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Abstract- Climate change policy decisions require
comprehensive analysis of regulatory frameworks
and public sentiment to ensure effective and
sustainable solutions. Natural Language Processing
(NLP) has emerged as a powerful tool for analyzing
climate policies and predicting public sentiment,
leveraging vast textual data sources such as
government reports, social media, and news articles.
This explores the role of NLP in extracting insights
from climate policy documents, identifying key
themes, and tracking policy evolution over time.
Additionally, NLP-driven sentiment analysis
provides a real-time wunderstanding of public
attitudes toward climate change, enabling
policymakers to align regulations with societal
concerns. By employing techniques such as topic
modeling, sentiment classification, and named entity
recognition, NLP facilitates the systematic
evaluation of climate policies, helping identify gaps,
inconsistencies, and emerging trends. Machine
learning models, including transformer-based
architectures like BERT and GPT, enhance the
accuracy of policy analysis and sentiment prediction,
offering deeper insights into the discourse
surrounding climate action. Moreover, NLP-driven
approaches help detect misinformation, assess the
impact of policy communication, and predict
potential public reactions to new regulations. Despite
its advantages, NLP in climate policy analysis faces
challenges such as data bias, ethical considerations,
and computational complexities. Addressing these
limitations requires robust data preprocessing
techniques, interdisciplinary collaboration, and
improved Al transparency. This paper highlights
real-world applications of NLP in climate
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governance, including sentiment analysis of climate-
related social media discussions and predictive
modeling of policy impact. By integrating NLP with
climate change decision-making, policymakers can
leverage data-driven insights to craft effective,
evidence-based policies. The study underscores the
transformative potential of NLP in enhancing
sustainable governance and fostering public trust in
climate initiatives. Future research should focus on
improving model interpretability and expanding
multilingual capabilities to ensure inclusive climate
policy analysis.

Indexed Terms- Natural language processing,
Climate change, Policy analysis, public sentiment
prediction, Data-driven, Review

l. INTRODUCTION

Climate change is one of the most pressing global
challenges, with  widespread  environmental,
economic, and social consequences (Onukwulu et al.,
2022). The increasing frequency of extreme weather
events, rising global temperatures, and biodiversity
loss underscore the need for effective policy
interventions. Governments, international
organizations, and businesses are under growing
pressure to adopt strategies that mitigate carbon
emissions, promote sustainable practices, and enhance
climate resilience (Jahun et al., 2021; Egbuhuzor et
al., 2022). Policy analysis plays a crucial role in this
process by assessing the effectiveness of existing
regulations, forecasting the impact of proposed
policies, and ensuring that decision-making aligns
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with scientific evidence and societal needs (Collins et
al., 2022; Egbuhuzor et al., 2023).

In recent years, public sentiment has become an
increasingly important factor in shaping climate
policies (Fredson et al., 2022). With the rise of digital
platforms, social media, and online forums, citizens
are more engaged in environmental discussions than
ever before. Policymakers must account for public
opinion to design strategies that are not only
scientifically sound but also politically feasible and
socially acceptable. Understanding how people
perceive climate policies, their concerns, and their
willingness to adopt sustainable behaviors is essential
for effective governance. However, analyzing vast
amounts of textual data from diverse sources presents
significant challenges (Nwulu et al., 2023).

Natural Language Processing (NLP), a subfield of
artificial intelligence (Al), offers powerful tools for
extracting insights from large-scale textual data
(Chukwuneke et al., 2021). By leveraging machine
learning and linguistic analysis, NLP enables the
automated processing of policy documents, scientific
literature, news articles, and social media discussions.
These techniques help identify key trends, detect
misinformation, gauge public opinion, and predict
societal responses to climate initiatives. NLP-driven
approaches provide policymakers with data-driven
insights, reducing biases and enhancing transparency
in decision-making (Okolie et al., 2021).

The objective of this review is to explore the potential
of NLP in climate change policy analysis and public
sentiment prediction. Specifically, it examines how
NLP techniques can be applied to; Analyze climate-
related policies and legislative texts to assess their
effectiveness and alignment with sustainability goals.
Monitor and interpret public sentiment regarding
climate policies using social media and other digital
communication platforms. ldentify emerging trends
and misinformation in climate discussions to support
evidence-based policymaking (Jessa, 2017). Enhance
decision-making through Al-driven insights, ensuring
that climate strategies are both effective and publicly
supported. By bridging the gap between policy
analysis, public sentiment, and Al-driven insights, this
study highlights how NLP can revolutionize the way
climate policies are designed, evaluated, and
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implemented. The integration of Al with policy
analysis not only enhances efficiency but also ensures
that climate governance is adaptive, inclusive, and
responsive to societal needs. As climate change
continues to pose urgent challenges, leveraging NLP
for sustainable decision-making represents a
significant step toward a data-driven, informed, and
participatory approach to environmental policymaking
(Okolie et al., 2022; Nwulu et al., 2023).

Il. METHODOLOGY

The PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
methodology was applied to systematically review the
role of Natural Language Processing (NLP) in climate
change policy analysis and public sentiment
prediction. The study followed a structured approach
by identifying relevant literature  through
comprehensive searches in databases such as Scopus,
Web of Science, IEEE Xplore, and Google Scholar.
Keywords including “Natural Language Processing,”
“Climate Change Policy,” “Public Sentiment
Analysis,” “Sustainable Decision-Making,” and
“Machine Learning” were used to refine the search.
Articles published between 2015 and 2024 were
considered, with a focus on peer-reviewed journal
papers, conference proceedings, and government
reports.

Eligibility criteria included studies that provided
empirical evidence, case studies, or theoretical
frameworks related to NLP applications in climate
policy analysis and sentiment prediction. Exclusion
criteria  comprised non-English articles, research
lacking methodological clarity, and studies unrelated
to NLP applications in sustainability and policy
analysis. The selection process involved an initial title
and abstract screening, followed by a full-text review
to ensure alignment with the research objectives.
Duplicates were removed using reference
management software.

Data extraction focused on key themes such as NLP
techniques for climate policy evaluation, sentiment
classification approaches, and the role of Al-driven
models in sustainable decision-making. A qualitative
synthesis was conducted to identify patterns, emerging
trends, and limitations in NLP-driven policy analysis.
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The risk of bias was assessed using the Cochrane Risk
of Bias Tool and the Critical Appraisal Skills
Programme (CASP) checklist to ensure the reliability
of included studies.

Findings suggest that NLP enhances climate policy
analysis by extracting insights from large-scale textual
data, identifying policy gaps, and predicting public
responses. However, challenges such as data bias,
ethical considerations, and computational
complexities remain. This systematic review provides
a foundation for future research on leveraging NLP for
evidence-based climate governance and public
engagement.

2.1 Natural Language Processing in Climate Change
Policy Analysis

Climate change policy analysis is a complex field
requiring the evaluation of large volumes of textual
data from governmental reports, international
agreements, and policy documents (Egbumokei et al.,
2022). Natural Language Processing (NLP), a branch
of artificial intelligence (Al), plays a crucial role in
analyzing, extracting, and interpreting information
from such documents. By leveraging NLP techniques
such as text mining, Named Entity Recognition
(NER), topic modeling, and sentiment analysis,
policymakers and researchers can gain valuable
insights into climate-related policies, trends, and
discourse.

Natural language processing (NLP) is a subfield of Al
that enables computers to understand, interpret, and
generate  human language. NLP  combines
computational linguistics with machine learning (ML)
techniques to process large volumes of text and extract
meaningful patterns (Basiru et al.,, 2023). Key
components of NLP include as shown in figure 1;
Tokenization, breaking down text into individual
words or phrases (tokens). Part-of-speech (POS)
tagging, identifying grammatical categories (nouns,
verbs, adjectives) in a sentence. Named entity
recognition (NER), extracting specific entities such as
organizations, locations, and key topics. Sentiment
analysis, determining the emotional tone or polarity of
a text (positive, negative, neutral). Topic Modeling,
identifying major themes and discussions in a body of
text.
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Figure 1: Key components of Natural language
processing (NLP)

These techniques allow NLP to be applied in various
domains, including climate change policy analysis,
where large datasets of regulatory documents and
agreements must be processed efficiently (Fredson et
al., 2021; Basiru et al., 2023).

Climate change policy analysis involves reviewing
numerous international agreements (e.g., the Paris
Agreement), national legislation, and regulatory
frameworks (Fredson et al., 2021). NLP automates the
extraction and classification of relevant information,
reducing manual effort and improving the accuracy of
policy evaluation. Some key applications include;
NLP helps categorize climate policies based on their
focus areas, such as renewable energy, carbon
taxation, or adaptation strategies. By analyzing
government reports and news articles, NLP can track
the evolution of climate policies across different
regions. NLP enables cross-country comparisons by
identifying similarities and differences in climate
legislation. NLP assesses how different stakeholders
(governments, corporations, and the public) react to
climate policies through social media and news
discourse (Basiru et al., 2023). By leveraging NLP,
policymakers can gain a data-driven understanding of
climate governance and make informed decisions.

Text mining is a key NLP technique that extracts
relevant information from unstructured textual data
(Fredson et al., 2022). In climate change policy
analysis, text mining is used to; analyzing thousands
of policy documents, NLP reveals emerging
legislative trends and priorities (Basiru et al., 2023).
Detects recurring themes such as carbon neutrality,
climate adaptation, and emissions reduction.
Automated text mining facilitates the analysis of

ICONIC RESEARCH AND ENGINEERING JOURNALS 733



© SEP 2023 | IRE Journals | Volume 7 Issue 3 | ISSN: 2456-8880

agreements between nations, highlighting compliance
levels and policy gaps. NER is an NLP technique that
identifies and classifies named entities within a text,
such as; Organizations (e.g., United Nations
Framework Convention on Climate Change,
Intergovernmental Panel on Climate Change).
Locations (e.g., Paris, Kyoto, COP26). Policy
Instruments (e.g., carbon pricing, emissions trading
systems). By applying NER to climate policy
documents, researchers can extract relevant themes
and actors involved in policymaking (Anaba et al.,
2022). This improves the ability to track policy
influences and collaborations between governments,
industries, and non-governmental organizations
(NGOs).

Topic modeling is a machine learning technigue that
automatically discovers underlying topics in a
collection of documents (Egbuhuzor et al., 2021). In
climate change policy analysis, topic modeling can;
Detect dominant themes such as renewable energy,
deforestation policies, and carbon offset mechanisms.
Track changes in policy priorities over time, revealing
trends in climate governance. Highlight differences in
climate policy between developing and developed
nations. Sentiment analysis determines the tone and
sentiment of textual data, helping assess public and
stakeholder opinions on climate policies (Agbede et
al., 2023). Applications in climate policy analysis
include; analyzing social media discussions, sentiment
analysis can reveal how citizens perceive climate
policies. It can examine political speeches and
statements to identify whether leaders frame climate
policies positively or negatively. Sentiment analysis of
corporate reports and press releases can assess
business sector responses to climate regulations.
Natural language processing (NLP) offers powerful
tools for analyzing climate change policies by
automating text mining, extracting key themes through
Named Entity Recognition, identifying policy trends
via topic modeling, and assessing public sentiment
(Amafah et al., 223). These capabilities allow
policymakers to track regulatory developments,
compare international policies, and evaluate public
perceptions effectively. As climate governance
becomes more complex, NLP-driven insights will play
a crucial role in shaping evidence-based policies and
ensuring effective climate action.
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2.2 Public Sentiment Prediction Using NLP

Public perception plays a critical role in the adoption
and success of climate change policies. Policymakers
must account for public sentiment to design
interventions that are not only scientifically sound but
also politically viable and socially acceptable (Fredson
et al., 2021). Climate policies, such as carbon taxes,
renewable energy incentives, and emissions
regulations, often face resistance if they are perceived
as economically burdensome or misaligned with
public priorities. Understanding societal attitudes
toward climate action helps governments and
organizations tailor communication  strategies,
increase public support, and counter misinformation
(Elete et al., 2022). Predicting public sentiment also
enables policymakers to anticipate potential
opposition and proactively address concerns, thereby
increasing the likelihood of successful policy
implementation (Basiru et al., 2023).

Natural Language Processing (NLP) provides a
powerful means of analyzing large-scale textual data
to gauge public sentiment toward climate policies.
Various data sources can be leveraged for sentiment
analysis, including as shown in figure 2; Social media,
platforms such as Twitter, Facebook, and Reddit serve
as rich sources of real-time public discourse on climate
change. Analyzing posts, comments, and discussions
can reveal emerging trends, concerns, and public
opinions. News articles, media coverage plays a
crucial role in shaping public perception. NLP
techniques can analyze news sentiment and detect
biases in climate reporting (Olisakwe et al., 2011).
Surveys and opinion polls, traditional surveys remain
valuable for sentiment analysis, providing structured
insights into public attitudes toward specific policies.
NLP can enhance survey analysis by processing open-
ended responses. Scientific reports and policy
documents, analyzing how climate policies are framed
in governmental and institutional documents helps
assess their alignment with public discourse (Jessa,
2023; Fagbule et al., 2023). By aggregating data from
these sources, NLP-based sentiment analysis offers a
comprehensive view of how climate policies are
perceived across different demographic and
geographic segments (Nwulu et al., 2023).
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Figure 2: Data sources leveraged for sentiment
analysis,

Sentiment analysis techniques can be broadly
categorized into three approaches; Rule-based
methods: These approaches rely on predefined
lexicons and linguistic rules to classify sentiment.
While simple and interpretable, rule-based methods
often struggle with contextual variations and sarcasm.
Machine learning approaches, supervised learning
models such as Support Vector Machines (SVMs),
Naive Bayes classifiers, and logistic regression can be
trained on labeled datasets to classify sentiment
(Onukwulu et al., 2023). These methods generalize
well across different texts but require significant
labeled data for training. Deep learning techniques,
neural network-based models, such as Convolutional
Neural Networks (CNNs) Recurrent neural networks
(RNNSs), and transformers (e.g., BERT and GPT),
have revolutionized sentiment analysis. These models
can understand context, detect complex sentiment
expressions, and handle large-scale textual data with
high accuracy. Transformer-based architectures, in
particular, excel at sentiment classification by
capturing long-range dependencies and nuanced
language patterns.

Public sentiment toward climate policies is not static;
it evolves over time and varies across different
geographical regions. Temporal sentiment analysis
involves tracking sentiment trends over time,
identifying key events that influence public opinion,
and assessing shifts in attitudes following policy
announcements  or  climate-related  disasters.
Geographical sentiment analysis examines how public
perception varies across different regions or countries
(Opia et al., 2022). Factors such as economic
conditions, political ideologies, and local climate
impact influence regional sentiment. NLP models can
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integrate geotagged social media data to generate
sentiment heatmaps, revealing areas where climate
policies face strong support or opposition. Such
insights help policymakers tailor strategies to regional
concerns and improve policy acceptance.

Misinformation and politically driven narratives pose
significant ~ challenges to  climate  policy
implementation (Chukwuneke et al., 2022). False
claims about climate science, exaggerated economic
consequences of green policies, and conspiracy
theories can distort public perception and hinder
meaningful action. NLP techniques can be used to
detect and mitigate misinformation through; Al-driven
models can cross-reference claims made in news
articles and social media posts against verified
scientific sources. Tools like Climate Feedback and
Google’s Fact Check Explorer use NLP to assess the
credibility of climate-related statements. NLP models
can classify whether a given text supports, opposes, or
remains neutral toward climate policies. This helps in
identifying polarizing narratives and understanding
ideological divides in climate discussions. By
mapping relationships between misinformation
sources, NLP-based network analysis can identify key
influencers spreading false narratives and track the
propagation of misinformation across digital platforms
(Akinsooto et al., 2014; Olisakwe et al., 2022). Public
sentiment analysis using NLP provides valuable
insights into how climate policies are perceived,
enabling data-driven decision-making and improved
policy design. By leveraging diverse data sources,
employing advanced sentiment classification
techniques, and analyzing sentiment dynamics over
time and space, policymakers can develop more
effective communication strategies. Additionally,
NLP’s role in misinformation detection helps combat
false narratives, fostering a more informed and
engaged public. As Al-driven sentiment analysis
continues to evolve, it will play an increasingly crucial
role in shaping sustainable climate policies and driving
global environmental action (Oyedokun,, 2019;
Akintobi et al., 2023).

2.3 Data Collection and Preprocessing for Climate
Policy and Public Sentiment Analysis

The analysis of climate policies and public sentiment
using natural language processing (NLP) requires
comprehensive data collection and effective
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preprocessing techniques (Adewoyin, 2022). Given normaliz  lemmatiz
the diverse sources of climate-related textual data ation ation
ranging from policy documents to social media Stopword NLP Risk of
discussions the reliability and quality of the data must removal  libraries removing
be ensured before meaningful insights can be derived and (e.g., meaningful
as explain in table 1. This explores key aspects of data filtering ~ NLTK, words
collection, preprocessing techniques such as SpaCy)
tokenization and lemmatization, challenges related to Handling Imputatio Data
data bias, and ethical considerations in climate policy noisy and n sparsity,
and sentiment analysis. missing technique  incomplete
data s, outlier records
Table 1: Data collection and preprocessing for detection
climate policy Sentimen  Rule- Subjectivity
Stage Data Methods  Challenges t labeling based, in sentiment
Sources & & and ML- classification
Techniqu  Consideratio annotatio  based, or
es ns n hybrid
Data Social Web Data  bias, approach
Collectio media scraping,  misinformati es
n (Twitter,  API on,  access Translati  Neural Loss of
Reddit, access restrictions on and Machine nuance,
Facebook multiling  Translatio cultural
) ual n (NMT), context
News Automate Source processin embeddin  differences
articles d credibility, g gs
and crawling,  political bias
reports Named Climate policy analysis and public sentiment research
Entity rely on a variety of textual data sources, each
Recogniti providing unique insights; Climate policy documents,
on (NER) these include national and international policy
Governm OCR, Formatting frameworks, regulatory documents, and treaties such
entpolicy NLP- inconsistenci as the Paris Agreement and Nationally Determined
documen based text es, language Contributions (NDCs). These documents contain
ts extraction  diversity information on  governmental  commitments,
Surveys Sentimen  Sample regulations, and policy strategies for addressing
and t tagging, representativ climate change. Social media platforms, platforms
public manual eness, such as Twitter, Reddit, and Facebook serve as
opinion annotatio  response bias primary sources for public sentiment analysis (Basiru
polls n etal., 2023; Elete et al., 2023). They capture real-time
Scientific ~ Citation Complexity, discussions on climate policies, reflecting public
papers network  jargon-heavy reactions, advocacy efforts, and political discourse.
and analysis,  content News reports, news articles and editorials from
expert topic reputable sources (e.g., BBC, The New York Times,
analysis ~ modeling The Guardian) provide context on climate policy
Data Tokeniza Lowercas Loss of developments, stakeholder opinions, and global
Preproces tion and ing, context, trends. Scientific literature and reports, publications
sing text stemming variations in from organizations such as the Intergovernmental
, terminology Panel on Climate Change (IPCC) and peer-reviewed
research articles provide evidence-based perspectives
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on climate policies and their impacts. By integrating
data from these sources, researchers can analyze the
alignment between policy objectives and public
perception, ensuring a comprehensive understanding
of climate governance dynamics.

Textual data collected from multiple sources is often
noisy and requires extensive preprocessing to improve
analysis accuracy (Onukwulu et al., 2021). The
following steps are fundamental in preparing climate
policy and public sentiment data; Tokenization, the
process of breaking text into individual words or
phrases (tokens) to facilitate analysis. For instance, the
sentence "Carbon pricing is a crucial climate policy™
is tokenized into ["Carbon”, "pricing”, "is", "a",
"crucial”, “climate”, “policy”].  Lowercasing,
standardizing text by converting all words to
lowercase to ensure consistency in analysis. Removing
Stopwords, commonly used words such as "is," "and,
and "the" are removed as they do not contribute
meaningful information. Stemming and
lemmatization, these techniques reduce words to their
root forms. Stemming removes suffixes (e.g.,
"emissions" — "emiss"), while lemmatization
converts words to their base form (e.g., "regulations™
— "regulation"). Named entity recognition (NER),
identifies and categorizes key terms such as policy
names (e.g., "Paris Agreement"), organizations (e.g.,
"United Nations"), and locations (e.g., "European
Union"). Removing special characters and URLs,
particularly in social media data, URLS, hashtags, and
non-alphanumeric characters are filtered out to
improve text quality. Preprocessing ensures that data
is structured and suitable for NLP-based climate
policy and sentiment analysis.

Bias and imbalance in datasets can distort the accuracy
of climate policy and sentiment analysis. Common
challenges include; News reports and government
documents may reflect specific ideological
perspectives, leading to partial representations of
climate issues. Certain user groups may dominate
online discussions, leading to skewed sentiment
analyses (Adebisi et al., 2022). If positive or negative
sentiments about climate policies are overrepresented
in the dataset, NLP models may develop biased
classifications. Strategies to mitigate these challenges
include; Data augmentation, expanding
underrepresented categories in datasets to balance
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sentiment distributions (Fredson et al., 2022). Fair
sampling, ensuring diverse sources, including
perspectives from different regions, political
ideologies, and social groups. Using Al-based fairness
metrics to identify and correct biases in policy
analysis. Addressing bias is crucial for ensuring that
climate policy analysis accurately reflects real-world
opinions and legislative trends.

The use of NLP for climate policy and sentiment
analysis raises ethical concerns that must be addressed
to maintain responsible research practices. Key ethical
considerations include; Public social media
discussions may include personally identifiable
information  (PIl). Researchers must ensure
compliance with data protection regulations such as
the General Data Protection Regulation (GDPR) by
anonymizing personal data. Al models used for
climate policy analysis should be interpretable, and
their  decision-making  processes should be
documented to avoid misinformation (Nwulu et al.,
2022). Climate discourse is often affected by
misinformation and political propaganda. NLP
techniques  should incorporate  fact-checking
mechanisms to ensure credibility. Climate policies
impact diverse populations globally. Ethical data
collection should prioritize voices from marginalized
communities disproportionately affected by climate
change. By adhering to ethical guidelines, researchers
can ensure that Al-driven climate policy and sentiment
analysis contribute to informed decision-making while
minimizing risks associated with data misuse. Data
collection and preprocessing are fundamental steps in
leveraging NLP for climate policy analysis and public
sentiment research. A diverse range of data sources,
including policy documents, social media, and news
reports, provides valuable insights into governmental
strategies and public opinions on climate change.
Effective  preprocessing  techniques such as
tokenization, lemmatization, and Named Entity
Recognition (NER) enhance text quality, while bias
detection and ethical considerations ensure
responsible Al implementation. As NLP technologies
advance, these methodologies will continue to play a
crucial role in shaping evidence-based climate
governance and sustainability policies (Onukwulu et
al., 2023; Olisakwe et al., 2023).
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2.4 Machine Learning and NLP Techniques for
Sustainable Decision-Making

The integration of Machine Learning (ML) and
Natural ~ Language  Processing  (NLP)  has
revolutionized  sustainable decision-making by
enabling policymakers and stakeholders to analyze
vast amounts of climate-related data (Adebisi et al.,
2021; Basiru et al., 2022). From understanding public
sentiment on environmental policies to generating
policy recommendations, ML and NLP provide
powerful tools for data-driven governance. This
explores key ML approaches, deep learning models
for climate text analysis, explainable Al for policy
interpretation, and NLP-driven policy
recommendation systems.

Machine Learning techniques for sustainable decision-
making can be broadly categorized into supervised and
unsupervised learning approaches as shown in figure
3. Supervised learning, this approach involves training
models on labeled datasets to perform predictive tasks
such as sentiment analysis, climate policy
classification, and emissions forecasting (Brown et al.,
2015; Fredson et al., 2021). Common supervised
learning models include; Support Vector Machines
(SVMs) and logistic regression for text classification
tasks. Random Forests and Gradient Boosting
Machines (GBMs) for environmental impact
assessments. Neural networks, particularly Recurrent
Neural Networks (RNNs) and Transformer models,
for time-series analysis of policy trends (Adebisi et al.,
2022).  Unsupervised learning, in  contrast,
unsupervised learning identifies patterns and
structures in unlabeled data, making it useful for
exploratory climate analysis. Examples include; Topic
Modeling (Latent Dirichlet allocation - LDA) to
extract key themes from climate-related documents
and social media discussions. Clustering algorithms
(K-means, Hierarchical Clustering) to segment public
opinion into distinct groups. Dimensionality
Reduction (Principal Component Analysis - PCA, t-
SNE) for analyzing complex sustainability data
(Fredson et al., 2023). Both approaches contribute to
better understanding of climate data, allowing
policymakers to derive actionable insights for
sustainability (Onukwulu et al., 2023).
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Figure 3: Machine Learning techniques for
sustainable decision-making category

Deep learning has significantly advanced NLP
applications in climate-related decision-making
(Adewoyin et al., 2021). Transformer-based
architectures, such as BERT (Bidirectional Encoder
Representations from Transformers) and GPT
(Generative Pre-trained Transformer), have improved
climate text analysis in several ways; BERT processes
text bidirectionally, capturing the contextual meaning
of climate-related discussions. It can classify public
opinion on climate policies, detect misinformation,
and analyze discourse in legislative documents
(Onukwulu et al., 2023). GPT models generate
human-like text, making them useful for drafting
policy briefs, summarizing climate reports, and
translating scientific findings into accessible language
for policymakers and the public. T5 and XLNet for
Climate Research Summarization, these transformer
models help extract key insights from vast climate
datasets, enabling researchers to stay informed about
the latest policy trends and scientific advancements.
By leveraging deep learning, climate policymakers
can enhance their decision-making capabilities
through advanced text processing and analysis (Basiru
et al., 2023).

One major challenge in applying deep learning to
climate decision-making is the black-box nature of Al
models, which limits interpretability. Explainable Al
(XAI) aims to make ML models more transparent and
understandable. SHAP  (SHapley  Additive
exPlanations) and LIME (Local Interpretable Model-
agnostic Explanations), these methods highlight which
words and phrases influence sentiment classification
or policy predictions, making climate models more
interpretable. Attention Mechanisms in Transformers,
models like BERT and GPT employ attention layers
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that indicate which text sections contribute most to
decision-making, helping policymakers trust Al-
generated recommendations. Causal Inference in
Climate NLP, by identifying causal relationships
between policy discourse and public sentiment, XAl
can reveal the underlying drivers of policy support or
resistance (Akinsooto, 2013; Onukwulu et al., 2021).
By improving the interpretability of NLP-driven
insights, explainable Al helps bridge the gap between
Al models and real-world climate governance.

Al-powered policy recommendation systems are
transforming the way governments and organizations
develop sustainability strategies (Farooq et al., 2023).
These systems integrate NLP techniques with
decision-support frameworks to generate evidence-
based policy recommendations. NLP extracts key
provisions from climate agreements, environmental
laws, and international treaties, allowing policymakers
to compare and align new policies with existing
frameworks (Onukwulu et al., 2022). Al-powered
dashboards track policy discussions across news
sources, social media, and governmental reports,
providing real-time updates on emerging climate
regulations. Using ML algorithms, recommendation
systems can tailor sustainability policies to specific
regions, industries, or population segments, ensuring
more effective implementation. By automating the
analysis of complex policy documents and public
sentiment, NLP-driven recommendation systems
enable faster and more informed climate decision-
making (Oteri et al., 2023). Machine Learning and
NLP are critical for advancing sustainable decision-
making in climate governance. Supervised and
unsupervised learning approaches enhance climate
data analysis, while deep learning models such as
BERT and GPT enable sophisticated text processing.
Explainable Al ensures transparency in Al-driven
climate  policy insights, and  NLP-based
recommendation systems facilitate evidence-based
policymaking. As Al technologies continue to evolve,
their integration into climate governance will play a
vital role in shaping effective, data-driven
sustainability strategies (Onukwulu et al., 2021; Agho
et al., 2021). Further research is needed to refine these
models, address biases, and enhance the
interpretability of Al-powered policy solutions.
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2.5 Challenges and Limitations of NLP in Climate
Change Policy Analysis

Natural Language Processing (NLP) has become an
essential tool for analyzing climate change policies by
extracting insights from large volumes of textual data,
including governmental reports, scientific literature,
and public discourse (Onukwulu et al., 2021).
However, despite its potential, several challenges and
limitations hinder the effectiveness of NLP in climate
policy analysis as explain table 2. These challenges
include data availability and quality issues, biases and
ethical concerns in sentiment analysis, computational
limitations in processing large-scale textual data, and
the interpretability  of  Al-driven policy
recommendations. Addressing these limitations is
crucial for ensuring the accuracy and reliability of
NLP-based climate policy analysis.

The effectiveness of NLP in climate policy analysis
heavily depends on the availability and quality of
textual data (Nwulu et al., 2022). However, several
obstacles complicate the collection and utilization of
reliable data sources; Many governmental and
institutional climate policies are not publicly available
or are restricted behind paywalls. This limits the
ability of NLP models to analyze global policy trends
comprehensively. Climate policy documents exist in
diverse formats, including PDFs, scanned images, and
structured databases, making it challenging to extract
and standardize textual content for NLP processing.
Climate policies and discussions occur in multiple
languages, requiring sophisticated multilingual NLP
models. However, translation inaccuracies and the
lack of labeled datasets in non-English languages
introduce biases and inconsistencies. Climate policies
evolve over time, and historical policy data may be
incomplete or outdated. This affects the ability of NLP
models to track long-term policy developments
accurately. Climate change discourse is often plagued
by misinformation and inconsistent terminology
usage. NLP models must differentiate between
scientific facts, political rhetoric, and misleading
narratives. Improving data availability and quality
requires open-access initiatives, standardized formats
for climate policy documents, and robust multilingual
NLP frameworks that ensure consistency across
diverse datasets (Akhigbe et al., 2021; Akhigbe et al.,
2022).
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NLP-based sentiment analysis plays a key role in
evaluating public opinions on climate policies.
However, biases and ethical concerns pose significant
risks; Climate change is a politically charged issue,
and NLP models may inadvertently reflect biases
present in training data. Sentiment analysis algorithms
trained on biased media sources may misrepresent
public attitudes toward policies. Social media
discussions on climate change often occur within
ideological echo chambers, where opposing views are
underrepresented (Ajayi et al., 2022). This can lead to
skewed sentiment analysis results that fail to capture a
diverse range of perspectives. NLP models may
struggle with context-dependent climate-related
terms. Analyzing public sentiment requires collecting
data from online platforms, raising concerns about
privacy and data protection. Ethical Al practices must
ensure compliance with regulations such as the
General Data Protection Regulation (GDPR).
Mitigating bias in sentiment analysis requires diverse
and balanced training datasets, rigorous bias detection
frameworks, and transparent Al methodologies that
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prioritize ethical considerations in climate discourse
analysis (Oluokun, 2021; Onukwulu et al., 2022).

Climate change policy analysis involves processing
vast amounts of textual data from diverse sources,
which presents computational challenges; NLP
models, especially deep learning-based architectures
like transformers (e.g., BERT, GPT), require
significant computational resources. Training and
deploying these models for large-scale policy analysis
can be expensive and energy-intensive (Onukwulu et
al., 2021). As climate policy data grows exponentially,
NLP models must be scalable to handle real-time
processing of new documents, social media trends, and
global policy updates (Elete et al., 2023). Achieving
scalability while maintaining accuracy remains a
challenge. Managing unstructured climate policy
texts, social media comments, and scientific reports
requires efficient data storage solutions. Implementing
cloud-based NLP systems can help, but data security
and access control remain concerns. Climate policy
decisions often require timely insights, but NLP
models processing large datasets may suffer from
latency issues. Optimizing inference speeds without
compromising accuracy is a major challenge
(Sobowale et al., 2021). To overcome these
computational challenges, researchers are exploring
hybrid Al approaches, cloud-based  NLP
infrastructures, and optimization techniques such as
model distillation and federated learning.

One of the major concerns with NLP-driven climate
policy analysis is the interpretability of Al-generated
insights (Elete et al., 2022). Policy decisions require
transparency and justification, but many Al models
operate  as "black  boxes,” making their
recommendations difficult to interpret; Many deep
learning models provide high-accuracy predictions but
lack clear explanations for their outputs. Policymakers
may be hesitant to rely on Al-generated insights if they
cannot understand the reasoning behind them. NLP
models identify patterns and correlations in text but
may not fully grasp causation If policymakers rely on
Al-generated recommendations without critical
evaluation, there is a risk of flawed or biased policy
decisions. Human oversight remains crucial in
validating Al-generated analyses (Onukwulu et al.,
2023). Al-driven policy analysis must align with legal
frameworks and regulatory standards. However,
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current laws may not fully account for Al's role in
policy evaluation, leading to uncertainty in its
adoption. Enhancing Al interpretability in climate
policy analysis requires the integration of explainable
Al (XAl) techniques, such as attention mechanisms in
NLP models, rule-based decision trees, and interactive
visualization tools that allow policymakers to explore
Al-generated insights transparently. While NLP holds
great promise for climate change policy analysis,
several challenges must be addressed to maximize its
effectiveness. Data availability and quality remain
significant  concerns,  requiring  standardized,
multilingual, and accessible datasets (Bristol-
Alagbariya et al., 2023). Bias in sentiment analysis
must be mitigated through diverse training data and
ethical Al practices. Computational challenges,
including high resource demands and scalability
issues, necessitate optimized NLP architectures.
Additionally, Al interpretability remains a critical
limitation in policy decision-making, highlighting the
need for explainable Al approaches. By addressing
these challenges, NLP can play a transformative role
in shaping evidence-based climate policies and
fostering informed decision-making on global
sustainability initiatives (Afolabi and Akinsooto,
2021; Fiemotongha et al., 2023).

2.6 Case Studies and Real-World Applications

The application of Natural Language Processing
(NLP) in climate change policy analysis and public
sentiment prediction has gained traction due to its
ability to process vast amounts of textual data (Collins
et al., 2022; Adikwu et al., 2023). NLP techniques
enable policymakers and researchers to derive
meaningful insights from social media discussions,
policy documents, and other textual sources,
facilitating informed decision-making. This presents
three case studies demonstrating the practical
application of NLP in climate change policy analysis.
Social media platforms serve as a significant source of
public opinion on climate change (Afolabi and
Akinsooto, 2023). Millions of users express their
views, concerns, and attitudes towards climate
policies, renewable energy, and government
initiatives. NLP-based sentiment analysis has been
employed to extract these opinions and assess their
impact on climate-related actions. International
climate agreements, such as the Paris Agreement,
Kyoto Protocol, and Glasgow Climate Pact, consist of
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extensive policy texts that require careful analysis to
evaluate commitments, trends, and areas of contention
(Ajayi et al., 2023). NLP techniques, including topic
modeling, named entity recognition (NER), and stance
detection, have been employed to automate this
analysis. One example is the use of Latent Dirichlet
allocation (LDA) to identify key themes within
climate agreements. By processing vast textual
datasets, LDA helps in uncovering recurrent policy
themes such as carbon pricing, renewable energy
investment, and adaptation strategies. Additionally,
stance detection algorithms analyze negotiation
transcripts to identify divergent positions among
participating nations, shedding light on conflicts and
alliances in climate negotiations. Furthermore, NLP
techniques facilitate sentiment tracking across
multiple agreements over time, revealing shifts in
policy language and priorities. Sentiment analysis of
official statements and policy texts has demonstrated
that commitments to ambitious climate action often
correlate with positive sentiment, whereas discussions
on fossil fuel phase-outs tend to evoke mixed reactions
(Agbede et al., 2021). These insights assist
policymakers in anticipating diplomatic challenges
and improving negotiation strategies.

Predictive modeling powered by NLP and machine
learning has been instrumental in forecasting the
potential impact of climate policies based on textual
data from scientific literature, government reports, and
economic assessments (Oteri et al., 2023; Daramola et
al., 2023). By training models on past policies and
their real-world outcomes, researchers can generate
predictive insights into how newly proposed
regulations might influence emissions levels,
economic growth, and public sentiment. Additionally,
NLP-based sentiment analysis has been combined
with econometric modeling to predict the likelihood of
policy adoption. Policymakers often face resistance
when implementing stringent climate regulations; by
analyzing past cases where policies were accepted or
rejected, Al-driven models can offer probability scores
for successful implementation. Furthermore, NLP
models can process public comments submitted during
policy proposal periods to detect dominant concerns
and potential objections. This real-time feedback loop
enables governments to refine policies before
enactment, enhancing public acceptance and
compliance (Onyeke et al., 2022). These case studies
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illustrate the transformative potential of NLP in
climate change policy analysis and public sentiment
prediction. Sentiment analysis of social media
discussions provides valuable insights into public
perceptions, enabling targeted policy communication.
NLP-driven analysis of international agreements
uncovers negotiation patterns and policy trends, while
predictive modeling aids in assessing the potential
impact of climate policies (Bristol-Alagbariya et al.,
2022; Onyeke et al., 2023). By leveraging Al and
NLP, policymakers can enhance evidence-based
decision-making, foster international collaboration,
and drive effective climate action.

2.7 Future Directions and Opportunities

As climate change continues to be a pressing global
issue, the role of Natural Language Processing (NLP)
in climate policy analysis is expanding rapidly (Agho
et al.,, 2023). NLP has demonstrated its ability to
process vast amounts of textual data, extract
meaningful insights, and facilitate data-driven
decision-making in environmental policy. However,
future advancements and opportunities in NLP-driven
climate policy analysis lie in four key areas: the
development of more sophisticated NLP models,
integration with other Al-driven decision-making
tools, cross-disciplinary collaboration, and policy
implications of sentiment analysis. Addressing these
areas will enhance the effectiveness of Al in climate
governance and sustainability efforts.

The continuous evolution of NLP models presents
exciting possibilities for climate policy analysis. The
latest advancements focus on improving model
accuracy, efficiency, and interpretability; Large-scale
transformer models, such as BERT, GPT-4, and T5,
have revolutionized NLP by enabling deep contextual
understanding of climate-related texts. Future
iterations will likely be even more specialized for
policy analysis, incorporating domain-specific
training data on environmental governance (Iwe et al.,
2023). Climate policies are drafted in multiple
languages and cultural contexts. Advancements in
multilingual NLP will allow for seamless analysis of
climate policies across different countries, ensuring
that global perspectives are accurately represented.
Interpretability remains a challenge in NLP
applications. Developing models that provide
transparent justifications for their analyses will help
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policymakers trust Al-generated insights. Techniques
such as attention visualization and rule-based NLP
approaches will enhance model transparency. Climate
policies evolve in response to new scientific
discoveries and geopolitical shifts. Real-time NLP
models capable of continuously updating policy
insights  will support timely decision-making
(Akhigbe et al., 2023). These advancements will
enhance the precision and applicability of NLP
models, enabling more robust climate policy analysis.
While NLP alone provides valuable textual insights,
its integration with other Al-driven tools will create
more comprehensive decision-making  systems;
Combining NLP with predictive analytics can help
assess the potential outcomes of proposed climate
policies (Ajayi et al., 2021). NLP can be integrated
with computer vision techniques that analyze satellite
imagery to track deforestation, pollution, and climate-
related disasters. By correlating textual policy data
with visual evidence, decision-makers can formulate
more informed responses. Knowledge graphs enhance
NLP’s ability to map relationships between policies,
regulations, stakeholders, and scientific findings. This
integration helps identify policy gaps and
contradictions in environmental governance. NLP-
driven sentiment analysis of public opinion on climate
policies can be linked with economic forecasting
models to predict market reactions, public support, and
potential resistance to environmental regulations
(Egbuhuzor et al., 2022). By integrating NLP with
these Al tools, climate policy analysis will become
more holistic, enabling data-driven, evidence-based
policymaking.

Climate policy analysis is inherently interdisciplinary,
requiring expertise from multiple fields. Future
advancements in NLP will benefit from enhanced
collaboration across various disciplines; Integrating
climate modeling data with NLP-generated policy
insights can improve understanding of how policies
align with scientific findings. NLP can assist
economists in assessing the financial implications of
carbon taxes, green subsidies, and other sustainability
initiatives by analyzing policy documents and market
trends (Collins et al., 2023). Legal scholars can
leverage NLP to track compliance with international
climate agreements and detect inconsistencies in
national policies. NLP-powered sentiment analysis
can inform policymakers about public perception and
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behavioral trends related to climate change,
facilitating  better ~ communication  strategies.
Strengthening collaboration between NLP experts and
domain specialists will lead to more informed and
impactful climate policies (Bristol-Alagbariya et al.,
2022).

Sentiment analysis, an essential application of NLP,
offers insights into public opinion on climate policies.
However, its use in policymaking raises several
critical implications; By analyzing social media, news,
and public forums, NLP can help governments
understand citizens' concerns about climate policies
(Afolabi, 2023). This can lead to more inclusive
decision-making and increased policy acceptance.
Sentiment analysis can detect misinformation trends
that hinder climate action. Policymakers can use this
information to develop targeted communication
strategies and counteract misinformation. Political and
ethical risks, if misused, NLP-driven sentiment
analysis could reinforce political bias or be used to
manipulate public opinion. Ensuring ethical Al
practices in climate policy analysis is crucial to
maintaining democratic integrity. As NLP becomes a
critical tool in climate governance, regulations will be
needed to ensure transparency, accountability, and
unbiased Al-generated recommendations.
Governments  must  establish  guidelines  for
responsible Al use in policy development (Agho t al.,
2023). By addressing these policy implications, NLP-
driven sentiment analysis can be a powerful tool for
bridging the gap between policymakers and the public,
ensuring that climate policies align with societal needs
and scientific realities (Afolabi et al., 2021). The
future of NLP in climate policy analysis is filled with
promising opportunities. Advancements in NLP
models will improve the accuracy and interpretability
of policy insights. Integrating NLP with Al-driven
decision-making  tools  will  enable  more
comprehensive environmental governance. Cross-
disciplinary collaboration will enhance the relevance
and applicability of NLP-generated insights. However,
as sentiment analysis becomes a key component of
climate policy discourse, ethical and regulatory
considerations must be prioritized. By addressing
these challenges and opportunities, NLP can play a
transformative role in shaping evidence-based,
inclusive, and effective climate policies for a
sustainable future (Oteri et al., 2023).
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CONCLUSION

The integration of Natural Language Processing
(NLP) in climate change policy analysis and public
sentiment prediction has demonstrated significant
potential in advancing sustainable decision-making.
This explored key applications of NLP, including
sentiment analysis of climate change discussions on
social media, NLP-driven insights from international
climate agreements, and predictive modeling of
climate policy impact based on textual data. These
approaches enable policymakers to better understand
public opinion, track policy trends, and anticipate
challenges in climate governance.

The findings suggest that NLP-based sentiment
analysis helps identify regional and temporal
variations in public perception, allowing for more
targeted and effective climate communication
strategies. Additionally, NLP techniques such as topic
modeling and stance detection provide deeper insights
into the commitments and negotiations embedded in
international climate agreements, enabling more
informed diplomatic engagements. Furthermore,
predictive modeling of policy impact facilitates
evidence-based decision-making by forecasting
potential environmental, economic, and societal
consequences of proposed regulations.

For policymakers and stakeholders, these findings
emphasize the need for integrating Al-driven analytics
into climate policy frameworks. Real-time monitoring
of public sentiment and policy effectiveness through
NLP can enhance responsiveness, improve
transparency, and foster greater public engagement.
Additionally,  businesses and  environmental
organizations can leverage these insights to align their
sustainability strategies with public expectations and
emerging policy trends.

The role of NLP in sustainable decision-making is
crucial, as it enables data-driven policy development,
enhances stakeholder communication, and identifies
misinformation or polarizing narratives that could
hinder climate action. However, further research is
needed to refine NLP models for greater accuracy,
interpretability, and bias mitigation. Future studies
should focus on integrating NLP with other Al
techniques, expanding multilingual capabilities, and
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developing frameworks for ethical Al deployment in
climate policy analysis. Through continued
advancements, NLP can play a pivotal role in driving
effective, science-backed climate policies and
fostering a more sustainable future.
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