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Abstract: Managing Water, Energy, and Food (WEF) resources within socio-environmental systems 
demands innovative strategies that provide decision-makers with actionable insights. This article 
explores the challenges and potential solutions of employing Focus Maps and choremes as a novel 
approach for assessing anthropogenic impacts and enhancing the visualization of the WEF Nexus 
in specific geographic areas. By integrating geospatial data, multi-criteria analysis, and involving 
stakeholders, our research aims to develop Choreomatic Focus Maps (CFMs) that offer a 
comprehensive spatial representation of the WEF Nexus, facilitating better-informed decision-
making at the community level. Our current work outlines visualization of WEF Nexus, as an initial 
stages of creating CFMs through a detailed step-by-step process. This includes identifying the main 
drivers for WEF nexus, such as anthropogenic activities and their distribution, evaluating 
environmental factors, linking anthropogenic impact with environmental indicators over time, and 
conducting on-site validation. Our focus is on advancing through these crucial steps, particularly 
emphasizing field validation within the Local Decision-Makers Tools, visualized here by using 
Focus Maps. This phase is vital for ensuring our approach is grounded in reality and meets the 
needs of the communities within the Danube Delta region. By doing so, we aim to provide a visual 
summary of the WEF Nexus that not only captures the complexity of this fragile ecosystem but also 
incorporates local insights and priorities, identifying key areas where human activities have 
significant impacts.  

Keywords: decision makers visualization tools; WEF nexus visualization; choremes; focus maps 
 

1. Introduction 

In this study we aim to present Focus Maps. They are designed to draw user's attention to the 
part of the map that is of interest. The user's interpretation process is directed to the region of interest, 
which facilitates the process of reading the map as the amount of information that needs to be 
processed is reduced. The focusing effect is achieved by using two techniques: varying degrees of 
generalization and color fading. Cartographic elements in the geographic area of interest are 
displayed with precision; the generalization of these elements is kept to a minimum. As the distance 
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from this area increases, so does the degree of generalization of cartographic elements, meaning the 
cartographic elements that are away from the area of interest are simplified to a high degree [1] 

Danube Delta represents a complex study case where environment, economic activities, 
traditions and culture form the identity of the place. Economic activities are determined by seasonal 
dynamics, directly influencing the daily life of the inhabitants in the area. Demographic decline of 
local communities, disparities between the administrative territorial units, acute isolation and harsh 
conditions of living represent pressing issues for local decision makers [2]. In1991 the Danube Delta 
was assigned as Bio-sphere Reserve and several restoration measures were implemented [3]. 

Water Energy Food (WEF) Nexus represents a concept to describe and address, to better 
understand and systematically analyses the interactions between the natural environment and 
human activities [4]. This conceptual approach is complex, and its greatest challenge lies in enabling 
appropriate action. Harwood (2018) calls for a ‘’systems thinking’’ approach that can help effectively 
evaluating and implementing actions in regard to the area pertaining WEF Nexus [5]. Adopting this 
kind of ‘’systems thinking” approach in the Danube Delta is essential due to its fast development and 
increasing urban pressure in recent decades. These facts challenge the delicate balance within the 
WEF Nexus, making it crucial to consider the interconnectedness of water, energy, and food systems 
holistically. 

The integration of Focus Maps into environmental management, particularly within the context 
of the WEF Nexus, is a pivotal advancement in understanding and addressing the complex 
interdependencies between natural and human systems. The concept of the WEF Nexus, which 
underscores the intricate connections between water, energy, and food systems, is crucial for 
sustainable development and requires a comprehensive and integrated management approach [6,7]. 
By converting complex data into an accessible format, these maps enable informed decision-making 
and facilitate a deeper understanding of the Nexus [8,9]. Wetlands play critical roles in water 
purification, flood control, and as sources of food and energy, yet they are vulnerable to 
anthropogenic impacts. Through these maps, the multifaceted impacts on wetlands, and by extension 
on the WEF Nexus, are vividly portrayed, highlighting areas that require urgent attention and 
sustainable management [10,11]. 

2. Materials and Methods 

 In a first stage preparing Focus Maps, the anthropogenic activities which have the most impact 
on natural habitats and the environment in the Danube Delta were extracted. In this data driven 
context we thus have analyzed a set of basic background data providing essential components for 
sustainable management of this biosphere reserve ecosystems [12]. Further, the use of satellite 
imagery and spatial analysis technologies provides an effective approach to monitoring and 
evaluating changes that may affect this region. The proposed methodology represents therefore an 
integrated approach, using satellite images and space analysis technologies, to assess the impact of 
anthropogenic activities in the Danube Delta. This approach is validated by the work of several 
researchers as Medinets et al. (2023),Oteman et al(2021) Kuenzer et al. (2019),Tziavos et al(2016) , who 
utilized satellite imagery to monitor changes in coastal ecosystems, demonstrating its effectiveness 
in environmental monitoring and management, particularly in sensitive areas like the Danube Delta 
[13–16]. 

Careful selection of images, analysis of changes in vegetation and use of advanced techniques 
allowed an identification and quantification of specific changes caused by deforestation, intensive 
agriculture and other human activities. Drawing upon the methodologies presented by Schlemm et 
al. (2023), our research integrates considerations of water quality into the WEF Nexus visualization, 
recognizing the interlinked effects of human activities on water, energy, and food systems [17]. Field 
validation ensured the accuracy of resulting maps, highlighting high-risk areas, providing essential 
information for the sustainable management of this unique ecosystem. 

To enhance the effectiveness of Focus Maps as a valuable visualization tool for decision-makers 
within the WEF nexus framework, we applied a multi-criteria methodology involving the following 
aspects.: 
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1. Identification of anthropogenic activities: 
 In the preliminary stage, identifying anthropogenic activities proved pivotal. In our prior study 

concerning the Danube Delta, this was accomplished by evaluating long-term trends of diverse 
indicators of human pressure. Based on these indicators, we refined our methodology to emphasize 
shifts in land use, infrastructure expansion, and time-series analysis. This adaptation allowed us to 
underscore the influence of human activities linked to tourism, industry, transportation, and 
agriculture within the Water-Energy-Food (WEF) nexus [12].  
2. Distribution of anthropogenic activities in the deltaic space with the help of satellite images: 

By using satellite images, the spatial distribution of anthropogenic activities in the Danube Delta 
was identified and mapped. We focused here on the distribution of activities to highlight the impact 
of tourism, industry, transport and agriculture by subsequently correlating with existing data and 
those identified within the project. The detailed imaging analysis aimed to create a comprehensive 
spatial understanding of human influences in the Delta. This procedure is crucial for forming 
connections with both existing and new data within the project, laying the foundation for deeper 
understanding of the complex dynamics between human activities and the WEF nexus. 
3. Water quality analysis: 

Water quality analysis is a focal point in developing our visualization tool, aligning information 
presented by maps with the WEF nexus pivotal principle of sustainable resource management. 
Hydrological and physicochemical indices were utilized to provide information about ecosystem 
conditions at the time of sampling. Such data were critical for assessing water quality and pinpointing 
areas undergoing significant environmental changes. Such analysis is key to understanding the 
element “water” of the WEF Nexus, providing vital information that are further integrated to ensure 
a comprehensive representation of the interdependencies within the Danube Delta's ecological 
system. 
4. Air quality monitoring: 

Air quality monitoring using the online anthropogenic impact assessment system on inland 
lakes and canals were developed during this project. The data obtained were subsequently correlated 
with information related to the distribution of anthropogenic activities. Air quality represents an 
important factor when taking in consideration WEF nexus in a fragile ecosystem like Danube Delta. 
5. Soil quality assessment: 

Existing data related to soil quality and organic carbon was used to assess changes in soil 
according to different anthropogenic activities [18]. 

 In order to identify the areas affected by erosion or degradation, mapping was carried out 
following drone flights in pilot areas designated for testing and optimizing the system based on 
multiparameter sensors for real-time monitoring of anthropogenic impact on indoor channels. These 
data were then integrated into our visualization tool. 
6. Analysis of temporal changes: 

Images from different periods were compared to identify trends and temporal changes 
associated with anthropogenic activities. Change detection techniques were used to highlight areas 
of significant change. Drone mapping was carried out and the collected data were analyzed by GIS 
experts. 
7. Land validation: 

Field expeditions were conducted to validate and correlate interpretations from satellite images 
with real terrain conditions. Additional data were collected to calibrate and validate the results 
obtained from image analysis. In this step also the citizen science was involved, local knowledge 
being assessed through informative interviews. 
9. Creating Chorematic Focus Maps: 

The present study aims at creating Focus Maps, which are the pre-stage of Choreomatic Focus 
Maps (CFM). CFM, rooted in Brunet's chorematic principles and enriched with modern cartographic 
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techniques, provide a vital tool for visualizing complex interactions [19]. These maps are not mere 
geographical representations but schematized visualization of territories interlinked with diverse 
topics of human activity, such as political, economic and demographic background ( [20]). This way, 
CFM are seen as dynamic illustrations of the relationships and interdependencies within the WEF 
Nexus, making them invaluable for decision-makers. By converting complex data into an accessible 
format, these maps would enable informed decision-making and facilitate a deeper understanding 
of the Nexus [8] [9]. Choreomatic Focus Maps will be generated to highlight areas at high risk of 
habitat degradation and soil, air and water contamination, based on data driven extraction and 
presentation of Focus Maps shown in this study. Similar to Focus Maps, color coding will be used in 
CFMs to represent different levels of anthropogenic impact. These maps will be aimed at highlighting 
areas with maximum vulnerability to anthropogenic impact. Doing this, the integration of CFMs as 
Local Decision-Makers Tools for WEF Nexus Assessment is showcased. 
10. Presentation and interpretation of created Local Decision-Makers Tool: 

In the application phase, Local Decision-Makers Tool conceptualized based on the steps 
described for creating Focus Maps above, stand as the primary visualization tool for local decision-
makers to synthesize and showcase the nuanced interactions within the WEF Nexus. Based on Focus 
Maps enriched by extensive field-verified data it visually articulates the intricate dynamics of the 
Nexus, offering a powerful means for presenting comprehensive insights. Such approach 
underscores the importance of integrated resource management in the Danube Delta, ensuring that 
policy and community discussions are informed by a holistic understanding of environmental, social, 
and economic interdependencies. 

The main sources included satellite images for detailed insight into the delta's territory and 
identification of the spatial distribution of human activities. Corine Land Cover (CLC) data also 
provided key information about land use, and public data on population density, infrastructure and 
accessibility complemented our analysis [21]. The Google Earth Engine platform was used for 
efficient analysis and processing of satellite data, facilitating the extraction of relevant information 
[22]. Data available at the National Institute of Statistics (INSSE) were also integrated to obtain 
information on population and economic activities in the area [23]. The following specific sources 
were further used to present/create seven themes utilized for visualization in focus maps in this 
study: 

1: Focus landscape Map 
Applying mapping of the Danube Delta Biosphere Reserve (DDBR) data from Corine Land 

Cover (CLC) used and analyzed within the project MANAGEMENT PLAN of the Danube Delta 
Biosphere Reserve (DDBR), ROSPA0031 the Danube Delta and the Razim – Sinoie Complex, 
ROSCI0065 the Danube Delta, ROSCI0066 the Danube Delta – marine area [24]. 

2: Focus Map of the human footprint source: 
Extracting human footprint data available through Wildlife Conservation Society platform [25]. 
3: Focus Map of tourist and recreational areas:  
Applying recreational landscape use at DDBR level, data developed through within the project 

MANAGEMENT PLAN of the Danube Delta Biosphere Reserve (DDBR), ROSPA0031 the Danube 
Delta and the Razim – Sinoie Complex, ROSCI0065 the Danube Delta, ROSCI0066 the Danube Delta 
– marine area [24]. 

4: Focus Map of tourist attractions and viewpoints 
Creating this aspect of recreational use by tourism attraction, we used data developed through 

within the project MANAGEMENT PLAN of the Danube Delta Biosphere Reserve (DDBR), 
ROSPA0031 the Danube Delta and the Razim – Sinoie Complex, ROSCI0065 the Danube Delta, 
ROSCI0066 the Danube Delta – marine area [24]. 

5: Focus Maps of the total number of tourism overnight stays: 
Maps of the total number of overnight stays in tourist accommodation structures within the 

administrative limits of Tulcea County developed using statistical data available on INSSE portal 
[23]. 

6: Focus Map of areas of pressure caused by intensive agriculture 
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We used data developed through within the project MANAGEMENT PLAN of the Danube 
Delta Biosphere Reserve (DDBR), ROSPA0031 the Danube Delta and the Razim – Sinoie Complex, 
ROSCI0065 the Danube Delta, ROSCI0066 the Danube Delta – marine area [24]. 

7: Focus Map of navigation  
Applying to Delta Danube Biosphere reserve, we used data developed through within the 

project MANAGEMENT PLAN of the Danube Delta Biosphere Reserve (DDBR), ROSPA0031 the 
Danube Delta and the Razim – Sinoie Complex, ROSCI0065 the Danube Delta, ROSCI0066 the 
Danube Delta – marine area [24]. 

3. Results  

In the following the results of a suite of Focus Maps is provided which indicate a comprehensive 
exploration of the dynamic interplay between human activities and the delicate ecosystems within 
the Danube Delta Biosphere Reserve (DDBR). Each Focus Map served as a unique lens, offering 
distinct insights into various facets of the region's landscape and anthropogenic impact. From 
understanding land utilization patterns to assessing the human footprint, mapping recreational 
areas, and overnight stays in tourist accommodations, these visual representations show a nuanced 
picture of the challenges and opportunities present in this biosphere reserve. 

3.1. Land use Focus Map 

The Focus Map about land use, as an anthropogenic activity, has a significant impact on the 
morphology and biodiversity of the territory. This complex interaction is reflected in the evolution of 
the local landscape, where variations in land use are influenced by a number of factors such as natural 
conditions, property rights and the activities of local communities. 

Land use in DDBR is divided into five distinct categories: agricultural land, forest land, 
permanent land under water, land located within municipalities and land for special purposes. This 
classification is an essential tool for properly regulating and managing the way land is farmed, taking 
into account its diversity and environmental impact.  

This Focus Map not only provides a detailed picture of the distribution of human activities in 
these ecosystems, but also forms the basis for developing strategies for the conservation and 
sustainable management of natural resources in a highly sensitive and valuable environment. 
Following the analysis of the shares and areas occupied by land use categories, the area of non-
irrigated arable land represents the 2nd use as distribution of the present ones (Figure 1). 
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Figure 1. Focus Map of land use in protected natural areas Danube Delta Biosphere Reserve, Danube 
Delta ROSPA0031 and Razim-Sinoie Complex and Danube Delta ROSCI0065 – source 
MANAGEMENT PLAN of the Danube Delta Biosphere Reserve, ROSPA0031 the Danube Delta and 
the Razim – Sinoie Complex, ROSCI0065 the Danube Delta, ROSCI0066 Danube Delta - marine area / 
p.1787. 

3.2. Focus Map of the Human Footprint 

The human footprint is the total sum of the ecological footprints of the human population. It 
expresses this sum not as a single number, but as a continuous form of human influence spread across 
the earth's surface, revealing, through its variation, the main patterns of human influence on nature 
[26].  

The human footprint Focus Map is the most common measure of how human activities affect 
the planet, but the concept applied here is quite simple. The human footprint is a weighted 
combination of where people live (population density), build infrastructure (roads, railways, 
factories and others), can circulate (accessibility) and use electricity, an indicator of access to 
industrial energy sources measured by night lights. These impacts are illustrated on maps at a 
resolution of about 300 meters. The human footprint Focus Map for the Danube Delta thus, provides 
a detailed look at the anthropogenic impact in the different regions, highlighting urban, agricultural, 
forestry, open water and tourist route areas and access routes (Figure 2). 
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Figure 2. Focus Map of the human footprint source https://wcshumanfootprint.org/map/. The higher 
the intensity of the human footprint the darker the pink color. Green color indicates surface area of 
water basins and river stretches. 

3.3. Focus Map of Tourist Attractions and Viewpoints 

On the territory of DDBR there are tourist attractions belonging to the natural environment and 
the anthropic environment, most of them being represented by: monasteries, natural monuments, 
wooden churches, fortified churches, castles, fortresses, archaeological vestiges, museums, 
reservations, viewpoints, etc. The Focus Map of tourist attractions and viewpoints highlights a 
number of 99 tourist attractions, of which 42 tourist attractions are represented by cultural heritage 
elements such as tumuli, and another 8 objectives are places of worship and monasteries. In terms of 
distribution on Administrative Territorial Units (ATU), most tourist attractions are present in: Isaccea 
(25), Chilia Veche (16), Valea Nucarilor (14) and Sulina (13). At the other end, 1 tourist attraction can 
be found in 10 ATUs (Figure 3). Linked to the element “water”, tourism refers to the seaside and 
Danube Delta areas [27]. 
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Figure 3. Focus Map of tourist attractions and viewpoints on the surface of protected natural areas 
Danube Delta Biosphere Reserve, ROSPA0031 Danube Delta and Razim-Sinoie Complex and Danube 
Delta ROSCI0065. 

3.4. Focus Map of Tourist and Recreational Areas at DDBR Level 

The Focus Map of tourist and recreational areas within DDBR is an essential resource for 
understanding the FEW Nexus at territorial level. It summarizes areas of major anthropogenic 
activities, highlights areas with tourism and recreational potential. The map plays a crucial role in 
identifying areas of anthropogenic impact caused by intensive tourism. The impact further confirmed 
through on-site water quality measurements and subsequently highlighted on the CFMs. Therefore, 
this focus map represents a vital tool for promoting sustainable tourism in DDBR, maintaining a 
harmonious balance between socio-economic development and environmental conservation (Figure 
4). 
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Figure 4. Focus Map of tourist and recreational areas at DDBR level (source: 5.2.1 Map of current 
pressures and their intensity at the level of the protected natural area - P.1500/Review of the 
management plan and DDBR regulation). Translation of the color legend: intensity of identified pressure: 
red - high, yellow brown – medium, yellow -low; Limita ROSCIOO65=territorial limits of the Danube Delta 
Site of Community Importance ROSCI0065, in a total area of 453645.5 ha; LIMITA ROSPA0031= territorial 
limits of Special avifaunistic protection area ROSPA0031 Danube Delta and Razim-Sinoie Complex, in a total 
area of 508302.3 ha. 

3.5. Focus Maps of the Total Number of Overnight Stays in Tourist Accommodation Structures within the 
Administrative Limits of Tulcea County 

The Focus Map of the total number of overnight stays in tourist accommodation structures in 
Tulcea County is an essential resource for understanding the WEF nexus within the context of 
tourism. By identifying areas with high tourist activity, this map contributes to a holistic view of how 
tourism intersects with local resource utilization. It provides insights into water and energy 
consumption trends in areas with dense tourist concentrations, which is crucial for sustainable WEF 
management. The delimitation of areas with intense tourist activity provides a clear perspective on 
the places with the largest flow of tourists and related activities. The map is also becoming a vital tool 
for monitoring tourism trends over time. Changes in the number of overnight stays provide valuable 
information about the evolution of tourism activities and allow continuous adjustment of 
development strategies according to these changes. Using the statistical data available in the INSSE 
database, maps of the total number of overnight stays in tourist accommodation structures within 
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the administrative limits of Tulcea County for 2020 were made (Figure 5), 2021(Figure 6) and 2022 
(Figure 7). These maps are essential in Local Decision-Makers Tool development. They correlate the 
information highlighted with the help of the Focus Map of Tourist Attractions and Viewpoints 
(Figure 3) and the Focus Map of Tourist and Leisure Areas at DDBR level (Figure 4). 

 
Figure 5. Focus Map of the total number of overnight stays in tourist accommodation structures 
within the administrative limits of Tulcea County for 2020. Translation of the color legend: yellow: 
between 0-1000 overnight stays; yellow brown: between 1000-5000 overnight stays; orange: between 5000-
10000 overnight stays; intense orange: between 10000-25000 overnight stays; red: between 25000-50000 
overnights stays; intense red: between 50000-100000 overnight stays. 
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Figure 6. Focus Map of the total number of overnight stays in tourist accommodation structures 
within the administrative limits of Tulcea County for 2021. Translation of the color legend: yellow: 
between 0-1000 overnight stays; yellow brown: between 1000-5000 overnight stays; orange: between 5000-
10000 overnight stays; intense orange: between 10000–25000-over-night stays; red: between 25000-50000 
overnights stays; intense red: between 50000-100000 overnight stays. 
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Figure 7. Focus Map of the total number of overnight stays in tourist accommodation structures 
within the administrative limits of Tulcea County for 2022. Translation of the color legend: yellow: 
between 0-1000 overnight stays; yellow brown: between 1000-5000 overnight stays; orange: between 5000-
10000 overnight stays; intense orange: between 10000–25000-over-night stays; red: between 25000-50000 
overnights stays; intense red: between 50000-100000 overnight stays. 

3.6. Focus Map of Areas of Pressure Caused by Intensive Agriculture 

The Focus Map illustrating areas under pressure from intensive agriculture plays a vital role in 
elucidating the element “food” of the WEF Nexus, beside water quality. This map pinpoints regions 
where intensive agricultural practices exert significant pressure on resources, particularly water and 
energy, which are essential for understanding the complex dynamics within the WEF Nexus. It 
facilitates a comprehensive assessment of the environmental impacts of intensive agriculture, such 
as resource depletion and pollution, which are critical for developing sustainable food production 
strategies (Figure 8). 

These maps visualize the intricate interconnections within the WEF Nexus, linked to the 
agriculture pressure. Such map provides specific insights into the element “food”, thereby enhancing 
the accuracy and relevance of the Local Decision-Makers Tool. Additionally, this map could be used 
as a valuable asset for policymakers and stakeholders, aiding in informed decision-making and 
fostering effective communication about sustainable resource management. 
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Above all, such kind of Focus Map can serve as a foundation for modeling future scenarios, 
including changes in agricultural practices or the impacts of climate change. This aspect is 
particularly important for planning and adaptive management within the WEF Nexus framework. 
By integrating this map into the study, it offers a comprehensive view of how intensive agriculture 
influences the food element and interacts with other elements within the WEF Nexus, ultimately 
contributing to a more sustainable and holistic approach to resource management. 

 
Figure 8. Focus Map of pressure areas caused by intensive agriculture – source MANAGEMENT 
PLAN of the Danube Delta Biosphere Reserve, ROSPA0031 Danube Delta and Razim – Sinoie 
Complex, ROSCI0065 Danube Delta, ROSCI0066 Danube Delta - marine area / p.1981. Translation of 
the color legend: intensity of identified pressure: red - high, yellow brown – medium, yellow -low; Limita 
ROSCIOO65=territorial limits of the Danube Delta Site of Community Importance ROSCI0065, in a total area 
of 453645.5 ha; LIMITA ROSPA0031= territorial limits of Special avifaunistic protection area ROSPA0031 
Danube Delta and Razim-Sinoie Complex, in a total area of 508302.3 ha. 

3.7 Focus Map of Navigation in DDBR 

Integrating the Focus Map of navigation routes into the study impacts our understanding of the 
energy and water dynamics within the WEF Nexus. This map, compared to the one used for intensive 
agriculture, does more than just trace paths; it brings to light the often-overlooked interplay between 
transportation networks and resource utilization (Figure 9). 

By mapping navigation routes, pinpoint areas are visualized where waterways are heavily used 
and thus subject to potential environmental stress. This is vital for understanding the element 
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“energy” of the WEF Nexus, considering that shipping and transportation are significant energy 
consumers. The map can serve as a critical tool in assessing the balance between transportation 
efficiency and its ecological footprint, particularly in water resource management. 

In the context of creating a Local Decision-Makers Tool, this navigation data enriches an ability 
to visualize the WEF Nexus. It offers nuanced insights, especially in how transport networks interface 
with water and energy use, potentially impacting food distribution channels.  

For decision-makers this map can be an essential asset. It aims at interpreting the complexities 
of energy and water management in relation to transportation. The visual clarity can drive more 
informed, sustainable policy-making, particularly in areas where waterway navigation is a key 
economic and environmental factor. 

Furthermore, this map can act as a predictive model for future scenarios, such as shifts in trade 
routes or the introduction of new, more sustainable transportation technologies. This foresight is 
crucial for proactive planning within the WEF Nexus, ensuring that future developments are in 
harmony with sustainable resource use. 

 

Figure 9. Focus Map of navigation in the DDBR area (source: 5.2.1 Map of current pressures and their 
intensity at the level of the protected natural area - P.1500 / Review of the management plan and 
DDBR regulation). Translation of the color legend: intensity of identified pressure: red - high, yellow brown 
– medium, yellow -low; Limita ROSCIOO65=territorial limits of the Danube Delta Site of Community 
Importance ROSCI0065, in a total area of 453645.5 ha; LIMITA ROSPA0031= territorial limits of Special Avi 
faunistic protection area ROSPA0031 Danube Delta and Razim-Sinoie Complex, in a total area of 508302.3 
ha. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2024                   doi:10.20944/preprints202402.1167.v1



 15 

 

These Focus Maps, developed from a blend of satellite insights, Corine Land Cover data, and 
comprehensive demographic and infrastructural information, serve as a cornerstone for the second 
phase of Local Decision-Makers Tool development. Each map presents the complex relationship 
between human activities and the environment also enriching our understanding and aids in 
sculpting informed, sustainable strategies for the Danube Delta's future. 

The seven thematic Focus Maps not only showcase the spatial distribution of human activities 
but also underscore the potential of such detailed visual tools in fostering sustainable development. 
Here, the element water of the Nexus is omnipotent (Table 1). By highlighting specific areas of interest 
associated with “water” — ranging from the landscape and human footprint to tourism, agriculture, 
and navigation — these maps offer important insights into the dynamics of land use, resource 
exploitation, and environmental conservation. This approach not only facilitates informed decision-
making but also paves the way for applying these methods in similar ecological contexts, thereby 
broadening the scope of their impact (Table 1). Concerning the cartographic design, the background 
always displays the geographic background. In case the tourism Focus Map icons and symbols are 
used. The degree of color coding is multiple in the Focus map about protected natural areas DDBR 
(Figure 1), along a six-range scale for showing the numbers of overnight stays in tourist 
accommodation. (Figure 5), reduced to three color categories showing recreational areas relevant for 
tourism, agriculture and navigation (Figures 4, 8, 9). The color coding as color gradient from white to 
dark pink and green was applied for illustrating the human footprint (Figure 2). 

Table 1. Overview of Focus Map type relevance within WEF NEXUS, local/regional,stakeholders and 
potential similar application areas. 

Focus map Valid for Focus 
 Stakeholder  
interest group 

WEF Nexus 
elements 

Similar  
Areas for 

Application 
Focus 

Landscape 
Map 

Danube Delta 
Biosphere Reserve 
(DDBR) 

Environmental 
Planners,  
Conservationists 

Water, Food Wetlands, 
other  
Biosphere 
Reserves 

Focus Map of 
the Human 
Footprint 

Danube Delta 
Region 

Policy Makers, 
Environmental 
Agencies 

Water,  
Energy, Food 

Urban and 
rural  
regions 
globally 

Focus Map of 
Tourist and 
Recreational 

Areas 

Recreational areas 
within DDBR 

Tourism Sector, 
Local Communities 

Water 
(Tourism's 
impact) 

Coastal 
regions, 
national parks 

Focus Map of 
Tourist 

Attractions 
and 

Viewpoints 

Cultural and 
Natural Tourist Sites 
within DDBR 

Tourism Businesses, 
Cultural Heritage 
Organizations 

Water,  
Energy  
(Indirect) 

Heritage sites, 
areas of natural 
beauty 

Focus Maps of 
the Total 

Number of 

Tourist 
accommodations 

Tourism Sector, 
Hoteliers 

Water, Food 
(Tourism 
impact) 

Popular tourist 
destinations 
worldwide 
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Overnight 
Stays 

within Tulcea 
County 

Focus Map of 
Areas of 
Pressure 

Caused by 
Intensive 

Agriculture 

Intensively farmed 
areas within DDBR 

Agricultural Sector, 
Environmental 
Agencies 

Water 
(Agriculture 
impact), Food 

Agricultural 
regions, 
farmlands 

Focus Map of 
Navigation 

Waterways within 
DDBR 

Business, Tourism 
Businesses 

Water,  
Energy 
(Navigation 
impact) 

River  
basins,  
canal  
systems 

4. Discussion 

According to a literature review by Torres et al. (2019), which covers the years from 2011 to 2019, 
the nexus approach primarily focused on the interconnectedness of water, energy, and food systems. 
These three elements emerged as the central focus of "nexus thinking" [28]. Alternative perspectives, 
such as reducing the nexus to just two elements (Shang et al., 2018) or expanding it to include 
additional factors like ecosystem health and climate dynamics, were less frequently explored. These 
findings underscore, that our WEF study is of coherent interest with other studies in this field [29]. 

Although the number of elements integrated in WEF Nexus approach varied, the element 
“water” was always present according to Torres et al (2019) [28]. The element “water” is also 
omnipresent in our WEF Nexus study aimed at creating our Focus Maps, as identified in the table 
providing an overview about these maps. The many aspects of the element “water” are concerned in 
view of land use and agriculture (areas of irrigation and permanent land under water), of human 
footprint (water surface areas are indicated by low footprint scores), of tourist attractions, recreational 
areas, and tourisms accommodation locations (seaside and Danube Delta tourisms hotspots; e.g., 
[27]) and of navigation (use of water way in Danube Delta). In this view, “water” is central in our 
WEF Nexus approach.  

The prominent role of “water”, however, goes even far beyond what is seen at first glance at 
these Focus Maps. Within WEF Nexus, the sustainable use of water resources involves managing 
water in a way that meets present needs without compromising the ability of future generations to 
meet their own needs. Sustainable water management practices include understanding water as 
habitat, reducing water pollution inputs, managing land use to minimize water runoff or prevent 
flooding by open wetland areas, and thus also implementing effective watershed management 
strategies. The key understanding of water within WEF nexus, refers to interconnected water quality 
and ecosystem health, which are critical for sustaining water, energy, and food systems. Maintaining 
high water quality in lakes and tributaries in the DDBR is known to support aquatic biodiversity, 
favoring fish species important for food production. Water quality is also of importance when using 
water for drinking and agricultural irrigation, builds up the scenery for sustainable ecotourism. This 
multifaceted importance of water is deeply embedded as foundational knowledge within our WEF 
Nexus Focus Maps, even if not explicitly depicted. By integrating water into our map visualization, 
we ensure a comprehensive understanding of the intricate relationships and dependencies of water 
within this complex WEF framework. 

The increasing interest in WEF Nexus over the last 20 years is accompanied by the increasing 
awareness that we are currently living in a period of rapid environmental degradation due to human 
activities, the Anthropocene. Haidvogl (2018) described the increasing human pressure on freshwater 
lakes and rivers in the twentieth century, in particular mentioning pollution, changes in water 
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hydrology, invasion of alien species, decrease of fish yield and loss of biodiversity among others [30]. 
Despina et al. (2020) provides an overview of anthropogenic pressures within the Danube Delta 
Biosphere Reserve, focusing particularly on the degradation observed in floodplains and Danube 
River ecosystems spanning a period of 25 years [31]. In the historical context, the stated resume 
“growing awareness of the limits to growth” (Du Pisani, 2006) strengthened the thinking about 
sustainable use of nature, a close key concept also for WEF Nexus later [32]. With this globally 
growing awareness about sustainable use of resources, concepts about WEF Nexus were applied 
worldwide (e.g., [33–36]), and so also for the Danube River. A more detailed picture towards an 
integrative perspective of Danube River systems in the 21st century linked to water-energy-food 
nexus concept, the degradation of Danube River along up to 70 years, was elaborated in various 
studies in the context of ecosystem services, agriculture, and urban life ([3,37–41]). 

The Tulcea WEF Nexus, a case study of a mid-size city in the Danube Delta (Tulcea; population 
size: 65.624, population density: 571 inhabitants per km², census, 2021) was explored in two prior 
studies ([42,43]). The key finding pertinent to this study was that the WEF Nexus showed less 
awareness among local residents in Tulcea than it could be expected from rural development, 
analyzed by scientists (degradation of environment see, e.g. [44]). Through the survey on the WEF 
Nexus (interviews and workshops) concerning the vegetable supply in Tulcea, which encompassed 
various commodity flows including a local vegetable market in the city, at least a larger number of 
respondents was interested appreciating nexus knowledge, to learn more about the interconnection 
of the three elements: water, energy, and food [42]. Accordingly, these residents utilized "the Tulcea 
tool”, developed as a user-friendly interactive data collection tool within the framework of the WEF 
Nexus. When asked about the appeal of the information offered by this tool, 46% of respondents 
expressed a preference for the interactive map to be the primary feature. This leads to two conclusions 
drawn from Balaican et al. (2023): A, that the interest in WEF Nexus context is expanding beyond 
scientists and local authorities and includes a growing interest from the general population, and B, 
that there is a demand for a graphical representation of the complex relationships within the WEF 
Nexus. This outcome resonates with contemporary concerns by other studies including citizen 
science activities in the DDBR [45], i.e., indicating a growing public awareness of sustainability of 
resources, all aimed at enhancing human well-being. Thus, the communication of complex 
relationships, such as those of WEF Nexus, is demanded, needs to be visually presented [46]. 

An effective mapping of complex WEF Nexus meets two sides: (1) data driven selection of most 
important aspects of elements, which are (2) introduced the specific geographical references through 
map representations. Focus Maps are thus a hybridization of scientific metrics or indicator 
parameters and cartographic design. 

Concerning the parameter driven impact on the elements within WEF Nexus, a suit of ecological 
and social background parameters has been empirically captured. Extracting key parameters is 
utilized to reflect the complex circumstances effectively. Key parameters thus essentially serve as 
indicators, designated to trace climate and other environmental changes in sentinel environments, 
such as lakes and rivers, in the long-term. Consequently, the biocenosis structure is often evaluated 
today, as it is assumed that organisms integrate well over long periods of time with their occurrences 
during their life span—unlike current measurements of environmental conditions. The well-known 
application of biocenotic metric measures, as also utilized for DDRB, or being in general the basic 
assessment tool for European Water Framework Directive is mentioned here (metric measures 
derived from the proportions of the many species living together in an aquatic community and are 
compare with those biocenotic descriptions from natural reference habitats, see e.g., [44]). Even more 
aggregation of information is possible when using single key indicators. Such an aggregation of 
information is given by the parameter “water clarity”. This socio-ecological indicator is going far 
beyond its original meaning used for determining the depth in ocean water for safe navigation or 
monitoring water quality in aquatic sciences [47]. Water clarity is nowadays seen bridging the gap of 
information flow from sustainable ecosystems health to ecosystem service supply, from scientific 
assessment documenting an overall success of sustained urban-lake restoration or urban-ecosystem 
health in the lab to human perception enhancing human well-being in urban life [48]. These two 
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examples, the application of metric parameters and of key indicators, demonstrate that simplification 
of an issue scientifically grounded (empirically data-driven outcome) and targeted can help to 
understand better complex relationships applicable for a broader audience, including local residents. 
Such simplification of the complexity concerning like the WEF Nexus in DDRB, was also achieved by 
correlation analysis identifying the biggest anthropogenic pressures for WEF Nexus in the DDBR 
prior creating Focus Maps. The main impact of human impact on WEF Nexus extracted were tourism, 
population density, industry, transport, and agriculture [12]. Utilizing the human footprint 
(Sanderson et al., 2002) for creating a Focus Map in the WEF context, this parameter again is a reliable 
and robust key parameter, as it amplifies the overall human impact, is encompassing not only 
population density but integrates various human activities such as traffic, industry, tourism, and 
other components, weighted in an index [26]. In this view, the simplification, i.e., reducing to a few 
extracted key indicators on geographical reference maps, can be seen as highly focused information 
processing in visualizing that still meets the complexity of the WEF Nexus. It thus can be helpful for 
decision makers and can enhance attractivity getting informed for local people demanding greater 
awareness in daily life understanding WEF Nexus in future perspective [49].The simplification, to 
present a lower number of reliable indicators but to keep the information level depicted, goes also 
along with limits of human perception when utilizing maps. It is a backbone, that spontaneous and 
fast recognition of items by adults are limited up to five items ([50–52]). In this view, simplification 
is demanded on both sides when creating effective Focus Maps: reduction to few reliable and robust 
key descriptors as discussed before and a well-structured simple cartographic design, as e.g., the 
abstraction to lower number of color codes and icons used as an overlay on a simplified geographic 
reference map ([53,54]). This way, Focus Maps are seen as powerful tools assessing the WEF Nexus. 

The next level of abstraction displaying the complex interdependencies between natural and 
human systems of WEF Nexus are seen in CFMs ([20,55,56]). Discussing CFMs, collaboration and 
constructive criticism about essential features for advancing CFMs as a decision-support tool are 
seem to become important in next perspective. In this view, our study aimed to stimulate further 
visual representation and innovation in this field, acknowledging the current approach's limitations 
while recognizing its vast potential for future research. An iterative method creating CFMs will 
ensure that each phase deepens the under-standing of the WEF Nexus and, in turn, also redefines 
CFMs as a tool. Future studies, including more diverse case studies, expanded datasets, and various 
geographical applications, are expected to provide an even more comprehensive toolkit for local 
decision-makers, making information accessible and understandable for policy makers and the local 
community. 

5. Conclusions  

In this exploration of the WEF Nexus, focus maps are introduced as a pivotal tool for enhancing 
understanding and management within this complex framework. These maps serve not only as 
educational instruments but also as crucial catalysts in comprehending the intricate 
interdependencies within the Nexus. By visually representing these relationships, they provide 
stakeholders with a holistic perspective on how individual actions impact the entire system, thereby 
advocating for sustainable resource management practices. This approach is essential for fostering 
an integrated environmental management strategy. Moreover, the role of focus maps extends beyond 
simple data representation; they are instrumental in offering clear, visual insights into the dynamic 
environmental systems. Their application is critical in informing policy decisions, promoting 
sustainable practices, and enhancing overall understanding of key environmental interactions, thus 
playing a vital role in effectively navigating and managing the complexities of the WEF Nexus. 

The effective management of Water, Energy, and Food (WEF) resources in socio-environmental 
systems demands innovative strategies that empower decision-makers with practicable knowledge. 
The introduction of Local Decision-Makers Tools based on methodology that combines existing data 
with visualization maps and on-filed validation will offer a comprehensive approach for evaluating 
anthropic impacts and visualizing the WEF Nexus in specific geographical areas of DDBR. By 
integrating geospatial information, multi-criteria analysis, and stakeholder involvement, this will 
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provide nuanced spatial depictions of the WEF Nexus, facilitating better-informed decision-making 
at the community level. By involving various stages in this DDBR study, such as identifying anthropic 
activities, evaluating environmental factors, correlating impacts with indicators over time, and on-
site validation, will ensure a holistic understanding of the Nexus through a combination of water 
availability, energy production, and food production datasets. 
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