
Monitoring’2021   

 

 
XV International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

17–19 November 2021, Kyiv, Ukraine 

 

Mon-21-032  

Lake ecosystem services of Lithuania: a methodological approach 
for mapping and assessing changes on a multi-temporal 
perspective 

*M. Inácio (Environmental Management Center, Mykolas Romeris University), E. Gomes 
(Environmental Management Center, Mykolas Romeris University, Institute of Geography and Spatial 
Planning, Centre of Geographical Studies, Universidade de Lisboa. Edifício do IGOT), P. Pereira 
(Environmental Management Center, Mykolas Romeris University) 

SUMMARY 

Lake ecosystems contribute importantly to human wellbeing through the supply of ecosystem 
services (ES). Despite its importance, these are some of the most degraded ecosystems on 
Earth. Land-use change and the effects of climate change emerge as the main drivers of this 
change. In Europe, it decreased many lakes' ecological status, and consequently, its ability to 
provide ES has decreased. Previous environmental policies failed to restore the ecological 
status of lakes and their ES. Ensure the provision of lake ES is vital for human wellbeing. 
Therefore, assessing and mapping lake ES is essential to achieve this. Moreover, with the 
effects of climate change expected to continue in the future and land-use changes, it is essential 
to understand its impacts on the ES supply. This work proposes a methodological approach to 
assess and map lake ES for past, present, and future environmental and socio-economic 
settings. The results can support spatial planning and decision-making by increasing the 
knowledge on lake ES and anticipating the effect of future land use and climate changes. 
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Introduction 
 
Lake ecosystems play an important role in socio-ecologic systems in Europe (Grizzetti et al., 2019). 
Besides supporting biodiversity, these ecosystems supply numerous ecosystem services (ES), key for 
human wellbeing (e.g., climate regulation, carbon sequestration, water, recreation) (Reynaud and 
Lanzanova, 2017). Despite its importance, the continuous anthropogenic impacts (e.g., land-use 
changes, climate change) decreased their ecological status (Gozlan et al., 2019). Vlachopoulou et al. 
(2014) stated that a decreased ecological status affects the ecosystem’s capacity to provide ES in 
quantity and quality. Previous efforts by the European Commission for restoring the ecological status 
of lake ecosystems and their ES, through the Water Framework Directive (WFD) (Directive 
2000/60/EC) and Biodiversity 2020 Strategy (European Commission, 2011), failed to meet their targets. 
In 2020, the Mapping and Assessment of Ecosystems and their Services (MAES) project reported that 
“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). In the International Panel on 
Biodiversity and Ecosystem Services Report, climate and land-use changes have been extensively 
investigated and recognized as essential drivers of ES supply changes (IPBES, 2019). Ensuring the 
continuous contribution of lake ecosystems to human wellbeing is a crucial part of the European 
Environmental Agenda for the upcoming decades (e.g., Biodiversity 2030 Strategy, European Green 
Deal, WFD). Therefore, it is critical to assess and map lake ES and understand the impacts of drivers 
of change (e.g., land-use change and climate change). ES research shows a polarization towards 
terrestrial, compared to freshwater ecosystems, due to their complexity and multi-realism (Grizzetti et 
al. 2016). Also, non-reliable evaluations are widely applied based on qualitative approaches, such as 
the expert matrix method (e.g., Burkhard et al., 2009) without knowing the ecosystem status. However, 
it is known that ecological status and functioning affect the provision of ES (Grizzetti et al., 2019). 
Therefore, to effectively understand the dynamics of ES supply in response to anthropogenic drivers, it 
is necessary to go towards quantitative modelling. This study provides a methodological framework to 
quantitatively assess and map lake ES in Lithuania from a multi-temporal perspective and addressing 
the effects of land use and climate change. 
 

 
Materials and methods 
 
Study area: Lithuania is located on the Baltic Sea Coast, covering 65,300 km2 (Figure 1). In 2020, most 
of the population (67.5% - 1,887,323) lived in urban areas. Major urban agglomerations are Vilnius 
(566,018), Kaunas (292,613), Klaipėda (149,433), and Šiauliai (102,031) (www.stat.gov.lt). Rural 
populations (32.5 % - 908,702) subside agriculture and other activities such as tourism. In Lithuania, 
there are over 1000 lakes (approximately 1270 km2 - 2% of the Lithuania surface area) 
(www.sccm.jrc.ec.europa.eu), and these ecosystems support many socio-economic activities (e.g., 
fisheries, sapropel extraction, agriculture). Like many other countries in Europe, Lithuanian lakes were 
also affected by anthropogenic drivers (e.g., agricultural runoff, land-use changes). Substantial land-
use changes occurred in Lithuania between 1990 and 2018 (e.g., urban areas increased by 3.41%; and 
heathlands and shrubs decreased by -27%) (Gomes et al., 2021). Also, Baltic Region experienced the 
effects of climate change (BAAC II, 2015). Recently a new Comprehensive Plan of the Territory of the 
Republic of Lithuania (CPTRL) (http://www.bendrasisplanas.lt/) has been developed where future 
spatial (land-use) changes are envisaged. Furthermore, the Lithuanian National Energy and Climate 
Action Plan aim to "ensure good environmental quality and the sustainability of the use of natural 
resources, mitigate Lithuania's impact on climate change and increase its climate resilience”, for the 
period 2021–2030 (LNECAP, 2020).  
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Figure 1 Spatial distribution of lakes and location of main population agglomerations in Lithuania. 
 
Methodology: The study is organized in two steps (A) assessment and mapping of current lake provision 
ES in Lithuania (Figure 2A) and (B) assessing the temporal (past, present, and future) dynamics of ES 
provision as a response to anthropogenic drivers of change (Figure 2B).  
 
(A) Assessment and mapping of current lake ES provision in Lithuania 

At first, relevant 6 lake ES will be selected with stakeholders and classified following the Common 
International Classification on Ecosystem Services (CICES) (Haines-Young and Potschin, 2018) 
version 5.1. Existing and newly developed bio-physical (e.g., primary production) and socio-
economic (e.g., recreation) models (e.g., InVEST) will be utilized for assessing and mapping the 
selected ES, covering the supply, flow and demand dimensions. For biophysical modelling, high-
resolution remote sensing datasets will be used to estimate lake process indicators (e.g., 
chlorophyll-a). These models will be validated based on lake monitoring data from the Lithuanian 
Environmental Agency and/or European Environmental Agency. For socio-economic models, 
open-access datasets (e.g., OpenStreetMap) and Lithuanian datasets (www.stat.gov.lt) will be used 
to map tourism infrastructures (e.g., hotels, tourism centres). These indicators will then be used to 
create recreational ES indices, as developed in Kalinauskas et al. (2021). The validation of these 
models will be done based on an online questionnaire.  
 

(B) Assessing the temporal (past, present, and future) dynamics of lake ES provision as a response to 
anthropogenic drivers of change 
In this step, mapping and assessment of ES will be done covering five time periods (1990, 2000, 
2006, 2012 and 2018) and future scenarios (2050). The land-use analysis will be based on CORINE 
(https://land.copernicus.eu/) covering a buffer area of 5 km2 around the lakes as in Mushtag and 
Pandey (2014). Future projections of land-use changes will be based on environmental and socio-
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economic using the Logistic–Markov–Cellular Automata approach, as in Gomes et al. (2019). In 
total, 5 exploratory scenarios will be developed, combining Representative Climate Scenarios (e.g., 
RCP 4.5 and RCP 8.5), hared Socioeconomic Pathways (SSP 1-5) and integrating the national 
scale. "Lithuanian 2050" future vision.  The same ES models (of methodological step 1) will be 
applied for each period. Biophysical data for the future scenarios will be collected from global and 
regional climate model simulations datasets (e.g., CMIP6, EURO-CORDEX). Future socio-
economic data will be extracted from “SSP Public Database v2.0” and/or other relevant sources 
databases.  

 

 
 
Figure 2 Proposed methodological approach to assess and map multi-temporal dynamics of lake ES 
provision. 

Expected outcomes and conclusions 

The expected outcomes of the proposed methodological approach can support decision-making and 
spatial planning processes by providing essential knowledge needed for achieving national and 
international environmental targets (e.g., European Green Deal, Sustainable Development Goals, Paris 
Agreement). On the one hand, quantitatively assessing and mapping the current status of ES provision 
can help to identify high-low supply and demand areas. This is essential to prioritize lakes that may 
need more attention in terms of ecological restoration, contributing to the United Nations Decade on 
Ecosystem Restoration (www.decadeonrestoration.org). On the other hand, assessing and mapping the 
future ES provision via exploratory scenarios contributes to better its dynamics and to understand the 
impacts of climate and land-use changes. Providing plausible pictures of the future can help to improve 
and better understand how these ecosystems can be managed. This is for ensuring the continuous 
support of lake ecosystems for the well-being of future generations.  
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