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Abstract 

Latvian and Lithuanian Urban wetlands are increasingly threatened by climate change, 

biodiversity loss, invasive species, and anthropogenic pressures. The Joint Sustainable Wetland 

Management System (JSWMS) developed for the transboundary region of Daugavpils (Latvia) 

and Zarasai (Lithuania). The system integrates bio-expertise, nature-based restoration strategies, 

and AI-driven stakeholder engagement into a unified transborder joint governance framework. 

The methodology combines innovative bioindication, eDNA monitoring, current and predictive 

bioclimatic modelling, and e-Engagement participatory digital platform to enable adaptive, data-

driven decision-making. The proposed system represents a cyber-physical socio-ecological model 

that enhances LV-LT urban wetland biodiversity conservation, climate resilience, and cross-

border environmental governance. Integrating scientific monitoring, AI-based technologies, and 

e-Engagement participatory governance provides a scalable and replicable model for sustainable 

LV-LT urban wetland management. 

 

Introduction 

Wetlands are among the most productive ecosystems globally, yet they are highly vulnerable to 

climate change, urbanization, and biological invasions. Cross-border wetlands present 

additional governance challenges due to fragmented institutional frameworks and shared 

ecological processes. 

The JSWMS addresses these challenges by introducing joint, AI-assisted, and e-Engagement 

participatory management system that integrates ecological science with digital AI-technologies 

and social governance structures. The system is specifically designed for urban wetlands 

connected across national boundaries, where ecological processes transcend administrative 

borders. 

  



6 
 

1. THE RELEVANCE OF LATVIAN – LITHUANIAN JOINT 

URBAN WETLAND MANAGEMENT 

1.1. The role of urban wetlands in contemporary 

environmental governance 

Wetlands represent one of the most biologically productive and ecologically valuable ecosystems 

on Earth. Despite occupying only a relatively small proportion of the global terrestrial surface, 

wetlands perform a disproportionately large number of ecological functions that support 

biodiversity, climate regulation, and human well-being. These ecosystems provide a wide range 

of ecosystem services, including water purification, flood mitigation, carbon sequestration, 

nutrient cycling, and habitat provision for a diverse range of plant and animal species. Over the 

past several decades wetlands have experienced significant degradation and loss due to 

anthropogenic pressures such as urban expansion, land drainage, pollution, and climate change. 

Urban wetlands occupy a unique position within socio-ecological landscapes. Located within or 

adjacent to densely populated areas, they serve as critical ecological infrastructure supporting 

environmental stability while simultaneously providing social, cultural, and economic benefits to 

urban populations. In recent years, urban wetlands have increasingly been recognized as 

essential components of sustainable urban development and climate adaptation strategies. Their 

capacity to regulate hydrological cycles, moderate local climate conditions, and support 

biodiversity makes them indispensable elements of resilient urban ecosystems. 

Within the context of Northern and Eastern Europe, urban wetlands play a particularly important 

role due to the region’s extensive freshwater networks, peatland landscapes, and complex 

hydrological systems. In the Baltic region, wetlands function as ecological buffers that stabilize 

water regimes, maintain habitat connectivity, and mitigate environmental pressures associated 

with urbanization and land-use change. So, the conservation and sustainable management of 

wetlands have become key priorities within European environmental policy frameworks, 

including the European Union Biodiversity Strategy, the Water Framework Directive, and the 

Ramsar Convention on Wetlands. 
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1.2. Urban wetlands as climate regulation and mitigation 

systems 

Urban wetlands contribute significantly to climate regulation and climate change mitigation 

through several interrelated ecological mechanisms. One of the most important functions of 

wetlands is their ability to act as natural carbon sinks. Wetland soils, particularly those rich in 

organic matter such as peatlands and marshes, store large quantities of carbon accumulated over 

long periods of time. By preventing the release of stored carbon into the atmosphere, wetlands 

play a crucial role in regulating greenhouse gas concentrations and mitigating global climate 

change. 

In addition to carbon sequestration, wetlands also influence local and regional climate conditions 

through hydrological and microclimatic processes. Wetland vegetation and surface water bodies 

regulate temperature fluctuations by absorbing solar radiation and facilitating evaporative 

cooling. These processes contribute to the stabilization of local microclimates and help reduce 

the intensity of urban heat island effects, which are increasingly prevalent in expanding urban 

environments. 

Wetlands also function as natural climate adaptation systems by enhancing landscape resilience 

to extreme weather events. Their capacity to retain and slowly release water allows wetlands to 

buffer the impacts of heavy precipitation events and flooding. At the same time, during periods 

of drought, wetlands can maintain hydrological stability by sustaining groundwater levels and 

supporting surrounding ecosystems. 

As climate variability continues to increase across Europe, the role of wetlands as natural climate 

regulators is expected to become even more important. Protecting and restoring urban wetlands 

therefore represents a key strategy for strengthening regional climate resilience while 

simultaneously enhancing biodiversity and ecosystem stability. 
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1.3. Hydrological regulation and water quality functions 

Another critical ecological function of wetlands is their ability to regulate hydrological processes 

and maintain water quality. Wetlands act as natural hydrological regulators within river basins 

and catchment areas by storing excess water during periods of high precipitation and gradually 

releasing it during drier periods. This capacity reduces flood risk in downstream areas and 

stabilizes water flow regimes within interconnected aquatic systems. 

The hydrological regulation functions of wetlands are particularly important in urban 

environments, where impervious surfaces such as roads, buildings, and infrastructure disrupt 

natural water infiltration processes. By absorbing and retaining stormwater runoff, wetlands 

reduce the pressure on urban drainage systems and help prevent flooding in densely populated 

areas. 

Wetlands also perform essential water purification functions. Through a combination of physical, 

chemical, and biological processes, wetland ecosystems filter pollutants and excess nutrients 

from surface water. Wetland vegetation absorbs nitrogen and phosphorus compounds, while 

microbial communities within wetland soils facilitate the breakdown and transformation of 

organic pollutants. As a result, wetlands serve as natural water treatment systems that improve 

water quality and support the ecological integrity of connected freshwater ecosystems. 

In addition, wetlands play a vital role in maintaining groundwater recharge processes. By 

facilitating water infiltration into underlying aquifers, wetlands contribute to the long-term 

sustainability of freshwater resources, which are increasingly under pressure due to climate 

change and urban development. 

1.4. Biodiversity conservation and habitat connectivity 

Wetlands are widely recognized as biodiversity hotspots that support a remarkable diversity of 

plant and animal species. The structural complexity of wetland habitats—including open water 

areas, reed beds, marshes, peatlands, and riparian vegetation—creates a mosaic of ecological 

niches that sustain numerous organisms across multiple trophic levels. 
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Many wetland species are highly specialized and dependent on specific hydrological and 

ecological conditions. As a result, wetlands provide critical breeding, feeding, and migratory 

habitats for amphibians, reptiles, birds, fish, and invertebrates. In temperate regions such as the 

Baltic states, wetlands serve as essential stopover sites for migratory bird species along major 

migratory routes. 

Urban wetlands are particularly valuable for biodiversity conservation because they provide 

refuges for wildlife within heavily modified landscapes. By maintaining habitat patches within 

urban environments, wetlands help preserve ecological connectivity and support species 

movement across fragmented landscapes. 

The conservation of umbrella species, whose habitat requirements encompass those of many 

other species, is an important strategy in wetland biodiversity management. Protecting habitats 

suitable for such species can indirectly safeguard entire ecological communities and maintain 

ecosystem stability. 

1.5. Urban wetlands of Daugavpils and Zarasai: a cross-border 

socio-ecological system 

The wetland landscapes surrounding the cities of Daugavpils (Latvia) and Zarasai (Lithuania) 

represent an ecologically interconnected system located within the broader Daugava River basin. 

These wetlands include a network of lakes, marshes, riparian habitats, and floodplain ecosystems 

that support high levels of biodiversity and perform essential ecological functions within the 

region. 

The geographical proximity of Daugavpils and Zarasai creates a shared environmental context in 

which hydrological processes, species distributions, and ecological dynamics extend across 

national boundaries. Water flows, migratory species movements, and climate impacts operate 

at the landscape scale, making cross-border cooperation essential for effective environmental 

management. 

Wetlands within this region provide numerous ecosystem services that benefit both local 

communities and regional ecosystems. These services include water regulation, nutrient 

retention, habitat provision for aquatic and semi-aquatic species, and climate stabilization. The 
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wetlands also contribute to the cultural and recreational value of the region by supporting 

nature-based tourism, environmental education, and scientific research. 

The wetlands of Daugavpils and Zarasai are increasingly exposed to environmental pressures 

associated with urban expansion, infrastructure development, pollution, invasive species 

introduction, and climate change. Changes in precipitation patterns and temperature regimes 

may alter hydrological conditions and affect species distributions within these ecosystems. 

Addressing these challenges requires an integrated cross-border management approach that 

combines ecological monitoring, scientific expertise, and stakeholder participation. By 

coordinating conservation strategies between Latvia and Lithuania, it is possible to maintain 

ecological connectivity, protect biodiversity, and enhance the resilience of wetland ecosystems 

within the region. 

1.6. The need for an integrated cross-border wetland 

management system 

Given the complex socio-ecological dynamics of urban wetlands and the transboundary nature 

of the Daugavpils–Zarasai wetland system, traditional sectoral approaches to environmental 

management are insufficient. Effective conservation requires the integration of ecological 

science, governance mechanisms, technological tools, and public engagement. 

An integrated wetland management system must therefore incorporate several key components: 

• scientific monitoring and ecological modelling, 

• nature-based restoration strategies, 

• digital environmental monitoring platforms, 

• stakeholder participation and citizen science, 

• cross-border institutional coordination. 

Such an approach enables adaptive management based on real-time environmental data and 

scientific analysis. It also strengthens collaboration between authorities, researchers, and local 

communities, ensuring that wetland conservation efforts remain socially inclusive and 

scientifically informed. 
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The development of a Joint Sustainable Wetland-Management System for the Daugavpils and 

Zarasai wetlands represents an important step toward achieving long-term ecological 

sustainability in the region. By integrating innovative technological solutions with participatory 

governance and ecosystem-based restoration practices, the system provides a comprehensive 

framework for protecting urban wetlands and enhancing their capacity to support biodiversity, 

climate resilience, and human well-being.  
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2. JOINT SUSTAINABLE WETLAND MANAGEMENT 

SYSTEM CONCEPT, METHODOLOGY AND INNOVATIONS 

2.1. Theoretical framework 

The Joint Sustainable Wetland Management System (JSWMS) is grounded in three major 

scientific paradigms: 

Socio-Ecological Systems Theory: The system conceptualizes wetlands as coupled Human–

Natural Systems (CHANS), where ecological dynamics and human decision-making are 

interdependent. 

Adaptive Management Theory: The framework follows an iterative learning cycle: 

• Monitoring  

• Evaluation  

• Decision-making  

• Adjustment  

This aligns with ecosystem-based management principles. 

Nature-Based Solutions: The system prioritizes ecological restoration through: 

• Natural disturbance emulation  

• Species-based ecosystem stabilization  

• Habitat zoning  

2.2. Methodology and components 

Research design 

This study employs systems design and implementation methodology, combining: 

• Interdisciplinary ecological assessment  
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• Digital system engineering (AI platform)  

• e-Participatory governance modelling  

The approach is applied, transdisciplinary, and iterative, where the iterative processes involve 

refining and improving a management process based on received feedback and/or new 

information, integrating stakeholders throughout the system lifecycle. 

Core Methodological Components 

Bio-expertise and monitoring. The system applies multi-layer ecological monitoring, including: 

• Bioindication using Umbrella Key Species (wetland amphibians, reptiles) 

• Environmental DNA (eDNA) analysis (for cryptic species) 

• Biodiversity field surveys (regular field monitoring) 

• AI-assisted e-Citizen Science ecological data processing (e-Citizen Science app) 

These methods enable high-resolution ecosystem diagnostics and early detection of 

environmental changes. 

Bioclimatic modelling. Current and Predictive modelling is used to: 

• Identify current climate impact on wetland ecosystems using model Umbrella Key 

Species, as bio-indicators 

• Forecast climate changes impact on habitat suitability and spatio-temporal dynamics of 

model Umbrella Key Species distribution  

• Optimize restoration strategies as a Climate change mitigation 

This ensures forward-looking, strategic climate-adaptive and joint management . 

Nature-based restoration strategies. Restoration interventions are based on: 

• Umbrella species concept (e.g., model species Emys orbicularis, Triturus cristatus)  

• Invasive species natural control (e.g., model species Trachemys scripta, Perccottus glenii)  

• Natural disturbance emulation (flooding, ecosystem engineering)  

• Spatial zoning of wetlands (with different preservation level) 
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These interventions are continuously evaluated through monitoring and e-Citizen Science 

feedback loops. 

AI-Driven participatory e-Platform. A central methodological innovation is the development of 

an AI-supported Joint digital platform integrating: 

• e-Citizen science data collection (geolocation-based photo-reporting)  

• Real-time One-Click alerts and reporting (anonymous photo-alert)   

• e-Learning modules (Ecology, Ethology, Science) 

• e-Coworking with ML AI Assistant  

• Stakeholder e-Engagement into decision making 

• e-Feedback interactive module 

The AI-Driven platform enables e-Coworking and bidirectional information flow between 

stakeholders and decision-makers with real-time feedback. 

Data Integration and Decision-Making. Data from multiple sources are integrated into a central 

base of the decision-support system, which allows to: 

1. Aggregate ecological and social data  

2. Perform predictive analysis  

3. Generate management recommendations  

4. Support expert validation  

This ensures evidence-based, transparent decision-making because of Stakeholders and Police 

makers e-Coworking. 

2.3. Innovations characteristics 

Scientific Innovations 

• AI-driven ecosystem governance  

• eDNA + bioindication integration  

• Predictive bioclimatic modelling  
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Technological Innovations 

• Geolocated e-Citizen Science  

• AI e-learning environment  

• Real-time ecosystem regulation  

Governance Innovations 

• Cross-border e-Co-management  

• e-Participatory decision-making  

• Open-data environmental governance  
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3. JOINT SUSTAINABLE WETLAND MANAGEMENT 

SYSTEM CONTENT 

3.1. Management system core components 

Connected urban wetlands in Daugavpils, Latvia and in Zarasai, Lithuania represent complex 

socio-ecological systems that provide critical ecosystem services including biodiversity 

conservation, water purification, flood regulation, carbon sequestration, and climate regulation. 

Both wetland ecosystems are increasingly threatened by urbanization, overexploitation, 

pollutions, climate change, and invasive species, which disrupt ecological balance and reduce 

resilience. The cross-border wetland areas between Latvia and Lithuania require coordinated 

management because hydrological systems are connected (12 km of water way) and biodiversity 

networks transcend administrative borders. 

The developed Joint Sustainable Wetland Management System (JSWMS) content includes an 

integrated governance and monitoring framework that combines ecological science, digital 

technologies and AI, participatory governance, nature-based restoration solutions and 

bioclimatic modelling-based conservation strategies. The JSWMS system is based on four 

interconnected joint pillars: 

• Innovative bio-expertise: field monitoring and strategic bioclimatic modelling; 

• Nature-based wetland restoration solutions and strategies; 

• Active e-engagement of stakeholders and e-citizen science participation; 

• ML IT-AI based Wetland Management decision assistance. 

These components interact within the broader socio-ecological environment, integrating 

ecological processes with governance mechanisms and societal participation.  

3.2. Management environments and cycle workflow 

The developed Joint AI-Based Urban Wetland Management System introduces a cross-border 

collaborative governance model capable of supporting long-term wetland ecosystem and related 

biodiversity sustainability while maintaining socio-economic benefits such as ecological services 
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through ML AI-Assistance for Experts, Governance, and Restoration Units; e-Citizen Science; e-

Engagement and sustainable interactive environmental e-Education for Multi-Actor Reference 

Groups (Figure). The Project develops and introduces this innovative cross-border wetland 

management system between Latvia (LV) and Lithuania (LT). This system aims to protect, restore, 

and sustainably manage urban wetlands that are under threat due to climate change, invasive 

species, urbanization, and pollution, through interdisciplinary and MARG approaches 

incorporating: 1) Innovative bio-expertise, monitoring and strategic bioclimatic modelling, 2) 

Nature-based wetland restoration strategies, 3) Active e-Engagement of all stakeholder groups 

in the wetland management, the Joint AI-Based Urban Wetland Management System ensures 

long-term socio-ecological sustainability and wetlands biodiversity preservation in both Latvian 

and Lithuanian territories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: Joint AI-Based Urban Wetland Management System, workflow, its core components, 

functions and relationships. 
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3.3. Scientific expansion: Experts AI-Based Analyses 

Component I: Bio-Expertise, Monitoring & Bioclimatic Modelling 

Function: Generate evidence-based ecological intelligence 

Subsystems: 

• Bioindication using Umbrella Key Species  

• eDNA monitoring systems  

• AI-assisted biodiversity analytics  

• Bioclimatic predictive modelling  

Scientific Role: 

• Detect ecological shifts  

• Predict climate-driven habitat changes  

• Optimize restoration strategies  

Component II: Nature-Based Restoration System 

Function: Restore ecosystem integrity using ecological engineering 

Key Mechanisms: 

• Natural disturbance emulation (flooding, beaver analogues)  

• Invasive species control (e.g., Trachemys scripta)  

• Rare Umbrella species reintroduction (Emys orbicularis)  

• Zonation (human vs biodiversity areas)  

Scientific Basis: 

• Ecosystem resilience theory  

• Adaptive management cycle  

• Trophic and habitat stabilization  

Component III: Stakeholder e-Engagement & AI Platform 
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Function: Enable real-time participatory governance 

Digital Infrastructure: 

• AI-mobile application  

• Geolocation-enabled monitoring  

• e-Citizen science photo-reports  

• e-learning environment  

Key Features: 

• Real-time alerts (pollution, invasive species)  

• e-learning ecosystem  

• Public think-tank functionality  

Core components’ functions 

Core components functions are: 

1. Innovative bio-expertise, monitoring and strategic bioclimatic modelling 

• Joint bio-expertise efforts using Umbrella Key Species innovative bioindication methods 

and monitoring to evaluate wetland health. 

• Joint strategic bioclimatic modelling for Umbrella Key Species to mitigate climate impact 

threats in the wetlands for wetlands sustainability. 

• Cross-border collaboration of experts from both countries to assess environmental 

changes and propose conservation measures. 

• Development of a joint decision-making e-based framework to optimize restoration 

efforts and mitigate climate changes and invasive species impact. 

2. Nature-based wetland restoration strategies 

• Implementation of the Umbrella Key Species concept, focusing on nature-based 

solutions like natural disturbances emulations, such as emulated flooding and beaver 

impact, selective vegetation clearance, and ecosystem engineering to maintain wetland 

health. 
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• Introduction of removing/isolation mechanisms for invasive species like Trachemys 

scripta and Perccottus glenii, and the European pond turtles releasing as Umbrella Key 

Species ecological stabilizer. 

• Establishment and dividing of protected biodiversity and humans’ zones and the real-

time e-regulation tool of the using of the zones, their over-exploitation and all forms of 

pollutions. 

3. Active engagement of all stakeholder groups in the wetland management 

• Direct real-time involvement of all stakeholders’ groups (authorities, experts, other 

stakeholders and wide public) in the wetland management through the decisionmaking 

e-environment. 

• A cutting-edge IT-AI mobile application designed for real-time Citizen science-based 

monitoring, biodiversity tracking, feedback, wetland management and humans’ behavior 

real-time regulation. 

• Integration of geolocation services, AI-driven data analysis, and e-Citizen science 

participation to enhance stakeholder engagement. 

• Integration of open data information services and testing to enhance stakeholder 

learning and development. 

3.4. Cross-border collaboration and impact 

The joint LT-LV wetland management system is crucial due to the shared water systems between 

Daugavpils (LV) and Zarasai (LT) and joint problems. Key benefits of the system include: 

• Integrated conservation efforts: Tackling biodiversity threats that extend beyond 

national borders. 

• Stakeholder engagement and education: Interactive tools and e-learning platforms 

fostering cross-border participation. 

• Data-driven decision-making: Predictive bioclimatic cross-border modeling for both 

territories ensuring effective wetland restoration and sustainable ecosystem 

management. 
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• Sustainable eco-tourism regulation: Encouraging responsible tourism while preserving 

wetland integrity. 

The Project’s innovative wetland management system represents a transformative approach to 

ecosystem conservation. By merging modern technologies solutions with scientific research and 

public involvement, it establishes a scalable model for cross-border environmental governance. 

This initiative fosters ecological resilience, enhances biodiversity, and ensures the sustainable 

future of urban wetlands in the LT-LV region. 
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4. JOINT SUSTAINABLE WETLAND MANAGEMENT 

SYSTEM LAYERS  

4.1. Conceptual definition 

The Joint Sustainable Wetland Management System (JSWMS) is a transboundary, AI-assisted, 

socio-ecological governance framework designed for the integrated conservation, restoration, 

and adaptive management of urban wetlands across the Latvia–Lithuania border (Daugavpils–

Zarasai region). 

The system combines: 

• Ecological science (bioindication, eDNA, modelling)  

• Nature-based solutions (NbS)  

• Digital infrastructure (AI + geolocation + citizen science)  

• Participatory e-governance  

The system operates as a multi-layer adaptive management loop ensuring long-term ecosystem 

resilience and biodiversity preservation. 

4.2. System layers and subsystems  

The system is composed of six interacting layers: 

1. Ecological Layer – wetlands, species, habitats, hydrology. 

2. Scientific Layer – monitoring, modelling, bio-indication, expert evaluation. 

3. Governance Layer – authorities, municipalities, conservation agencies. 

4. Technological Layer – digital platform, AI mobile applications. 

5. Societal Participation Layer – e-citizen science, NGOs, stakeholders. 

6. IT-AI based environment – ML AI assistance. 

The layers is structured into four interconnected subsystems: 
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• Bio-Expertise Subsystem (Provides scientific ecological information through monitoring 

and modelling). 

• Restoration Subsystem (Implements adaptive nature-based interventions). 

• Stakeholder e-Engagement Subsystem (Facilitates participatory governance via digital 

tools). 

• Cross-border governance subsystem (Provides cross-border collaboration and 

management). 

These subsystems interact within a shared socio-ecological environment, ensuring system-wide 

coherence. 
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5. INNOVATIVE BIO-EXPERTISE AND STRATEGIC 

BIOCLIMATIC MODELLING  

5.1. Bioindication using Umbrella Key Species 

The monitoring framework is based on Umbrella Key Species conception: wetland organisms 

(amphibians and reptiles) whose ecological requirements reflect wetland ecosystem conditions, 

optimal for main other wetland species. Monitoring Umbrella Key Species enables efficient 

evaluation of wetland biodiversity and ecological health. 

Key monitoring indicators include: 

• Population dynamics of key species 

• Habitat quality indicators 

• Hydrological regime stability 

• Presence of invasive species 

Umbrella species monitoring enables scientists to identify early warning signals of ecosystem 

degradation and to propose adaptive management responses. 

5.2. Cross-border bioclimatic modelling 

Climate change significantly alters wetland hydrology and species distributions. The management 

system integrates current and predictive bioclimatic modelling to evaluate climate changes 

potential impacts such as: 

• temperature increase 

• precipitation variability 

• seasonal solar activity dynamics 

• rare and invasive species spread etc. 

The modelling system incorporates geospatial datasets, big databases, ecological monitoring 

results, and climate projections to generate predictive scenarios supporting adaptive 
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management strategies. The bioclimatic models below have been developed by the authors for 

the 4 model target species (Project UrbUmbrella Consolidated Phase 1 Report, Škute et al. 2025). 

Rare Species Triturus cristatus and Emys orbicularis 
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Invasive Species Perccottus glenii and Trachemys scripta 
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As a result of the bioclimatic modeling, it was revealed that different animal species will respond 

differently, in a differentiated way, to climate change, particularly in Northern Europe, where the 

emergence of new invasive species is expected in the future. 

For native rare species — the northern crested newt (T. cristatus) and the European pond turtle 

(E. orbicularis) — the key distribution drivers are mean annual temperature, precipitation during 

the warmest quarter, and extreme winter conditions. Both species show a tendency to shift their 

ranges northward and northeastward, making Latvia and Lithuania potentially important areas 

for population persistence by the mid-21st century. 

At the same time, invasive species are projected to benefit from changing climatic conditions. 

The red-eared slider (T. scripta), which depends on mild winters and reduced climatic seasonality, 

is likely to become naturalized in Latvia and Lithuania by 2050, creating competition pressure on 

the native E. orbicularis. The invasive fish P. glenii demonstrates high adaptability to moderately 

cool climates with warm summers. Projections indicate substantial expansion of its range in the 

Baltic region, increasing predation pressure on amphibian larvae and destabilizing freshwater 

ecosystems (Pupins et al., 2023). Therefore, bioclimatic modelling and bio-indication are 

important parts of the Joint Management System. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: Scientific Monitoring and Modelling Framework. This monitoring architecture ensures 

evidence-based ecological management. 
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Comparison with recent studies (Nekrasova et al., 2024) supports these findings: E. orbicularis 

shows potential for range expansion under climate warming, while invasive American species 

(including T. scripta) display a high likelihood of northward spread. 

In summary, climate change will simultaneously facilitate range expansion of both native and 

invasive species. For the Baltic countries, this presents a dual challenge: on the one hand, the 

formation of new favorable zones for the conservation of native taxa, and on the other, an 

increased risk of invasions and competition. These results highlight the urgent need for 

integrated monitoring, protected habitat creation, and early detection and control measures for 

invasive species. 

The relevance of the bioclimatic modelling for the Joint Management System: 

1. Climate change will have contrasting effects on native and invasive species in the Baltic 

region and in the Project UrbUmbrella territories in Latvia and in Lithuania. 

2. For T. cristatus and E. orbicularis, north-eastern range shifts are projected, increasing the 

likelihood of persistence in Project UrbUmbrella territories by mid-century. 

3. Invasive threats - T. scripta and P. glenii are expected to expand in Project UrbUmbrella 

territories and in Latvia and in Lithuania substantially, raising risks of competition and 

predation on native taxa. 

4. Thus, the Project UrbUmbrella territories in Latvia and in Lithuania may become both a 

climatic refugium for threatened species and a hotspot of invasion risk, underscoring the 

need for integrated Joint Management System.  
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6. NATURE-BASED WETLAND RESTORATION SOLUTIONS 

AND STRATEGIES 

Nature-based solutions form the core of ecosystem restoration and resilience enhancement. 

Instead of relying on artificial infrastructure, these approaches mimic natural ecological 

processes. 

6.1. Ecosystem engineering and habitat restoration 

Key restoration measures include: 

• Emulated flooding impact to restore natural hydrological cycles 

• Beaver-like overgrowing removal and ecosystem engineering to maintain water 

retention structures 

• Fire-like land overgrowing removing through selective clearing 

• Rare native predators releasing to manage invasive species 

These actions recreate ecological disturbances that are essential for maintaining Latvian and 

Lithuanian wetland biodiversity. 

6.2. Invasive species control 

The presence of invasive species threatens wetland native biodiversity. The system includes 

targeted control measures such as: 

• isolation and removal of invasive aquatic species 

• habitat restoration supporting native species recovery 

• biological control strategies 

• continuous monitoring using e-Citizen Science reporting 

The LV Focus is placed on ecological stabilizer species such as the European pond turtle, which 

functions as an Umbrella Species in Daugavpils urban wetland ecosystems. 
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6.3. Zonation of wetland areas 

To balance conservation and human use, wetlands are divided into four functional zones: 

• Strict biodiversity protection zones 

• Ecological buffer zones 

• Sustainable Use Zones 

• Educational and Public Access zones 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: Urban wetland zonation framework. Real-time digital monitoring regulates human 

activities within these zones. 
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7. STAKEHOLDER PARTICIPATION AND GOVERNANCE 

7.1. Socio-ecological integration 

Socio-ecological integration ensures: 

• Feedback-driven governance  

• Social learning  

• Ecological adaptation  

7.2. Stakeholder Groups 

The system directly and/or indirectly involves a wide network of stakeholders and Multi-Actor 

Reference Groups (MARG): 

• Government Authorities 

• National Environmental Ministries 

• regional environmental agencies 

• municipalities (Daugavpils, Zarasai) 

• project area administrations 

• Scientific Community 

• universities 

• research institutes 

• ecological experts 

• climate scientists 

• Civil Society 

• NGOs 

• local communities 

• environmental education organizations 

• eco-tourism operators 

• Technology Sector 

• IT developers 

• AI data analysts 

• environmental monitoring system providers 
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7.3. Joint governance model 

The structure is jointly governed and inseparable across partners. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: General structure of cross-border governance.  

This integrated architecture ensures that ecological data flows upward toward decision-makers 

while management actions flow downward to the ecosystem.  

Table. Roles and Responsibilities 

Actor Function 

Municipalities Policy integration, implementation 

Scientists Monitoring, modelling, recommendations 

AI System Data processing, decision support 

Citizens Data input, environmental observation 

Supervisory Board Scientific validation (if necessary) 

 

7.4. Joint government structure 

Institutional structure. The governance framework includes: 

• Local authorities (Latvia and Lithuania)  

IT AI Environment 
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• Scientific experts (Latvia and Lithuania) 

• Joint International Supervising Board (Latvia and Lithuania) 

• Public stakeholders and NGOs (Latvia and Lithuania) 

The system operates as a joint, inseparable cross-border governance mechanism, ensuring 

coordinated management. 

Participatory governance mechanism. Stakeholders are actively involved through: 

• e-Citizen science contributions  

• Real-time One-Click reporting systems  

• Educational e-Engagement etc. 

This enhances social ownership and environmental awareness. 

                

 

 

 

 

 

 

 

 

 

Figure: Cross-Border Governance Structure. The Joint LV-LT Steering Committee coordinates 
cross-border policy alignment and ensures that ecological management actions remain 
harmonized between Latvia and Lithuania. 

Data Types in the participatory governance workflow 

• Ecological: biodiversity, water quality  

• Spatial: GIS/geolocation  

• Social: citizen reports  

• Predictive: climate models  
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8. DIGITAL PLATFORM AND AI-SUPPORTED DECISION 

SYSTEM 

Digital System (AI + e-Platform Architecture) functional modules: 

• e-Citizen science module  

• Biodiversity monitoring tracking  

• e-Alert system  

• Decision-support AI-based engine  

• e-Educational platform  

Integrated digital AI-based ecosystem. The system includes a digital e-environment platform 

supporting monitoring, data analysis, and stakeholder interaction. 

Key technological components include: 

• geolocation services 

• environmental sensors / big databases 

• mobile e-citizen science application 

• AI-based decision-making assistance 

The platform core functions as an AI-based decision-support system, enabling authorities and 

scientists to evaluate ecosystem conditions in real time. 

Mobile e-Citizen-Science Application. The mobile application enables public participation in 

environmental monitoring by allowing users to: 

• record species observations 

• upload photos and environmental reports 

• alert pollution or illegal activities  

• participate in socio-ecological surveys (questionary) 

• provide educational materials 
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• test wetland knowledges 

e-Citizen Science significantly expands monitoring capacity while fostering environmental 

awareness.  

 

             

 

 

 

 

 

 

 

 

 

 

 

Figure: Digital platform architecture. 
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9. FEEDBACK LOOPS AND ADAPTIVE MANAGEMENT 

Workflow System Structure (Operational Cycle). The JSWMS follows an adaptive iterative 

management cycle loop including: 

1. Data collection (e-Citizen Science and monitoring)  

2. AI-based integration (e-Platform) 

3. Expert evaluation and recommendations (Certified Experts) 

4. Decision-making (Citizen and Governances e-Coworking) 

5. Implementation of restoration actions (Work Units, NGO) 

6. Monitoring and feedback (e-Citizen Science and monitoring) 

7. Go to step 1. 

This cyclical process ensures iterative continuous system optimization. 

Adaptive management cycles. A critical element of the system is the implementation of adaptive 

management cycles. Wetland ecosystems are dynamic and require continuous adjustment of 

strategies based on new scientific data. 
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Figure: Joint AI-Based Urban Wetland Management System, workflow, its core components 

functions and relationships, and Adaptive Main Feedback Loop (Gray Arrow). The feedback 

loop ensures that the system remains flexible, evidence-based, and responsive to ecological 

change. 
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10. SOCIO-ECOLOGICAL BENEFITS AND OUTCOMES OF 

THE JOINT MANAGEMENT SYSTEM 

10.1. Long-term benefits  

The Joint Sustainable Wetland-Management System provides several long-term benefits: 

Ecological benefits: 

• biodiversity preservation 

• improved wetland resilience 

• climate change adaptation 

• restoration of natural hydrological cycles 

• invasive species control 

Social benefits: 

• environmental education 

• citizen e-engagement 

• improved recreational opportunities 

• strengthened environmental awareness 

Economic benefits 

• biodiverse conservation 

• improved ecosystem services supporting regional development 

• cross-border cooperation opportunities 

• urban territories sustainable development 

10.2. Expected structured outcomes and results 

Ecological outcomes 

• Improved biodiversity status  
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• Enhanced ecosystem resilience  

• Effective invasive species control  

Governance outcomes 

• Integrated cross-border management  

• Data-driven policy implementation  

• Increased stakeholder participation  

Technological outcomes 

• Operational AI-based management platform 

• Scalable digital infrastructure 

10.3. System implementation consolidated results 

The JSWMS results in a transformative approach to environmental governance, integrating: 

• Scientific monitoring  

• Digital innovation  

• e-Participatory processes  

Its key strength lies in the integration of real-time data, predictive modelling, and stakeholder 

engagement, which collectively enable adaptive and resilient management. 

Deliverables: 

1. Joint Management System Document (This document) 

2. AI-based Operational e-Platform (Web-based or App) 

Consolidated outcomes: 

• Biodiversity restoration  

• Climate adaptation  

• Sustainable tourism regulation  

• Replicable Joint Governance model  
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10.4. Replicability and scalability 

The system is designed as a modular and transferable framework, requiring only: 

• Local ecological data  

• AI model training  

• Institutional integration  

This makes it applicable across different geographical regions and wetland types. 

The system is modular and scalable in accordance with the 5-steps works sequence: 

 

1. New Region 

2. → Input Local Data 

3. → Train AI 

4. → Deploy e-Platform 

5. → Integrate Governance 

6. → Operate JSWMS 
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Conclusions 

The Joint Sustainable Wetland-Management System represents a transformative model for 

cross-border environmental governance. By integrating ecological science, IT AI and digital 

science, advanced monitoring technologies, nature-based restoration strategies, citizen science 

and participatory governance, the system creates a robust framework for sustainable wetland 

conservation. 

The synergy between bio-expertise, restoration interventions, and stakeholder engagement 

ensures that wetland ecosystems remain resilient under increasing environmental pressures. 

Furthermore, the integration of digital tools and citizen science significantly enhances data 

availability and public involvement. As a scalable model, the proposed system can serve as a 

reference framework for sustainable management of urban wetlands across Europe, promoting 

biodiversity protection, climate resilience, and collaborative environmental stewardship.  

The System demonstrates that AI-assisted, participatory, and science-based governance can 

effectively address complex environmental challenges in cross-border contexts. By integrating 

ecological monitoring, restoration strategies, and stakeholder engagement into a unified system, 

the JSWMS provides a scalable model for sustainable wetland management and biodiversity 

conservation. 

The Joint Sustainable Wetland Management System represents a next-generation 

environmental governance paradigm, integrating: 

• Science (innovative bio-expertise)  

• IT Technology (innovative AI-based system)  

• Society (innovative participatory e-Engagement)  

• Policy (innovative cross-border e-Governance)  

It operates as a self-adaptive, data-driven, participatory ecosystem management system, 

capable of addressing complex environmental challenges such as climate change, biodiversity 

loss, and anthropogenic pressure. 
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