 Proposed scheme for assessment of significant damage to GDTE 
caused by qualitative (chemical) pressures on GWB 

Step 2. This step evaluates whether there are any relevant and possibly polluting human activities (e.g. 

agriculture - fields, cattle farms; wastewater treatment systems; industrial complexes) in the vicinity of the 

GDTE which may affect the given ecosystem through the GWB. Appropriate investigation (using maps, 

databases, in-situ observations) has to be carried out.  

Step 3. This step assesses whether the deterioration of the status of the ecosystem could be caused by 

changes in the water chemistry (increased concentrations of Ptot, Ntot, nitrates or other relevant 

substances). As groundwater threshold values for GDTEs are missing and their establishment is a long-term 

process, the usage of indirect data (such as fertilization amounts, location of polluted sites and land cover 

data) is suggŜǎǘŜŘΦ LŦ ǘƘŜ ƎƛǾŜƴ ŜŎƻǎȅǎǘŜƳΩǎ ǿƻǊǎŜ ǘƘŀƴ ƎƻƻŘ ǎǘŀǘǳǎ ƛǎ ŜȄǇƭŀƛƴŀōƭŜ ōȅ ǘŜǊǊŜǎǘǊƛŀƭ ŜŦŦŜŎǘǎ 

(drainage, peat extraction, alkaline pollution etc.) and not by impact from the GWB, the GDTE will be not 

assessed further.  

Step 4. After that the groundwater quaƭƛǘȅ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ŀƴŘ ŜŎƻǎȅǎǘŜƳΩǎ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ Ƙŀǎ ǘƻ ōŜ 

determined. If the water chemistry data is not available, a preliminary monitoring network has to be set up 

(see chapter 5 for best practices). These data help to evaluate whether the worse than good status of the 

ecosystem could be caused by poor water quality of the groundwater. If the concentration of Ptot, Ntot, 
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nitrates or other relevant substance in the groundwater monitoring well of the GDTE is higher than the level 

typical for the specific ecosystem type, then the GDTE moves to the next step. 

Step 5. If the negative effect on the GDTE by the GWB cannot be ruled out in the first four steps of the 

assessment, a more thorough appropriate investigation has to be conducted. A thorough study (see  

Chapter 5 for best practices) includes a detailed water sampling network in and around the GDTE to 

determine the functional connections between the GDTE and the GWB. 

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

ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ǎǘŀǘǳǎ ŀƴŘ ǘƻ ŦƛƴŘ ƻǳǘ ƳŜŀƴǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƛǘΦ ¢Ƙŀǘ ǎǘŜǇ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ƛƳǇƻǊǘŀƴǘ 

for GDTEs situated in protected or Natura 2000 areas.  

The proposed qualitative assessment scheme (FIGURE 16) differs slightly from the one proposed by the 

European Commission (2009) again providing more flexibility to conduct preliminary analysis using indirect 

data to identify if the damage to GDTE potentially could be a result of chemical pressures on GWB 

supporting the GDTE (FIGURE 16, Step 2). In the case of missing knowledge, the GWB is considered to be 

still in good status but with low confidence, thus allowing to prioritize such cases for further investigations. 

Only then the use of appropriate groundwater TVs, and consequently, derivation of them is suggested 

(FIGURE 16, Step 4). The reason is the same as for the quantitative assessment scheme (FIGURE 15) that 

the Member States must report results in a certain timeline (EC, 2000). 

4.4.4. Monitoring of GDTEs in Estonia and Latvia 

Assessing the effects of GWBs on groundwater dependent ecosystems in Estonia and Latvia is complicated 

because monitoring networks often have not been established to determine interactions between 

groundwater and surface water. Often the parameters monitored from surface water or terrestrial 

ecosystems are relevant only for these ecosystems. Parameters monitored from GWBs are relevant only 

for groundwater and monitoring points are located mostly in places that are not representative for GDTEs.  

In Latvia, potentially threatened GDTEs and other mires occur in some areas in the surroundings of quarries 

where groundwater table is lowered (e.g. surroundings of Lielie Kangari Nature Reserve, surroundings of 

!ǇŜΣ ǎǳǊǊƻǳƴŘƛƴƎǎ ƻŦ tƻǇŜǎ Ȋņưǳ ǇǳǊǾǎ bŀǘǳǊŜ wŜserve). In cases when it may threaten significant protected 

habitats and/or Natura 2000 sites, the mining companies are obligated to carry out groundwater monitoring 

and, in most cases, also vegetation monitoring. As the monitoring should be established prior to starting 

the mining activity, this approach could potentially provide useful data for estimating the impacts of GDTEs 

and consequently GWB, as well as the adaptive measures should be taken if the ecosystem condition is 

worsening. However, in 2019ς2020 no cases were known with available data and/or data series that 

represent data from several years. According to the national legislation, the data are coordinated and 

administered by several institutions, but there are no clear mechanisms how to act in cases when the 

groundwater abstraction or groundwater table lowering cause unfavorable impacts on ecosystems. The 

data are not available for public use. 

On a few ƻŎŎŀǎƛƻƴǎΩ similar groundwater and mire-water monitoring obligations have been put to mining 

companies also in Estonia. Currently such monitoring is performed in two protected bogs and adjacent 

areas (Muraka bog and Selisoo bog) in Northeastern Estonia close to underground oil-shale mines. 

Vegetation monitoring is performed as well. The data is made publicly available once a year. It is established 

ƛƴ ǘƘŜ ƳƛƴƛƴƎ ǇŜǊƳƛǘǎ ǘƘŀǘ ƛŦ ǘƘŜ ƳƻƴƛǘƻǊƛƴƎ ǊŜǾŜŀƭǎ άǳƴŘŜǎƛǊŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŦŦŜŎǘǎέ ǘƻ ǘƘŜ ǇǊƻǘŜcted 

areas, then the Environmental Ministry has the right to change the mining permits. 

In assessing the quantitative effect of groundwater supply on GDTEs (FIGURE 15), the first step is evaluating 

whether the mean or annual water table of the GDTE is considerably lower than it has been before or in 

analogous ecosystems, or the status of biota indicates water table decrease. It means that if no special 

monitoring programme for GDTEs is developed at national level (currently does not exist neither in Estonia 
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nor in Latvia), the impacts caused by the drop of water table might be first detected within habitat 

monitoring programmes, i.e. in case of Estonia and Latvia ς monitoring of Annex I habitats. In both 

countries, such national monitoring programmes exist. The same applies for the assessment of the 

qualitative effect of groundwater on GDTEs. In the first step of the assessment scheme the ecological status 

of the ecosystem is the main indicator of potential negative influence from the GWB. As no separate 

evaluation system exists and most likely will not be developed neither in Estonia nor Latvia, then the 

conservation status of habitats obtained in the framework of habitat monitoring programmes provides the 

necessary information.  

In Estonia, habitat monitoring is a part of the national environmental monitoring programme and belongs 

to the biodiversity and landscape monitoring sub-programme. Only Annex I habitats are being monitored. 

In March 2019 a new national environmental monitoring programme was approved and therefore also the 

ǎǘǊǳŎǘǳǊŜ ƻŦ Ƙŀōƛǘŀǘ ƳƻƴƛǘƻǊƛƴƎ ǿŀǎ ǊŜǿƻǊƪŜŘΦ tǊŜǾƛƻǳǎƭȅ άaƻƴƛǘƻǊƛƴƎ ƻŦ ŜƴŘŀƴƎŜǊŜŘ όbŀǘǳǊŀ нлллύ Ǉƭŀƴǘ 

cƻƳƳǳƴƛǘƛŜǎέ ƛƴŎƭǳŘŜŘ ǎŜǇŀǊŀǘŜ ǎǳǊǾŜȅǎ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ŀύ ŀƭǾŀǊǎ ŀƴŘ ƘŜŀǘƘƭŀƴŘǎ όснулϝΣ плолύΤ ōύ 

alluvial and paludified meadows (6450, 7230); c) forest habitats (2180, 9010, 9020, 9050, 9060, 9070, 

9080*, 9180, 91D0*, 91E0 and 91F0); d) dry meadows (6530*, 6210*, 6270*); e) coastal meadows (1630); 

f) mires (7110*, 7120, 7140, 7160, 7210*, 7230). Since 2019 monitored habitats have been divided into five 

groups with specific methodologies: forests, grasslands, wetlands, coastal habitats and marine habitats. 

Under each habitat group the following Annex I habitat types are considered: 

 forest habitats: 2180, 9010, 9020, 9050, 9060, 9070, 9080, 9180, 91D0*, 91E0 and 91F0; 

 grassland habitats: 6280*, 6530*, 1630, 4030, 6210*, 6270*, 6450 and 7230; 

 coastal habitats: 1210, 1220, 1230, 1310, 1640, 2110, 2120, 2130*, 2140*, 2190 and 2320; 

 wetlands: 7110*, 7120, 7140, 7160, 7210*, 7230; 

 marine habitats ς the division and specific methodology has not yet been outlined. 

Therefore, out of six habitat types considered as GDTEs (TABLE 5), only four (excluding Humid dune slacks 

(2190*) and Petrifying springs with tufa formation (7220*)) have been monitored in Estonia. Habitat types 

7160, 7210*, 7230 have been monitored as mires and habitat type 9080* as forests. Of the six habitat types 

considered GDTEs in exceptional cases, only four (excluding Molinia ƳŜŀŘƻǿǎΧ όспмлύ ŀƴŘ IȅŘǊƻǇƘƛƭƻǳǎ 

tall herb fringe communities (6430)) have been monitored in Estonia. Habitat types 7110*, 7120 and 7140 

have been monitored as mires and habitat type 91D0* as forests.     

Neither under the previous nor the current version of the monitoring programme, the sites chosen for 

monitoring were/are not restricted to Natura 2000 sites (i.e. sites of special community interest or special 

areas of conservation), but were/are chosen from the whole list of the mapped habitat polygons. However, 

the quality of mapping varies among different regions in Estonia. In some areas, exhaustive inventories 

have been carried out and, in some areas, mostly known habitats in protected areas have been mapped. 

Therefore, because the original sample favors protected areas, then the monitoring sample is not entirely 

representative of unprotected sites. 

Mire habitats were monitored between 2006ς2016 in rotation in a 6-year cycle. During the first cycle (2006ς

2011) ca. 120 mires were monitored in total. Most of them were revisited during the second cycle. The 

mires were not chosen randomly, but it was attempted to distribute the sites proportionally over the 

country. During the first years sepŀǊŀǘŜ ǇǊƻƎǊŀƳƳŜǎ άƳƻƴƛǘƻǊƛƴƎ ƻŦ ōƻƎǎέ ŀƴŘ άƳƻƴƛǘƻǊƛƴƎ ƻŦ ŦŜƴǎέ ŜȄƛǎǘŜŘΦ 

10 bogs and 10 fens were visited every year. Later also transition mires and spring fens were included. 

Therefore, habitat types 7110* and 7230 dominated over other monitored mire habitat types. The 

methodology of mire monitoring consisted of two parts: a) qualitative estimations of the status, structure, 

functions of mire habitats and various human-caused impacts, and b) vegetation analyses on 2 x 2 m 

(divided into four 1 x 1 m subplots) permanent plots. On each monitored mire, the permanent vegetation 

https://www.keskkonnaagentuur.ee/sites/default/files/eluslooduse_mitmekesisuse_ja_maastike_seire_allprogramm.docx
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plots were analyzed and the qualitative assessment was made around the plot for each existing habitat 

type. Also, parts of the habitat in different conditions or with varying character were assessed. 

Since 2017, that kind of monitoring has been suspended and the aim of the new methodology is to collect 

information from more areas but with a longer time step. In addition to national monitoring, a full scale 

mire inventory (all areas larger than 0.5 ha, but not mire-forests) was performed in Estonia by the Estonian 

Fund of Nature in 2008ς2011. Among other parameters, it included determination and evaluation of Annex 

I habitat types in the mires. As of 2020, the results of that inventory are not yet fully included in the 

άƴŀǘǳǊŀψŜƭǳǇŀƛƪέ ŘŀǘŀǎŜǘ ƛƴ ǘƘŜ 99[L{ ŘŀǘŀōŀǎŜΣ ǿƘƛŎƘ ƘƻǳǎŜǎ ǘƘŜ ƻŦŦƛŎƛŀƭ !ƴƴŜȄ L Ƙŀōƛǘŀǘ Řŀǘŀ ƛƴ 9ǎǘƻƴƛŀ 

(see Chapter 4.3.1.). There are plans to incorporate that data to the EELIS database, though. The next similar 

inventory is planned 15 years after the previous one and that is supposed to provide all the data necessary 

to assess the status of Annex I mire habitats. As mires are naturally a very slowly changing habitat, that 

interval is considered sufficient for detecting meaningful changes in their status. 

Forest habitats are monitored on the site around a randomly placed point and not in permanent monitoring 

areas (methodology available here, in Estonian). The evaluated criteria are assessed in a circle with a 20ς

40 m radius. Monitoring sites for the period 2013ς2018 were randomly selected from the full list of all 

forest habitat polygons, taking into consideration the areal proportion of specific habitat types in Estonia 

and setting the minimum number of monitoring sites for a specific habitat type to 75. Every year a selection 

of these sites was visited. For the new monitoring period 2019ς2024 a new random selection was made, 

therefore each monitoring site is visited only once. The main purpose of forest habitat monitoring is to 

collect enough data from all forest habitat types in order to allow general statistical analysis of the status 

of these habitat types in Estonia. As monitoring of the status of specific habitat polygons is not its main 

purpose, it does not result in automatically updated status of the polygons in the EELIS database. 

Information about the status of specific Annex I habitat polygons is more often derived from habitat 

inventories that are ordered by the Environmental Board and usually cover all habitat types of some 

protected areas. These inventories do not have a regular timestep and therefore all elements of the status 

assessment of some habitat polygons may not have been assessed at all yet, but some habitat polygons 

have been inventoried several times already. Additionally, data collected during monitoring is used for 

planning inventories and remapping of polygons, when they indicate a significant change (see Chapter 

4.3.1.). 

Vascular plants that are listed under protection categories I and II are also monitored under the biodiversity 

and landscape monitoring sub-programme (methodology available here, in Estonian). Assessed parameters 

include population size, population condition, community structure, threats and pressures etc. Monitoring 

sites are randomly selected from all known localities of specific species. During a six year monitoring cycle 

12ς30 localities (depending on the total number of known localities) of each species are visited. There are 

no permanent monitoring sites. 

All monitoring data and reports from the national monitoring programme (except for species under 

protection categories I and II) is made publicly available through the Environmental Monitoring Information 

System (KESE). KESE does not yet include data from the habitat inventories ordered by the Environmental 

Board, but these data will also be included in KESE in the future. 

As a conclusion, data on the status of Annex I habitats has been collected in Estonia with various means and 

will also be collected with various means in the future, but the coverage of status data has and probably 

will be non-uniform. 

In Latvia, the national habitat monitoring programme and methodology for Natura 2000 is a sub-

programme of the national environmental monitoring programme. The methodology (available here, in 

https://issuu.com/elfond/docs/estonian_mires_inventory
http://www.keskkonnaagentuur.ee/sites/default/files/seireproj_ankeet_metsaelupaigad.docx
https://www.keskkonnaagentuur.ee/sites/default/files/seiretoo_ankeet_kaitstavad_soontaimed.docx
https://kese.envir.ee/kese/listParameterValue.action
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2013.-gada-redakcija-aktualizetas
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Latvian) was developed in 2007 (methodology improved several times in the period from 2008 to 2013)12. 

It is aimed at identifying the changes in the conservation of all habitat types listed in Annex I of the Habitats 

Directive within the Natura 2000 network of protected nature areas. However, the monitoring is not aimed 

at certain areas, rather than habitat types. The first step in establishing the monitoring network is mapping 

of all protected habitats within Natura 2000 sites. The mapping is not completed yet, though most Natura 

2000 sites (>95%) were mapped until 2012. 

In the methodology, the habitat monitoring is based on two approaches: (1) field surveys (randomly 

selected transects aimed at covering all the habitat types listed in the Habitats Directive at national level, 

not the quality of certain habitat types in certain Natura 2000 sites) with filling in special field data forms, 

and (2) monitoring the changes in habitat patch areas and configuration using ortophotomaps and satellite 

images. However, since the habitat mapping has not been completed yet (in 2019ς2020), and the national 

interpretation and monitoring methodology for EU importance habitats have been changed several times, 

a stable monitoring scheme does not exist. The transects established in 2010ς2012 have been surveyed 

only once, thus long-term data of dynamics are not available. It is planned that the habitat monitoring 

system will be critically revised after completion of national-scale mapping within the Nature Census project 

(from 2022). 

In Latvia, only two transects (GDTE habitat types 7160 and 9080*) are located in the Gauja basin, which is 

insufficient to cover this vast area. The current monitoring data are not representative neither for the Gauja 

basin, nor the particular habitat types at national or Gauja basin level. 

The habitat monitoring programme under Natura 2000 habitat and plant monitoring sub-programme in 

Latvia should be revised and updated. Since the Nature Census project will provide new, up-to-date habitat 

data, it will allow better planning of monitoring and selecting representative areas to be monitored. Need 

for GDTE assessment is one of the aspects that should be taken into account when revising and improving 

the national Natura 2000 monitoring programme. 

Additionally, GDTE related plant and invertebrate species listed in Annex II of the EU Habitats Directive are 

monitored under the same Natura 2000 monitoring programme with special methodologies that include 

estimation of population size, habitat condition, threats, etc. For very rare species, all locations are visited 

on a regular basis, whereas for more frequent species a certain number of sites are visited at least once in 

a 6-year period. Monitoring methodologies are available at the website of here (in Latvian). The species 

monitoring results might provide applicable information for GDTE quality assessment.  

 
12 http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2007.-gada-
redakcija, http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2013.-
gada-redakcija-aktualizetas/biotopi  

https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2013.-gada-redakcija-aktualizetas
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2007.-gada-redakcija
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2007.-gada-redakcija
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2013.-gada-redakcija-aktualizetas/biotopi
http://biodiv.daba.gov.lv/fol302307/fol634754/natura-2000-teritoriju-monitoringa-metodikas-2013.-gada-redakcija-aktualizetas/biotopi


 

61 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

5. Methodology validation and testing of best tools and parameters 

5.1. Matsi spring fen pilot site in Estonia 

5.1.1. Study site description 

The Matsi spring fen was chosen as the pilot study site in the Estonian side of the transboundary Gauja-

Koiva river basin. It is located ƛƴ {9 9ǎǘƻƴƛŀΣ ±ƿǊǳ /ƻǳƴǘȅΣ wƿǳƎŜ tŀǊƛǎƘΣ aŀǘǎƛ ǾƛƭƭŀƎŜΦ ¢ƘŜ ǎǇǊƛƴƎ ŦŜƴ ƛǎ 

situated in a sapping valley in the left slope of the ǾŀƭƭŜȅ ƻŦ ǘƘŜ aǳǎǘƧƿƎƛ wƛǾŜǊΣ ŀǘ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ ŜƭŜǾŀǘƛƻƴ 

of 66 m asl (FIGURE 17). The valley has been incised in the plateau of sandstone of the Gauja formation. 

¢ƘŜ aǳǎǘƧƿƎƛ River (catchment area 1820 km2) is the largest tributary of the transboundary Gauja River 

basin (basin area 9800 km2) in Estonia (FIGURE 17).  

 

FIGURE 17 The regional geology of the study site (a), map of the study site (b) and map of the M1 fen polygon (c);  

beavers in (c) indicate the location of the dams 1 and 2 (orthophoto by Estonian Land Boars, 2020)  

The fen consists of three polygons (M1, M2 and M3) (areas 0.7, 3.4, and 0.4 ha respectively) separated by 

road dams and ditches (FIGURE 17). The fen has been previously inventoried by Ilomets et al. (2012) as an 

important groundwater dependent terrestrial ecosystem with a very representative botanical community 

belonging to the Fennoscandian mineral-rich springs and spring fens (code 7160 Habitats Directive Annex I 

habitat type). There are tufa deposits present in the spring fen according to [ƿƻƪŜƴŜ όмфсуύ. It has been 

hypothesized that the Matsi spring fen is dependent on the Middle Devonian groundwater body in the 

Gauja-Koiva River Basin (Terasmaa et al., 2015; Marandi et al., 2019). 
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The hydrogeology of the study area is generally determined by the Middle Devonian (D2) and the overlying 

Quaternary (Q) aquifer systems which constitute the Middle Devonian groundwater body in the Gauja-

Koiva River basin (Marandi et al., 2019). As of 2019, the general status of the groundwater body has been 

assessed as good according to Marandi et al. (2019). 

The Quaternary glacial, glaciolacustrine and glaciofluvial deposits host the Q aquifer system in the study 

area. Therefore, the lateral and vertical variation of the water-bearing properties of the Q aquifers is 

significant. Generally, the layers and lenses of more conductive (sand and gravel) glaciolacustrine and 

glaciofluvial sediments form the uppermost shallow Q unconfined or confined aquifer (if between till layers) 

that receives dominantly meteoric recharge. The shallow Q aquifer seemed to be perched on the underlying 

glacial till layer functioning as a weak aquitard (Kummisaar, 1967; Vallner et al., 196уΤ WŀƭŀǎǘΣ мфтсΤ tƿƭŘǾŜǊŜ 

et al., 2016). The groundwater of the shallow Q aquifer is usually abstracted through the shallow dug wells 

(up to 6 m deep) of small households. 

The Middle Devonian aquifer system (D2) is hosted by the sand- and siltstones with interlayers and lenses 

ƻŦ Ŏƭŀȅ ƻŦ ǘƘŜ DŀǳƧŀΣ .ǳǊǘƴƛŜƪƛ ŀƴŘ !ǊǳƪǸƭŀ ǎǘŀƎŜǎΦ /ƭŀȅŜȅ ƛƴǘŜǊƭŀȅŜǊǎ ŀǊŜ ŦǊŜǉǳŜƴǘ ƛƴ ǘƘƛǎ ŀǉǳƛŦŜǊ ǎȅǎǘŜƳΣ 

likely forming several confined water bearing intervals of local distribution, which have not been delineated 

in detail. Thus, the aquifer system is generally regarded as the Gauja-!ǊǳƪǸƭŀ ŀǉǳƛŦŜǊ ό5нƎƧ-ar) (Verte, 1965; 

tŜǊŜƴǎ ϧ ±ŀƭƭƴŜǊΣ мффтΤ tƿƭŘǾŜǊŜ Ŝǘ ŀƭΦΣ нлмсύΦ The D2gj-ar aquifer is regionally recharged from the overlying 

Q and/or Snetnaya Gora-Amata aquitard of the Upper Devonian (D3) aquifer system in the Haanja Upland 

ό±ŀƭƭƴŜǊ Ŝǘ ŀƭΦΣ мфсуΤ tŜǊŜƴǎ Ŝǘ ŀƭΦΣ нлмнΤ tƿƭŘǾŜǊŜ Ŝǘ ŀƭΦΣ нлмсΤ aŀǊŀƴŘƛ Ŝǘ ŀƭΦΣ нлмфύΦ The D2gj-ar aquifer 

ŘƛǎŎƘŀǊƎŜǎ ƛƴ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ IŀǊƎƭŀκaǳǎǘƧƿƎƛ ǾŀƭƭŜȅ (ViƛŘƛƴƎΣ мфрфΤ tƿƭŘǾŜǊŜ Ŝǘ ŀƭΦΣ нлмсΤ aarandi et al., 

2019)Φ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ōƻǊŜƘƻƭŜ слa ƛƴ ǘƘŜ aƿƴƛǎǘŜ ǾƛƭƭŀƎŜΣ ǘƘŜ 5нƎƧ-ar aquifer could be up to 188 m thick 

in total in the vicinity of the study area. The prevalent groundwater type in the D2gj-ar aquifer is Ca-HCO3, 

with the approximate TDS range of 200-600 mg/l (Perens et al., 2012; Marandi et al., 2019). 

5.1.2. Methods 

5.1.2.1. Geological and botanical survey 

A shallow sediment coring survey with a Russian-type peat corer and spiral auger was carried out in the 

Matsi spring fen M1 and M2 polygons. In addition, a ground penetrating radar (GPR) survey was carried out 

in both polygons. The GPR profiles were tied with the shallow sediment coring results. 

Borehole geophysical survey was conducted in one bore well 10846 opening the D2gj-ar aquifer. Survey 

provides a single continuous log of different physical-chemical parameters in a bore well, to aid in 

determining rock types and layer boundaries. Measurement methods included natural gamma ray (detector 

125mm x 17.5mm Cs (Tl)), caliper (borehole diameter recorded by three mechanically coupled arms in 

contact with the borehole wall), water temperature and electrical conductivity measurements. All 

equipment used is manufactured by Robertson Geo. 

Natural gamma ray measurements are based on scintillation gamma detectors. The detectors measure the 

natural gamma radiation released from potassium and the decay products of uranium and thorium in the 

surrounding rocks. 

The vegetation of both M1 (n = 30) and M2 (n = 18) polygons was analyzed by 50 x 50 cm plots in mid-July 

2019. In parallel to recording the coverage of all vascular plant and moss species, the mean water table in 

relation to the ground surface was measured from PVC tubes (d = 2.5 cm) installed to the plots. The patchy 

M1 polygon was divided roughly to subcommunities, and sampled by establishing at least three plots into 

each subcommunity. M2 as a more uniform area was sampled along two crossing transects, still aiming to 

cover the diversity of the area as much as possible. GPS coordinates of each plot were recorded as well. 
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5.1.2.2. Monitoring network and hydrological survey 

To verify and characterize the interaction of the Matsi spring fen and the groundwater body, a 

comprehensive hydrodynamic and hydrochemical monitoring study was planned and carried out. The Matsi 

M1 fen polygon as the most representative polygon was chosen as the central object of study. 

In total 22 monitoring stations were established (see FIGURE 17 and TABLE 8), including 9 shallow 

piezometers, 3 dug wells in the shallow Q aquifer, 4 borewells in D2gj-ar aquifer, 3 springs and 3 stream 

stations. The selection and construction of the stations was generally based on the principle of a transect 

along the likely preferential flow path of the M1 spring fen polygon from the local recharge area to the 

discharge point of the polygon. During the study, additional monitoring stations (dug wells in the Q aquifer 

and springs etc.) were spontaneously included (also in the neighboring fen polygons M2 and M3) to better 

identify and delineate the potential end-members. 

In the core of the M1 spring fen, two piezometer nests (M1PA2/M1PA1 and M1PA4/M1PA3 respectively) 

were constructed (for location see FIGURE 17), each consisting of one PVC piezometer in peat (screen depth 

<1.5 m) and one steel piezometer in below peat stratum (screen depth >1.5 m). Two steel piezometers 

(M1PA6 and M1PA5 respectively) were constructed at the edges of the M1 fen polygon, at the bottom of 

the N and S slope of the sapping valley respectively. In some cases, hybrid steel piezometers (M1 and 

M2PA1), screening both the peat and the below peat stratum, were installed (for location see FIGURE 17). 

Twelve monitoring stations were equipped either with water level (HOBO OnSet U20L-01 and Van Essen 

TD-Diver 10 m), temperature (HOBO OnSet TidbiT v2) or electrical conductivity data logger (HOBO OnSet 

U24-001) (see TABLE 8). HOBO OnSet RG3-M Automatic rain gauge was installed next to the Hansi_sk 

monitoring station (FIGURE 17) during a period of above-freezing air temperatures (period). In addition, 

ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ Řŀǘŀ ƻŦ ǘƘŜ ¢ǳǳƭŜƳŅŜ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴ ό²{ύ ƻŦ ǘƘŜ 9ǎǘƻƴian Weather 

Service was also used (Estonian Weather Service, 2020). The discharge of the M1 polygon was measured 

during each sampling campaign in the M1_outflow monitoring station with SonTek FlowTracker2 ADV. 

TABLE 8  

The list of monitoring stations in the Matsi spring fen study site (for locations see FIGURE 17) 

# Station 
Datum 

elevation  
(m asl) 

Depth 
(m) 

Mean ҕ SD 
water level 

(m asl) 
Station type Group Datalogger* 

1 10846 93,43 110,00 тнΣомҕлΣлф Borewell in D2gj-ar D2gj-ar WL/T/ 

2 Hansi_pk**  90,00 65,00 тлΣсуҕлΣлт Borewell in D2gj-ar D2gj-ar   

3 10890 85,25 123,00 70,73 Borewell in D2gj-ar D2gj-ar   

4 10948 90,64 76,00 70,72 Borewell in D2gj-ar D2gj-ar   

5 Liivamae_sk 88,34 3,55 усΣпсҕлΣон Dug well in Q  Q   

6 Hansi_sk 90,26 5,57 ууΣспҕлΣоф Dug well in Q  Q WL/T 

7 SK04 95,08 2,50 фоΣфуҕплΣом Dug well in Q Q   

8 Q1 spring 69,00     Spring Q   

9 Q2 spring 68,00     Spring Q   

10 MI. 65,18 1,81 срΣооҕлΣлр Piezometer (hybrid) M1 WL/T 

11 Ml_spring 65,30     Spring M1 T 

12 M1PA1 65,54 2,87 срΣтҕлΣлф Piezometer (below peat) M1 WL/T 

13 M1PA2 65,55 0,77 срΣрнҕлΣлн Piezometer (peat) M1 WL/T 

14 M1PA3 66,25 2,51 ссΣпнҕлΣлн Piezometer (below peat) M1 WL/T 

15 M1PA4 66,27 1,13 ссΣнуҕлΣлм Piezometer (peat) M1 WL/T 

16 M1PA5 67,77 2,03 стΣнмҕлΣмо Piezometer (fen edge) M1 WL/T 

17 M1PA6 67,31 2,55 ссΣрлҕлΣлн Piezometer (fen edge) M1 WL/T 

18 Ml outflow 65,30     Stream M1 WL/T/SEC 

19 Ml Inflow 67,00     Stream M1   

20 M2PA1 64,40 1,94 спΣпмҕлΣлн Piezometer (hybrid) M2 WL/T 

21 M2PA4 64,39 1,60 соΣфнҕлΣлн Piezometer (peat) M2   

22 M3_spring 64,50     Spring M3   

*WL - water level; T - temperature; SEC - specific conductance; **Water treated for iron removal 
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5.1.2.3. Water sampling campaigns and analysis 

A total of 86 water samples (n=86) were collected during six sampling campaigns in the period of April 2019-

March 2020 (TABLE 9). 

TABLE 9  

Description of sampling campaigns 

Sampling campaign Date Collected samples 

S1 April 2019 11 

S2 May 2019 14 

S3 July 2019 14 

S4 September 2019 16 

S5 November 2019 15 

S6 March 2020 16 

Total   86 

Water samples were abstracted either by using a Solinst Peristaltic Pump Model 410 in case of shallow 

piezometers, dug wells and streams, or a Grundfos MP1 submersible pump in case of borewells. The in situ 

physico-ŎƘŜƳƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ όǇI όŀŎŎǳǊŀŎȅ ҕлΦн ǳƴƛǘǎύΣ ǘŜƳǇŜǊŀǘǳǊŜ όŀŎŎǳǊŀŎȅ ҕлΦнɕ/), specific 

conductanŎŜ ό{9/ύ όŀŎŎǳǊŀŎȅ ҕлΦллм Ƴκ{ŎƳύΣ ŘƛǎǎƻƭǾŜŘ ƻȄȅƎŜƴ ό5hύ όŀŎŎǳǊŀŎȅ ҕлΦсύΣ ƻȄƛŘŀǘƛƻƴ ǊŜŘǳŎǘƛƻƴ 

ǇƻǘŜƴǘƛŀƭ όhwtύ όŀŎŎǳǊŀŎȅ ҕнл Ƴ±ύύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ǳǎƛƴƎ ŀ ¸{L tǊƻŦŜǎǎƛƻƴŀƭ tƭǳǎ aǳƭǘƛ-Parameter water 

quality meter with an in-line flow cell. Carbonate hardness and alkalinity (as CaCO3) were determined in 

ǎƛǘǳ ōȅ ǾƻƭǳƳŜǘǊƛŎ ǘƛǘǊŀǘƛƻƴ ǳǎƛƴƎ ±L{h/h[hwϯ I9 /ŀǊōƻƴŀǘŜ IŀǊŘƴŜǎǎ / нл ƪƛǘ όŀŎŎǳǊŀŎȅҕлΦн ƳƳƻƭκ[ IҌύΦ 

The water samples were filtered in situ by using an in-line 47 mm filter assembly wiǘƘ ŀ лΦпр ˃Ƴ w/ 

(regenerated cellulose) filter bypassing the flow cell (except in the case of the Ptot samples). Each water 

sample was divided into six individual MilliQ and acid-washed Nalgene HDPE bottles to be shipped to the 

laboratories of the Tallinn University or University of Latvia. Following parameters were determined in the 

laboratories of the Tallinn University: major ions (Na+; NH4
-; K+; Mg2+; Ca2+; F-; Cl-; Br-; NO3

-; SO4
2-); nutrients 

(DOC; Ntot; Ptot); and in the laboratories of the University of Latvia: trace elements (Al; Ba; Fe; Mn; Sr; SiO2) 

ŀƴŘ ǎǘŀōƭŜ ƛǎƻǘƻǇŜǎ όʵмуh ŀƴŘ ʵнIύΦ 

²ŀǘŜǊ ǎŀƳǇƭŜǎ ŦƻǊ ŎŀǘƛƻƴǎΣ ŀƴƛƻƴǎΣ ǘǊŀŎŜ ŜƭŜƳŜƴǘǎ ŀƴŘ ǎǘŀōƭŜ ƛǎƻǘƻǇŜǎ όʵмуh ŀƴŘ ʵнIύ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ мр 

ml HDPE bottles. The cation and trace metal samples were acidified down to pH 2 with concentrated HNO3. 

The samples for cations and anions were analyzed in the laboratories of the School of Natural Sciences and 

Health at Tallinn University by using high-ǇǊŜǎǎǳǊŜ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ǿƛǘƘ {ILa!5½¦ϯ wL5-10A or 

CDD-10A conductivity detectors with Shodex IC YS-50 and Shodex IC SI-50 4E columns. 

¢ǊŀŎŜ ŜƭŜƳŜƴǘ ŀƴŘ ǎǘŀōƭŜ ƛǎƻǘƻǇŜ όʵмуh ŀƴŘ ʵнIύ ŀƴŀƭȅǎƛǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ƭŀōƻǊŀǘƻǊƛŜǎ ƻŦ ¦ƴƛǾŜǊǎƛǘȅ 

of Latvia, Faculty of Geography and Earth Sciences by using a Thermo Scientific Inc. iCAP7000 ICP-OES 

(inductively coupled plasma-optical emission spectrometry) at Department of Environmental, Sciences 

Environmentally quality laboratory and Picarro Isotopic Water Analyzer L2130-I (Cavity Ring-Down 

Spectroscopy) respectively at Department of Geology, Environmental Dating Laboratory. Isotope ratios are 

ŜȄǇǊŜǎǎŜŘ ƛƴ ǎǘŀƴŘŀǊŘ ʵ- notation relative to Vienna Standard Mean Ocean Water (V-SMOW). For creating 

ǘƘŜ ƭƻŎŀƭ ƳŜǘŜƻǊƛŎ ǿŀǘŜǊ ƭƛƴŜ ό[a²[ύΣ ǘƘŜ ƛǎƻǘƻǇƛŎ ǎƛƎƴŀǘǳǊŜ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦǊƻƳ ¢ŀǊǘǳ ό¢ƿravere) (2013ς

2018), Riga (2016-2018) and Ramata (2016-2017) of the IAEA/WMO GNIP database were used (IAEA/WMO, 

2020). 

The water samples for dissolved organic carbon (DOC) and total nitrogen (Ntot) were collected in 60 ml 

HDPE bottles and acidified down to ǇI н ǿƛǘƘ I/ƭΦ ¢ƘŜ ǿŀǘŜǊ ǎŀƳǇƭŜǎ ŦƻǊ ǘƻǘŀƭ ǇƘƻǎǇƘƻǊǳǎ όtǘƻǘύ were 

ŎƻƭƭŜŎǘŜŘ ƛƴ мтр Ƴƭ I5t9 ōƻǘǘƭŜǎ ŀƴŘ ŀŎƛŘƛŦƛŜŘ Řƻǿƴ ǘƻ ǇI н ǿƛǘƘ I2SO4. The samples for DOC, DIC, Ntot 

and Ptot were analyzed in the laboratory of the Institute of Ecology at Tallinn University by using Analytik 

Jena multi N/C 3100 TOC/TNb analyzer, and in the case of Ptot, by using standard methods (Murphy & Riley, 

1962; SFS 3025, 1986; SFS 3026, 1986; Method 365.3, 1978) and a Shimadzu UV-1800  spectrophotometer. 



 

65 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

Ionic charge-balance error (CBE), saturation indices of calcite and dolomite (SIcalcite and SIdolomite 

respectively) and the partial pressure values of CO2 (logPCO2) were calculated using the Geochemist 

²ƻǊƪōŜƴŎƘ мпϯ ǎƻŦǘǿŀǊŜΦ 

5.1.3. Results and discussion 

The following chapters characterize the Matsi spring fen study area while focusing primarily on the M1 

polygon. Some data from the M2 and M3 fen polygons are also provided for comparison. 

5.1.3.1. Vascular plant and bryophyte communities in the spring fen 

M1 and M2 fen polygons are flat with minor microtopographic variation and aspect. Water table is generally 

close to the ground surface (TABLE 10), except in the wooded parts of the M2 polygon. The M1 polygon is 

open and devoid of tree cover; M2 is open in the central lower part, with a transition to spring fen forest in 

the higher part. The communities of both polygons are rich in species and generally characteristic to spring 

fens, which is supported by high water tables even during summer (TABLE 10). The most abundant vascular 

plants are Menyanthes trifoliata and several sedge species (e.g. Carex rostrata, C. lasiocarpa, C. 

acuta). Rumex acetosa, Galium uliginosum and Myosotis scorpioides can be frequently found as well.  

TABLE 10  

The number of vascular plant and bryophyte species, their cover (percent) and water table (cm)  
within the vegetation plots in Matsi spring fen 

 M1  
(n = 30) 

M2 
(n = 18) 

Total  
(n = 48) 

Vascular plant species 53 40 70 

Bryophyte species 10 11 13 

Total spp 63 51 83 

Vascular plant cover 42 50 44 

Bryophyte cover 34 79 51 

Total cover 76 129 95 

Mean water table -3.5 -8.8 -5.5 

Min water table -18 -30 -30 

Max water table +17 0 +17 

Five vegetation clusters were distinguished in the M1 polygon and two in the M2 polygon (FIGURE 18). The 

water level in the M1 polygon was higher than in M2 (TABLE 10). The plant communities in the northern 

and central parts of the M1 polygon were similar to the open part of the M2 fen polygon. Menyanthes 

trifoliata and typical spring fen bryophytes (e.g. Plagiomnium elipticum) dominated in both. Saxifraga 

hirculus ς a rare and protected (II category) spring fen specific plant species ς was present in that part of 

the fen. In the southern and eastern part of the M1 polygon, but also in its northern margin, the plant 

communities were not characteristic of pristine spring fens. In the south-eastern end of M1 the full 

domination of Carex acuta prevents the formation of moss layer and the overall plant diversity is low. In 

other parts of M1, Carex paniculata tussocks have rarely left much space to other species, and moss layer 

is absent. These issues could be due to high water level in the fen, but also from the unfavorable nutrient 

loading in water for the natural spring fen communities. 

The M2 polygon vegetation was rather uniform, and thus subclustered to open (lower) and wooded (higher) 

parts. Wooded cluster also included the transitional areas from the open to wooded area. Both sub-clusters 

of M2 are clearly dominated by Menyanthes trifoliata with a frequent co-domination of Epipactis palustris, 

a protected species (III category). Additionally, Galium uliginosum, Carex rostrata, Festuca rubra, Poa 

palustris and Agrostis stolonifera can be frequently found from both sub-clusters of M2. Whilst Lychnis flos-

cuculi is frequent in open clusters, Equisetum fluviatile, Pedicularis palustris and Cirsium palustre are more 

abundant in wooded or transitional areas, where the ground surface elevation is higher and water table is 

lower. The Moss layer was almost continuous and consisted mostly of typical spring fen species, e.g. 
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Plagiomnium ellipticum, Paludella squarrosa and Calliergonella cuspidata. The biggest disturbance in the 

M2 polygon seemed to be drainage surrounding the polygon that had initiated the expansion of the tree 

cover at the edges. The ditches are old but still functioning. The higher areas at the northern part of the fen 

are indeed still open at the historical maps (Estonian Land Board, 2020). 

 

FIGURE 18 Plant community clusters (a) and fen ecosystem status (b) in the Matsi spring fen  
polygons M1 and M2 

According to the inventory of peatland habitats in Estonia (Paal & Leibak, 2011) the conservation value of 

Matsi spring fen was good. The evaluation of the inventory is, however, supported only partly by our data 

on the community composition, plant cover and the water table of the spring fens. 
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5.1.3.2. General hydrodynamics 

Water level and temperature variations were automatically monitored in eleven monitoring stations in the 

Matsi spring fen study area from November 2018 to March 2020 (FIGURE 19). The hydraulic head variations 

in M1 and M2PA1 monitoring stations were monitored from September 2018. During the study period the 

mean annual sum of precipitation in Estonia varied from 508 mm in 2018 to 671 mm in 2019 respectively 

Estonian Weather Service (2020). Compared to the national long-term norm of precipitation (672 mm), 

2018 was one of the driest years since 1964 according to Estonian Weather Service (2020). The dryness of 

2018 was also reflected in the modest spring flood of 2019 (FIGURE 19). In contrast to the near-normal 

annual rainfall sum in 2019, the year was abnormaƭƭȅ ǿŀǊƳ όнлмф ŀƴƴǳŀƭ ƳŜŀƴ тΦс ϲ/ ǾǎΦ ƭƻƴƎ-term mean 

с ϲ/ύΣ ǎƻ ǘƘŜǊŜ ǿŀǎ ŀƭƳƻǎǘ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ǎƴƻǿ ŎƻǾŜǊ ƛƴ ǘƘŜ ǿƛƴǘŜǊ ŀƴŘ Ƴƻǎǘ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦŜƭƭ ŀǎ ǊŀƛƴΦ 

The autumn flood of 2019 expanded into the spring of 2020. 

The hydraulic heads in the D2gj-ar borewells generally fluctuated within 30 cm throughout the study period 

(TABLE 8). The initial hydraulic head time series observed in the borewell 10846 representing the D2gj-ar 

aquifer, referred to the aquifer being confined. (FIGURE 19). The elevation of the potentiometric surface of 

the D2gj-ar aquifer in the Matsi spring fen study was estimated to range from 74 to 62 m asl, with a east-

ǿŜǎǘ ŘƛǊŜŎǘƛƻƴŀƭ ǎƭƻǇŜ ǘƻǿŀǊŘǎ ǘƘŜ ǾŀƭƭŜȅ ƻŦ ǘƘŜ aǳǎǘƧƿƎƛ wƛǾŜǊΦ ¢ƘŜ ǎƘŀƭƭƻǿ v ŀǉǳƛŦŜǊ ǊŜǇǊŜǎŜƴǘŜŘ ōy the 

dug wells, was found to be perched in the plateau surrounding the sapping valley. The water table surface 

of the Q aquifer ranged from 84 to 92 m asl. As previously stated in the study area chapter, the shallow Q 

aquifer was expected to lie on a glacial till layer. As seen in the case of the Hansi_sk in FIGURE 19, the 

amplitude of water table fluctuations in the Q aquifer could reach approximately 1,5 m. 

The hydraulic heads in the M1 and M2 fen polygon core piezometers generally fluctuated within 10 cm 

throughout the study period. Head fluctuations were somewhat bigger in the fen edge piezometers M1PA5 

and M1PA6, where the range of fluctuation was about 15-20 cm. In the case of the two M1 fen polygon 

piezometer nests, the hydraulic heads in the below peat stratum piezometers (M1PA1 and M1PA3) were 

above the ground surface. Moreover, the heads in the below peat stratum were also higher compared to 

the heads in the peat piezometers (M1PA2 and M1PA4). This was likely due to artesian flow conditions 

below the fen that could be associated with the underlying confined D2gj-ar aquifer.  

The water level in the M1 fen polygon was at times regulated by beaver dams as seen in FIGURE 19. Two 

larger beaver dams can be identified in the M1 area (see FIGURE 17). In most cases, the removal of the 

dams by the landowner caused the water levels to drop abruptly. Only the dam 2 in the upstream part of 

the fen between M1PA5 and M1PA3/M1PA4 remained intact until the end of the monitoring period 

(FIGURE 19). During the study period, the water level in the M1_outflow fluctuated within 70 cm. The 

damming seemed to have little effect on the SEC of the M1 fen polygon outflow at M1_outflow (mean ҕ SD 

= пулҕпт ˃{κŎƳύ όFIGURE 19). 

The discharge in the M1_outflow was relatively stable throughout the study period (mean ҕ SD =13,уҕн,3 

l/s), reaching up to 18 l/s during high flow conditions in March 2020 (S6) (FIGURE 19). The minimum 

discharge (11,7 l/s), being only 15% lower than the mean, was observed during low flow conditions in July 

2019 (S3). The beaver dams seemed to have little or no long-term effect on the outflow discharge of the 

M1 fen polygon. The stability of discharge values also indicated that the spring fen is likely to be fed by an 

artesian aquifer. 
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FIGURE 19 Daily time sŜǊƛŜǎ ƻŦ ǊŜƎƛƻƴŀƭ ό¢ǳǳƭŜƳŅŜ ²{ύ ŀƴŘ ƭƻŎŀƭ όaŀǘǎƛύ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ƘȅŘǊŀǳƭƛŎ ƘŜŀŘΣ  

water table and water level fluctuations in the selected monitoring stations in the Matsi spring fen study 

area (for location see FIGURE 17) 

5.1.3.3. Hydrochemical characteristics 

The ŎƘŀǊƎŜ ōŀƭŀƴŎŜ ŜǊǊƻǊ ό/.9ύ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ŀǇǇƭƛŜŘ ŦƻǊ ǘƘŜ ǿŀǘŜǊ ǎŀƳǇƭŜǎ ǿŀǎ ҕмл҈Φ !ƴ ŜȄŎŜǇǘƛƻƴ ǿŀǎ 

made for two water samples with CBE values of -11.1 and -11.2% respectively. The mean ҕ SD CBE of the 

assessed water samples was -0,сҕо,9%. 

The major anion composition of the studied waters was dominated by the HCO3ҍ, followed by (in the 

decreasing order of abundance) Cl- > SO4
нҍ > NO3

ҍ > Br- > Fҍ (FIGURE 20, FIGURE 21 and FIGURE 22). Among 

cations, Ca2+ was the most abundant, followed by (in the decreasing order of abundance) Mg2+ > Na+ > K+ > 

NH4
+ (FIGURE 20 and FIGURE 22). The abundance of other reported minor components occurred in the 

order of SiO2 > Fe > Ba > Mn > Sr > Al (FIGURE 21). Dominant water type in the study area was Mg-HCO3 to 

Ca-Mg-CO3 (FIGURE 22). 
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FIGURE 20 Boxplots of physicochemical parameters, major ions and saturation indices of carbonate minerals 

in the studied water samples by monitoring stations (see TABLE 8) 

¢ƘŜ ƳŜŀƴ ҕ {5 ¢5{ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǳŘƛŜŘ ǿŀǘŜǊǎ ǿŀǎ плнҕфр ƳƎκƭΣ ŀƴŘ the respective range 105-

577 mg/l (FIGURE 20ύΦ ¢ƘŜ ǊŜǎǇŜŎǘƛǾŜ ƳŜŀƴ ҕ {5 ǾŀƭǳŜ ƻŦ {9/ ǿŀǎ пнмҕфм ˃{κŎƳ ŀƴŘ ǘƘŜ ǊŀƴƎŜ мпр-659 

˃{κŎƳ όFIGURE 20). The highest mean values of TDS and SEC were observed in the deeper D2gj-ar borewells 

(10890 and 10846) and the upstream monitoring stations of the M1 fen (M1_inflow, M1PA5, M1PA4 and 

M1PA3) (FIGURE 20). The lowest TDS values were generally observed in the Q dug wells (Hansi_sk, 

Liivamae_sk and SK04) and in the Q1_ and Q2_springs but occasionally also in M1PA5 located in the margin 

of the M1 polygon (FIGURE 20). The TDS and SEC values (Figure 3 and 5) of the monitoring stations in M2 

(M2PA4) and M3 (M3_spring) fen polygons roughly fell in line with those of the D2gj-ar group. As a 

generalization, the stations with higher TDS had higher minor component (Fe, Ba, Mn, Sr) concentrations, 

and on the contrary, the ones with lower TDS had higher macronutrient concentrations (DOC, Ntot, Ptot, K+, 

NO3
-). 
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FIGURE 21 Boxplots of minor ion concentrations, stable isotopes signatures in the studied water samples 

by monitoring stations (see TABLE 8) 

The mean ҕ {5 ƻŦ ǇI ƻŦ ǘƘŜ ǎǘǳŘƛŜŘ ǿŀǘŜǊ ǿŀǎ тΦпҕлΦпΣ ŀƴŘ ǘƘŜ ǊŀƴƎŜ ŦǊƻƳ сΦо to 9 (FIGURE 20). Lower 

values were observed in the Hansi_sk, a dug well screening the shallow Q aquifer, and in the Q1_ and 

Q2_spring (TABLE 8 and FIGURE 20). Based on Knutsson (1994), the acidification of shallow groundwater 

can occur due to numerous natural factors, namely due to the acidity of precipitation, soil respiration, the 

dissociation of humic acids and the occasional lack of carbonate minerals in the spatially variable, primarily 

terrigenous, Quaternary aquifer material. However, the acidification can rise also from the use of fertilizers 

(Jolley & Pierre, 1977; Knutsson, 1994) which is likely on the agricultural lands on the plateau. 

 

FIGURE 22 Piper plot showing the major ion composition of the studied water samples 
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The dissolved oxygen (DO) concentration of the studied waters was generally moderate to low (mean ҕ SD 

= 3,оҕо,4 ppm) (FIGURE 20). Conditions were predominantly oxic in the Q aquifer dug wells, Q1_spring, 

Q2_spring and in surface streams; and occasionally or constantly suboxic to anoxic in the D2gj-ar boreholes, 

M1 and M2 fen polygon piezometers. 

The sampled waters were predominantly of the Ca-HCO3 type, whereas the water in M1PA5 (for location 

see FIGURE 17), a shallow piezometer under the slope of the sapping valley, was of the Mg-HCO3 type 

(FIGURE 22). Despite the fact that siliciclastic material prevailing in the terrigenous aquifer matrix, 

carbonate minerals were the major contributor to the hydrochemistry of the waters in the study site. The 

occurrence of carbonate cement, primarily dolomite and in less cases calcite, is common in the Middle 

Devonian siliciclastic rocks (Kleesment, 1995; Kleesment & Mark-Kurik, 1997; Kleesment & Shogenova, 

2005; Kleesment et al., 2012). Moreover, carbonate material can also be abundant in Quaternary glacigenic 

sediments όwŀǳƪŀǎΣ мфтуΤ wŅŅƎŜƭΣ мффтΤ wŀǘǘŀǎ ϧ YŀƭƳΣ нлллΣ wŀǘǘŀǎ Ŝǘ ŀƭΦΣ нлмпύ. 

5.1.3.4. Nutrient dynamics 

The primary macronutrients (DOC, Ntot and Ptot) observed in the monitoring stations are presented in 

FIGURE 20 and FIGURE 23. The mean macronutrient values of the monitoring station groups (TABLE 8) are 

shown in FIGURE 23.  The mean ҕ SD concentration of DOC of all of the studied water samples was  

3,оҕо,9 mg/l, with the respective value of 1,уҕн,6 mg/l in the M1 fen polygon group (FIGURE 23). The 

highest and the lowest mean ҕ SD DOC concentrations (8,пҕн,9 and 0,лоҕл,07 mg/l) were observed in the 

Q and D2gj-ar groups respectively. Over time, the mean and median values of DOC in the M1 polygon 

lowered gradually (FIGURE 24). 

 

FIGURE 23 Boxplots of assessed macronutrients (on the left) and their mean concentrations (on the right) in 
the studied water samples by monitoring stations (see TABLE 8) 



 

72 

 

GroundEco 

άJoint management of groundwater dependent ecosystems in 

transboundary Gauja-Koiva river basinέ 

The mean ҕ SD concentrations of Ntot, Ptot of all of the studied water samples (n=68) were 0,67ҕл,71 mg N/l 

ŀƴŘ лΦмфҕлΦпн ƳƎ tκƭ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ƘƛƎƘŜǎǘ ŀƴŘ ǘƘŜ ƭƻǿŜǎǘ ƳŜŀƴ ҕ SD concentrations for both Ntot and 

Ptot were observed in the Q (1,пҕм,3 mg N/l and 0,рфҕл,8 mg P/l) and D2gj-ar όлΦоҕлΦм ƳƎ bκƭ ŀƴŘ л,лпҕл,02 

mg P/l) groups respectively (FIGURE 23). The respective mean ҕ SD Ntot and Ptot values for the M1 fen 

polygon group (0,рҕл,2 mg N/l and 0,луҕл,09 mg P/l respectively) fell in-between the latter two. Within the 

M1 fen polygon, the highest Ntot and Ptot mean values were generally observed in the slope piezometers 

(M1PA5 and M1PA6), and/or the M1_inflow and the neighboring downstream monitoring stations (FIGURE 

23).  

According to thresholds set for Estonian fluvial water bodies the M1 fen polygon was in a very good trophic 

status regarding mean Ntot values, and from very good to very bad status regarding mean Ptot values (FIGURE 

24). In three cases, the mean N:P ratios of M1 polygon were below the 16:1 ratio defined by Redfield (1958), 

and only in one case (in September 2019 (S4)) the median ratio was above the 16:1 line, indicating prevailing 

nitrogen limitation and phosphorus excess (FIGURE 24). According to Reddy & DeLaune (2008), the general 

cause for nitrogen limitation in wetlands is usually increased upland loading of phosphorus, commonly due 

to the use of fertilizers. 

 

FIGURE 24 Boxplots of mean concentrations of DOC, Ntot, Ptot and the N:P ratio in the M1 fen polygon, 
grouped by sampling campaigns S1-S6 (see TABLE 9). Dashed lines indicate the ecological status thresholds 

for Estonian fluvial water bodies. 

As a generalization, the highest and the lowest mean values of the assessed macronutrients were observed 

in the Q and D2gj-ar group respectively. Similar trends as in the case of DOC, Ntot and Ptot could be also seen 

when assessing the K+ and Cl- values amongst the station groups. Based on the above, a general hypothesis 

can be proposed that the Q group was the primary source of macronutrients in the Matsi spring fen study 

site. The latter is evident due to intensive agricultural activities carried out on the plateau surrounding the 
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sapping valley. To a lesser extent, for example regarding the concentrations of Cl-, the impact from road 

salting could also be the case. The highest nutrient concentrations within the M1 fen polygon group were 

generally observed in the slope piezometers (M1PA5 and M1PA6), and in the monitoring stations capturing 

the upstream inflow from the sapping valley and the upland (M1_inflow, Q1_spring and Q2_spring). The 

patterns of the macronutrient dynamics also agree with the specificities of the distribution and status of 

plant communities in the M1 fen polygon. Communities that are characteristic to nutrient rich 

environments rather than pristine spring fens, were usually found in NE-E part (near the slopes and inflow) 

of the M1 polygon, but also at the SW margin, along the open water section channeling the upstream inflow 

to the M1_outflow (FIGURE 18). 

5.1.3.5. Water stable isotopes 

The mean ҕ {5 ƻŦ ʵ18h ŀƴŘ ʵ2H values of the sampled waters in the Matsi spring fen study were -10,уҕл,р҉ 

and -77,нҕо,о҉ ǊŜǎǇŜŎǘƛǾŜƭȅ όFIGURE 21, FIGURE 25), falling close to the ƳŜŀƴ ʵ18h ŀƴŘ ʵ2H values for 

pǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ¢ƿǊŀǾŜǊŜΣ wƛƎŀ ŀƴŘ wŀƳŀǘŀ DbLt ǎǘŀǘƛƻƴǎ ό-10,р҉ ŀƴŘ -75,с҉ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ CƻǊ ōŜǘǘŜǊ 

overview, the monitoring stations were divided into initial groups based on presumed stratigraphy (as seen 

in TABLE 8).  

 

FIGURE 25 The isotopic compoǎƛǘƛƻƴ όʵ18h ǾǎΦ ʵ2H) of the precipitation and the LMWL based on the data of 

ǘƘŜ L!9!κ²ah DbLt ǎǘŀǘƛƻƴǎ όŀύΦ ¢ƘŜ ƛǎƻǘƻǇƛŎ ŎƻƳǇƻǎƛǘƛƻƴ όʵ18h ǾǎΦ ʵ2H) of the studied waters in the Matsi 

spring fen study site (b). 

The studied waters generally plotted along thŜ [a²[ όŘŜŦƛƴŜŘ ōȅ ʵ2H=7,уϝʵ18O+6,3; mean) compiled from 

ǘƘŜ ʵ18h ŀƴŘ ʵ2H precipitation data of the IAEA/WMO GNIP (IAEA/WMO, 2020) Tartu, Riga and Ramata 

stations, indicating their meteoric origin in general. The latter was also supported by the majority of 

deuterium excess (Dansgaard, 1964) values (shown in FIGURE 21) falling in the range of 8.1-млΦт҉Σ ǘƘǳǎ 

agreeing with regional value ranges for shallow groundwater estimated by Kortelainen & Karhu, (2004) and 
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Raidla et al. (2016). In two cases deuterium eȄŎŜǎǎ ǾŀƭǳŜǎ ƭƻǿŜǊ ǘƘŀƴ у҉ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ Lƴ ǎƻƳŜ v ƎǊƻǳǇ 

monitoring stations, significant deviation from the LMWL was observed, most likely due to evaporation of 

the shallow Q groundwater. 

5.1.3.6. Hydrogeochemical conceptualization of the study site 

Clustering approach 

To define and characterize the major end-members involved in the hydrochemical system of the Matsi 

spring fen study site, a combined multivariate statistical analysis approach, including agglomerative 

hierarchical cluster analysis, discriminant analysis and principal component analysis, was conducted on the 

hydrochemical data. A more detailed overview of the combined statistical analysis methodology is planned 

to be published in a research article. The main emphasis here was placed on the M1 fen polygon. In total 

86 observations with 28 variables (pH; SEC; ORP; Na+; K+; Mg2+; Ca2+; F-; Cl-; Br-, SO4
2-; HCO3-; DOC; DIC; Ntot; 

Ptot; Al; Ba; Fe; Mn; SiO2; Sr; TDS; SIcalcite; SIdolomite; logPCO2Τ ʵ18hΤ ʵ2H) were assessed in the further 

multivariate statistical analysis.  

In the agglomerative hierarchical cluster (AHC) analysis, the assessed monitoring stations were clustered 

into three clusters, based on automatic truncation: Q, A and B clusters respectively (FIGURE 26). The Q 

cluster included all the monitoring stations that were initially grouped into the Q group (TABLE 8), The A 

cluster included the M1 group stations located in the downstream half of the M1 fen polygon and the  

D2gj-ar group stations. The B cluster included the monitoring stations in the upstream half of the M1 fen 

polygon.  

The AHC-derived three cluster distribution (FIGURE 26) was validated by carrying out discriminant analysis 

(DA). The discriminant model classified 98% of the assessed observations into the correct AHC-derived 

clusters (FIGURE 26). This means that the AHC-derived cluster distribution could be assumed to be reliable 

according to the DA.  

 

FIGURE 26 Dendrogram of the Matsi spring fen study site monitoring stations (n=20) clustered by the mean 
values of 28 physicochemical parameters obtained from agglomerative hierarchical cluster analysis (a). The 
red phenon line represents the clusters delineated by automatic truncation. The M3_spring and M2PA4 are 

also presented for comparison. Class centroids for the cluster distribution (b). 
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The Q cluster observations were characterized by higher ORP and logPCO2 values (oxic conditions), high 

macronutrient loading (DOC, Ntot, Ptot and K+), but also higher Al concentrations. In nature Al is known to 

originate primarily from gibbsite dissolution, and its mobility is related to soil acidity and organic matter 

abundance. Like many other trace metals, Al forms organometallic complexes with organic matter 

enhancing its mobility, and thus could be abundant in shallow groundwater (Budd et al., 1981). By all means, 

the Q cluster observations were strongly affected by the agricultural activities on the plateau. 

The A and B cluster observations generally featured higher mineralization (higher TDS), were rather anoxic, 

more saturated with respect to carbonate minerals and featured higher concentrations of ions associated 

with longer residence time in the aquifer (Mg2+, Ba and Sr), when compared to the Q cluster. Furthermore, 

the A and B clusters allowed the M1 fen polygon to be divided into two (FIGURE 26). This was also evident 

based on the initial assessment of macronutrient dynamics in the previous chapters. In addition to the 

higher macronutrient concentrations, the upstream B cluster observations also featured elevated Mg2+, 

halogen (F-, Cl- and Br-) and SO42- concentrations when compared to the downstream A cluster observations. 

The origin of elevated concentrations of halogens (F-, Cl- and Br-), Mg2+ and SO42- could be explained by the 

agricultural activities on the plateau (Adriano and Doner, 2лмрΤ IŅǊŘǘŜǊ Ŝǘ ŀƭΦΣ нллрύ. The lower presence 

of Mg2+, halogens and SO42- in the Q cluster, when compared to the B cluster, could be justified by the fact 

that the dug wells primarily forming the Q cluster, were mostly located upstream of the arable lands that 

were surrounding the sapping valley.  

Moreover, it is likely that the arable lands also had a hydro-melioration system, which in turn would 

enhance the drainage of soil water/surficial groundwater to the sapping valley. Thus, in addition to the 

typical groundwater of the Q aquifer (Q cluster), the sapping valley and consequently the upstream part of 

the M1 spring fen polygon would exclusively receive anything applied to the arable fields, most likely in a 

form of dilute interflow component as occasionally observed in M1PA5 and Q1_spring. 

The A cluster combined the observations of the downstream stations of the M1 fen polygon with the D2gj-

ar observations (FIGURE 26). The A cluster also included the observations of the M1_outflow monitoring 

station, which represented a mix of all the inputs to the M1 fen polygon. This suggests that the mean water 

quality of the M1 fen polygon as a whole (as represented by the M1_outflow) seems to be more affected 

by the D2gj-ar aquifer groundwater. 

End-member mixing analysis 

To verify and quantify the presumed mixing of three hydrochemical end-members (D2gj-ar aquifer, Q 

aquifer and dilute interflow) and the evolution of the final water quality in the M1 spring fen polygon 

outflow (M1_outflow), the end-member mixing analysis (EMMA), as proposed by Christophersen and 

Hooper (1992) was performed. Based on the list of physico-chemical parameters that were previously 

included in the AHC and DA, six conservative or semi-conservative tracers (Ba, Sr, F-Σ ʵ18O, SiO2, Al) 

characteristic for the presumed end-members were selected for further analysis.  

The results of EMMA suggest that on average the D2gj-ar ŀǉǳƛŦŜǊ ŎƻƴǘǊƛōǳǘŜŘ стҕмф҈ ƻŦ ǘƘŜ ǿŀǘŜǊ ǘƻ ǘƘŜ 

mixture in the M1_outflow (FIGURE 27). The respective mean ҕ SD values for the Q aquifer and interflow 

ŎƻƳǇƻƴŜƴǘ ǿŜǊŜ мрҕмн҈ ŀƴŘ муҕму҈Φ ¢Ƙe latter two end-members could be generally addressed together 

as the baseflow and the interflow components of the shallow Q aquifer. The proportional contribution of 

the D2gj-ar end-member was the greatest during the low-flow period in July and September (S3-S4) and the 

lowest in the case of the high flow period in March (S6). Although D2gj-ar is the dominant contributor to 

the M1 fen polygon, the Q aquifer, when the baseflow and interflow components were combined, may 

provide up to 59% of the water to the polygon. 
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FIGURE 27 The M1_outflow mixtures and potential end-members projected in the U- and EM-spaces 
respectively (a). The U-space is defined by the two principal components U1 and U2. The final mixing model 

is defined with pink lines. Factor loadings for the selected variables (b). Contribution proportions of  
end-members in the M1_outflow mixture during sampling campaigns S3-S6 (c). 

5.1.3.7. Conceptual model of the study site 

The botanical, hydrogeological and hydrochemical knowledge obtained in the framework of this study was 

combined in the conceptual hydrogeological model of the Matsi spring fen (FIGURE 28). The conceptual 

model aims to characterize the hydrogeology of the Matsi spring fen on the example of the M1 fen polygon. 

The combined interpretation of hydrodynamics, thermal/isotopic signatures and hydrochemistry allowed 

to confirm the dependence of the Matsi spring fen on the Middle Devonian groundwater body in the Gauja-

Koiva River basin. In the Matsi spring fen study site, this groundwater body included the shallow Q aquifer 

and the underlying D2gj-ar aquifer. The shallow Q aquifer, providing a cumulative 33% of recharge to the 

M1 fen polygon on average, was the primary source of macronutrients and pollutants due to intensive 

agricultural activities on the plateau. The D2gj-ar aquifer, on the other hand, was found to be providing the 

ƳŀƧƻǊƛǘȅ όстҕмф҈ύ ƻŦ ǘƘŜ ǊŜŎƘŀǊƎŜ ǘƻ ǘƘŜ aм ŦŜƴ ǇƻƭȅƎƻƴΦ ¢ƘŜ 52gj-ar aquifer was also found to be the 

primary contributor to the M2 and M3 fen polygons. 
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FIGURE 28 The conceptual hydrogeological model of the Matsi spring fen study site.  

For cross-section location see FIGURE 17. 

The groundwater of the D2gj-ar aquifer on average featured higher mineralization when compared to the 

Q aquifer, likely due to longer residence time but also slightly different mineral composition of the aquifer 

material. The D2gj-ar groundwater dilutes the nutrient load originating from the Q aquifer to some extent 

as it flows downstream in the M1 fen polygon. However, the occasional high mean values of Ptot and N:P 

ratio (FIGURE 24) suggest that the dilution of the upland pollution in the M1 fen polygon was not always 

sufficient. Consequently, the dominance of D2gj-ar aquifer discharge in the northern and central part of the 

M1 polygon has favored the formation of characteristic spring fen vegetation. This part of the fen is valuable 

in its current state. To the contrast, the nutrient load from the Q aquifer in combination with high water 

level has altered the plant communities at the upstream part of the M1 fen polygon. The movement of 

water might have its impact on the vegetation as well. 

During the short period of this study, the impact of beaver activity to the M1 fen polygon status was found 

to be mainly quantitative, and short-term. Due to the dominant artesian discharge of the D2gj-ar aquifer, 

the quantitative effect of damming was mainly limited to the period of construction and destruction of the 

dams. Due to the shortness and the relatively low resolution of our time series, the only significant physico-

chemical effects rising from the beaver activity were mainly limited to changes in thermal characteristics of 

the surface water in ponds. In some cases, also minor alterations in local flow directions could be observed. 

The beaver damming has likely contributed to the distribution of high-water-dwelling plant species in the 

SE part of the M1 polygon. 












































































































































































