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Abstract: This paper discusses the determinants of investor preferences and 

behavioural drivers in green bond investments using techniques of machine 

learning. From the 280 respondents, analysis of data has helped in identifying the 

major demo-graphic, behavioral, and sentiment-related factors influencing green 

bond adoption. The leading types of advanced predictive models used in 

unveiling the in-sights of investor behaviour and decision-making include 

decision trees, random forests, and gradient boosting classifiers. Findings show 

that age, financial literacy, environmental consciousness, risk tolerance, and 

sentiment scores shape in-vestment preferences significantly. Although some 

demographic variables are of limited statistical significance in this study, it shows 

the importance of targeted financial literacy programs, positive market narratives, 

and segmentation strategies for increasing adoption in green bonds. The results 

can also help policymakers and financial institutions by offering some actionable 

insights regarding how to increase the penetration of sustainable finance.   

Keywords: Green Bonds, Machine Learning, Investor Preferences, Behavioural 

Finance, Sustainable Investments. 

1 Introduction 

Green bonds have been of much importance in recent days as a financial instrument 

in the face of solving environmental challenges. Green bonds were developed to finance 

projects with positive environmental and climate results. They are one of the 

cornerstones of sustainable finance. They not only carry a match with global goals on 

sustainability but also pull in investors motivated by environmental consciousness and 

ethical consideration[1], [2], [3], [4]. However, understanding investor preferences and 

the behavioural drivers in the green bond market still remains a challenge[5], [6], [7].  
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Hence, modelling investor decision-making in this context is crucial, as it involves 

complicated interactions of demographic, psychological, and financial elements. 

Machine learning has taken the clear stage in transforming financial behaviour analysis, 

owing to the capability of modern techniques in delivering robust methodologies in 

connection with the forecasting of investor preferences within a heterogeneous field. 

The potential rise in this segment of sustainable finance can be facilitated by 

understanding the dynamics involved in green bond investment through machine 

learning for researchers and policymakers. 

The market for green bonds, in the Indian context, is still in relatively growing stages 

with huge room for growth. However, there still remains a gap in under-standing the 

behavioural drivers and investment patterns relevant to Indian investors specifically[8], 

[9], [10]. Traditional financial models often fail to capture varied preferences and risk 

perceptions specific to this market. This surely becomes a big hindrance in the creation 

of an effective market development strategy. Since there exists no predictive model on 

green bond investor behaviour, so to speak, this knowledge gap needs to be filled by 

the data-driven insight, enabling one to understand what drives investor choices and 

what triggers a psychological element, which definitely would affect it[11], [12], [13], 

[14]. The present study tries to address such challenges by identifying and predicting 

the preferences of green bond investors, exploring behavioural drivers of investment 

decisions, and applying machine learning techniques to find patterns in data based on 

demographic, psychological, and financial variables. The results will contribute to the 

literature on sustainable finance and also give actionable insights for policymakers and 

financial institutions in growing the green bond market in India. 

2 Review of Literature 

2.1 Investor Preferences and Behavioural Drivers 

The green bond market has been the most important in sustainable finance, and such 

factors as investor preferences and behavioural drivers call for more attention. 

Investments are a product of a combination of demographic, psychological, and 

financial factors, and hence it is quite imperative to study these drivers and barriers to 

sustainable investment[15], [16], [17]. Of these, risk tolerance appears as one of the 

very significant drivers. The greatest diversification into emerging markets, therefore, 

is most likely to be made by those investors with the highest risk appetite, including 

green bonds that have recently been viewed as innovative financial instruments[18], 

[19], [20]. Risk tolerance is not only driven by personal factors such as age, income, 

and education but also by external factors such as market stability and economic 

conditions. Especially, investors having a medium to high-risk appetite are attracted to 

green bonds since it promises them long-term environmental and financial gains[4], 

[9]. 

The second most important factor influencing investments in green bonds is 

environmental awareness. For environmentally conscious investors, ethical concerns 

and the drive toward sustainability guide their actions. Empirical evidence has it that 
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the likelihood of investing in green bonds increases as people's environmental 

awareness rises, since they feel that these instruments are credible means to achieve 

goals on sustainability[2], [3], [21], [22]. Besides, financial literacy is a big determinant 

in influencing investment behavior more so in the case of complex financial products 

like green bonds. Higher levels of financial literacy would mean that investors can 

understand the associated risks and benefits more and, therefore, become more likely 

to take part in sustainable investments. Indeed, this does pose a strong barrier in 

emerging markets, such as India, where the market for green bonds is still at a relatively 

developing stage[23], [24], [25]. This will close the gap and empower a much larger 

pool of investors to make informed decisions with targeted financial literacy on 

sustainable finance. 

A few models have been built to explain investor behaviour under sustainable 

finance. Under the Theory of Planned Behaviour, a positive attitude toward 

sustainability combined with supportive social norms and belief in one's ability to make 

good investment decisions would drive investments in green bonds[18], [19]. Another 

option is the Behavioural Asset Pricing Model, which integrates psychological factors 

like emotions and cognitive biases into the traditional financial theories[12], [17]. For 

example, green bond investors might have preferences and make choices based on 

biased reasoning, such as overconfidence or loss aversion. Machine learning 

methodologies have been increasing in use for complementing traditional models that 

identify patterns across investor behaviour. It will be found, similarly, that the use of 

decision trees and random forests is effective in revealing predictors concerning the 

adoption of green bonds, including sentiment scores and demographic variables[10], 

[20], [26]. These will provide insights and predictive power that go a long way toward 

furthering this fast-growing literature on sustainable finance. 

2.2 Green Bond Market Overview 

The market dynamics of green bonds have been characterized by the participation of 

diversified issuers that include sovereign entities, municipal governments, financial 

institutions, and private corporations[1], [8]. The development of standards—such as 

those by ICMA, the Green Bond Principles, and the European Union's Green Bond 

Standard—increases transparency and enhances investor confidence in the product. 

Those frameworks ensure the raised proceeds go entirely toward projects with 

measurable environmental benefits, further increasing the credibility of green 

bonds[25], [27]. Innovation in project financing has also been spurred on by green 

bonds. There have been a lot of developments in that area, but there are a few challenges 

that need to be overcome: greenwashing and the lack of standardized reporting metrics. 

Stronger regulatory frameworks and third-party certifications are needed for these 

problems to be solved[19], [20]. Future research is encouraged to extend the green bond 

adoption in emerging economies and to explore synergies with other sustainable 

financial instruments to scale up the environmental impact. 
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2.3 AI and Behavioural Drivers in Green Investments 

The fast expansion of green bonds as a financial innovation is a testament to the 

world efforts in financing projects that are overcoming climate change and 

sustainability challenges. Green bonds have become a leading vehicle for raising capital 

in renewable energy, green infrastructure, and environmental protection[18], [28]. In 

India, the green bond market picked up pace from the day of its launch, driven by 

climate promises, regulatory push, and increasing investor appetite for environmental, 

social, and governance (ESG) products. The bonds generally command a premium 

price on account of the sustainability feature, though market maturity and liquidity 

issues are massive drivers in emerging markets[5], [6], [21]. Sustainable finance 

highlights the integration of financial systems and environmental goals with 

environmentally sound investments being the prime mover towards low-carbon 

economies[2], [7]. The literature has dealt mostly with macroeconomic and policy 

views with fewer concerns for micro-determinants, such as investor behavior. 

Behavioral finance suggests that demographic and psychological characteristics such 

as age, financial knowledge, risk perception, and awareness towards "green" have 

powerful effects on sustainable investment choices. The use of artificial intelligence 

and machine learning in behavioral economics has created new possibilities for investor 

preference analysis. Some of these algorithms that are increasingly being used to 

formulate complex, non-linear interactions and forecast investment trends with very 

high accuracy include decision trees, random forests, and gradient boosting[22], [29], 

[30]. Their usage in green bond markets is very low, particularly the application of 

behavior and sentiment indicators. This also implies the potential of AI and machine 

learning to formulate sound, fact-driven conclusions that guide effective strategies for 

green bond acceptance scaling up, especially in diversified socio-economic 

environments such as in India. 

2.4 Machine Learning in Financial Decision Making 

Machine learning has brought financial decision-making into the twenty-first 

century with advanced means of analyzing vast and complex datasets. The possibility 

of discovering unseen patterns and connections makes this technique extremely 

important in predicting the behaviour and preferences of investments, notably in the 

context of sustainable finance[11], [15], [16]. Numerous studies have found that 

machine learning models generally outperform conventional statistical approaches—

mainly because of their ability to capture non-linear relationships. It is also in 

sustainable finance that machine learning finds its application—analysing ESG data to 

forecast investor behaviour. For instance, sentiment analysis, together with decision 

tree models, has been used in forecasting the probability of investors choosing green 

bonds. Such studies provide strong evidence that combining behavioural data with 

financial indicators could be important to increase prediction accuracy[3], [6], [9]. 

Many machine learning algorithms can be applied to financial decision-making, each 

with its proper data types and predictive objectives. On the other hand, linear and 

logistic regression find their way in modelling relationships and classification tasks, 
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respectively. Decision trees, by their very nature, are all-rounders; they partition data 

into subsets based on feature values, resulting in an interpretable tree-like structure[28], 

[31]. Random forests are an extension of decision trees, creating a multitude of trees 

and averaging their predictions for better accuracy and reduced overfitting. Deep 

learning models, especially neural networks, are highly effective in capturing complex, 

nonlinear relationships[10], [11]. These models are often used in the task of sentiment 

analysis and prediction of investment behaviour based on unstructured data such as text 

or images. Support Vector Machines: SVMs have been yet another powerful tool to 

perform classification tasks, especially dealing with data that are not linearly 

separable[10], [20], [28]. They were applied in predictions of stock price movements 

and the segmentation of investors by their preferences. 

2.5 Research Gaps 

Even though sustainable finance and machine learning have progressed significantly 

across the world, critical research needs that are pivotal to understanding investor 

preference and behavioral drivers for green bond take-up, particularly among emerging 

countries such as India, are still ongoing. The literature today mostly addresses financial 

performance, environmental issues, and market conditions and mostly excludes 

demographic, psychological, and sentiment forces that drive individual investment 

choices. This absence is especially constraining in multicultural settings, where socio-

economic, awareness levels, and cultural all differ substantially, influencing the 

investors' behavior in distinct manners. In addition, combining these behavioral aspects 

with machine learning models is under-exploited. The majority of research on using 

machine learning for green finance has focused on forecasting trends or credit risk 

assessment, whereas predictive modelling of heterogeneity of investors and pattern of 

preferences has been relatively unconsidered. Sophisticated algorithms such as decision 

trees, random forests, and gradient boosting, while very prevalent in other financial 

spaces due to their capacity to uncover complex, non-linear relationships, remain 

unexploited to their full potential in understanding the drivers of green bond markets' 

behavior. Secondly, the unstandardized architecture for cross-validation of results 

obtained through machine learning also threatens to limit their scalability as well as 

stability. These gaps need to be filled in order to formulate integrated, region-based 

models which can inform policymakers and financial institutions how to frame specific 

strategies so as to spur green bond penetration and catalyze sustainable investment 

behavior. 

2.6 Methodology 

This paper follows a mixed-method approach in combining both the quantitative and 

qualitative data of investor preferences to predict behavioral drivers comprehensively 

in green bond investments. Primary data was collected through a structured 

questionnaire, designed to capture a range of variables: demographic factors (age, 

gender, level of income, level of education, and occupation), behavioral drivers (risk 

tolerance, environmental consciousness, financial literacy, and past experience with 
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investments), investment preferences (preference for green bonds, investment amount, 

sentiment score, and investment decision), and risk-return factors (perceived risk level, 

expected returns, and market volatility awareness). A total of 280 respondents was 

sampled through online questionnaires and face-to-face interviews in order to ensure 

diversity in the data set. Cronbach's Alpha was used for the validation of the reliability 

of the collected data, and a high reliability score of 0.911 was obtained, hence showing 

strong internal consistency. The validity checks were performed to ensure the 

questionnaire was accurately measuring the intended constructs. 

Pre-processing of the data was performed to handle missing values, encode 

categorical variables, and scale numerical variables to prepare the dataset for 

applications in machine learning. The analysis of the data involved finding the patterns 

of investor behaviour by the use of predictive models such as decision trees, random 

forests, and logistic regression. Model performance was evaluated using metrics such 

as cross-validation, accuracy, precision, recall, F1-score, and ROC-AUC to ensure that 

the predictions were strong and reliable. With these techniques, this study will strive to 

eventually make actionable insights on the factors motivating green bond investments 

and provide data-driven foundations necessary for promoting sustainable initiatives in 

finance. 

3 Data Analysis and Results 

3.1 Investor Demographics and Preferences Analysis 

The purpose of this analysis is to review how demographic characteristics do 

influence the green bond preferences among investors. A lot of regression analysis 

would use key independent variables such as age, gender, level of income, education 

level, and occupation in trying to predict the dependent variable—green bond 

preference. In order to model this effect and make further predictions about the 

investor's preference, logistic regression would be used as a proposed technique when 

regressing the above-mentioned demographic characteristics on preference for green 

bonds. 

Table 1. Logit Regression Results on Preference for green bonds 

Variables  Coeff. 

std 

err z P>|z| [0.025 0.975]

Construct -0.9847 0.489 -2.013 0.044 -1.944 -0.026

Age 0.0056 0.009 0.633 0.527 -0.012 0.023

Gender 0.0040 0.148 0.027 0.979 -0.286 0.294

Income 0.1466 0.148 0.993 0.321 -0.143 0.436

Education 0.1337 0.112 1.197 0.231 -0.085 0.352

Occupation 0.1867 0.114 1.640 0.101 -0.036 0.41



           13Predicting Investor Preferences and Behavioural Drivers in…  

 

 

Fig. 1. Scatter Plot 

Results of logistic regression analysis shown in table 1 and figure 1 expresses that, 

while the considered demographic factors—age, gender, income level, education level, 

and occupation—provide useful insights into investors' preferences for green bonds, 

none of these factors showed strong statistical significance in predicting preference for 

green bonds at the 0.05 significance level. Specifically, the p-values for all variables, 

including age, gender, income level, education level, and occupation, were above the 

threshold of 0.05, indicating that they do not significantly influence the likelihood of 

preferring green bonds. However, the positive coefficient of occupation in the model 

suggests a possible trend that some occupational groups might have a bit higher 

preference for green bonds, which might be an indication that professionals in some 

sectors are more attuned to sustainable investments. Although none of the individual 

demographic factors showed high predictive power, the analysis confirms that the green 

bond market could attract a large number of potential investors, and future research 

using more variables or larger datasets may reveal more accurate drivers of investor 

preferences. This suggests opportunities for targeted marketing strategies in the green 

bond market and ways to gain much better insight into investor behavior (see Fig. 1). 

3.2 Behavioral Drivers of Green Bond Investments 

The purpose of this analysis will be to identify critical behavioral drivers for green 

bond investments. This section examines independent variables like risk tolerance, 

environmental consciousness, financial literacy, and past experience in investment 

concerning the likelihood of investing in green bonds. It will further apply factor 

analysis in a bid to discover latent patterns and relationships among these behavioral 

drivers. 
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Fig. 2. Heatmap 

The figure 2 results of factor analysis point out two distinct factors influencing 

investment in green bonds. Factor 1, very strongly associated with risk tolerance 

(loading: 0.997), highlights how important an investor's ability to handle financial risks 

is for the decision of investing in green bonds. The finding may lead one to the 

possibility that people who have a higher risk appetite are more inclined to consider 

green bonds as an alternative investment avenue. Factor 2, moderately linked to past 

investment experience (loading: 0.303), may hint at the idea that past exposure to 

investments could influence attitudes and openness toward opportunities in green 

bonds. While environmental consciousness and financial literacy load lower, they 

underline that investment choices are indeed multi clausal. These findings demonstrate 

that the identified behavioral drivers—risk tolerance and past investment experience—

substantially contribute to shaping investor preferences and that targeted strategies to 

address these factors are essential in promoting green bond investments. 

3.3 Predict the Influence of Sentiment Score on Investment Decision 

The analysis will seek to predict the influence of the sentiment scores on investment 

decisions with a focus on how investor sentiment impacts the probability of choosing 

green bonds. Using a decision tree classifier, this study will look into the relationship 

between the sentiment scores as the independent variable and investment decisions as 

the dependent variable in order to find patterns that drive green bond adoption. 
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Table 2. Decision Tree Classifier Results 

Investment Decision Precision or Accuracy Recall F1-Score 

Yes 
0.9221 

0.8711 0.8954

No 0.4000 0.5592

 

 

Fig. 3. Decision Tree Classifier 

The decision tree classifier given in table 2 and figure 3 predicts positive investment 

decisions ("Yes") with high precision (92.21%) and recall (87.11%), an F1-Score of 

89.54%, indicating strong model performance in recognizing investors likely to choose 

green bonds. The results show that a sentiment score of less than or equal to 2.5 is a 

critical threshold influencing investment decisions, with higher sentiment scores 

correlating positively with the likelihood of choosing green bonds. While the model 

performs less robustly in predicting decisions of "No," findings highlight the big impact 

of sentiment on investment behavior; therefore, fostering positive sentiment can 

effectively drive green bond adoption. 

3.4 Investment Pattern Prediction Model 

This analysis will strive to predict patterns of investment in green bonds based on 

key demographic and behavioral variables such as age, income, financial literacy, risk 

tolerance, and environmental consciousness. A robust machine-learning technique 

called random forest is going to be used in modelling and predicting the amount or 

frequency of investment to serve valuable insight into the driving factors of green bond 

investments. 
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Table 3. Random Forest Classifier Results 

Feature Importance Feature Importance

1 Age 0.35

2 Financial Literacy 0.30

3 Environmental Consciousness 0.25

4 Risk Tolerance 0.10

Metric Value 

Mean Squared Error 700416555.6

R-squared 0.8754

 

 

Fig. 4. Predictive Model 

Table 3 and Figure 4 predicts the investment pattern in green bonds, with an R-

squared value of 0.8754, meaning it explains a fair 87.54% of the variance in the model 

for investment behaviour. Among these variables, age—being the most influential one 

with 0.350—points to a clear variation of investment patterns among different groups 

of people in terms of their age. Furthermore, financial literacy (importance: 0.300) and 

environmental consciousness (importance: 0.250) are very important factors in the 

investment decision-making process for green bonds, indicating that knowledge and 

awareness drive investments in green bonds. Although risk tolerance (importance: 

0.100) has a lower influence, the factor remains pertinent in understanding investor 

behaviour. These results underline the importance of targeting specific demographic 

and behavioural segments in efforts to effectively promote green bond investments and 
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provide insights to policymakers and financial institutions looking to expand their reach 

for sustainable finance products. 

3.5 Risk Perception and Decision-Making Analysis 

In this analysis, the authors focus on the role of risk perception in the decision-

making process regarding green bond investment, underlining the influence of 

perceived risk levels, expected returns, and market volatility awareness. This study will 

use Gradient Boosting Classifier to try to predict investment decisions and reveal the 

main drivers of investors' behaviours in sustainable finance. 

Fig. 5. Gradient Boosting Classifier 

The Gradient Boosting Classifier shown in figure 5 turned out to show an excellent 

predictive power with an accuracy of 87.91% and hence turned out to be a robust model 

in the analysis of green bond investment decisions. Expected Returns is the most 

dominant factor with a very important score of 0.8166, indicating they play a core role 

in motivation toward green bonds for investors. Likewise, Market Volatility Awareness 

(0.0938) and Perceived Risk Levels (0.0896) were also found to be meaningful 

contributors to the results, showing reflective thinking of investors regarding the broad 

market dynamics and risk management. The results point out clearly that, besides being 

sustainable investments, green bonds are financially rewarding opportunities driven by 

strong investor confidence in informed decision-making. 

4 Findings, Discussion and Limitations 

This study offers a critical dimension that may become influential for investing in green 

bonds, which indicate demographics, behavioral, and attitudinal drivers. In the 

demographic analysis of this study, the researchers ascertained that age, gender, 

income, education, and occupation were not significant at a level of 0.05 to predict 

preference for green bonds. However, the positive coefficient of occupation does 
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indicate the opportunity to target particular professions where interest in green bonds 

would be higher and, therefore, marketing opportunities. Behavioral drivers underlie 

risk tolerance and past experience with investment more heavily, because investors with 

higher risk appetite and past investment experience tend to invest more in green bonds. 

Although less powerful, the impacts of environmental consciousness and financial 

literacy are still crucial for the multiclausal nature of investment in green bonds. Tailor-

made educational campaigns and prudent risk management are therefore necessary to 

attract a larger pool of investors, both because of the environmental and financial 

returns. 

Additionally, the sentiment analysis revealed that investor sentiment is an extremely 

strong predictor of the adoption of green bonds, with a strong positive correlation 

between scores above the critical threshold of 2.5 and investment decisions. The 

decision tree classifier achieved precision of 92.21% and recall of 87.11%, thereby 

inferring that there is a necessity of a positive market narrative for adoption. The 

random forest analysis-based investment pattern prediction model found that the most 

influential factors explaining 87.54% of the variability in investment behaviour are age, 

financial literacy, and environmental consciousness. The above results suggest using 

age-based segmentation, targeted financial literacy programs, and messaging 

emphasizing the environmental aspects in order to stir up the take-up of green bonds. 

Collectively, these results reflect a reliance on data-driven approaches for better 

investor confidence and increased market growth. 

Despite its contribution, the study has limitations opening avenues for further research. 

It was limited due to the failure of key variables not being statistically significant and 

would thus be improved through larger datasets or addition of factors such as ethical 

values or social influence. Behavioral drivers such as risk tolerance and past investment 

experience were critical while other influences—the macroeconomic variables—are 

yet to be explored. Although the sentiment analysis well predicts positive decisions, it 

becomes less accurate to predict negatives. Thus, for robustness, one requires hybrid 

models for it. Even though the classifier based on a random forest would be worthwhile 

for it fails to accommodate extraneous features like inflationary conditions or any 

change in rates that would alter the tendency to invest money. The study is largely 

limited on generalizations to other regions, thereby making a need for cross-country 

comparisons to identify universal and region-specific drivers of green bond 

investments. 

5 Conclusion 

This study provides an insight into what drives green bond investments, from 

demographics to behavioral drivers and investor sentiment. While the results of the 

analysis show limited statistical significance for the demographic variables, trends 

would indicate some occupational groups and targeted segments that hold promise in 

increasing the take-up of green bonds. Behavioral factors, notably risk tolerance and 

past investment experience, became very important drivers, and it became very clear 

that financial literacy programs and awareness campaigns need tailoring. Sentiment 
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analysis gave further importance to positive market narratives, as the higher the 

sentiment scores, the more strongly they are correlated with positive investment 

decisions. The investment pattern prediction model has also underlined age, financial 

literacy level, and environmental consciousness as key determinants in green bond 

investment behaviours. These findings are very important to policymakers, issuers, and 

financial institutions as they can further adjust their strategies in better responding to 

the needs of investors and stimulate further growth in green bond markets. 

The scope for further research is huge with the opportunities to investigate further 

variables such as ethical values, social influence, and macroeconomic factors that might 

be used in a more holistic explanation of investor behaviour. This dataset can be further 

expanded, and advanced hybrid modelling techniques may increase the robustness of 

future analyses. Cross-country studies on comparing green bond adoption across 

markets could help in establishing universal drivers versus region-specific drivers, to 

provide actionable insights for global stakeholders. Addressing these areas, future 

research will add to creating an even more inclusive and dynamic sustainable finance 

ecosystem and accelerate the adoption and effectiveness of green bonds. 
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