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Abstract
Climate change discourse has expanded substantially in recent decades, yet computational analyses remain
concentrated on high-resource languages. In this paper, we construct a longitudinal Vietnamese climate news corpus
and examine thematic structure and temporal evolution in a low-resource setting. The corpus comprises 10,401
articles published between 2004 and 2026 and is systematically preprocessed using linguistically informed word
segmentation. To ensure domestic relevance, we apply transformer-based Named Entity Recognition and construct a
geographically grounded subset of 4,501 Vietnam-focused documents. We analyze this dataset using both Latent
Dirichlet Allocation and BERTopic. Results reveal stable thematic dimensions alongside longitudinal shifts from
event-driven pollution reporting toward governance- and energy-centered narratives. Embedding-based modeling
achieves higher semantic coherence while maintaining comparable topic diversity. The main contribution of this work
is thus the compilation of a structured Vietnamese climate corpus and a systematic analysis of discourse evolution in
an underrepresented language context.
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1. Introduction

Climate change is widely recognized as one of
the defining challenges of the twenty-first century.
While its drivers operate globally, its impacts are
unevenly distributed, shaping local vulnerabilities,
policy priorities, and public discourse. Countries
such as Vietnam face increasing exposure to sea-
level rise, coastal erosion, extreme weather events,
and air pollution, posing risks to socio-economic
development and environmental sustainability. In
this context, understanding how climate issues are
represented in national media is critical for analyz-
ing thematic prioritization and environmental gov-
ernance. Media discourse not only reflects envi-
ronmental conditions but also shapes public risk
perception, influences policy agendas, and struc-
tures institutional accountability, with implications
for broader policy formation and societal response.

Over the past two decades, climate-related re-
porting in Vietnam has expanded substantially in
both volume and scope. However, the scale of
this growing body of text renders manual analysis
infeasible. Natural Language Processing (NLP)
provides scalable approaches for examining large
corpora, with topic modeling enabling the extraction
of latent thematic structures without manual anno-
tation, making it well suited for analyzing long-term
discourse dynamics.

Despite these advances, large-scale computa-
tional studies of climate discourse remain concen-
trated in high-resource languages, particularly En-
glish. This limits our understanding of environmen-

tal narratives in low-resource contexts, where lin-
guistic, cultural, and institutional factors may differ.
Vietnamese presents additional challenges, includ-
ing multi-syllabic word segmentation, lexical ambi-
guity, and limited domain-specific resources, com-
plicating preprocessing and downstream evalua-
tion. Standard topic coherence metrics, designed
for high-resource languages, may therefore behave
unreliably. Consequently, systematic longitudinal
analyses of Vietnamese climate media discourse
remain scarce.

This study addresses the following research
question: How is climate change thematically struc-
tured in Vietnamese national media, and how ro-
bust are these structures across different topic mod-
eling paradigms? In addition to identifying the-
matic patterns, we examine how methodological
choices affect interpretability and evaluation in a
low-resource setting, with particular attention to
commonly used coherence metrics.

To answer this question, we construct and ana-
lyze a longitudinal Vietnamese climate news corpus
spanning 2004–2026. We adopt a complementary
modeling strategy combining a probabilistic gener-
ative approach (LDA) with an embedding-based
method (BERTopic) to capture both frequency-
based and semantic representations of topics. To
ensure domestic relevance, we apply transformer-
based Named Entity Recognition to retain articles
referring to Vietnam and its provinces. We further
evaluate topic coherence metrics, highlighting their
limitations and potential misalignment with seman-
tic structure in Vietnamese text, and examine the
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temporal evolution of climate discourse.
This study makes three main contributions. First,

it introduces a longitudinal Vietnamese climate
news corpus spanning more than two decades.
Second, it provides a systematic comparison of
probabilistic and embedding-based topic modeling
approaches in a low-resource language. Third, it
critically evaluates topic coherence metrics, show-
ing that standard measures may underestimate
topic quality in Vietnamese due to their reliance
on surface-level co-occurrence.

The remainder of the paper is structured as fol-
lows. Section 2 reviews related work. Section 3
describes the corpus construction and modeling
framework. Section 4 presents the empirical results
and analyzes thematic structure and temporal dy-
namics. Finally, Section 5 concludes and outlines
directions for future research.

2. Related Work

Computational analyses of climate discourse have
developed along several complementary strands.
One line of research applies NLP to policy doc-
uments and institutional texts to identify adapta-
tion strategies, mitigation priorities, and sectoral
trade-offs (Tashakori et al., 2025; Badekale and
Akinfaderin, 2025). Another examines environ-
mental communication in social media and public
platforms, combining topic modeling and sentiment
analysis to study polarization, risk perception, and
narrative framing (Gokcimen and Das, 2024; Pruss
et al., 2019). These studies demonstrate the value
of large-scale text analysis for understanding how
climate change is framed across institutional and
public arenas.

Topic modeling remains a central approach in
this literature. Latent Dirichlet Allocation (LDA) (Blei
et al., 2003) has been widely used to uncover the-
matic structures in environmental corpora (Gokci-
men and Das, 2024; Tashakori et al., 2025). More
recently, contextualized language representations
have enabled embedding-based approaches such
as BERTopic, which leverage transformer embed-
dings and density-based clustering to capture se-
mantic similarity. Extensions such as dynamic and
embedded topic modeling further support temporal
analysis (Badekale and Akinfaderin, 2025), reflect-
ing a shift toward embedding-driven frameworks.

Research on low-resource languages has also
begun to expand. Wasi et al. (2024) introduce a
Bengali climate dataset, while Haque et al. (2025)
propose a graph-based hybrid topic model. These
studies demonstrate feasibility but typically focus
on either dataset construction or a single method,
with limited comparative evaluation.

For Vietnamese, climate communication re-
search has largely relied on qualitative approaches

(Dang, 2025; Le and Vo, 2026), with limited large-
scale computational analysis. To date, there has
been no systematic longitudinal study comparing
probabilistic topic models with embedding-based
approaches in a unified framework.

More broadly, while prior work shows the effec-
tiveness of topic modeling, less attention has been
paid to the reliability of evaluation metrics in low-
resource settings. Measures such as NPMI and
cv may behave differently across languages due to
segmentation and lexical variability, affecting co-
occurrence statistics and interpretation.

The present study addresses these gaps by con-
structing a longitudinal Vietnamese climate news
corpus and comparing LDA and BERTopic. In ad-
dition to analyzing thematic structure and temporal
evolution, it provides insights into the behavior of
topic modeling methods and evaluation metrics in
a low-resource setting.

3. Experimental Framework

This section outlines the computational pipeline
used to build and analyze a large-scale corpus
of climate-related news articles in Vietnam. The
framework integrates automated data collection,
linguistically informed preprocessing, geographic
filtering via named entity recognition, and unsuper-
vised topic modeling.

The design emphasizes methodological trans-
parency and reproducibility, while enabling a critical
assessment of how standard NLP pipelines behave
in a low-resource language context. The overall
workflow is illustrated in Figure 1, which summa-
rizes the sequential stages of data collection, pre-
processing, geographic filtering, topic modeling,
evaluation, and subsequent temporal analysis of
discourse dynamics. By combining probabilistic
and embedding-based topic modeling approaches,
the framework supports a comparative assessment
of how different NLP paradigms capture thematic
structure, as well as how these themes evolve over
time in ecological media reporting.

3.1. Corpus Construction
The target corpus focuses on climate change and
related environmental and energy issues in Viet-
nam. Articles are retrieved using keyword-based
searches, including terms such as "biến đổi khí
hậu" (climate change), "ô nhiễm môi trường" (envi-
ronmental pollution), and "năng lượng tái tạo" (re-
newable energy). Data are collected from VTV, Vn-
Express, and Nhân Dân, three major Vietnamese
news outlets, to ensure wide coverage of main-
stream media discourse. The selection of sources
introduces an inherent bias toward mainstream and
institutional perspectives. As national-level outlets,
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Figure 1: Computational pipeline for geographically
grounded Vietnamese climate discourse modeling.

these sources are more likely to emphasize pol-
icy, official narratives, and urban issues, potentially
underrepresenting local or community-level envi-
ronmental concerns.

Data Retrieval All articles were automatically
scraped from HTML documents using Selenium1.
For each article, key information, including the ti-
tle, URL, and publication date, was extracted and
stored in a structured JSON format. Due to copy-
right restrictions, the complete raw text of the ar-
ticles cannot be redistributed. All data were col-
lected and used exclusively for research purposes,
in compliance with the terms of service of the re-
spective websites. To support reproducibility, we
provide a curated dataset of article URLs with as-
sociated metadata, including title and publication
date, publicly accessible at https://github.
com/hnnphuongg/vietnam-climate-news.

Data Preprocessing Accurate word segmenta-
tion is a crucial preprocessing step when work-
ing with Vietnamese text. Unlike English, where
whitespace reliably separates words, Vietnamese
lexical units often comprise multiple syllables that
are orthographically separated by spaces. As a re-
sult, naive whitespace tokenization incorrectly splits
semantically unified expressions into separate to-
kens, introducing substantial noise in downstream
NLP tasks.

These preprocessing decisions, while necessary
for model stability, may also influence topic com-
position by filtering out infrequent but potentially
meaningful terms. This trade-off is common in topic
modeling pipelines, particularly in low-resource
settings where vocabulary sparsity is more pro-
nounced.

In practice, we use vncorenlp2, a state-of-the-
art toolkit for Vietnamese natural language pro-

1https://www.selenium.dev/
2https://github.com/vncorenlp/VnCoreNLP

cessing. It provides linguistically informed word
segmentation and tokenization, enabling accurate
identification of multi-syllable lexical units. For in-
stance, the expression "khí hậu" (climate) is cor-
rectly segmented as "khí_hậu", preserving it as a
single semantic token.

Additional preprocessing steps include remov-
ing non-textual elements such as URLs, redundant
whitespace, and Vietnamese stopwords3. To im-
prove the stability of topic estimation, we also ex-
clude extremely rare and overly frequent terms prior
to dictionary construction. Specifically, words ap-
pearing in fewer than 10 documents or in more than
70% of the corpus are removed. These thresh-
olds are selected based on exploratory sensitiv-
ity checks to ensure that substantively meaningful
terms are retained while enhancing vocabulary sta-
bility and topic distinctiveness.

Table 1 summarizes the key properties of the
corpus resulting from the preprocessing step. In
total, 10,401 articles are collected, spanning 23
years, from April 2004 to February 2026.

#docs #tokens #words

10,401 6,708,526 2,588,127

Table 1: Corpus statistics

As illustrated in Figure 2, climate-related report-
ing remained comparatively limited during the pe-
riod from 2004 to 2014. Beginning in 2015, cover-
age increased more visibly, with a marked accel-
eration after 2017 and several peaks in the early
2020s, culminating in the highest observed level
in 2025. This upward trajectory coincides with in-
tensified international climate negotiations and the
expansion of domestic energy transition initiatives.
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Figure 2: Annual number of climate-related arti-
cles published in VTV, VnExpress, and Nhân Dân
(2004–2025).

The increase in article counts over time may
partly reflect the broader expansion of digital news

3https://github.com/stopwords/vietnamese-
stopwords

https://github.com/hnnphuongg/vietnam-climate-news
https://github.com/hnnphuongg/vietnam-climate-news
https://www.selenium.dev/
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production, rather than a purely substantive rise
in attention to the topic itself. Without normaliza-
tion by the total volume of published articles, these
trends should be interpreted as measures of ab-
solute attention rather than relative salience within
the overall media landscape. This distinction is im-
portant, as growth in raw counts may be driven not
only by increased interest but also by the general
rise in content production.

Figure 3 presents the overall lexical composition
of the corpus through a word cloud representation.
Prominent terms cluster around themes of climate
change, energy systems, environmental manage-
ment, and sustainable development. The visibility
of development- and governance-related vocab-
ulary indicates that climate issues are frequently
framed in connection with infrastructure expansion,
investment dynamics, and policy implementation
processes.

Figure 3: Word cloud of the climate corpus

These lexical patterns suggest that climate re-
porting is commonly embedded within an environ-
mental–energy–development nexus, rather than
treated as an isolated ecological concern. This in-
tegrated framing aligns with the broader policy con-
text in which environmental objectives are closely
linked to economic transformation and governance
agendas.

3.2. Geographic Filtering
To ensure geographic relevance with an exclu-
sive focus on Vietnam, we employ NlpHUST/ner-
vietnamese-electra-base4, a pre-trained
Vietnamese Named Entity Recognition (NER) sys-
tem built upon the ELECTRA transformer architec-
ture. The model identifies four entity categories:
LOCATION, ORGANIZATION, PERSON, and MIS-
CELLANEOUS.

We apply this model to extract named entities
from article texts and retain only those containing
LOCATION entities referring to Vietnam or any of
its 63 former provincial-level administrative units.
This filtering procedure is implemented using a pre-
defined lexicon of Vietnamese provinces and mu-
nicipalities to match the extracted location entities.

4https://huggingface.co/NlpHUST/ner-vietnamese-
electra-base

Articles without domestic geographic references
are excluded. While this approach ensures that the
resulting corpus is strongly grounded in the Viet-
namese context, it may also exclude articles dis-
cussing Vietnam implicitly without explicit location
mentions, introducing a potential source of selec-
tion bias.

Following geographic filtering, the corpus com-
prises 4,501 articles referring to Vietnam or its
provinces. As shown in Figure 4, Vietnam and
Hanoi dominate the dataset, appearing in 2,338
and 1,366 articles, respectively. Ho Chi Minh City
ranks third with 324 articles, while the remaining
provinces are mentioned in substantially fewer doc-
uments.
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Figure 4: Top 5 most frequently mentioned Viet-
namese locations in the corpus

This distribution reflects the structural charac-
teristics of national-level media, where reporting is
naturally concentrated in major political and admin-
istrative centers such as Hanoi and Ho Chi Minh
City. At the same time, the relatively limited repre-
sentation of smaller provinces highlights a potential
imbalance in the visibility of localized climate im-
pacts, suggesting that subnational environmental
issues may receive less consistent media attention.

3.3. Topic Modeling

To investigate the thematic structure of the
Vietnam-related subset of the corpus, we conduct
a series of topic modeling experiments. Topic mod-
eling is viewed as an unsupervised approach to
uncovering latent thematic patterns in large text
collections. By exploiting word co-occurrence reg-
ularities, such models group semantically related
terms into clusters that reflect broader themes, with-
out relying on predefined labels or annotated train-
ing data (Churchill and Singh, 2022; Gagliardi and
Artese, 2020). In order to ensure robustness, we
compare a probabilistic generative model with an
embedding-based transformer approach.
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Latent Dirichlet Allocation (LDA) We first ap-
ply Latent Dirichlet Allocation (LDA), a probabilistic
generative model introduced by Blei et al. (2003).
LDA assumes that each document is represented
as a mixture of latent topics, where each topic cor-
responds to a probability distribution over words.
Under this framework, document-specific topic pro-
portions govern the generation of words, which are
drawn from the associated topic–word distributions
(Uthirapathy and Sandanam, 2023). Estimating
these distributions enables the model to infer latent
thematic structure directly from the corpus, without
requiring labeled data (Gokcimen and Das, 2024).

The model is trained for 15 passes with 1,000
iterations to promote stable convergence. Asym-
metric priors are automatically optimized for both
the document–topic (α) and topic–word (η) distribu-
tions. We evaluate models with six topics and retain
this configuration based on semantic coherence,
topic distinctiveness, and overall interpretability.

BERTopic To complement the probabilistic
framework, we implement BERTopic (Grooten-
dorst, 2022), an embedding-based topic modeling
method that leverages contextual representations
to capture semantic similarity between documents.

Documents are encoded using the bkai-
foundation-models/vietnamese-bi-
encoder5, a sentence-transformer model
optimized for Vietnamese semantic similarity
tasks. The resulting embeddings are reduced
using UMAP (McInnes and Healy, 2018) with pa-
rameters n_neighbors=10, n_components=5,
min_dist=0.0, and metric=’cosine’
to preserve global semantic structure while
improving clustering efficiency. We then ap-
ply HDBSCAN (McInnes et al., 2017) with
min_cluster_size=25, min_samples=10,
and metric=’euclidean’ to group semanti-
cally similar documents while allowing noise points
to remain unassigned. Each cluster is interpreted
as a topic.

For topic representation, we use a CountVec-
torizer configured to extract both unigrams and
bigrams (ngram_range=(1,2)) and to retain
only terms that appear in at least ten documents
(min_df=10). The inclusion of bigrams enables
the identification of multiword expressions, such as
policy-related or institutional phrases, which may
convey more specific information than isolated to-
kens. The minimum frequency threshold reduces
the influence of rare terms, thereby improving the
stability and interpretability of the resulting topics.

Topic representations are derived using class-
based TF–IDF (c-TF–IDF), which estimates term
importance at the cluster level rather than at the

5https://huggingface.co/bkai-foundation-
models/vietnamese-bi-encoder

individual document level. This weighting scheme
highlights words that are particularly distinctive
within each cluster and facilitates thematic inter-
pretation (Grootendorst, 2022).

Evaluation Metrics Model performance is evalu-
ated using Topic Coherence, Normalized Point-
wise Mutual Information (NPMI), Cv, and Topic
Diversity (Cao et al., 2015; Sawant et al., 2022).
Coherence-based metrics assess whether the most
representative words of a topic tend to co-occur
within the corpus (Röder et al., 2015). NPMI quanti-
fies normalized word association strength (Bouma,
2009), whereas Cv combines sliding-window co-
occurrence statistics, cosine similarity, and confir-
mation measures, and aligns well with human in-
terpretability judgments (Röder et al., 2015). Topic
Diversity is computed using pairwise Jaccard diver-
sity, measuring the average dissimilarity between
the top-word sets of distinct topics. Higher values
indicate greater lexical differentiation across top-
ics and, consequently, clearer thematic separation
(Dieng et al., 2020). Unless otherwise specified,
coherence and diversity scores are calculated us-
ing the top 10 words per topic.

4. Results and Discussions

4.1. Topic Modeling by LDA
The six topics identified by the LDA model reflect
distinct yet interrelated dimensions of climate and
environmental discourse in Vietnam. Their relative
prevalence is presented in Figure 5, which indicates
noticeable variation in thematic prominence across
the corpus.
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Figure 5: Distribution of articles across LDA topics

Topic 0 – Climate Change and Adaptation. This
topic encompasses discussions of climate variabil-
ity, extreme weather events, and adaptation mea-
sures, particularly in coastal and agriculturally ex-
posed regions. It exhibits a consistent but moder-
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ate presence throughout the dataset, suggesting
sustained attention without clear dominance.

Topic 1 – Energy Transition and Green Develop-
ment. This cluster frames energy transformation
within broader development objectives. Renewable
energy expansion, technological upgrading, and ef-
ficiency improvements are frequently discussed in
connection with national green growth strategies,
indicating the integration of environmental and eco-
nomic narratives.

Topic 2 – Environmental Pollution and Lo-
cal Governance. Among the more prominent
themes, this topic highlights pollution-related in-
cidents in urban and industrial contexts. Articles
frequently address wastewater discharge, regula-
tory enforcement, and the role of local authorities,
pointing to the governance dimension of environ-
mental management.

Topic 3 – Renewable Energy Projects and In-
vestment. This theme focuses on electricity gen-
eration projects, particularly solar and wind power,
alongside investment flows and infrastructure ex-
pansion. Its distribution appears relatively even,
suggesting stable coverage of project-level devel-
opments within the broader transition process.

Topic 4 – Air Quality and Public Exposure. Air
pollution emerges as the most dominant topic in the
corpus. Reporting commonly links deteriorating air
quality to everyday environmental conditions and
public health concerns in major urban centers, indi-
cating a strong connection between environmental
risk and lived experience.

Topic 5 – National Strategy and International
Engagement. Climate and energy issues are
also embedded within high-level policy narratives,
including international cooperation and long-term
strategic positioning. The visibility of this topic sug-
gests that environmental discourse is not limited to
local or sectoral issues but extends to national and
global policy arenas.

Overall, the LDA results point to a multi-layered
discourse structure in which different levels of en-
vironmental concern coexist. Immediate and ob-
servable environmental risks, particularly air pollu-
tion and local environmental degradation, receive
the greatest attention, while longer-term structural
themes such as energy transition and national strat-
egy appear as secondary but stable components.

This distribution suggests that Vietnamese cli-
mate discourse is anchored in tangible and locally
experienced environmental issues, which are more
salient for public communication, while abstract or
long-term policy narratives remain comparatively

less dominant. At the same time, the coexistence of
governance, infrastructure, and international policy
topics indicates that climate change is not framed
as a purely environmental issue, but rather as a
cross-sectoral policy domain embedded in eco-
nomic development and institutional planning.

However, the relatively broad and partially over-
lapping nature of several topics, particularly those
related to energy transition, investment, and pol-
icy, also reflects a limitation of the LDA frame-
work. Specifically, LDA may struggle to disentangle
closely related themes when it relies solely on word
co-occurrence patterns.

4.2. Topic Modeling by BERTopic
The BERTopic model also yields six topics. Fig-
ure 6 presents their semantic composition using
word clouds, providing a qualitative illustration of
the most representative terms within each cluster.

Topic 0 Topic 1 Topic 2

Topic 3 Topic 4 Topic 5

Figure 6: Word clouds of the six topics identified
by BERTopic

Topic 0 – Environmental Pollution and Air Qual-
ity. This topic accounts for the largest proportion
of documents in the corpus. It centers on envi-
ronmental pollution, with air quality constituting its
core component. Frequent references to pollu-
tion indices, environmental conditions, and public
health exposure indicate the salience of urban air
concerns. The prominence of this theme is consis-
tent with the LDA results, reinforcing its structural
importance within the dataset.

Topic 1 – Renewable Energy and Power Sec-
tor Development. This cluster captures struc-
tural transformation within the electricity system.
Generation capacity, grid expansion, and invest-
ment dynamics are recurrent elements, reflecting
technical and infrastructural change. Compared
to the corresponding LDA theme, the focus here
appears more concentrated on system-level de-
velopments rather than on broader developmental
narratives.
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Topic 2 – Climate Change Impacts and Adap-
tation. This topic addresses climate-related im-
pacts in vulnerable sectors, including agriculture,
alongside adaptation measures. Its close corre-
spondence with the adaptation theme identified by
LDA suggests stability of this strand across model-
ing approaches.

Topic 3 – Climate Policy and International Com-
mitments. Policy discourse emerges as a dis-
tinct cluster. Articles emphasize climate agree-
ments, diplomatic engagement, and national com-
mitments within international governance frame-
works. In contrast to LDA, strategic positioning ap-
pears more clearly separated from implementation-
related themes.

Topic 4 – Youth Engagement and Social Initia-
tives. This topic highlights societal participation,
including youth movements and community-based
initiatives. Its emergence as an independent cluster
indicates that social engagement constitutes a rec-
ognizable component of climate discourse within
the corpus.

Topic 5 – Provincial Energy Projects and In-
frastructure. Renewable energy development at
the provincial level forms a separate theme. Wind
power projects and associated infrastructure are
delineated from national policy discussions, sug-
gesting that BERTopic differentiates implementa-
tion dynamics from strategic narratives more ex-
plicitly than LDA.

Across both modeling approaches, several pat-
terns remain consistent, most notably the domi-
nance of air pollution and environmental quality,
as well as the strong presence of energy transi-
tion and climate policy themes. This convergence
across models increases confidence that these
topics represent structurally stable components of
Vietnamese climate discourse rather than artifacts
of a specific modeling approach.

4.3. Evaluation of Topic Modeling
Performance

The quantitative performance of LDA and
BERTopic, evaluated using coherence and
diversity metrics, is reported in Table 2.

Models LDA BERTopic

Topic Coherence (cv) 0.55 0.66
Topic Coherence (NPMI) 0.06 0.18
Topic Diversity 0.94 0.93

Table 2: Topic Model Performance Metrics

BERTopic achieves higher coherence scores un-
der both measures. The cv coherence reaches 0.66
for BERTopic, compared to 0.55 for LDA. A similar
pattern is observed for NPMI coherence, where
BERTopic attains a score of 0.18, whereas LDA
yields 0.06. These differences indicate stronger se-
mantic consistency among the most representative
words within each topic when using the embedding-
based approach.

However, the relatively low NPMI score for LDA
(0.06) should be interpreted with caution, as it likely
reflects a mismatch between the metric and the
characteristics of the data rather than genuinely
poor topic quality. NPMI relies on localized word
co-occurrence and is therefore sensitive to how fre-
quently related terms appear within a fixed window.
This sensitivity makes NPMI particularly vulnerable
to underestimating coherence in settings where se-
mantic relationships are distributed across broader
textual contexts rather than localized word spans.

In the present corpus, three factors systemat-
ically reduce co-occurrence signals. First, lexi-
cal synonymy fragments probability mass across
multiple surface forms (e.g., chính sách, quy định,
pháp luật), reducing pairwise co-occurrence counts
even when words are semantically aligned. Sec-
ond, climate discourse spans multiple subdomains,
such as policy, energy, and environment, leading to
domain-stratified vocabulary in which related terms
rarely co-occur within the same local context. Third,
corpus sparsity and high lexical diversity limit the
accumulation of reliable co-occurrence statistics
under standard window sizes.

These effects are further amplified by character-
istics of Vietnamese text, including multi-syllabic
word segmentation and lexical variability, which
weaken surface-level co-occurrence signals. As a
result, NPMI systematically underestimates topic
coherence in this setting, particularly for probabilis-
tic models such as LDA that rely on distributed word
frequency patterns.

In contrast, the cv metric yields substantially
higher values for both models, reflecting its ability
to capture broader semantic similarity beyond strict
co-occurrence. The divergence between cv and
NPMI suggests that while topics may not exhibit
strong local co-occurrence patterns, they remain
semantically interpretable at a higher level.

Topic diversity remains high for both models,
with values of 0.94 for LDA and 0.93 for BERTopic.
This indicates that both approaches produce largely
distinct topic representations, with minimal lexical
overlap among top-ranked terms.

Taken together, the results suggest that
BERTopic provides improved semantic coherence,
particularly under embedding-aware evaluation,
while LDA captures broader thematic structures
despite lower co-occurrence-based coherence



76

scores. These findings highlight the importance of
using multiple evaluation metrics when assessing
topic models, especially in low-resource and
linguistically complex settings.

4.4. Temporal Evolution of Climate
Discourse

Finally, to examine the temporal dynamics of eco-
logical discourse, we analyze the annual preva-
lence of LDA-derived themes over 2004–2026.
Topic prevalence is computed as the yearly average
of document–topic probabilities, enabling system-
atic identification of shifts in thematic salience over
time.

Figure 7 presents the longitudinal evolution of
the six themes. The results reveal distinct temporal
phases: early dominance of environmental pollu-
tion narratives, followed by a rise in adaptation and
governance discourse, and more recently, the ex-
pansion of energy transition and international policy
framing. Several peaks align with major national
and global climate-related events, suggesting that
media attention responds to both structural pol-
icy developments and event-driven environmental
crises.

Environmental pollution and local governance
constitute a dominant theme in the mid-2000s,
reaching an initial peak around 2006–2007. This
period coincides with rapid industrial expansion,
suggesting a possible association between in-
creased economic activity and heightened media
attention to localized environmental degradation.
A renewed surge appears in 2016, aligned with
the Formosa Ha Tinh marine pollution incident,
followed by another increase in 2019–2020 dur-
ing intensified reporting on urban air pollution in
Hanoi and Ho Chi Minh City. These fluctuations
indicate that pollution discourse is strongly event-
sensitive, intensifying in response to acute environ-
mental crises rather than evolving along a continu-
ous structural trajectory.

Climate change and adaptation discourse in-
creases markedly between 2008 and 2012, peaking
around 2012. This expansion corresponds to major
international policy milestones, including the IPCC
Fourth Assessment cycle and the Copenhagen and
Cancun negotiations, as well as domestic initiatives
such as the National Target Program to Respond
to Climate Change (2008) and the National Strat-
egy on Climate Change (2011). The subsequent
decline after 2013 suggests thematic differentia-
tion, with climate concerns increasingly embedded
within sectoral governance and energy-related nar-
ratives rather than remaining an isolated strand.

Energy transition follows a U-shaped trajectory.
After declining until approximately 2015, coverage
increases steadily from 2016 onward, aligning with

the Paris Agreement and Vietnam’s Nationally De-
termined Contribution, suggesting that international
policy developments may influence domestic media
attention. A more pronounced acceleration after
2022 corresponds to COP26-related commitments
and participation in the Just Energy Transition Part-
nership. Unlike pollution-related themes, this pat-
tern reflects cumulative policy alignment and long-
term strategic repositioning of the national energy
system, rather than episodic crisis response.

Renewable energy projects and investment dis-
play sustained growth beginning around 2014, fol-
lowing the introduction of feed-in tariff mechanisms
and renewable incentives. Stronger expansion af-
ter 2019 parallels rapid solar deployment and in-
tensified clean energy investment. This trajectory
suggests that renewable discourse is closely linked
to infrastructural scaling and regulatory reinforce-
ment, indicating structurally anchored implementa-
tion dynamics.

Air quality and public exposure exhibit a pro-
nounced spike in 2019, coinciding with severe pol-
lution episodes in Hanoi. The decline after 2020
likely reflects reduced mobility during the COVID-19
period, followed by stabilization as air quality be-
comes integrated into broader environmental gov-
ernance discussions. This pattern illustrates the
transition of specific environmental risks from acute
public attention to normalized policy framing.

National strategy and international engagement
peak around 2015 and again in 2021-2022, corre-
sponding to the Paris Agreement process and sub-
sequent COP26 commitments. The cyclical nature
of this theme indicates temporal synchronization
between national discourse and international ne-
gotiation cycles, highlighting the external anchoring
of domestic climate narratives within multilateral
processes.

Jointly, these patterns indicate that different
thematic domains follow distinct temporal logics.
Pollution-related topics exhibit short-term volatil-
ity driven by discrete events, whereas energy and
policy-related themes evolve more gradually in re-
sponse to institutional and regulatory processes.
This divergence highlights the coexistence of re-
active and structural dynamics within climate dis-
course.

Across these trajectories, Vietnamese climate
media discourse undergoes a gradual transforma-
tion. Early coverage is characterized by reactive re-
sponses to localized environmental crises, whereas
later periods show increasing institutionalization, in-
ternational alignment, and structural framing of cli-
mate and energy issues. Pollution-related themes
remain event-driven, while energy transition and
renewable investment narratives exhibit cumula-
tive, policy-oriented dynamics. This shift points
to a transition from crisis-centered environmen-
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Figure 7: Temporal evolution of LDA-derived climate discourse topics in Vietnamese national media
(2004–2026)

tal reporting toward a more institutionalized and
policy-driven discourse, in which climate change
is increasingly framed as a long-term governance
and development challenge rather than a series of
isolated events.

5. Conclusion

To summarise, we constructed a geographically
grounded longitudinal corpus of climate-related
news articles in Vietnam covering 2004–2026.
The corpus was automatically collected from ma-
jor national media outlets and processed using
Vietnamese-specific NLP tools to ensure linguistic
and geographic consistency. Using Latent Dirichlet
Allocation and BERTopic, we modelled the thematic
structure of the corpus and traced its evolution over
time, enabling a comparison between probabilistic
and embedding-based topic modeling approaches
in a low-resource setting.

The results reveal stable thematic dimensions
across models, including air pollution, renewable
energy development, and climate governance.
Longitudinal analysis highlights a gradual shift in
media attention: early discourse centers on local-
ized environmental pollution, followed by increas-
ing emphasis on adaptation and institutional pol-
icy frameworks, and more recently, energy transi-
tion and international climate engagement. These
domains exhibit distinct temporal dynamics, with
pollution-related topics showing event-driven fluc-
tuations, while energy and policy themes evolve
more gradually in response to structural develop-
ments. The embedding-based approach achieves
higher topic coherence while maintaining compa-

rable topic diversity, indicating stronger semantic
consistency.

Beyond methodological comparison, this study
contributes a new Vietnamese climate corpus and
provides empirical evidence on how ecological dis-
course evolves in a low-resource, policy-driven me-
dia environment. These findings underscore the
value of combining modeling approaches to capture
both high-level thematic structure and fine-grained
semantic variation.

Several directions for future research emerge.
The corpus could be extended to include regional
outlets and social media to capture a broader spec-
trum of communication. Dynamic topic modeling
may enable more fine-grained temporal analysis,
while domain-adaptive pretraining could improve
representation quality. Integrating sentiment or un-
certainty modeling would further support the anal-
ysis of framing and discursive dynamics.

This study has several limitations. Vietnamese
remains a comparatively low-resource language,
and domain-specific pretrained models are limited.
Automatic word segmentation may introduce noise
affecting downstream modeling, while reliance on
mainstream national media may introduce struc-
tural bias and underrepresent local perspectives.
Finally, the absence of human qualitative validation
limits full assessment of topic interpretability.
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