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Abstract

Bangladesh is experiencing rapid growth in its construction industry, yet this progress comes at a cost—a concerning decline
in the number of trees. Among Bangladesh's prominent cities, Rajshahi stands out, facing intense summer heat due to its
geographical location. As a result, people are becoming more interested in green roofs, but several pressing factors influence
this decision, such as affordability, cost, and aesthetic appeal. A questionnaire survey was conducted with 1,000 respondents
while comparative analysis of three machine learning models revealed that XGBoost outperformed Random Forest and
Artificial Neural Networks, achieving 83.9% accuracy in predicting green roof adoption behavior. All models demonstrated
strong F1-scores above 0.76, validating their effectiveness in classifying adoption patterns among the surveyed population.

Keywords: Random Forest classifier, Extreme Gradient Boosting (XGBoost), Artificial Neural Network (ANN),
Adoption Rates, Issue Resolution.

1. Introduction

Urbanization is rapidly reshaping cities, bringing both benefits and challenges. In Rajshahi, the urban heat island effect is
raising temperatures, harming the environment, and increasing energy demand (Ahmed & Rahman, 2020). Green roofs present
a sustainable solution, improving stormwater management, air quality, and energy efficiency (Shafique, Kim, & Rafig, 2018).
Many countries have already adopted them successfully (Berardi, GhaffarianHoseini, & GhaffarianHoseini, 2014). Despite
clear environmental advantages, green roofs remain rare in Rajshahi. Policy gaps, limited awareness, structural constraints,
and financial barriers hinder their adoption (Akther, Mahmud, & Hasan, 2019). Understanding the perspectives of residents,
architects, developers, and policymakers is essential to overcome these challenges. This study uses surveys and machine
learning to analyze public attitudes and identify barriers to green roof adoption in Rajshahi. The findings aim to guide
strategies and policy recommendations that promote sustainable urban development (Hassan, 2021).

1.1 Literature Review

1.1.1 Global Research on Green Roofs

Extensive international studies highlight green roofs as a sustainable urban solution. Research in North America and Europe
confirms their role in reducing urban heat and improving energy efficiency (Oberndorfer et al., 2007; Getter & Rowe, 2006).
In Germany, they are widely adopted for stormwater storage and biodiversity (Mentens, Raes, & Hermy, 2006). Canadian
studies also report economic feasibility through lower heating and cooling costs (Bianchini & Hewage, 2012). In Asia,
research emphasizes adaptation to tropical climates. Singapore studies reveal temperature reduction benefits (Wong et al.,
2003), while China demonstrates improved air quality (Zhao et al., 2015). Indian research further explores water conservation
and urban agriculture potential (Patil & Patil, 2020).
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1.1.2 Green Roof Research in Bangladesh

Despite high potential, green roofs remain rare in Bangladesh. Research mainly addresses urban resilience rather than direct
adoption. In Dhaka, major barriers include low awareness, limited policy support, and financial challenges (Hossain et al.,
2019). Rahman & Saha (2021) highlight their role in mitigating urban flooding, particularly in poorly planned megacities.
Studies on socio-economic benefits are limited, though Karim et al. (2020) note their potential to cut residential energy use
and improve air quality.

1.1.3 Green Roof Research in Rajshahi

Rajshahi’s climate makes it suitable for green roofs, yet studies are scarce. Residents show positive attitudes toward
sustainability but lack awareness of green roof benefits (Alam et al., 2022). Haque & Kabir (2021) argue that adoption
requires government incentives and policy frameworks. As Rajshahi expands under persistent heat, more research is needed
to identify barriers and public perceptions. Most studies focus on Dhaka, leaving Rajshahi’s feasibility underexplored. This
study seeks to address that gap.

1.1.4 Green Roof: Key Survey Parameters

Rajshahi City faces challenges of air pollution, water management, energy demand, and rising heat, which shape public
reception of green roofs. The following parameters highlight their urban suitability.

Climate Rajshahi’s tropical monsoon climate intensifies the urban heat island (UHI) effect, straining residents and
infrastructure (Ahmed & Rahman, 2020). Green roofs mitigate UHI by absorbing sunlight and reducing building heat loads,
providing cooling benefits with suitable tropical plants (Shafique, Kim, & Rafig, 2018). They lower air-conditioning needs
and support energy conservation (Akther, Mahmud, & Hasan, 2019), making them a vital tool for climate resilience (Hassan,
2021).

Energy Efficiency

Like other cities, Rajshahi’s energy use spikes during hot summers. Weakly insulated buildings rely heavily on cooling
systems (Berardi et al., 2014). Green roofs act as natural insulation, reducing heat gain through evapotranspiration
(Shafique et al., 2018). This lowers air-conditioning demand, decreases electricity costs, and cuts carbon emissions (O’Neill
& Scott, 2022).

Wastewater Management

Rajshahi’s limited freshwater reserves cannot meet growing urban needs (Akther et al., 2019). Green roofs enhance
sustainability by enabling greywater reuse for irrigation, reducing municipal demand, and filtering rainwater to prevent
flooding (Hassan, 2021; Fath & Al-Bassam, 2020).

Rainwater Harvesting

Rainwater collection is already practiced in Rajshahi. Integrating green roofs enhances this process by supplying non-
drinking water for irrigation, cleaning, and flushing, while reducing stormwater pressure (Shafique et al., 2018; Berardi et
al., 2014).

Air Pollution & Sustainability

Air pollution from industry, vehicles, and dust severely impacts Rajshahi. Green roofs act as natural filters, absorbing CO.,
NOX, and particulates, thus improving air quality and public health (Shafique et al., 2018; Akther et al., 2019). They also
sequester carbon, contributing to global sustainability goals (Berardi et al., 2014).

2. Methodology

A guantitative research approach was adopted to examine the barriers and potential drivers of green roof adoption in Rajshahi
City. The study integrated survey data with multiple machine learning (ML) classification models— Random Forest (RF),
Extreme Gradient Boosting (XGBoost), and Artificial Neural Network (ANN)—to predict adoption behavior and evaluate
influencing factors.
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2.1 Data Collection

A structured questionnaire survey was conducted among 1,000 residents of Rajshahi City, representing diverse
demographic and socio-economic groups. The questionnaire assessed awareness levels, affordability, aesthetic appeal,
policy support, and perceived environmental benefits of green roofs. Data preprocessing included:

. Outlier detection using the Z-score method

. Normalization and encoding of categorical data

o Handling of missing values through mean and mode imputation

The final dataset was divided into training (80%) and testing (20%) subsets for ML model development and validation.

2.2 Machine Learning Models
To predict adoption likelihood and identify key influencing variables, three ML classifiers were implemented and compared.

2.2.1 Random Forest (RF)

Random Forest is an ensemble learning algorithm that constructs multiple decision trees and merges their outputs for accurate
prediction. It was employed to Identify the relative importance of features such as cost, awareness, and occupation and reduce
overfitting through bootstrapping and feature bagging. Hyperparameters such as the number of trees (n_estimators) and
maximum depth were optimized using grid search.

2.2.2 Extreme Gradient Boosting (XGBoost)
XGBoost, an advanced boosting algorithm, was applied due to its superior performance with non-linear and complex datasets.
It sequentially minimizes prediction error by weighting misclassified samples. Key parameters like learning rate, max depth,

and subsample ratio were fine-tuned using k-fold cross-validation. The model demonstrated strong interpretability through
feature importance ranking.

2.2.3 Artificial Neural Network (ANN)

The ANN model mimicked biological neural processing to predict adoption behavior.

Input Layer: Included key variables such as income, awareness, heat perception, cost, and structural feasibility. Hidden
Layers: Applied ReLU activation and dropout regularization to prevent overfitting. Output Layer: Used a sigmoid activation
function to classify adoption likelihood.

2.3 Model Evaluation Metrics

Each classifier’s performance was evaluated using: Accuracy (%): Overall correctness of predictions ,Precision, Recall, and
F1-score: Balance between false positives and false negatives ,R? (for regression-like prediction output in ANN): Explained
variance of adoption likelihood. Comparative analysis determined the most effective algorithm for predicting green roof

adoption behavior in Rajshahi.

3. Results and Discussion
3.1 Model Performance Comparison
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All three ML models demonstrated strong predictive capacity, but their accuracy levels varied.

Model Accuracy (%) F1- score Key Strength
Random Forest 79.4% 0.76| Robustness and interpretaility
XGBoost 83.9% 0.80 Highest precision and
generalization capability
ANN 81.2% 0.78 Excellent non- linear pattern

recognition

The XGBoost model outperformed the others with 83.9% accuracy, followed by ANN and Random Forest. All F1-scores
above 0.76 indicate that the classifiers effectively captured adoption patterns among diverse respondents
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Obstacles to the Adoption of Green Roofs

The local population fails to implement green roofs because they lack basic information about their benefits together with
installation methods and delayed returns. Very limited awareness about green roofs acted as one of the main barriers for
adoption among respondents. The installation expenses of green roofs stood as the primary concern among all stakeholders.
People who participated in the study pointed out their initial implementation expenses as the main reason why their approval
of green roofs remained low.

Possible Motivators for Adoption

The ANN assessment revealed that multiple participants would consider implementing green roofing infrastructure when
effective knowledge programs and financial assistance programs succeed in solving the main barriers of cost and knowledge
gaps. Respondents were influenced by the prospect that green roofs could decrease indoor heat during their evaluation
process. A substantial proportion of survey participants revealed their willingness to construct summertime air-conditioning-
saving green roofs after they could confirm temperature decrease although they remained skeptical about effectiveness. Many
participant showed interest in green roofs once they received confirmation that these features would enhance both their
appearance and property prices even though price concerns remained. Aesthetic attributes prove essential in drawing people
toward adopting green solutions when environmental and financial advantages alone are insufficient for their decisions.

Implications of the Results

Research findings suggest Rajshahi City would show higher acceptance for green roofs when saturated with education
materials and backed by financial benefit programs. The aesthetic benefits coupled with property value increases of green
roofs should be promoted to residents as motivation to use them in their building design. Future investigations must analyze
clear methods to explain these advantages and determine legislative strategies that make green roofs available and financially
accessible to broader segments of the population. The adoption process can be enhanced through monetary benefits as well as
promotional activities and natural resource-friendly marketing approaches. Additional research needs to study policies that
would enable wider application of green roofs.
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4. CONCLUSION

An Artificial Neural Network (ANN) model analyzed the factors which affected green roof adoption in Rajshahi City during
this investigation. Survey analysis of 1,000 participants showed that installation costs and poor knowledge stood as primary
barriers to green roof adoption which totalled 63.115%. Using targeted interventions to resolve these problems resulted in an
enhanced expected acceptance rate surpassing 83.12% per the model showing how proper guidance combined with financial
compensation and government backing substantially influences the outcome. This study confirms the importance of both
financial support together with regulations and educational programs to increase the widespread adoption of green roofs. The
public's attention might grow stronger through showcasing these features as well as their aesthetic qualities along with their
energy-saving capacity and sustainability benefits. Additional research needs to investigate both government programs and
economical techniques for urban development projects that include green roofs.
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