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What a spring can tell us about how we 
manage our waters and land
(citizen -science -policy perspectives)
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Groundwater is a crucial resource

for human well-being

Provide ecosystems 
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Water 
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Rich 
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CO2 capture

Supply groundwater 

dependent ecosystems
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drinking water
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Groundwater dependent ecosystems(GDEs)

Complex communities of organisms in which groundwater is a key element needed for 
their sustainability (Merz et al. 2001).

They are groundwater fed systems , thus any significant changes in GW levels or 
chemical composition may result in a damage of GDE.

Water Framework Directive (2000/60) delineates :

(1) groundwater dependent terrestrial  ecosystems (GDTEs)

(2) groundwater associated aquatic  ecosystems (GAAEs)
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Relations between GW flow systems and GWDEs

Bertrand et al. 2011. 
DOI 10.1007/s10040-011-0791-5
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Groundwater dependent 
terrestrial ecosystems 
(GDTEs)

E.g., fens, spring flushes, swamp 

forests.

Groundwater fed habitats: 

2190 Humid dune slacks, 

7160 Mineral -rich springs and 

springfens , 

7220* Petrifying springs with tufa

formation, 

7230 Alkaline fens, 

9080* Deciduous swamp woods. 
Matsi  spring mire 

(Estonia, Gauja-Koiva river basin)

Kazu leja spring mire
(Latvia, Gauja-Koiva river basin)

There are 335 GDTEs in LV (LUBA 55, 
VUBA 128, DUBA 110, GUBA 42)
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Estonian-Latvian collaboration on identification and assessment of Groundwater DependentEcosystems 

(Interreg Est-Lat GroundEco project).
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Groundwater associated aquatic 
ecosystems (GAAEs)

Garais/Ilgelake
(Latvia-Lithuania)

Terasmaa et al. 2020. 
https:// doi.org/10.1007/978-3-030-39701-2_12

E.g., rivers and lakes.

Standing water bodies (except brown waters) + 

karst lakes

Flowing water bodies (with known spring 

outflows)

169 GAAEs in LV: 12 river sections , 92 lakes
un 65 karst lakes.

In LUBA 65, VUBA 9, DUBA 69, GUBA 26.
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Springs
(groundwater outflows)

Springs  are  natural  conduits  through  
which  groundwater  flows  from  aquifers  
into  surface  water  bodies (Weber & 
Kubinot, 2022).

Spring ɀ the point where water emerges 
from the ground (Averis, 2003).

Springs are characterized by a continuous 
flow of cold water, uniform in temperature 
and rich in oxygen and minerals  (Blaus et 
al., 2020).

«Kurmales Baltavots» 
spring in Latvia

«Pantene» spring in 
Latvia
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Springs in national 
groundwater network of 
Latvia

There are 30 springs included in national 
groundwater monitoring network s ince 
2004 (when we entered EU):

ÅOnly quality  (no discharge 
measurements)

ÅThe benefits  (compared to wells):
ÅCheap maintenance
ÅQuick sampling
ÅMay be good diffuse pollution 

indicators
ÅLimitations: Should be mapped,

screened seasonally, and watersheds 
needs to be delineated

4 times per 
year
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We aimed to select most 
representative springs
to improve transboundary 
groundwater monitoring network 
(Estonia -Latvia)



SLIDE 14

Content

Invisible yet vital 
groundwater

Why springs 
deserve 

attention?

Mapping the 
invisible by citizen 

science power

Get to know your 
spring!

If springs could 
ǘŀƭƪΧ

²ƘŀǘΩǎ ƴŜȄǘΚ



SLIDE 15

Benefitsofcitizen science and voluntary 
spring monitoring

ÅIncreased awareness

ÅEducational

ÅOutdoor family activity

ÅValuable data sets

https://avoti.info/
https://avoti.info/instructions

https://avoti.info/
https://avoti.info/instructions
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«Kazu grava» spring 
discharge changes during 

the seasons 

Discharge and 
temperature/conductivity 

measurements

Users: 373
Springs: 3688
Observations: 3158
Photos: 9372
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Finding springs in Estonian-Latvian 
transboundary area

We used citizen mapped spring locations by avoti.info
59 springs selected for detailed study
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Spring water analysis (59 
springs)

ÅIn -situ field 
parameters (pH, SEC, 
ORP, temp., DO) and 
alkalinity

ÅMajor ions (Ca, Mg, Na, 
K, SO4, Cl, HCO3, NH4, 
NO3, NO2 and more).

ÅTrace elements  (Al, As, 
B, Ba, Be, Cd, Co, Cr, Cu, 
Fe, Mn, Li, Pb, Zn and 
more)

ÅStable water isotopes 
(18O; 2H)

Seasonal (3x year) water sampling 
and discharge measurements



SLIDE 20

Seasonalityinsprings? 
Yes!

Kazu grava spring in 
July 2022

Kazu grava spring in 
April  2022



SLIDE 21

Delineated watersheds

Bedrock aquifers ɀ average area 6.8 km 2 (up to 45 km 2).
Quaternary aquifers ɀ average area 0.1 km 2 (up to 1.35 km 2).

Spring discharge measurements were used to validate if the
corresponding Quaternary watershed can provide the measured 
amount of water .

Can be explained by 
topography-derived 
watersheds

Bedrock aquifers 
must be involved

Quaternary aquifer watershedsBedrock aquifer watersheds

Quaternary aquifer 
watershed validation
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Springs from unconfined aquifers (Quaternary aquifers)

Å The origin of groundwater is 
shallow unconfined aquifer .

Å More distinct seasonality .

Å Vulnerable to local pollution .

Springinζ{ƪŀƸŀƛǎƪŀƭƴǎη nature park (LV)

Conceptual model

Koit et al., 2023
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Springs from confined aquifers (bedrock aquifers)

Å The origin of groundwater most often 
is from Devonian sandstones and 
dolomites, also gypsum formations .

Å Seasonality negligible . 

Å Also artesian springs under pressure .

Devonian sandstone outcrop on the 
Salaca river bank

Conceptual model

Koit et al., 2023
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https://doi.org/10.1016/j.gsd.2023.100927

https://doi.org/10.1016/j.gsd.2023.100927

