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Abstract. Sustainable finance has gained momentum over the last several years amid increasing environmental and social challenges. 

This research seeks to characterise Environmental, Social, and Governance (ESG) sustainability within the financial sector as a novel 

concept, identifying its core determinants, evaluating and modelling relationships among them, and subsequently analysing various 

scenarios for enhancing ESG Sustainability. To this end, a fuzzy cognitive map construction and modelling method was employed. 

Through a multi-stage process, a fuzzy cognitive map of ESG Sustainability was developed using Georgia's financial sector as a case 

study. The main findings identified ten fundamental factors influencing ESG Sustainability within the financial sector and evaluated the 

causal relationships among them. According to experts' assessments, the Local Sustainable Finance Regulatory Framework and the 

Involvement of International Financial Institutions are particularly important among these key fundamental factors. Additionally, the 

scenario analysis revealed that targeted improvements in the key factors could significantly enhance ESG Sustainability. 
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1. Introduction  

 

Sustainable finance has emerged as a critical area of focus in the financial sector amid the escalating need to 

address global sustainability challenges. With the intensification of climate change, resource depletion, and 

social inequities, the financial system must evolve to tackle these issues and support sustainable development 

objectives.  

 

Climate change, biodiversity loss, and other environmental and social challenges pose significant risks to the 

economy and financial sector through various channels (Carney, 2015; IPPC 2018; NGFS 2019a; Somogyi & 

Nagy, 2022; Tvalodze, 2023; Yuan et al., 2023). 
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These risks can become a source of financial risks leading to financial stability risks, necessitating proper 

identification, assessment, and management by the financial sector (Bolton et al., 2020; NGFS, 2019a, 2019b, 

Monasterolo, 2020; BCBS, 2021; Tvalodze & Nikuradze, 2023). At the same time, enormous financial 

resources are needed to address sustainable development challenges. The financial system, through the 

mobilisation of financial resources to promote green, stable, and inclusive economic growth, has another crucial 

role to play in addressing these challenges (OECD, 2024a, 2024b, 2024c; UN, 2024; Cull et al., 2024; Kakulia, 

2016). Managing climate and other Environmental, Social, and Governance (ESG) risks and reorienting 

financial flows to support managing these risks and contributing to a sustainable future is precisely the scope of 

sustainable finance (Turhan et al, 2023; Dunbar et al., 2024). 

 

The financial sector's role in combating climate change and achieving sustainable development, on the one hand, 

and managing climate and other ESG risks to ensure financial stability, on the other hand, is undoubtable and 

internationally recognised. However, what factors determine the financial sector's ability to perform these roles 

effectively? In other words, what are the key factors determining the sustainability of the financial sector? How 

are these factors interconnected? What are the effective policies to enhance the sustainability of the financial 

sector? These are important questions that are not well explored in the sustainable finance literature. 

 

This paper tries to address this research gap by introducing a novel concept of ESG Sustainability and by 

leveraging the Fuzzy Cognitive Map (FCM) methodology to identify key determinants of ESG sustainability in 

the financial sector. FCMs offer a robust participatory modelling approach that uses expert knowledge to analyse 

complex systems. By mapping causal relationships between key ESG determinants, this study provides a 

comprehensive framework for understanding the dynamics of ESG sustainability. Using Georgia’s financial 

sector as a case study, the research identifies fundamental factors influencing ESG sustainability and evaluates 

their interdependencies through scenario analysis. 

 

The rest of the paper is organised as follows: Section 2 presents a detailed description of the concept of ESG 

Sustainability, highlighting its importance and relevance within the sustainable finance sphere. In addition, it 

provides the methodological foundations, focusing on the FCM approach and its relevance to the study. Section 

3 introduces a multi-stage framework for constructing a fuzzy cognitive map for ESG Sustainability and 

presents the development of the ESG Sustainability FCM for Georgia’s financial sector, showcasing the results 

and key findings derived from the model. Finally, the last section offers conclusions, summarising the insights 

gained and discussing the implications and areas for future research.   
 

2. ESG Sustainability – concept description and assessment methodology         

    
In accordance with various internationally accepted definitions, sustainable finance involves integrating 

Environmental, Social, and Governance (ESG) issues into financial decision-making, managing corresponding 

risks, and redirecting financial flows toward green, inclusive, and sustainable activities. These efforts contribute 

to long-term economic sustainability and financial stability (EU Commission, 2018; G20, 2018; ICMA, 2020; 

NBG, 2023). 

 

Despite the importance of these aspects, there are no established methodologies or frameworks for assessing 

the sustainable state of the financial system that comprehensively address all the above-mentioned components. 

Moreover, reliable, consistent, and sufficiently long-term data are lacking for a quantitative evaluation of the 

sustainability characteristics of the financial sector. Consequently, alternative methods are needed for such an 

assessment. 

 

To address these needs, it is essential to introduce a new concept—ESG Sustainability. Based on the definition 

of sustainable finance presented, ESG sustainability can be defined as the financial system's ability to integrate 

ESG factors, manage ESG risks, and channel financial flows toward sustainable activities. Accordingly, ESG 

sustainability can be represented as follows: 
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𝐸𝑆𝐺 𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝜑(𝐼1, 𝐼2, 𝐼3, … , 𝐼𝑁) 

where 𝐼1, 𝐼2, 𝐼3, … , 𝐼𝑁 represent fundamental factors affecting ESG Sustainability. These factors often have 

interdependencies and causal relationships. ESG Sustainability is a complex system, and to study this system, 

we need to identify indicators, measure the magnitude of their impacts, and analyse interactions between 

indicators. 

 

To measure the financial system's sustainability, the framework should encompass all aspects mentioned in the 

definition. In other words, it should include various indicators to capture sustainable finance flows, ESG 

integration by financial institutions, management of ESG (including climate-related) risks, and the regulatory 

framework, as it may have a significant spillover effect on these indicators. With sufficient data availability, 

time series could be used to measure these different indicators to assess the financial sector's ESG sustainability, 

identify challenges, and pinpoint areas needing improvement for regulators, policymakers, and financial 

institutions. However, data availability is a significant challenge, especially in developing countries and 

emerging markets. Therefore, alternative methods and tools are necessary to assess the ESG Sustainability of 

the financial sector. 

 

One such method that leverages expert knowledge in the absence of comprehensive data and can be used to 

analyse complex systems with multiple indicators and feedback mechanisms is Participatory Modeling, 

particularly Fuzzy Cognitive Maps (FCMs). FCMs, which graphically represent expert knowledge and cognitive 

processes, are particularly useful for modelling complex systems with various interacting elements. They depict 

concepts using directed, signed, and weighted arrows to represent causal relationships, forming comprehensive 

cause-and-effect diagrams (Kosko, 1986; Özesmi & Özesmi, 2004; Jetter & Kok, 2014). 

 

Developing a comprehensive understanding of complex systems like sustainable finance, especially in cases of 

limited or absent data, requires input from various stakeholders who are part of the system. Leveraging the 

expert knowledge of stakeholders, which is locally relevant and contextual, can improve understanding of 

system dynamics and unravel complex system processes (Voinov & Gaddis, 2017; Edwards & Kok, 2021; Lui, 

& Zainuldin, 2024; Khamisu et al., 2024).  

 

Using FCMs in ESG Sustainability assessments incorporates expert opinions, providing a comprehensive view 

of the financial system's sustainability dynamics. This approach helps to overcome data limitations, offering 

valuable insights into system mechanisms and enhancing decision-making in sustainable finance. 

 

 

3. Building the ESG Sustainability Fuzzy Cognitive Map 

 

Creating an FCM model involves several steps, often tailored to the research objectives and characteristics 

(Özesmi & Özesmi, 2004; Papageorgiou et al., 2019; Jetter & Kok, 2014; Olazabal et al., 2018). Based on the 

literature and research objectives, a seven-step framework for building the FCM for ESG Sustainability was 

developed: 

1. Determination of research objectives - The primary objective of this research is to assess the 

sustainability of the financial sector through the ESG lens. This involves identifying the fundamental 

factors influencing ESG Sustainability, evaluating the relationships between these factors, and building 

a comprehensive model for scenario analysis. 

2. Selection of FCM construction method - The construction of the FCM was based on in-depth 

interviews and structured questionnaires to gather expert evaluations. In particular, an expert assessment 

form was developed, and interviews were conducted using this form. Using an expert evaluation form 

simplifies the methodology for respondents and ensures that results are obtained in a consistent format, 

facilitating consolidation, aggregation, and further analysis. 
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3. Selection of target groups and experts - When assessing the ESG sustainability of the financial sector, 

it is important to consider it from various perspectives. Different market players, such as financial 

institutions, investors, and regulators, may have distinct views on the fundamental factors that determine 

the sustainability of the financial sector, the associated challenges, and potential solutions. Therefore, 

considering these different perspectives and analysing them both individually and collectively is crucial 

for developing a holistic view of ESG sustainability in the financial sector. Consequently, it is essential 

to involve representatives from these different stakeholders in the assessment process. 

 

Accordingly, in the case of Georgia, three target groups were selected for expert assessment: 

• financial institutions as entities that implement sustainable finance standards and regulations in 

practice; 

• international financial institutions, as the main providers of green finance resources in Georgia and 

supporters of ESG standards implementation in the financial sector; and 

• the National Bank of Georgia (NBG), as the country’s central bank and financial sector regulator, 

which is responsible for developing and implementing the regulatory framework for sustainable 

finance in the country. 

 

Specifically, five experts were selected from each target group, and therefore, the construction and 

modelling of the Fuzzy Cognitive Map of ESG Sustainability were based on the assessments of fifteen 

experts. The experts from financial institutions were heads of ESG/Sustainability departments, while 

high-level representatives from international financial institutions specialised in ESG/green finance. 

The experts from the NBG included heads of departments and divisions, as well as specialists 

responsible for developing the sustainable finance framework.  

 

After selecting the experts, the first stage involved interviewing them to explain the research objectives, 

methodology, and the expert assessment form. In the next stage, the assessment form was sent to the 

experts, and their completed forms were collected. 

 

4. Receiving individual FCMs and coding into adjacency matrices - Individual cognitive maps and the 

corresponding adjacency matrices were collected from fifteen experts through interviews and 

evaluation forms. 

5. Homogenisation and aggregation of individual FCMs into a social FCM - After homogenisation, 

the individual adjacency matrices were aggregated first within each target group and then across all 

groups, resulting in a social FCM. This aggregated FCM represents the collective knowledge and 

perspectives of the experts, providing a robust model of ESG Sustainability (see Table 1). 
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Figure 1. ESG Sustainability Social FCM 

Note: Construction of FCMs, coding into adjacency matrices, and evaluation of indicators were done using the MentalModeler 

program, while RStudio was used to conduct simulations and scenario analysis. 

Source: Authors’ calculations 
Table 1. Adjacency Matrix for ESG Sustainability Social FCM 
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Local sustainable finance regulatory 

framework 
  0.40 0.34 0.63 0.35 0.30 0.45 0.29 0.58 0.42 0.95 

Demand from private sector 0.38   0.45 0.33 0.09 0.15 0.47 0.33 0.67 0.25 0.63 

Customer subsidies or tax incentives 

for businesses adopting sustainable 

practices 

0.34 0.82   0.27 0.13 0.11 0.42 0.21 0.25 0.00 0.63 

Regulatory incentives for financial 

sector 
0.45 0.55 0.36   0.30 0.18 0.30 0.13 0.17 0.17 0.55 

International regulations 0.77 0.40 0.38 0.52   0.67 0.33 0.75 0.33 0.50 0.67 

International influence/Market 

pressure 
0.50 0.41 0.33 0.42 0.65   0.38 0.67 0.42 0.50 0.68 

Awareness and education on 

sustainable finance 
0.33 0.57 0.37 0.27 0.25 0.20   0.13 0.67 0.08 0.70 

Involvement of international financial 

institutions 
0.42 0.50 0.38 0.17 0.63 0.71 0.33   0.67 0.25 0.88 

Existing expertise and capacity within 

the financial sector 
0.17 0.33 0.00 0.00 0.08 0.00 0.50 0.08   0.25 0.75 

Access to sustainable finance, 

especially from international funds 
0.33 0.33 0.08 0.08 0.17 0.25 0.25 0.38 0.25   0.75 

ESG Sustainability                       

Source: Authors’ calculations 
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6. Analysis of the structure of individual and social FCMs using graph theoretical indices - Key 

features of the FCMs were evaluated using graph theory (see Table 2). Graph theory indices showed 

minimal variation between the maps of target groups and the social map, indicating consistent results. 

It should be noted that no transmitter variables were found in maps, while each map contains only one 

receiver variable. Since the number of receiver variables exceeds the number of transmitter variables in 

all types of cognitive maps, this suggests that the causal relationships are well-developed, and the 

resulting maps are complex. This is indicated by the highest complexity score in the target groups' FCM 

and the social FCM. According to the results, most indicators in all types of cognitive maps are ordinary 

variables.  

The number of connections per indicator in the target groups' maps is, on average, 7 ± 0.7 S.D., while in the 

social map, it is 8.7. As for the density measure, it is similar across all types of maps, with an average of 0.8. 

The high density indicates a large number of causal connections between variables. Since this measure is similar 

across different types of maps, it suggests compatibility of results among the target groups. 

Table 2. Graph Theory Indices for FCMs 

 

Social 

Target Groups 

  
Financial Sector 

Regulator  
Financial Sector 

International 

Financial 

Institutions 

Total Components 11 11 10 9 

Total Connections 96 89 73 60 

Density 0.87 0.81 0.81 0.83 

Connections per Component 8.73 8.09 7.30 6.67 

Number of Driver Components 0 0 0 0 

Number of Receiver Components 1 1 1 1 

Number of Ordinary Components 10 10 9 8 

Complexity Score Highest Highest Highest Highest 

Source: Authors’ calculations 

 

7. FCM Inference - The inference process involved analysing experts' assessments and FCMs to identify 

fundamental factors and their relationships. The first stage of expert evaluation included identifying key 

fundamental factors of ESG Sustainability. Experts assigned a value between 0 and 1 to each indicator 

of ESG Sustainability in the financial sector. 

Table 3. ESG Sustainability Core Determinants 

 Core Concepts/Indicators 
Experts' Initial 

Assessment 

FCM Inference 

Indegree Outdegree Centrality 

C1 
Local sustainable finance regulatory 

framework 
0.95 3.69 4.71 8.40 

C2 
Involvement of international financial 

institutions 
0.88 2.97 5.05 8.02 

C3 
Existing expertise and capacity within the 

financial sector 
0.75 3.75 2.16 5.91 

C4 
Access to sustainable finance, especially 

from international funds 
0.75 2.92 2.95 5.87 

C5 
Awareness and education on sustainable 

finance 
0.70 3.43 3.57 7.00 

C6 International influence/Market pressure 0.68 2.57 4.96 7.53 

C7 International regulations 0.67 2.65 5.32 7.97 

C8 Demand from private sector 0.63 4.31 3.75 8.06 

C9 
Customer subsidies or tax incentives for 

businesses adopting sustainable practices 
0.63 2.69 3.18 5.87 

C10 Regulatory incentives for financial sector 0.55 2.69 3.16 5.85 

C11 ESG Sustainability  7.14 0.00 7.14 

Source: Authors’ calculations 
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From fifteen expert assessments, ten main fundamental factors determining ESG Sustainability in the financial 

sector were identified (see Figure 2; Table 3). Analysis of the expert assessments revealed that, at the 

social/aggregated level, the most significant indicator among the fundamental factors determining ESG 

sustainability in the financial sector is the local regulatory framework for sustainable finance (see Table 3). The 

second most important factor is the involvement of international financial institutions. Expertise and capacity 

within the financial sector, along with access to sustainable finance—particularly from international funds—are 

equally ranked in the third place. The lowest rating was given to regulatory incentives for the financial sector.  

 

It should be noted that the assessment of the fundamental factors determining ESG sustainability in the financial 

sector is generally aligned across different target groups, although there are some differences. Notably, the most 

significant factors are similar among the target groups, which indicates the reliability of the aggregated results.  

 

It is also worth mentioning that while subsidies or tax incentives for consumers in green/sustainable areas, as 

well as regulatory incentives for the financial sector, are considered relatively important factors by the financial 

sector target group, these factors received the lowest ratings from the target groups of financial sector regulators 

and international financial institutions. Nonetheless, the overall consistency in the assessment of fundamental 

factors across target groups indicates the validity and reliability of the aggregated results.  

 

Certain indices from graph theory can be used to identify the most important concepts in the model based on 

specific characteristics. Three such indices, which are based on connection weights, include Indegree (weight 

of incoming connections), Outdegree (weight of outgoing connections), and Centrality. The first two indicate 

whether a concept is more of a transmitter (influential) or a receiver (dependent), while centrality shows the 

relative importance of a concept within the FCM structure (see Table 3).  

 

In the case of the social cognitive map, the highest centrality was observed for the local regulatory framework 

for sustainable finance, demand from the private sector, and the involvement of international financial 

institutions. Similar results are found for the target group of the financial sector regulator, while for the financial 

sector target group, international regulations hold the top position.  

 

In the case of the target group of international financial institutions, awareness and education about sustainable 

finance are the most central. However, it should be noted that the local regulatory framework for sustainable 

finance is among the three most important concepts across all target groups.  

 

Overall, the graph theory indices showed only slight variation both among the target group maps and between 

these maps and the social map. This indicates compatibility and robustness of the results across different types 

of maps. The results also demonstrated that the experts' initial assessments align with the FCM inference 

determined by the Centrality indicator.  

 

Scenario analysis, another part of FCM inference, simulated the impact of changes in each fundamental factor 

on ESG Sustainability. FCM-based simulations were used to understand the behaviour of concepts and their 

interconnections more deeply. The scenario results, using the Kosko inference function and Sigmoid 

transformation function (Dikopoulou et al., 2018), are presented in Figure 2.  
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C1=1 C2=1 

  

C3=1 C4=1 

  

C5=1 C6=1 
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C9=1 C10=1 
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Figure 2. FCM-Based Simulations/Scenario Analysis 

Source: Authors’ calculations 

 

This analysis provided insights into potential outcomes of different policy actions, helping to identify the most 

effective strategies for enhancing ESG Sustainability. The results indicate that growth and improvement in core 

factors materially impact the financial sector's ESG Sustainability, with changes in each factor positively 

influencing others. 

 

Conclusions 

 

This research contributes to the growing literature on sustainable finance by introducing the novel concept of 

ESG Sustainability and presenting a structured approach to identify and model its key determinants. Using 

expert knowledge through Fuzzy Cognitive Maps; the study identified ten fundamental factors that determine 

the financial sector's ESG sustainability in Georgia. The main findings highlight the significance of the local 

regulatory framework and the role of international financial institutions, both of which emerged as key drivers 

of sustainable finance. Additionally, awareness, education, and expertise in sustainable finance, international 

regulations and demand form private sector turned out to have substantial influence.  

 

The scenario analysis conducted as part of this research demonstrates the potential impact of targeted policy 

actions on enhancing ESG sustainability. By simulating different scenarios, the research provides a valuable 

tool for decision-makers to evaluate the effects of interventions. The findings emphasise that a coordinated 

approach involving both local regulatory measures and international engagement is likely to be most effective 

in advancing ESG sustainability within the financial sector. 

 

While this study provides valuable insights, there is scope for future research to further refine and expand its 

findings. Increasing the number of experts for each target group could enhance the robustness and 

generalizability of the results. Additionally, adding new target groups, such as academia, could provide 

additional perspectives and enrich the analysis. Expanding the study to cover other countries, particularly those 

in emerging markets, would help determine whether the results observed in Georgia are consistent across 

different contexts or whether unique country-specific factors emerge. 

 

Moreover, while this study relied primarily on expert knowledge due to the limited availability of quantitative 

data, future research could integrate data where available to complement and validate the expert-driven FCM 

models. Combining qualitative insights with quantitative indicators would provide a more comprehensive 

understanding of ESG sustainability dynamics.  

 

Overall, the insights gained from this study extend beyond Georgia, offering a framework that can be applied 

to assess ESG sustainability in other emerging markets. By emphasising the integration of expert knowledge 

in the limited environment, this research underscores the importance of adaptive, context-specific 

methodologies in advancing research on sustainable finance. The FCM approach utilised here has proven to be 

a valuable means of analysing complex interdependencies within the financial system, thus providing a robust 

basis for informed policy and strategic decision-making in sustainable finance. By addressing the opportunities 
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for future research, this study lays the groundwork for continued exploration and advancement of ESG 

sustainability in the financial sector.       
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