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Lake ecosystems - distribution

HydroLAKES database:

• Lakes above 1 ha

• 1.4 million individual lakes

• 2.67 million km² surface area

• 7.2 million km of shoreline

• 181,900 km³ water storage

hydrolakes.org
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Lake ecosystems - importance

• Support a high biodiversity 
(aquatic and terrestrial)

• Support numerous ecological 

processes (terrestrial, aquatic, 
atmospheric)

• Support socio-economic 
development (different spatial 
scales)

• Places of cultural identify

https://sites.google.com/site/trogdonjoshua4thper/part-4-ecological-relationships-among-organisms/ecosystem
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Lake ecosystems - threats

https://www6.lyon-grenoble.inrae.fr/carrtel/Research-Teaching

• Over the last decades, climate and land-use 
changes emerged as drivers 
causing biodiversity and ES loss (IPBES, 2019)

• The main consequence was the environmental 
degradation (e.g., eutrophication) and 
consequent decrease of ecological status

• Different environmental agendas aim to 
restore ecological status and subsequently  
the provision of ES (EU Green Deal, 
Biodiversity 2030, WFD, SDGs, UN Decade for 
Restoration, Paris Agreement)
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Lake ecosystems - threats

https://www.cbsnews.com/news/satellite-photos-aral-sea-disappearing/

reverse

Ecosystem services
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Lake ecosystems – ecosystem services

Ecosystem services – benefits people obtain from the environment (MEA, 2005)
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Lake ecosystems – ecosystem services

“Scholarly journal publications on the topic of
ecosystem services have substantially grown
throughout the past decade, (…). However,
several challenges in the field of ecosystem
services still remain, including conflicting
approaches to ecosystem services terminology,
classification schemes, research methods, and
reporting requirements.
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Lake ecosystems – research needs

“major knowledge gaps remain in assessing
current rivers and lakes condition across Europe
and changes over time in pressures linked to
climate change, chemicals and biodiversity issues,
and on the response of ecosystems to multiple
pressures.” (Maes et al. 2020)

Mapping current and future freshwater ecosystems 
services is imperative to bridge these gaps and 

achieve environmental targets
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Lake ecosystems – nature-based solutions
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Lake ecosystems – nature-based solutions and ES

• Define the setting  by listing 

existing/potential ES 

• Assess the potential impacts of the NBS on 

the ES in the affected area

• Assess the potential impacts of the NBS on 

the ES in the affected area

Methodologies and tools 
are needed for ES 

assessment and mapping



International conference “Nature-based solutions for 
improvement of water quality and river basin management” 
26-27 October 2022, Riga, Latvia

Lake ecosystems – what does the research says?

CICES V5.1 ES classification at section level.

Regulating & Maintenance, Provisioning and Cultural.

Temporal/spatial perspective

Spatial extend

ES classifications and dimensions

ES sections assessed

Methods applied

Lake ES types mapped and validation of the results

Objective of the study and drivers of change

2000-2021
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Lake ecosystems – what does the research says?

• Most of the studies are very recent

• Studies focused on mapping lake
ecosystem services have been
clearly overlooked

• There is an urgency in developing 
studies on mapping lake 
ecosystem services 
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Lake ecosystems – what does the research says?

From 29 studies only 1 validate the models Poor results exploitation

Reduced credibility of the 
outputs

“Environmental 
(planning/management)” was 
the focus of 27 works (90 %), 26 
(87 %) had a “socioeconomic” 
focus and 7 (23 %) an “economic” 
focusNeed for quantitative and 

robust approaches
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Lithuanian lake ecosystem services: 

impacts of climate and land-use change 

(LACLAN)

Develop a quantitative
methodological framework

to assess multi-temporal
provision of lake ES

6 ES (stakeholders) :
2 Provisioning

2 Regulating & Maintenance
2 Cultural 

3 time periods:
Past – Present - Future
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

linesam.mruni.eu

Lithuanian National Ecosystem Services 
Assessment and Mapping

http://linesam.mruni.eu/
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

CARBON SEQUESTRATION HABITAT QUALITY 
(Gomes et al. 2021)

RECREATION 
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

linesam.mruni.eu

Terrestrial

Freshwater

Marine

http://linesam.mruni.eu/


International conference “Nature-based solutions for 
improvement of water quality and river basin management” 
26-27 October 2022, Riga, Latvia

Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

• Located in Northeast Europe

• Area of 65,300 km2 

• Population of 2.8 million, of which 67% 

lives in urban areas 

• Low  population density of ~ 42 

inhabitants per km2

• Predominant land cover is agricultural 

areas, grassland and forests

• More than 1000 lakes
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) - workflow

WP1

• Literature Review

• ES and case study selection

• Indicators and methodology

• Scenario development 

WP2

• Data collection and analysis

• Assessment and mapping (multi-temporal and 

multi-scale)

• Recommendations and synthesis
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – workflow

LACLAN - WP2
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – workflow

5 Ecosystem Services: P, RM, C 

Supply

Flow

Demand



International conference “Nature-based solutions for 
improvement of water quality and river basin management” 
26-27 October 2022, Riga, Latvia

Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Fibers/and other materials for construction - Supply

Reed areas (other vegetation)

Normalized aquatic vegetation index 
(NDAVI)

1990 – 2000 – 2006 – 2012 - 2018 

Google Earth Engine

Landsat 5 – Landsat 7 – Landsat 8

Remove misclassified pixels 
(ortophoto maps)
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Fibers/and other materials for construction - Supply
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Water for non-drinking purposes - Supply

Water occurence (area) 

JRC Global Surface Water 

Hydrolakes Database

Average depth per lake

1990 – 2000 – 2006 – 2012 - 2018 Water Volume
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Water for non-drinking purposes - Supply
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Water for non-drinking purposes - Flow

Irrigation channels

Length of 
connections

Number 
of connections
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN) – preliminary results

Water for non-drinking purposes - Demand

Agricultural Areas
(Corine LC)

% of croplands per 
lake (buffer)
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of nursery populations - Supply

Google Earth Engine

Landsat 5 – Landsat 7 – Landsat 8

1990 – 2000 – 2006 – 2012 - 2018 

Band Ratio

Lithuania State Monitoring

Chlorophyll a  – Transparency

validation

Reed Areas

Chlorophyll a (RS) – Transparency (RS) – Reed habitat (RS)
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of nursery populations - Supply
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of nursery populations - Flow

Irrigation channels

Number of connected 
lakes

Number 
of connections
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of chemical conditions- Supply

Google Earth Engine

Landsat 5 – Landsat 7 – Landsat 8

1990 – 2000 – 2006 – 2012 - 2018 

Band Ratio

Lithuania State Monitoring

Chlorophyll a  – NO3

Total N – Total P

validation

Chlorophyll a (RS) – NO3 (RS) – Total N (RS) – Total NP(RS)
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of chemical conditions- Supply
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of chemical conditions- Flow

Slope

Number of
connections

(irrigation lines)

Watershed
Area
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Maintenance of chemical conditions- Demand

% of croplands per 
lake (buffer)

Agricultural Areas
(Corine LC)

% of urban areas per 
lake (buffer)

Urban Areas
(Corine LC)
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Direct and indirect cultural outputs (recreation) – Supply



International conference “Nature-based solutions for 
improvement of water quality and river basin management” 
26-27 October 2022, Riga, Latvia

Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Direct and indirect cultural outputs (recreation) – Supply
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Direct and indirect cultural outputs (recreation) - Flow

Locations
(villages / cities / etc) 

Distance to 

lake areas
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Lithuanian lake ecosystem services: impacts of climate and land-use 
change” (LACLAN)

Mapping and assessment of freshwater ES (lakes) allows to understand their role in: 

• supporting the implementation of 

European Policies and international 

environmental Agendas

• socio-ecologic systems

• supporting regional environmental 

management and spatial planning

• predicting (via scenario analysis) the 

impact of future climate and land use 

changes

• support various NBS process steps 
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