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 A B S T R A C T

The United Nations Framework Convention on Climate Change (UNFCCC) plays a pivotal role in shaping 
global environmental policies, yet a topic analysis of UNFCCC decisions reveals variations in the emphasis on 
distinct topics each year. This study critically examines all UNFCCC decisions from COP1 in 1995 to COP28 in 
2023, along with decisions of the Kyoto Protocol and Paris Agreement. We utilize a form of Natural Language 
Processing called Guided Latent Dirichlet Allocation to examine how 16 topics that were predefined by the 
UNFCCC are represented within decisions. The results show how ‘‘Land Use’’, a topic critical for climate change 
mitigation, is prominently featured only in certain years. Through network analysis, we illustrate land use’s 
limited cooccurrence with other topics within decisions and conferences. We draw on Punctuated Equilibrium 
and Policy Bubble theories to describe land uses’s broader geopolitical trends.
. Introduction

Approximately three-quarters of the Earth’s land has been altered by 
uman actions. Agriculture, Forestry, and other Land Use (AFOLU) is a 
ajor cause of climate destruction, accounting for 22% of greenhouse 
as emissions globally (IPCC, 2022, WG3, Ch. 2). The IPCC concludes 
hat land-use, land-cover change, and deforestation collectively weaken 
he resilience of humans and ecosystems to climate change (IPCC, 2023, 
R6, Section B.2.1). Conversely, environmentally friendly land use 
an have a positive impact on the climate as a sink for carbon stor-
ge (UNEP, 2023). Properly addressing land use seems crucial in the 
lobal effort to mitigate climate change, but recognition of the interre-
ation between land use and climate change is an ongoing development. 
his study contributes to the theoretical goal of understanding the 
volution of topics within The United Nations Framework Convention 
n Climate Change (UNFCCC).
The UNFCCC listed 16 topics on its website at the time of the 28th 

onference of the Parties (COP28), one of which was ‘‘Land Use’’. Our 
ain research question is how strongly the land use topic is represented 
ithin UNFCCC decisions and how that representation changes over 
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time. Our corpus includes decisions from its first meeting (1995) to 
COP28 (2023), encompassing all three main governing bodies: COP, the 
Kyoto Protocol Conference (CMP), and The Paris Agreement Conference 
(CMA). We innovate on the plethora of studies about the UNFCCC by 
using novel computational methods to examine a large amount of text 
as data. Such methods allow us to identify patterns that would not be 
obvious to a human reader. Our analysis is based on a supervised Natu-
ral Language Processing (NLP) topic analysis method, known as Guided 
Latent Dirichlet Allocation (GLDA). We present three analyses: (1) word 
cooccurrences, (2) longitudinal distributions, and (3) topic networks. 
The word cooccurrence analysis reveals definitions of the topic, which 
words are more central or peripheral to the topic. The longitudinal 
analysis examines which topics are featured in the titles and texts of 
decisions each year. The network analysis utilizes three measures: (1) 
within conference cooccurrence, (2) within decision cooccurrence, and 
(3) topic similarity. We thus show the definition of land use, how the 
theme has increased and decreased annually, and its relation to other 
topics.
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This study traces the periodic resurgence and retreat of land use 
and its relation to other climate topics, offering valuable insights for 
policymakers. We identify cycles of policy focus that can inform future 
international negotiations. Our study offers a methodological approach 
for understanding the inclusion of topics in the UNFCCC decisions, pro-
viding policymakers with crucial insights for reinvigorating neglected 
issues in international climate negotiations.

2. Subtopics of land use within the UNFCCC

Several scholars highlight deficits of land use subtopics within 
transnational climate negotiations and decisions. Chigbu (2025) high-
lights how land tenure is absent from UNFCCC decisions. One reason 
that land tenure may be absent is that it is deeply connected to 
indigenous communities (Chigbu and Babalola, 2025). A substantial 
portion of the world’s forest carbon is stored on indigenous land, 
which often lacks formal recognition. UNFCCC decisions have thus 
far inadequately incorporated indigenous rights despite the recognized 
importance of their traditional knowledge for successful climate mit-
igation and adaptation strategies (Carmona et al., 2023; Sauls et al., 
2022). Franco and Borras (2021) highlight how this failure to address 
land issues of indigenous populations weakens the effectiveness of 
preserving such areas as carbon sinks. More generally, and beyond 
the question of indigenous communities, land tenure has not been 
a major focus of intergovernmental organizations and international 
agreements (Sikor et al., 2013). There is no global organization with 
comprehensive land governance authority and international attempts 
to regulate land tenure have remained voluntary rather than binding, 
as in the case of the Food and Agriculture Organization’s Voluntary 
Guidelines on Responsible Governance of Tenure of Land, Fisheries and 
Forests (FAO, 2012). Attempts at global land governance touch on fun-
damental questions of state sovereignty, triggering national resistance 
to international commitments that might constrain countries’ domestic 
policy space. Moreover, land use change is inherently contested among 
multiple users and objectives (Vidal et al., 2022). Consequently, global 
land use policies are often indirect and insufficiently coordinated with 
overlapping mandates, conflicting objectives, and a lack of formal 
mechanisms (Prestele et al., 2016; Sayer et al., 2013; Schulz et al., 
2020). Land tenure insecurity thus intertwines with indigenous pop-
ulation issues, national sovereignty concerns, diverging policy goals, 
undermining restoration efforts and exacerbating conflicts.

Agriculture is another significant land use subtopic of global cli-
mate governance, as a leading cause of deforestation and its role in 
greenhouse gas emissions and removals. UNFCCC decisions histori-
cally exempt agriculture from rigorous emissions reduction obligations, 
primarily citing food security concerns, thus limiting the sector’s con-
tribution to climate mitigation efforts (Schlamadinger et al., 2007; 
Zahar, 2023). The Clean Development Mechanism (CDM) outlined in 
the Marrakech Accords at COP7 in 2001 excluded agricultural practices 
that could reduce greenhouse gas emissions. While the Kyoto Protocol 
permitted developed (Annex I) countries to optionally include cropland 
management and grazing land management in their national carbon 
accounting, these land management options were not available for 
CDM projects in developing countries during this period. The Warsaw 
Framework (Decision 15/CP.19) opened the door to include agriculture 
in the REDD+ (Reducing Emissions from Deforestation and Forest 
Degradation) negotiations. However, the need for flexible obligations, 
wider deployment of technologies, mechanisms to curb emission leak-
age, and measures addressing consumption-side drivers still hinder the 
full integration of agriculture into REDD+ and other global climate 
mitigation frameworks (Fellmann et al., 2018).

The global governance of forests is similarly problematic. While 
mechanisms like REDD+ were implemented, they faced substantial 
challenges. Many carbon-offset projects have not delivered the promised
reductions in deforestation rates, significantly undermining their cred-
ibility as climate solutions (West et al., 2023). The Land Gap Re-
port (Dooley et al., 2022) warned that many national pledges banking 
2 
on afforestation and bioenergy would require vast land areas, and the 
changes needed would have unwanted legal and natural repercussions. 
Entrenched economic and political interests often complicate land 
tenure reforms, undermining project fidelity and effectiveness (Larson 
et al., 2013; Bustamante et al., 2014). Calls have emerged for a 
dedicated global treaty on forests to replace the existing patchwork 
of pledges (Burke, 2022). Nearly all the impacts of forestry mitigation 
efforts are context-specific, and countries’ varying responses to sustain-
able forest management criteria showcase the difficulties in creating 
national implementations of international agreements (Duchelle et al., 
2015).

The reliance on land-based carbon sinks and the offset markets built 
around them have also drawn extensive criticism. Land-based sinks are 
terrestrial ecosystems whose net uptake of carbon can be increased 
through land management practices, while offset markets are trading 
systems that let emitters meet reduction targets by purchasing credits 
generated by projects elsewhere. Both first entered the international 
climate policy agenda in the lead up to the Kyoto Protocol, as negoti-
ations got highly technical and controversial (Boyd et al., 2008). Sinks 
were controversial because every country held different ideas on how 
to implement them. For some countries, high ambition targets were a 
risk that could be mitigated by manipulating the prior year to use as a 
benchmark. Countries that set a more recent date as a benchmark or 
those with natural high carbon capture sinks received easier carbon 
capture targets. The inclusion of sinks in the CDM was particularly 
divisive, with concerns over potential socio-economic impacts on in-
digenous communities relying on land tenure, as creating more sinks 
could lead to forcible displacement (Fry, 2002; Schlamadinger et al., 
2007; Burleson, 2016). Some scholars cite the extensive disagreement 
on sinks as one of the reasons for the failure of COP6, which had to 
be extended by a year (Dooley and Gupta, 2016; Schlamadinger et al., 
2007).

3. Longitudinal and topic analysis research about the transna-
tional climate governance

The number of studies about the UNFCCC COP is growing substan-
tially. The Elsevier Scopus database currently (July 23, 2025) identifies 
3375 documents that include the search term ‘‘UNFCCC’’ and 2484 
documents that also include ‘‘COP’’, yet only 32 of these documents 
also include the word ‘‘longitudinal’’. Few studies have conducted an 
actual longitudinal analysis of COP conferences. Thew et al. (2020) 
conducted a longitudinal ethnographic analysis of youth participation 
between COP21 and COP23, but their analysis did not examine the COP 
decisions. Chin-Yee et al. (2020) conducted interviews with leaders 
from the Africa Group of Negotiators between COPs 21 to 25, but 
their analysis was not longitudinal. Afionis and Chatzopoulos (2010) 
examined Russia’s role in COP between 2001 and 2008, highlighting 
how the USA’s failure to adopt the Kyoto Protocol enabled Russia to 
become a more prominent leader. Kolleck et al. (2017) longitudinally 
examined education-specific messages on Twitter associated with a 
range of 6 years of COP conferences, but these comments were not 
analyzed in relation to decisions. Ruiz-Campillo (2024) conducted a 
discourse analysis of how requests made by negotiation groups from 
developing countries translated into decisions between COPs 23 to 28.

Lesnikowski et al. (2019) conducted a longitudinal topic analysis 
based on a 200 word rectangular window of opening speeches at the 
UNFCCC, which is one of the closest comparisons to our current study. 
Since our current study examines decisions that have clear beginnings 
and endings, we did not limit the number of words in our analysis. 
Another study similar to the current one by Gupta and Singh (2023) 
conducted a scientometric analysis of publications related to the UN-
FCCC and UN Convention on Biodiversity (CBD) that reference climate 
change and biodiversity. However, they did not examine the actual 
decisions. Parks et al. (2019, 2023) used longitudinal analyses of CBD 
COP decisions associated with indigenous populations. Their analysis 



K. Goldstein et al. Land Use Policy 158 (2025) 107722 
was similar to the current study in that it examined how specific topics 
were represented annually in decisions, albeit focusing on a different 
convention.

Several recently published studies have utilized NLP to examine 
land use topics. Madu et al. (2018) use LDA to analyze data on oil 
spillages in Nigeria’s Niger Delta. Holand et al. (2024) use LDA to 
examine literature associated with reindeer pastoralism. Music et al. 
(2021) conduct sentiment analysis of social media comments. Zhou 
et al. (2021) employ topic modeling to examine urban renewal mode 
decisions in China. Selles and Rissman (2020) use computer-aided 
content analysis and structural topic modeling to explore ‘‘resilience’’ in 
forest fire science and management documents. Hallberg-Sramek et al. 
(2024) apply topic modeling to analyze Swedish media coverage of 
forest conflicts. We are not aware of any studies that examined UNFCCC 
decisions with topic analysis.

4. Methods

To address our gap in understanding about how land use decisions 
evolved over time in transnational climate policy, we embarked on a 
comprehensive study of 28 years of UNFCCC decisions.

4.1. Sample

Our analysis is based on the publicly available English version of 
decisions that are published on the UNFCCC website: https://unfccc.
int/decisions. We utilize the corpus of decisions, because they represent 
the final outcome of the conference. Each decision represents a legal 
accomplishment from a vast multilateral decision body. Some decisions 
are based on a single topic that is clearly identified in the title, while 
others amalgamate numerous topics or veer towards a topic that differs 
from the one expected by the title.

We analyzed 838 final decisions from 1995 to 2023. In total there 
were 28 COP conferences and 551 COP decisions between 1995 and 
2023. The 194 decisions from the Parties to the Kyoto Protocol (CMP) 
from 2005 to 2023 and the 93 decisions from the Paris Agreement 
(CMA) from 2016 to 2023 were analyzed together and separately from 
the COP results.1 The number of decisions varies annually. In COP6 
there were just 6 decisions, the lowest count to date.2 The max of 39 
decisions appeared the following year (COP7). The average length of a 
COP decision was 1670 words. The average number of complex words 
in a decision (criteria of at least 3 characters and not included in the 
NLTK stopwords) was 854, and the average number of unique words 
in a decision was 372. The average length of decisions also fluctuates 
over the years with a max of 3227 words in 2011 and a minimum of 
534 words in 2008.

Our analysis heuristic gave each decision and each conference equal 
weight, a limitation that we later discuss. Our time period is the 
concurrent COP number (1 to 28), which happened annually with 
a few minor exceptions.3 We also created a separate list of just the 
decision titles, which we utilized for a simple keyword analysis of 
mentions of ‘‘land’’ and ‘‘forest’’. For each of the complete decision 
documents we removed the headers, table of contents, resolutions, and 
statements of gratitude.4 The documents were preprocessed in line with 
common procedures in similar studies (e.g. Jagarlamudi et al., 2012; 

1 Owing to the cancellation of UNFCCC conferences in 2020, we ran 
regression analyses for year based on a scale of COP numbers 1 to 28.

2 There were 6 decisions in both COP6 conferences combined.
3 COP6 was extended into the following year. COP26 was delayed in 

2020. The first CMA meeting was held in 3 parts over a period of 3 years 
(2016–2018). We included it as happening concurrently with the COP meeting 
of 2018.

4 We removed resolutions despite them often being included as decisions, 
because their aim was to thank a host or recognize a region that is suffering 
from climate change.
3 
Fig. 1. Conceptual model.

Nakai and Itoh, 2022; Venugopalan and Gupta, 2022a,b; Churchill and 
Singh, 2022; Schmiedel et al., 2018).5 The unprocessed corpus includes 
1,373,667 words, but this number is reduced to about half that size 
after preprocessing (removing stopwords, words less than 3 characters, 
numbers, and non-English words).

4.2. Model

We utilize the 16 topics that the UNFCCC listed on its website as 
hypothesized topics for analysis. Hereinafter we refer to each latent 
topic by its abbreviated title (e.g. Land). The original list of seedwords 
is based on an NLP keyword analysis of the UNFCCC website’s topic 
description texts with human review of relevant terms. Subsequently 
we conducted a manual search for additional key terms recognized in 
the Climate Negotiations Glossary (IISD, 2024). This provided us with 
an extensive list of seedwords to be analyzed within the corpus (Table 
1).6 While many of these terms can be used across different topics 
with distinct meanings according to the topic, as guiding words they 
provided us with a general way to ensure that the empirically deduced 
topics that we extracted from the texts somewhat matched the topics 
that the UNFCCC defined.

Fig.  1 displays the framework for our analyses, whereby Land and 
other topics are analyzed according to seedwords. We examine how 
words represent the inductively conceived topics identified by the 
UNFCCC, coherency, and cooccurrence of the latent Land topic with 
other latent topics.

4.3. Research questions

Since several IPCC reports (2000, 2003, 2019) have shown how 
Land is fundamental towards mitigating climate change, we questioned 

5 We utilized the NLTK toolkit to lemmatize the words and identify non-
English words. We removed 2-letter words. We also manually removed the 
following words: ‘‘year’’, ‘‘unfccc’’, ‘‘english’’, ‘‘secretary’’, ‘‘page’’, ‘‘included’’, 
‘‘decision’’, and ‘‘table’’. This clean text was used for frequency and LDA 
analyses.

6 All combinations of plural and singular were examined, including irregu-
lars (e.g. children and NGOs). We also manually added all plural combinations 
of phrases, as well as all combinations of upper and lower case.

https://unfccc.int/decisions
https://unfccc.int/decisions
https://unfccc.int/decisions
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Table 1
GLDA seedwords and the number of times they are mentioned within UNFCCC decisions.
 Title (N) Topics Seedwords  
 Education Action for Climate Empowerment 

Education and Youth
training (1024), public (900), awareness (224), youth (213), ace 
(208), education (182), empowerment (168), child (104), eco (1)

 

 Adaptation Adaptation and Resilience adaptation (3890), vulnerable (336), least developed countries 
expert group (232), vulnerability (192), resilience (180), least 
developed countries fund (166), leg (144), resilient (113), global 
goal on adaptation (67), nairobi work programme (63), adaptive 
(45), ldcf (26), nwp (7), cope (2), gga (1)

 

 Capacity Capacity-building capacity (2202), skills development (12), knowledge exchange (5)  
 Finance Climate Finance financial (2497), finance (2088), funding (966), budget (916), 

global environment facility (896), green climate fund (623), gef 
(387), investment (298), special climate change fund (135), gcf 
(135), scf (109), usd 100 billion (67), technical expert dialogue 
(28), new collective quantified goal on climate finance (27), sccf 
(25), ted (23)

 

 Technology Climate Technology technology (2468), technological (660), tec (149), ctcn (73), tech 
(8)

 

 Cooperation Cooperative Activities and SDGs cooperation (393), collaboration (359), sustainable development 
(357), partnership (187), mou (103), cooperate (89), collaborate 
(58), memorandum of understanding (56), collaborative (33), sdg 
(10), memorandums of understanding (1)

 

 Gender Gender gender (699), woman (222), inclusive (89), mainstreaming (42), 
lima work programme (37), female (24), girl (9), male (5), women 
and gender constituency (3)

 

 Stocktake Global Stocktake assessment (1613), submission (1164), progress (1043), nationally 
determined contribution (362), ndc (335), stocktake (322), 
evaluation (251), biennial transparency report (118), periodic 
review (62), btr (41)

 

 Community Local Communities and 
Indigenous Peoples Platform

local (437), engagement (318), indigenous (305), community (115), 
traditional (41), micro (9), lcipp (4)

 

 Innovation Innovation development (2935), innovation (112), innovative (73), hub (24), 
accelerator (17), incubator (10), enabler (7)

 

 Land Land Use land (1975), forest (1004), sink* (636), reforestation (551), forestry 
(539), afforestation (537), agriculture* (246), cropland (218), 
deforestation (143), wetland (127), grassland (115), forestation (10)

 

 Market Market and Non-Market 
Mechanisms

mechanism (2549), economic (604), market (270), economy (192), 
scheme (73), trading (43), nma (25), ets (1)

 

 Mitigation Mitigation emission (3831), greenhouse (1434), mitigation (1339), reduce 
(146), itmo (90), mitigate (51), omge (11), decarbonization (2)

 

 Ambition Pre-2020 Ambition and 
Implementation

implementation (4819), ambition (187), doha (119), pre-2020 (33), 
early action (3), pre- 2020 (2), pre2020 (1), pre 2020 (0)

 

 Science Science expert (2665), data (1401), scientific (743), ipcc (691), research 
(274), science (138), study (49), scientist (10)

 

 Ocean The Ocean ecosystem (145), water (112), ocean (43), marine (35), coastal (32), 
sea (6), fishery (3), acidification (1)

 

whether its meaning and significance changed in UNFCCC decisions 
over time. To do so we examine three overarching research ques-
tions: (1) Which words represent Land? (2) How does Land change 
in frequency over time? and (3) How does Land coexist with other 
topics within decisions and within conferences? We further questioned 
whether decisions about Land at COP were equivalent to those in the 
CMP and CMA. First, we analyze word frequencies and cooccurrence 
measures. Second, we examine longitudinally the distribution of topics 
within each conference. Third, we visualize GLDA topic networks and 
examine correlations between topics.

The first question is exploratory and conceptual. We count the 
occurrence of Land seedwords and their cooccurrence with other seed-
words within a ±10-word tokenized rectangular window within each 
decision. We then perform a network analysis that shows us topics that 
integrate with land. We also visualize word clouds based on the GLDA 
estimated weights of words in the Land topic and describe differences 
in the topic between conferences.

The second question is longitudinal and confirmatory. First, we 
examine a basic research question: Is the Land topic presented in 
equal proportions as the other 15 topics (1/16)? We then measure 
four competing hypotheses that Land is: (1) a prominent topic every 
4 
year (uniform distribution, 𝛽 = 0), (2) growing in prevalence (linear 
increase, 𝛽 = 1), (3) decreasing in prevalence (linear decrease, 𝛽 = −1), 
or (4) represents a quasi-normal distribution, whereby Land gradually 
became a prominent topic and has since faded from decisions. Since 
there are 16 hypothesized topics defined by the UNFCCC, the first 
hypothesis thus implies that the probability of Land in any given year 
is the same:

𝑦 = 1
16

The second hypothesis presumes an increasing slope, where n is the 
number of topics, 𝑥 is the COP number, and 𝑥̄ is the total number of 
conferences (28):

𝑦 = 1
2𝑛

+

(

1
𝑛∕2 − 1

2𝑛

)

𝑥̄ − 1
(𝑥 − 1)

This equation implies that Land began with half prevalence (1/32) and 
increased to double (1/8):

𝑦 = 1 +

(

1
8 − 1

32

)

(𝑥 − 1)

32 28 − 1
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The third hypothesis is the opposite. Land begins with double preva-
lence, and we subtract from the intercept rather than adding to create 
a decreasing slope:

𝑦 = 1
𝑛∕2

−

(

1
𝑛∕2 − 1

2𝑛

)

𝑥̄ − 1
(𝑥 − 1)

While these are mathematical hypotheses, the fourth hypothesis recog-
nizes literature that showed Land as an important topic following the 
implementation of REDD+ soon after 2007 (COP13). The mechanism 
served as a ‘‘win-win’’ opportunity (Gupta, 2012), whereby developing 
and developed countries could agree on Land issues due to its payments 
for environmental services scheme (Wunder et al., 2020). Our fourth 
hypothesis presumes that Land would thus achieve a pinnacle moment 
between COP14 and COP15: Land begins with half prevalence (1/32), 
increases to double prevalence (1/8) at the midpoint (14.5), and returns 
to half prevalence in the final year with a quasi-normal distribution, 
hence:

𝑦 = 1
2𝑛

+ 1

𝑛
√

8𝜋
exp

(

−
(𝑥 − 𝑥̄)2

8 𝑛2 𝜋

)

For each hypothesis, we examined the model fit of COP and all three 
conferences (COP, CMA and CMP) combined using a chi-square test:

𝜒2 =
28
∑

𝑖=1

(obs𝑖 − exp𝑖)2

exp𝑖
.

Since calculation of the three latter hypotheses implies fluctuations 
between half and double prevalence over a period of time that rep-
resents the 28 COP conferences that took place prior to the research, 
the linear increase and decrease hypotheses presume a total prevalence 
of 7.8% (above uniform) and the quasi-normal hypothesis presumes a 
total prevalence of 5.0% (below uniform).

The third question is exploratory and relational. We do not make 
hypotheses that aim to predict results. We simply map the cooccur-
rence and similarity of topics and describe how Land is closer to or 
more distant from other topics, along with measures of centrality. Our 
network analyses are calculated based on three measures of distance: 
(1) within conference cooccurrence (topics occurring within the same 
year), (2) within document cooccurrence (topics occurring within the 
same decision), and (3) similarity (topics using similar words). Finally, 
to answer our question about the relation of Land with other topics, we 
show how the prevalence of Land correlates positively and negatively 
with other topics, in addition to the correlations of each topic over time.

4.4. NLP and GLDA

Our primary analysis tool is NLP text mining. Specifically, we 
make use of a semi-supervised version of LDA, GLDA (Jagarlamudi 
et al., 2012; Watanabe and Zhou, 2022). In GLDA, each document 
is considered a mixture of latent topics, similar to LDA. However, 
GLDA differs from LDA in that it enables us to predefine the topics of 
interest and the representative words associated with them. We gave 
the words and phrases shown in Table  1 a seed confidence of 25%, 
thereby encouraging the latent topics to closely mimic the seedwords. 
This method made the most sense for our goal to examine the 16 topics 
that were clearly defined by the organization itself.

We used the NLTK, SKLEARN, GENSIM, and GLDA toolkits in 
Python. In order to analyze texts quantitatively, we reduce words and 
phrases into numerical units. To make similar words equivalent we 
use lemmatization.7 Each decision can represent more than one topic 

7 Lemmatization was utilized rather than stemming, because we found that 
the latter equated many words incorrectly. We did not conduct smoothing 
by sentences or paragraphs (see Watanabe and Baturo, 2024), as the deci-
sions were organized according to bullet points, some of the decisions were 
relatively short, and the decisions are supposed to represent concise topics.
5 
(e.g. Land and Mitigation) (see Mimno et al., 2011). Each conference 
contains numerous decisions and numerous topics. Using the topic dis-
tributions generated for each document, we calculated cumulative topic 
probabilities for each year (prevalence). This analysis presumes that a 
decision is entirely defined only by the 16 seeded topics, such that all 
topics combined equal 100% of each decision, and each conference is 
defined likewise as the cumulative sum of probabilities for each topic 
with equal weight to each decision.

We examine correlations, coherence, cosine similarity, and condi-
tional probabilities of two topics existing within the same decision and 
the same conference. To capture relations between topics we utilize 
Normalized Point Mutual Information (NPMI), the joint probability 
of vector scores for two topics (A and B) appearing together in a 
document. NPMI tells us whether two topics cooccur more often than 
would be expected by chance:

NPMI =
log

(

𝑝(𝐴,𝐵)
𝑝(𝐴)⋅𝑝(𝐵)

)

− log (𝑝(𝐴,𝐵))

Topic coherence (Cv) is computed as the average cosine similarity 
between the embedding vectors of the top representative words (W) 
and the embedding vector representing the entire topic, where 𝑁 is 
the number of top words that represent the topic. Higher coherence 
indicates that the top words represent a cohesive semantic concept:

Cv = 1
𝑁

𝑁
∑

𝑖=1
𝑊 (𝐴𝑖)

Topic similarity is measured by cosine similarity, showing the amount 
that similar words are being used in different topics. These measures 
were standardized to 0 to 1 for the network analyses.

The network edges were computed with a square root transfor-
mation to the scores to reduce the disproportionate impact of highly 
prevalent topics (Rahimi et al., 2023). In the networks, the nodes are 
colored by coherence (with darker being more coherent), and their size 
is based on their prevalence. We present measurements for weighted 
degree centrality (WDC: the sum of the weights of the edges connected 
to a topic divided by the number of neighbor topics | (𝐴)| − 1) and 
inverted closeness centrality (𝐶inv: the speed with which a topic 𝐴 can 
reach others 𝐵, inverted to give more weight to stronger connections):

WDC =
∑

𝑤(𝐴,𝐵)
| (𝐴)| − 1

𝐶inv(𝐴) =
| (𝐴)| − 1
∑

(

1
𝑤(𝐴,𝐵)

)

5. Results

5.1. Which words represent land?

The Land topic is dominated by the words ‘‘land’’ (1975) and ‘‘for-
est’’ (1004), which appear far more than any other seedwords. Variance 
in mentions of forest each year is 58% explained by mentions of land, 
emphasizing further how these two concepts are closely connected. 
As a part of all UNFCCC decisions, ‘‘land’’ is used 2214 times and 
‘‘forest’’ is used 1863 times. The lemmatized stems of land and forest 
feature slightly less than other lemmatized stems, such as technology 
(2884), climate (4703) and national (3534). The analysis of words 
in a 10-word window shows that the word ‘‘land’’ has its greatest 
common cooccurrence with a lemmatized stem of ‘‘forest’’ (1787), 
followed by ‘‘change’’ (648), ‘‘use’’ (585), and ‘‘convert’’ (430). After 
land, the lemmatized stem of ‘‘forest’’ has its greatest cooccurrence with 
‘‘activity’’ (1246), ‘‘project’’ (986), and ‘‘change’’ (726). Words, such 
as ‘‘emission’’ (902) and ‘‘carbon’’ (450) feature in close proximity to 
either ‘‘land’’ or ‘‘forest’’. An analysis of all Land seedwords combined 
shows that the most frequently cooccurring words are ‘‘use’’ (4093), 
‘‘change’’ (2108), ‘‘activities’’ (1541), ‘‘project’’ (1461), ‘‘management’’ 
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Fig. 2. Topic seedword cooccurrence networks.
(1039), ‘‘emissions’’ (1030), ‘‘carbon’’ (789), and ‘‘CDM’’ (781). Land 
appears to be intertwined with resource utilization.

In Fig.  2 we show cooccurrence networks based on all seedwords for 
each topic combined. In all UNFCCC decisions there is a relatively clear 
inner and outer circle based on the number of times that those topics 
cooccur. Land’s inner circle includes Mitigation (556), Science (373), 
Innovation (238), Market (235), and Stocktake (148). Land’s outer 
circle includes Finance (34), Education (28), Communities (20), Coop-
eration (15), Capacity (9), and Gender (7). The COP conference mirrors 
the overall results, as it represents the bulk of UNFCCC decisions. In the 
CMP conference, Land similarly cooccurs with Mitigation (90), Market 
(76), Innovation (61), and Science (61). In the CMA conference, while 
there is high proximity with Mitigation (28), Ocean (33) is actually 
Land’s closest topic and Adaptation also features relatively frequently 
(20).

Certain topics are more coherent than others. Land obtained the 
highest coherence score of any topic (0.82). The other most coherent 
topics are Market (0.68), Mitigation (0.66), Finance (0.63), Adaptation 
(0.62), and Innovation (0.62). On the other hand, some topics had rel-
atively poor coherence, specifically Ocean (0.47) and Stocktake (0.40). 
While the COP and CMP models provided sufficient coherence scores 
for Land (0.80 and 0.70 respectively), the CMA model gave much lower 
coherence for Land (.48) and most of the other topics. Land is a very 
coherent topic when looking at COP, CMP, or all UNFCCC decisions 
combined.

When we adjust the relevancy measure of the GLDA model to 0, 
we identify terms that are distinct to each topic. Specifically, we found 
that the bigrams for ’carbon stock’, ’stock change’, ’forest land’, ’stock 
changes’, ’change soils’, ’ground biomass’, ’land converted’, ’mineral 
soils’, ’per area’, and ’biomass carbon’ are the most unique terms 
associated with Land. CMP decisions place a strong emphasis on carbon 
management with higher frequencies of ‘carbon’ and ‘stock’. Unique 
6 
keywords in the CMP documents include ‘commitment’, ‘biomass’, 
‘organic’, and ‘wood’. Conversely, the extremely low coherence of land 
in the CMA indicates that Land might reflect a different topic meaning 
altogether. It should also be noted that the unsupervised model (LDA) 
provided satisfactory coherence levels for a Land topic (0.68). The 
seedwords assisted to create topics that more closely resembled the 16 
topics that the UNFCCC defined.

Fig.  3 shows a word cloud of the Land topic based on the entire 
text of the decisions where word size corresponds to the GLDA weight 
(i.e. the relative importance of each term to the topic). In all confer-
ences combined, the words ‘‘change’’ (0.04), ‘‘land’’ (0.03), ‘‘carbon’’ 
(0.02), ‘‘emissions’’ (0.02), and ‘‘use’’ (0.02) have the highest weights. 
A number of additional words appear that were not seedwords, such as 
‘‘biomass’’ (.01), ‘‘greenhouse’’ (.01), and ‘‘IPCC’’ (.01). COP similarly 
features ‘‘land’’ (0.03), ‘‘use’’ (0.03), and ‘‘emissions’’ (0.03). The CMP 
Land topic focuses more on ‘‘carbon’’ (0.04), ‘‘stock’’ (0.04), and ‘‘soil’’ 
(0.02). As noted, the CMA is unique, owing to both the limited number 
of decisions in that conference and the relatively small role of Land 
within it. ‘‘Land’’ and ‘‘stock’’ have weights near zero in the CMA model, 
and the topic focuses on ‘‘include’’ (0.03), ‘‘agreement’’ (0.03), ‘‘paris’’ 
(0.03), and ‘‘emissions’’ (0.03).

5.2. How does land change in frequency over time?

In Fig.  4 we examine just the titles of the decisions. A lemmatized 
segment of ‘‘land’’ or ‘‘forest’’ is featured in 19 out of the 551 COP 
decisions. Land first appeared in a decision title in COP4. That first 
decision included more keywords in its title (4) than any decision since: 
‘‘Methodological guidance for activities relating to reducing emissions 
from deforestation and forest degradation and the role of conservation, 
sustainable management of forests and enhancement of forest carbon 
stocks in developing countries’’. Three separate COP decisions had the 
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Fig. 3. Word clouds based on weights of the land topic in the GLDA models.
Fig. 4. Number of decisions that include land or forest in the title.
same title: ‘‘Land-use, land-use change and forestry’’ (9/CP.4, 16/CP.5, 
and 11/CP.7). Six additional titles included 2 keywords (e.g. ‘‘Address-
ing the drivers of deforestation and forest degradation’’ (15/CP.19). We 
calculate the title analysis as a binomial score for whether a lemmatized 
segment of ‘‘Land’’ or ‘‘Forest’’ appears in the title at least once.8.

8 Sink and agriculture were included as seedwords in the GLDA analysis, but 
we did not count them in the title keyword analysis. Specifically, one decision 
included sink in its title (7/CP.27) and one decision included agriculture 
(3/CP.27). The sink-titled decision focused on the atmosphere. The agriculture-
titled decision focused on collaboration. Neither decision mentioned another 
Land seedword.
7 
Fig.  4 shows that after one Land titled decision in COP4 (9/CP.4) 
and COP5 (16/CP.5), there were none in COP6. Then in COP7 there 
were two decisions (11/CP.7 and 12/CP.7). There were three Land 
decisions each in COP9 (13/CP.9, 19/CP.9, and 22/CP.9) and COP10 
(13/CP.10, 14/CP.10, 15/CP.10). Starting in COP11 a pattern began 
with one decision one year and then one year without one. This 
trend continued until COP19 when there were a record four decisions 
(10/CP.19, 13/CP.19, 15/CP.19, and 11/CP.19). In COP21 there was 
again one decision (16/CP.21), and then after COP21 Land disappears 
from decision titles entirely. The most recent period in history thus 
represents an age of Land decisions’ disappearance from COP decisions.

CMP1 included 4 Land titled decisions (5/CMP.1, 6/CMP.1, 16/
CMP.1, 17/CMP.1), which was more than in any future conference. 
In CMP2 there was only one decision (8/CMP.2). In CMP3 there were 
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Fig. 5. Land titled decisions (dots) with hypothetical distributions (lines).
Table 2
Chi-square values for different hypotheses in COP and all conferences.
 Hypothesis 𝜒2 COP 𝜒2 all conferences 
 Uniform 144.7 135.2  
 Linear Increase 177.7 171.5  
 Linear Decrease 151.9 135.8  
 Quasi-Normal 127.1 112.7  

two (6/CMP.3, 6/CMP.3), followed by a 3-year pause from CMP4 to 
CMP6. In CMP7 there was one more Land decision (2/CMP.7), which 
was followed again by a 3 year pause from CMP8 to CMP10. Then, 
once again, there was one more Land decision (7/CMP.10), and then 
for the following 8 years there were not any CMP Land decisions. Of 
these prior 9 CMP Land decisions, there are 10 mentions of ‘‘land’’ and 
12 mentions of ‘‘forest’’. Five of the decisions repeat the motif ‘‘Land 
use, land-use change and forestry’’. Another motif featured in two of 
the decisions is ‘‘afforestation and reforestation’’.

Several Land decisions were enacted in COP just as the first CMP 
started. An intermittent pattern developed thereafter where Land deci-
sions were enacted in one year followed by a lull of one year at first 
and recently with complete absence. This lull has been carried over into 
the CMA where none of the decisions mention Land. In summary, no 
Land titled decisions were taken over a period of 7 years in any of the 
UNFCCC’s three main conferences.

Fig.  5 shows the prevalence as the percentage of decisions out of 
all decision each conference that have at least one lemmatized stem 
of ‘‘land’’ or ‘‘forest’’ in the title compared to the four hypothetical 
distributions. Table  2 shows that the quasi-normal distribution fits the 
data best, and the combination of all conferences provides a better 
model fit. However, owing to the numerous COP conferences with zero 
Land decisions, the hypothesis has a number of errors. Land decisions 
grew and declined, but the pattern appears to bounce up and down 
from one year to the next. A simple average of all years shows that 
Land decisions overall are underrepresented compared to the expected 
uniform distribution of 6.25%, both in COP alone (3.24%) and overall 
(3.52%).

The GLDA model based on the complete texts, not just the titles 
as previously, reveals that Land is mentioned rather infrequently in 
UNFCCC decisions relative to other topics. Land represents only 1.9% 
of all decisions when it should represent 6.3%. Hence, while Land 
is included in the title of a decision, many other topics are seep-
ing their way into those decisions and diluting its prevalence. The 
largest topics are Ambition (19.3%) and Cooperation (18.7%). Other 
significant topics include Education (12.5%) and Adaptation (10.0%). 
8 
Finance (9.2%), Technology (6.9%), and Science (6.4%) are also more 
frequently discussed. Land receives considerably less attention in the 
decision-making processes of the UNFCCC. However, some topics are 
featured even less prominently, such as Innovation (1.0%), Mitigation 
(1.1%), and Market (1.2%).

Fig.  6 illustrates the likelihood of Land appearing as a topic based 
on the GLDA calculations of prevalence alongside the count of Land 
seedwords in each conference. The graph mirrors our initial frequency 
analysis of topics (Fig.  4). Scrutinizing these results, we discern waves 
of Land prevalence: a minor initial wave spanning COPs 6 to 7, a huge 
wave spanning COPs 9 to 11, a wave that was influenced by CMP3 
decisions (at the time of COP13), followed by two additional waves 
influenced by CMP8 and CMP11, which extended across COPs 15 to 
19. Corresponding with the analysis of titles, the Land topic virtually 
disappears in all three conferences following COP22.

Notably, in COP1, only 16 Land seedwords are mentioned. By COP7, 
the number increases to 401 (4.2% prevalence). Then, after a brief lull 
in COP8, there was a dramatic wave of Land infused decisions between 
COPs 9 to 11 (COP9: 778, 7.4%; COP10: 753, 5.7%; and COP11: 504, 
6.8%). During this time, only Land’s prevalence increases above the 
expected uniform distribution hypothesis (1/16). A closer inspection of 
the documents at this time shows that repeated references to LULUCF 
account for a large proportion of these mentions. This large wave was 
accentuated during COP11 with the concurrent rise in Land of CMP1 
(950, 7.8%). Land during COP11 and CMP1 reaches a climax, not 
seen since, of 7.4% prevalence in all conferences combined. Land was 
noticeably absent during the following conference (COP12: 9, 2.5%; 
CMP2: 19, 2.3%). A brief resurgence of Land occurs with CMP3 (228, 
5.9%). However, there are just two Land seedwords in COP14 and 13 
seedwords in CMP4 (0.0%). COP14 had the lowest proportion of Land 
out of any conference (.0026%).

While it is tempting to measure Land’s prevalence based on the 
number of seedwords, significant variations in the number of deci-
sions in each conference alter the correlation between seedwords and 
topic prevalence. COP6 had only 6 decisions, and CMP14 had only 5. 
Furthermore, the length of decisions in certain conferences was much 
shorter than others. Certain text patterns related to Land remain, even 
though direct mentions to Land seedwords dissipate. After COP15 there 
is a gradual increase in Land prevalence, but most of this occurs due 
to mentions of ‘‘forest’’ within the CMP. During COP19 there is a 
resurgence of Land (208 seedwords), which aligns with the 4 Land titled 
decisions in that conference, but the following year in COP20 Land 
almost vanishes from both conferences (0.1% prevalence in COP and 
1.0% prevalence overall). During CMP11, there is a final resurgence of 
Land (188 seedwords, 8.1% prevalence in CMP), but Land is largely 
absent from the concurrent COP21 (73 mentions, 0.7% prevalence 
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Fig. 6. GLDA prevalence of land topic (line) and frequency of land seedwords (bar).
Fig. 7. Fit of GLDA land prevalence frequencies (dots) with initial (gray lines) and revised (black lines) hypothetical distributions.
in COP). Hence, COPs 17 to 19 represent the second wave of Land 
within UNFCCC decisions. During this wave Land fails to reach uniform 
proportional prevalence. Thus, we identify the period between COP9 
and COP11 as the first great wave of Land in UNFCCC decisions, with 
resurgences in CMP3 (COP13), CMP8 (COP18), and CMP11 (COP21). 
Between COP22 and COP28 Land remains below 1% prevalence overall 
in each year.

The CMA begins concurrently with COP24, but Land is not a pri-
mary topic of those decisions. While Article 5 of the Paris Agreement 
emphasizes a commitment to land use, the topic is clearly absent from 
its decisions. The average prevalence of Land in the CMA is only 0.14%. 
During this same overlapping period in COP (COPs 24 to 28) Land’s 
prevalence is only 0.04%, and within the CMP (CMPs 14 to 18), it 
is only 0.35%. Owing to the low prevalence of Land in the GLDA 
model, our hypotheses needed to be adjusted. Fig.  7 displays the GLDA 
estimated prevalence of Land in COP and all conferences combined 
alongside the hypothetical distribution (gray line). In order to better 
fit the results, we present revised hypotheses (black line). We reduced 
the hypothetical max from 1/8 (double prevalence) to 1/16 (equal 
prevalence). We also altered the uniform hypothesis to 1/16, meaning 
that we only expect Land to represent half the amount we would expect 
if all topics were equally represented.

Table  3 shows that the revised half proportional distribution hy-
potheses, based on the fit for all conferences combined, are more 
robust. While the quasi-normal distribution provided the best fit based 
on the titles, these results indicate that Land is experiencing a linear 
9 
decrease (𝜒2 = 44.6). Owing to the large wave of Land from COP9 to 
COP11, the lesser wave from COP17 to COP19, and the dearth of Land 
from COP22 to COP28, there is a clear decrease in the prevalence of 
Land over time. Furthermore, the sudden lulls after a year where Land 
has high prevalence (e.g. COPs 7 to 8, 11 to 12, 13 to 14, 19 to 20, and 
21 to 22) indicate that perhaps our hypotheses that envisioned gradual 
or no change do not properly address to the true dynamic of Land 
within the conferences, which takes on a jagged shape of a bouncing 
ball. Land has essentially been ignored from all UNFCCC decisions over 
the past 7 years, and unless that changes in the future the best fit line 
will remain a linear decrease). 

5.3. How does land coexist with other topics within decisions and within 
conferences?

We present 3 topic network analyses that represent the total combi-
nation of all 3 conventions (COP, CMP, and CMA) with differing edges 
based on the following topic measures: (1) cooccurrence within confer-
ences, (2) cooccurrence within decisions, and (3) cosine similarity. The 
darkness of the node shows the average coherence score for a topic, 
and the size of the node is based on the cumulative probability of each 
topic existing across all documents within that conference series.

Fig.  8 summarizes how topics cooccur within conferences. Land 
occupies an external coordinate in the graph, in a quadrant along-
side mitigation, ocean, finance, and communities. Land has its highest 
cooccurrence with Market (.18), Ambition (.18), Stocktake (.13), and 
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Table 3
Chi-square statistics comparing expected topic distributions under various hypotheses.
 Hypothesis 𝜒2 COP 𝜒2 all conferences 
 
Original Proportional
Distribution Hypotheses (1/16)

Uniform 102.7 90.5  
 Linear Increase 146.7 132.0  
 Linear Decrease 136.1 122.3  
 Quasi Normal 114.8 98.5  
 
Revised Half Proportional
Distribution Hypotheses (1/32)

Uniform 50.3 49.3  
 Linear Increase 172.4 170.7  
 Linear Decrease 48.9 44.6  
 Quasi-Normal 82.1 68.1  
Fig. 8. UNFCCC within conference topic cooccurrence network.
Cooperation (.13). Land’s WDC is moderate (1.53). Its connections 
are not as strong as more central topics like Market or Ambition. It 
rarely acts as a bridge between other topics. Its 𝐶inv is low at 0.11. 
Land is relatively isolated. Cooccurrence measurements for all three 
conventions combined are substantially lower than when we examine 
COP on its own. Within COP there is a high cooccurrence of Land 
with Market (.24), Ambition (.19), Finance (.15), Cooperation (.15), 
Stocktake (.14), and Gender (.14). Analyzing just the CMP, we find 
that Land cooccurs more often with Mitigation (.15). In the CMP 
Land appears at opposite coordinates from Ocean. Analyzing the CMA, 
Land occupies a central position with high levels of cooccurrence with 
numerous topics. However, Land has low coherence in the CMA (.43), 
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and there have only been 5 CMA conferences. We thus cannot make 
any conclusions about the limited amount of Land discussed there. The 
results for all three conferences combined show that Land occupies 
an external role, but it is a coherent topic. Ambition, Market, and 
Stocktake have higher centrality measures, and these topics are often 
included in the same conferences where Land policies appear.

Fig.  9 displays the extent that topics cooccur within the same 
decisions across all UNFCCC conferences. Land has low within-decision 
cooccurrence with most other topics, indicating that Land is often the 
dominant topic in a decision. In terms of centrality measures, Land has 
the lowest WDC (0.67) of any topic, reflecting its limited connections 
with other topics. Land does not act as a bridge between topics. 𝐶  is 
inv
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Fig. 9. UNFCCC within decision topic cooccurrence network.
also again low (0.07). Land occupies the same quadrant as Cooperation 
and Market, which also have low centrality. On the opposite side of the 
graph, furthest from Land, are Technology, Communities, Gender, and 
Capacity. It’s highest within decision cooccurrences are with Innovation 
(.11), Mitigation (.09), Education (.09), and Cooperation (.08), but 
these levels barely breach uniform expectations (.06).

Looking just at COP, Land is further isolated from other decisions. 
It’s highest within decision cooccurrence is with Ocean (.11), Adapta-
tion (.09), and Mitigation (.09). Scores for Land within just COP are not 
especially higher than in the conferences combined. Land is a unique 
topic within the decisions it is featured and not a topic that is often 
combined with other decisions. Within just the CMP, Land still occupies 
an external position. It’s highest cooccurrences are with Mitigation 
(.15), Communities (.10), Gender (.10), and Science (.09). These values 
are also not very high. Also, at the CMP when Land decisions are made, 
we find high levels of topic singularity where primarily only Land 
dominates a single decision. In the CMA Land occupies a very central 
role with high cooccurrence with other topics. Land has not obtained 
a high level of definition in the CMA, failing to dominate decisions as 
it does in the other conferences. Hence, the results are not robust.

The last network (Fig.  10) shows the similarity of topics within 
UNFCCC decisions in terms of the words that are used to describe 
them. Once again Land occupies an external coordinate on the graph. 
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Its greatest similarities are with Mitigation (.17) and Ocean (.14). It 
has the least similarity with Technology, Communities, and Capacity. 
Examining just COP, Land is still similar to Mitigation (.15) and Ocean 
(.14), while staying on the outside of the graph. WDC is relatively 
weak (0.71). 𝐶inv is also quite low (.06). Land has some similarity 
connections with other topics, but it is relatively isolated. The topics 
that share a community with Land are Cooperation, Innovation, Mar-
ket, Mitigation, Science, and Ocean. In the CMP we find that Land 
continues to utilize a unique combination of words, existing on the 
edge of the graph. It has its highest similarity with Mitigation (.22) 
and Communities (.15). Its position in relation to Ocean and Finance 
especially is even further removed. Finally in the CMA, Land occupies a 
more central location with much higher levels of similarity with other 
topics. Since Land is such an incoherent and marginal topic in the CMA, 
it appears to be similar to major topics.

Utilizing the prevalence of each topic across the 28 years of COP 
conferences, we examined linear correlations for change over time and 
the correlations of Land with other topics. Fig.  11 displays the preva-
lence of each topic in each COP conference along with its correlation 
over time. There is a negative correlation of Land over time (R = −.38). 
Certain topics are decreasing even more profoundly: Cooperation (R 
= −.93), Ocean (R = −.54), Market (R = −.44), and Finance (R =
−.41). Other topics are increasing: Capacity (R = .85), Technology (R 
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Fig. 10. UNFCCC topic cosine similarity network.
= .84), Education (R = .81), Community (R = .76), Innovation (R =
.70), and Adaptation (R = .40). Logically, many of the topics that are 
increasing have negative correlations with Land: Ambition (R = −.52
), Technology (R = −0.51), Capacity (R = −.43), and Community (R =
−.38). Conversely, many of the topics that are decreasing have positive 
correlations with Land: Ocean (R = .67), Market (R = .64), Science (R 
= .51), and Mitigation (R = .50).

While Land has never been a prominent topic of the UNFCCC, 
it has clearly regressed in prominence from the words in the final 
decisions. Fig.  12 summarizes how COP policy decisions especially have 
become increasingly focused on Technology, while Land is included 
less. Within CMP decisions, Land is also clearly decreasing. However, 
it is not due to increasing Technology, which does not have a major 
role in that conference yet. While Land was featured in early CMPs, 
later conferences were dominated by Adaptation and Finance. The CMA 
only has five data points, and it does not appear to be a venue for Land. 
Technology, Education, Capacity, and Ambition are its main focuses.

6. Discussion

The goal of this study was to present a macro review about what 
Land represents in UNFCCC decisions that might help guide future 
policy development. We initially expected our analysis would uncover 
subtopics of Land, such as land tenure, agriculture, forestation, and 
sinks. However, we discovered that the language associated with Land 
decisions was centered on land and forest, such that we could not make 
intricate arguments about nuanced subtopics. Indeed, such findings 
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reflect prior research that indicated land tenure is absent from UNFCCC 
decisions (Chigbu, 2025). Studies that incorporate future decisions and 
texts will hopefully provide a more nuanced vision of Land within 
climate negotiations. Such studies might also determine whether im-
plementation of Land decisions occurs and whether ensuing policies 
reinforce or expand prior commitments.

This study taught us that Land has high coherence compared to 
other UNFCCC topics, owing to the high number of Land seedwords 
concentrated in certain decisions. A clear set of words help define the 
topic, such as carbon, stock, and emissions. Our longitudinal analysis 
showed that Land’s prevalence comes in waves, often surging in one 
conference and then nearly vanishing the next. Land emerged as a ma-
jor topic around COP9, but its prevalence has seesawed over time, and 
its inclusion appears to be dwindling. There has not been a primarily 
Land focused decision between COPs 22 and 28 in any of the UNFCCC’s 
three conferences. The network analysis showed us that Land rarely 
overlaps with other topics, neither within the same decision, the same 
conference, nor the same words. Land is more closely associated with 
Mitigation and Market. Land is rarely discussed alongside Technology, 
which is becoming more prevalent in recent years as Land declines.

One explanation that we explored was that a REDD+ boom soon 
after COP13 inspired an increase in Land. While we found some evi-
dence for this hypothesis based on the titles of the decisions, the GLDA 
analysis of the complete texts of the decisions indicates that the linear 
decrease hypothesis provides a better fit. An alternative hypothesis is 
that the emergence of Land may be attributable to the IPCC LULUCF 
reports in 2000 (COP6), 2003 (COP9), and 2019 (COP25). Prior waves 



K. Goldstein et al. Land Use Policy 158 (2025) 107722 
Fig. 11. GLDA prevalence of topics in COP with correlations over time.
of Land in UNFCCC decisions appear to follow the year after key IPCC 
publications (e.g., COP6, 2000 and COP9, 2003). The more recent IPCC 
special report on LULUCF (COP25, 2019) did not prompt a comparable 
surge in Land decisions. This could be attributed to the COVID-19 
pandemic postponing COP26 negotiations, or perhaps it is a result of 
fossil fuel lobbyists gaining visibility at forest topic side events and 
steering discussions to energy (Xie et al., 2025).

The decline of Land may have to do with socio-economic fac-
tors. Winkler et al. (2021) observed a transition of global land use from 
an acceleration phase to a deceleration phase around the time of the 
2007–08 global financial crisis. They argue that this shift aligns with 
changes in global food regimes and the transition from agrotechnologi-
cal intensification to production for globalized markets. This transition 
reflects broader ‘‘teleconnections’’, where economic changes in one 
region led to far-reaching effects on land use elsewhere, underscoring 
the interconnected nature of global land-use dynamics. Perhaps it is 
not coincidental that at the same time that land use decelerated, the 
number of policies that refer to Land also dissipated. Other scholars 
emphasize misconceptions in understanding land use. Interpretations 
are often subjective and may lead to conflicting views (Li, 2014). Devel-
oped and developing countries maintain distinct interpretations about 
how their land use contributes negatively to climate change (Meyfroidt 
et al., 2022), which makes it very difficult to agree on binding com-
mitments (Blaxekjær et al., 2020; Leinaweaver and Thomson, 2021; 
Ruiz-Campillo, 2024).

Although the UNFCCC is celebrated for showcasing the world’s 
ability to collaborate, many observe that the conference falls short of its 
goals. Some scholars argue that failures of the UNFCCC to adequately 
tackle climate change have led to the emergence of alternative political 
spaces and transnational governance models (Chatterton et al., 2013; 
de Moor, 2023). This theory of ’’independent globality’’ suggests that 
new frameworks, beyond the UNFCCC, may be necessary to address 
the complexities of land use and climate change. Alternative spaces 
may also be necessary due to challenges of reaching consensus between 
developed and developing nations. Despite being a platform for global 
collaboration, the UNFCCC often fails to meet its commitments to 
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the developing world and excludes meaningful participation from civil 
society and indigenous communities (Kinley et al., 2021; Maslin et al., 
2023).

The reason that decisions about Land are disappearing from the 
UNFCCC may also have to do with the way that it makes decisions. 
Each decision creates new arenas to deal with climate policy issues, 
especially within REDD+ and LULUCF. Indeed, many of the Land deci-
sions reference such mechanisms. An hypothesis that this study did not 
explore is whether external bodies that deal with Land are becoming 
more efficient, and thus the UNFCCC did not require further decisions 
to deal with Land topics. Additionally, the United Nations Convention 
to Combat Desertification, The UN Department of Economic and Social 
Affairs, FAO, CBD, and other UN bodies address Land issues within their 
own mandates, possibly diminishing the need for the UNFCCC to do so. 
While Land may be disappearing from UNFCCC decisions, it appears to 
still be a critical topic in global environmental policies.

A methodological concern of this study is the evaluation of a 
decision. It makes sense that decisions are enacted to tackle urgent 
problems. If a prior decision is efficiently tackling a problem, then 
we would expect decisions on that topic to decrease. An additional 
limitation of the current study is that we do not examine cause and 
effect between policy proposals and decisions. Aside from examining 
just decisions, we encourage researchers to further question how policy 
debates about Land have failed and succeeded to reach transnational 
climate agreements. Our analysis heuristic gave each decision and each 
conference equal weight in their respective analyses, but we must 
recognize that the impact of each conference and each decision is not 
equal. Rather than examining the texts in a vacuum, researchers should 
ask deeper research questions: What is the impact of each decision? 
What gaps occur between policies and the actual implementation of 
decisions?

Future researchers should explore the outcomes on the ground, as 
well as backstage dynamics that influence these decisions, such as the 
role of side events, advocacy, and informal discussions. Weights could 
be calculated and other empirical scaling methods could be devised. 
We also did not analyze the references to prior decisions. Such a net-
work analysis would allow us to examine the intersection of decisions, 
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Fig. 12. GLDA prevalence of Land and Technology in each conference.
whereby a prior decision is invoked over time. Future NLP research 
on UNFCCC decision texts should employ other types of topic models: 
regular LDA, Dynamic LDA, Semantic LDA, BERT, and other methods. 
The current study relied on GLDA, because we wanted to replicate the 
16 topics that the UNFCCC defined as its goals. Since beginning this 
study, the UNFCCC added 2 new topics for COP29 (‘‘Just Transition’’ 
and ‘‘Climate Weeks’’) and another topic for COP30 (‘‘Budget’’). Land 
likewise was absent from the titles of COP29, and it remains to be 
seen whether another resurgence may happen in COP30 and beyond. 
In addition to incorporating these new topics, studies might attempt 
to focus on only those documents or phrase windows that specifically 
discuss Land to uncover its subtopics. Fortunately, future researchers 
will have the added benefit of more years of decisions and discourse to 
analyze.

7. Conclusions

We expected the topic analysis of UNFCCC decisions to show a 
clear pattern where Land rises, falls, rises and falls, or has a constant 
rate of prevalence. The results indicate that all of our hypotheses 
were wrong. UNFCCC decisions exhibit waves of Land inclusion, where 
Land appears in decisions one year and then disappears the next. 
14 
These peaks and lulls might be explained by Punctuated Equilibrium 
Theory (PET, Gould and Eldredge, 1977). This theory has expanded 
to explanations of environmental policies (Baumgartner, 2008) and 
international organizations (Lundgren, 2018; Joly and Richter, 2020). 
Does the UNFCCC implement a Land decision and then wait a period 
of time before initiating a new decision on the same topic? The current 
period may represent the stasis phase of punctuated equilibrium, and 
we might witness another punctuated wave of Land decisions. Another 
competing theory is that Land experienced a policy bubble (Jones et al., 
2014; Maor, 2014, 2025), whereby there was an overgrowth of politi-
cal attention to REDD+ and LULUCF but unsustainable commitments. 
Unlike PET, which anticipates repeated waves, policy bubbles theory 
expects policy abandonment. Considering the disappearance of Land 
from more recent UNFCCC decisions, our most empirical conclusion is 
that Land experienced a policy bubble.

Since land use is still considered fundamental to mitigating climate 
change (Pongratz et al., 2021; Searchinger et al., 2018), it stands 
to reason that it should be included in UNFCCC decisions. Policy 
makers may be experiencing difficulties combining Land with other 
topics. Land occupies a peripheral location in topic networks. It occurs 
within the same conferences as other marginal topics. It is isolated 
within decisions. Land is a unique topic that dominates decisions, with 



K. Goldstein et al. Land Use Policy 158 (2025) 107722 
Fig. 13. SARIMA forecast probability and replicated trends of Land in COP.
numerous land decisions in one conference and then none in the next. 
It runs the risk of sputtering out entirely of the UNFCCC. Proponents of 
multilateral land use policy reforms should consider how to incorporate 
Land with other topics, especially central ones, such as Technology, 
Finance, Education, Adaptation, Ambition, and Innovation. Such strate-
gies might help ensure that Land remains a central component of global 
climate action.

We conclude this study with a question: What will happen to Land 
in future UNFCCC decisions? In Fig.  13 we visualize two possibilities 
for Land’s future inclusion in COP conferences. One possible future, 
based on a SARIMA forecast, depicts Land as a policy bubble. Land 
might increase slightly in the short term, but it will continue to sputter 
out of the conference. The other possible future, based on PET theory, 
presumes that we are at the end of a cycle and will once again see 
repeated waves (a replicated trend) of Land inclusion within COP 
decisions.

CRediT authorship contribution statement

Keith Goldstein: Writing – original draft, Visualization, Methodol-
ogy, Investigation, Formal analysis, Data curation, Conceptualization. 
Bruna Rodrigues: Writing – review & editing, Validation, Investi-
gation. Pedro Jacobetty: Software, Formal analysis. Kathryn Hahn-
Madole: Software. Helge Jörgens: Writing – review & editing, Super-
vision, Project administration, Conceptualization. Nina Kolleck: Writ-
ing – review & editing, Supervision, Project administration, Funding 
acquisition, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal rela-
tionships which may be considered as potential competing interests: 
Nina Kolleck, Helge Jörgens, Keith Goldstein, and Bruna Rodrigues 
report financial support was provided by the German Research Founda-
tion through Nina Kolleck as Principal Investigator. The other authors 
15 
declare that they have no known competing financial interests or 
personal relationships that could have appeared to influence the work 
reported in this paper. The authors have nothing else to declare. 
The funders had no role in the study design, collection, analysis and 
interpretation of data, writing of the report and decision to submit the 
article for publication.

Acknowledgments

This research was funded by the German Research Foundation 
(DFG), project ‘‘The Emergence of Global Administrative Spaces in 
Transnational Climate Policy,’’ Reference No. KO 4997/10-1.

We are also grateful to all of the participants of the 2025 Interna-
tional Studies Association conference panel on The Future of UNFCCC 
Leadership in Climate and Environmental Governance who provided 
comments about this study.

Data availability

Data will be made available on request.

References

Afionis, S., Chatzopoulos, I., 2010. Russia’s role in UNFCCC negotiations since the exit 
of the United States in 2001. Int. Environ. Agreements: Politics, Law Econ. 10, 
45–63. http://dx.doi.org/10.1007/s10784-010-9120-4.

Baumgartner, F.R., 2008. Chapter 2. Punctuated equilibrium theory and environmen-
tal policy. In: Punctuated Equilibrium Theory and Environmental Policy. Yale 
University Press, pp. 24–46. http://dx.doi.org/10.12987/9780300129748-004.

Blaxekjær, L.Ø., Lahn, B., Nielsen, T.D., Green-Weiskel, L., Fang, F., 2020. The narrative 
position of the like-minded developing countries in global climate negotiations. In: 
Coalitions in the Climate Change Negotiations. Routledge, ISBN: 9780429316258.

Boyd, E., Corbera, E., Estrada, M., 2008. UNFCCC negotiations (pre-Kyoto to COP-9): 
What the process says about the politics of CDM-sinks. Int. Environ. Agreements: 
Politics, Law Econ. 8 (2), 95–112. http://dx.doi.org/10.1007/s10784-008-9070-x, 
Springer.

http://dx.doi.org/10.1007/s10784-010-9120-4
http://dx.doi.org/10.12987/9780300129748-004
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb3
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb3
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb3
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb3
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb3
http://dx.doi.org/10.1007/s10784-008-9070-x


K. Goldstein et al. Land Use Policy 158 (2025) 107722 
Burke, A., 2022. An architecture for a net zero world: Global climate governance 
beyond the epoch of failure. Glob. Policy 13 (S3), 24–37. http://dx.doi.org/10.
1111/1758-5899.13159.

Burleson, E., 2016. Climate-energy sinks and sources: Paris agreement & dynamic 
federalism. Fordham Environ. Law Rev. 28 (1), 1–40, Fordham University School 
of Law. http://www.jstor.org/stable/26204995.

Bustamante, M., Robledo-Abad, C., Harper, R., Mbow, C., Ravindranath, N.H., Sper-
ling, F., et al., 2014. Co-benefits, trade-offs, barriers and policies for greenhouse 
gas mitigation in the agriculture, forestry and other land use (AFOLU) sector. Global 
Change Biol. 20 (10), 3270–3290. http://dx.doi.org/10.1111/gcb.12591.

Carmona, R., Reed, G., Thorsell, S., Dorough, D.S., MacDonald, J.P., Rai, T.B., 
Sanago, G.A., 2023. Analysing engagement with indigenous peoples in the inter-
governmental panel on climate change’s sixth assessment report. Npj Clim. Action 
2, 29. http://dx.doi.org/10.1038/s44168-023-00048-3.

Chatterton, P., Featherstone, D., Routledge, P., 2013. Articulating climate justice in 
Copenhagen: Antagonism, the commons, and solidarity. Antipode 45 (3), 602–620. 
http://dx.doi.org/10.1111/j.1467-8330.2012.01025.x.

Chigbu, U.E., 2025. Unhiding the land rights and land wrongs in sub-Saharan Africa: 
An interpretive scoping review. Land Use Policy 154, 107576. http://dx.doi.org/
10.1016/j.landusepol.2025.107576.

Chigbu, U.E., Babalola, T.O., 2025. Connecting land tenure to climate change. Land Use 
Policy 119, 107587. http://dx.doi.org/10.1016/j.landusepol.2025.107587, Elsevier.

Chin-Yee, S., Nielsen, T.D., Blaxekjær, L.Ø., 2020. One voice, one Africa: the African 
group of negotiators. In: Coalitions in the Climate Change Negotiations. Routledge, 
ISBN: 9780429316258, pp. 136–155.

Churchill, R., Singh, L., 2022. The evolution of topic modeling. ACM Comput. Surv. 54 
(10s), 1–35. http://dx.doi.org/10.1145/3507900.

de Moor, J., 2023. Alternative globalities? Climatization processes and the climate 
movement beyond COPs. In: Aykut, S., Maertens, L. (Eds.), The Climatization of 
Global Politics. Palgrave Macmillan, Cham, http://dx.doi.org/10.1007/978-3-031-
17895-5_5.

Dooley, K., Gupta, A., 2016. Governing by expertise: The contested politics of 
(accounting for) land-based mitigation in a new climate agreement. Int. Environ. 
Agreements: Politics, Law Econ. 17 (4), 483–500. http://dx.doi.org/10.1007/
s10784-016-9331-z.

Dooley, K., Keith, H., Larson, A., Catacora-Vargas, G., Carton, W., Christiansen, K.L., 
Enokenwa Baa, O., Frechette, A., Hugh, S., Ivetic, N., Lim, L.C., Lund, J.F., 
Luqman, M., Mackey, B., Monterroso, I., Ojha, H., Perfecto, I., Riamit, K., Robiou 
du Pont, Y., Young, V., 2022. The land gap report. Melb. Clim. Futur. https:
//www.landgap.org.

Duchelle, A.E., Herold, M., de Sassi, C., 2015. Monitoring REDD+ impacts: Cross-scale 
coordination and interdisciplinary integration. In: Latawiec, A.E., Agol, D. (Eds.), 
Sustainability Indicators in Practice. De Gruyter, Warsaw & Berlin, pp. 55–79. 
http://dx.doi.org/10.1515/9783110450507-009.

Fellmann, T., Witzke, P., Weiss, F., et al., 2018. Major challenges of integrating agricul-
ture into climate change mitigation policy frameworks. Mitig. Adapt. Strat. Glob. 
Chang. 23, 451–468. http://dx.doi.org/10.1007/s11027-017-9743-2, Springer.

Food and Agriculture Organization (FAO), 2012. Voluntary Guidelines on the Re-
sponsible Governance of Tenure of Land, Fisheries and Forests in the Context of 
National Food Security. Food and Agriculture Organization, Rome, p. 40. http:
//dx.doi.org/10.4060/i2801e.

Franco, J.C., Borras, Jr., S.M., 2021. The global climate of land politics. Globalizations 
18 (7), 1277–1297. http://dx.doi.org/10.1080/14747731.2021.1979717.

Fry, I., 2002. Twists and turns in the jungle: Exploring the evolution of land use, land–
use change and forestry decisions within the Kyoto Protocol. Rev. Eur. Community 
& Int. Environ. Law 11 (2), 159–168. http://dx.doi.org/10.1111/1467-9388.t01-1-
00314, Wiley-Blackwell.

Gould, S.J., Eldredge, N., 1977. Punctuated equilibria: The tempo and mode of 
evolution reconsidered. Paleobiology 3 (2), 115–151. http://dx.doi.org/10.1017/
S0094837300005224.

Gupta, J., 2012. Glocal forest and REDD+ governance: Win–win or lose–lose? Curr. 
Opin. Environ. Sustain. 4 (6), 620–627. http://dx.doi.org/10.1016/j.cosust.2012.
09.014.

Gupta, H., Singh, N.K., 2023. Climate change and biodiversity synergies: A scien-
tometric analysis in the context of UNFCCC and CBD. Anthr. Sci. 2 (1), 5–18. 
http://dx.doi.org/10.1007/s44177-023-00046-4.

Hallberg-Sramek, I., Lindgren, S., Samuelsson, J., Sandström, C., 2024. Applying 
machine learning to media analysis improves our understanding of forest con-
flicts. Land Use Policy 144, 107254. http://dx.doi.org/10.1016/j.landusepol.2024.
107254.

Holand, Ø., Contiero, B., Næss, M.W., Cozzi, G., 2024. The times they are a-changin 
– Research trends and perspectives of reindeer pastoralism – A review using text 
mining and topic modelling. Land Use Policy 136, 106976. http://dx.doi.org/10.
1016/j.landusepol.2023.106976.

IISD, 2024. International institute for sustainable development. Clim. Negot. 
Gloss. https://www.iisd.org/articles/deep-dive/climate-negotiations-glossary. (Re-
trieved May 31 2024).

IPCC, 2000. In: Watson, R.T., Noble, I.R., Bolin, B., Ravindranath, N.H., Verardo, D.J., 
Dokken, D.J. (Eds.), Land Use, Land-Use Change, and Forestry. IPCC Special Report, 
Cambridge University Press, UK, p. 375.
16 
IPCC, 2003. Good Practice Guidance for Land Use, Land-Use Change and Forestry. 
Institute for Global Environmental Strategies, ISBN: 4-88788-003-0, 

IPCC, 2019. Climate Change and Land: An IPCC Special Report on Climate Change, 
Desertification, Land Degradation, Sustainable Land Management, Food Security, 
and Greenhouse Gas Fluxes in Terrestrial Ecosystems. ISBN: 9781009177054, 

IPCC, 2022. Climate change 2022: Mitigation of climate change – Working group III 
contribution to the sixth assessment report. In: Chapter 2: Emissions Trends and 
Drivers. Cambridge University Press, http://dx.doi.org/10.1017/9781009157926.

IPCC, 2023. Climate Change 2023: Synthesis Report. Contribution of Working Groups I, 
II and III To the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change. IPCC, Geneva, Switzerland, pp. 35–115. http://dx.doi.org/10.59327/IPCC/
AR6-9789291691647.001, 

Jagarlamudi, J., Daumé III, H., Udupa, R., 2012. Incorporating lexical priors into 
topic models. In: Proceedings of the 13th Conference of the European Chapter 
of the Association for Computational Linguistics. Association for Computational 
Linguistics, Avignon, France, pp. 204–213, https://aclanthology.org/E12-1021.

Joly, J., Richter, F., 2020. Punctuated equilibrium theory and foreign policy. In: 
Foreign Policy As Public Policy? Manchester University Press, pp. 41–64, https:
//hal.science/hal-03381106.

Jones, B.D., Thomas III, H.F., Wolfe, M., 2014. Policy bubbles. Policy Stud. J. 42 (1), 
146–171. http://dx.doi.org/10.1111/psj.12046.

Kinley, R., Zammit Cutajar, M., de Boer, Y., Figueres, C., 2021. Beyond good intentions, 
to urgent action: Former UNFCCC leaders take stock of thirty years of international 
climate change negotiations. Clim. Policy 21 (5), 593–603. http://dx.doi.org/10.
1080/14693062.2020.1860567.

Kolleck, N., Well, M., Sperzel, S., Jörgens, H., 2017. The power of social networks: How 
the UNFCCC secretariat creates momentum for climate education. Glob. Environ. 
Politics 17 (4), http://dx.doi.org/10.1162/GLEP_a_00428.

Larson, A.M., Brockhaus, M., Sunderlin, W.D., Duchelle, A.E., Babon, A., Dokken, T., 
Pham, T.T., Resosudarmo, I.A.P., Selaya, G., Awono, A., Huynh, T.B., 2013. Land 
tenure and REDD+: The good, the bad and the ugly. Glob. Environ. Chang. 23 (3), 
678–689. http://dx.doi.org/10.1016/j.gloenvcha.2013.02.014.

Leinaweaver, J., Thomson, R., 2021. The elusive governance of climate change: 
Nationally determined contributions as commitments and negotiating positions. 
Glob. Environ. Politics 21 (2), 73–98. http://dx.doi.org/10.1162/glep_a_00585.

Lesnikowski, A., Belfer, E., Rodman, E., Smith, J., Biesbroek, R., Wilkerson, J.D., 
Ford, J.D., Berrang-Ford, L., 2019. Frontiers in data analytics for adaptation 
research: Topic modeling. WIREs Clim. Chang. 10 (3), e576. http://dx.doi.org/
10.1002/wcc.576.

Li, T.M., 2014. What is land? Assembling a resource for global investment. Trans. Inst. 
Br. Geogr. 39 (4), 589–602. http://dx.doi.org/10.1111/tran.12065.

Lundgren, M., 2018. Backdoor peacekeeping. J. Peace Res. 55 (4), 508–523. http:
//dx.doi.org/10.1177/0022343317747668.

Madu, C.N., Kuei, C.-h., Ozumba, B.C., Nnadi, V.E., Madu, I.E., Ezeasor, I.C., 2018. 
Using the DPSIR framework and data analytics to analyze oil spillages in the Niger 
Delta area. Land Use Policy 78, 78–90. http://dx.doi.org/10.1016/j.landusepol.
2018.06.024.

Maor, M., 2014. Policy bubbles: Policy overreaction and positive feedback. Governance 
27 (3), 469–487. http://dx.doi.org/10.1111/gove.12048, Wiley.

Maor, M., 2025. Towards a theory of policy bubbles. Policy Sci. 1–22. http://dx.doi.
org/10.1007/s11077-025-09503-6.

Maslin, M.A., Lang, J., Harvey, F., 2023. A short history of the successes and failures 
of the international climate change negotiations. UCL Open Environ. 5, http:
//dx.doi.org/10.14324/111.444/ucloe.000059.

Meyfroidt, P., Bremond, A.de., Ryan, C.M., Archer, E., Aspinall, R., Chhabra, A., 
Camara, G., et al., 2022. Ten facts about land systems for sustainability. Proc. Natl. 
Acad. Sci. 119 (7), e2109217118. http://dx.doi.org/10.1073/pnas.2109217118.

Mimno, D., Wallach, H., Talley, E., Leenders, M., McCallum, A., 2011. Optimizing 
semantic coherence in topic models. In: Proceedings of the 2011 Conference on 
Empirical Methods in Natural Language Processing. Association for Computational 
Linguistics, Edinburgh, Scotland, UK, pp. 262–272, https://aclanthology.org/D11-
1024.

Music, J., Finch, E., Gone, P., Toze, S., Charlebois, S., Mullins, L., 2021. Pandemic 
victory gardens: Potential for local land use policies. Land Use Policy 109, 105600. 
http://dx.doi.org/10.1016/j.landusepol.2021.105600.

Nakai, Y., Itoh, T., 2022. Classification and visualization of lyric collections using 
guided LDA. In: 2022 26th International Conference on Information Visualisation 
(IV). IEEE, Vienna, Austria, pp. 259–262. http://dx.doi.org/10.1109/IV56949.2022.
00051.

Parks, L., Peters, W., Lennan, M., 2019. Guidelines and codes on the participation 
of indigenous peoples and local communities of the convention on biological 
diversity: A comparative analysis using natural language processing. SSRN Electron. 
J. http://dx.doi.org/10.2139/ssrn.3384691.

Parks, L., Tsioumani, E., 2023. Transforming biodiversity governance? Indigenous 
peoples’ contributions to the convention on biological diversity. Biol. Cons. 280, 
109933. http://dx.doi.org/10.1016/j.biocon.2023.109933.

Pongratz, J., Schwingshackl, C., Bultan, S., et al., 2021. Land use effects on climate: 
Current state, recent progress, and emerging topics. Curr. Clim. Chang. Rep. 7, 
99–120. http://dx.doi.org/10.1007/s40641-021-00178-y.

http://dx.doi.org/10.1111/1758-5899.13159
http://dx.doi.org/10.1111/1758-5899.13159
http://dx.doi.org/10.1111/1758-5899.13159
http://www.jstor.org/stable/26204995
http://dx.doi.org/10.1111/gcb.12591
http://dx.doi.org/10.1038/s44168-023-00048-3
http://dx.doi.org/10.1111/j.1467-8330.2012.01025.x
http://dx.doi.org/10.1016/j.landusepol.2025.107576
http://dx.doi.org/10.1016/j.landusepol.2025.107576
http://dx.doi.org/10.1016/j.landusepol.2025.107576
http://dx.doi.org/10.1016/j.landusepol.2025.107587
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb12
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb12
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb12
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb12
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb12
http://dx.doi.org/10.1145/3507900
http://dx.doi.org/10.1007/978-3-031-17895-5_5
http://dx.doi.org/10.1007/978-3-031-17895-5_5
http://dx.doi.org/10.1007/978-3-031-17895-5_5
http://dx.doi.org/10.1007/s10784-016-9331-z
http://dx.doi.org/10.1007/s10784-016-9331-z
http://dx.doi.org/10.1007/s10784-016-9331-z
https://www.landgap.org
https://www.landgap.org
https://www.landgap.org
http://dx.doi.org/10.1515/9783110450507-009
http://dx.doi.org/10.1007/s11027-017-9743-2
http://dx.doi.org/10.4060/i2801e
http://dx.doi.org/10.4060/i2801e
http://dx.doi.org/10.4060/i2801e
http://dx.doi.org/10.1080/14747731.2021.1979717
http://dx.doi.org/10.1111/1467-9388.t01-1-00314
http://dx.doi.org/10.1111/1467-9388.t01-1-00314
http://dx.doi.org/10.1111/1467-9388.t01-1-00314
http://dx.doi.org/10.1017/S0094837300005224
http://dx.doi.org/10.1017/S0094837300005224
http://dx.doi.org/10.1017/S0094837300005224
http://dx.doi.org/10.1016/j.cosust.2012.09.014
http://dx.doi.org/10.1016/j.cosust.2012.09.014
http://dx.doi.org/10.1016/j.cosust.2012.09.014
http://dx.doi.org/10.1007/s44177-023-00046-4
http://dx.doi.org/10.1016/j.landusepol.2024.107254
http://dx.doi.org/10.1016/j.landusepol.2024.107254
http://dx.doi.org/10.1016/j.landusepol.2024.107254
http://dx.doi.org/10.1016/j.landusepol.2023.106976
http://dx.doi.org/10.1016/j.landusepol.2023.106976
http://dx.doi.org/10.1016/j.landusepol.2023.106976
https://www.iisd.org/articles/deep-dive/climate-negotiations-glossary
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb28
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb28
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb28
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb28
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb28
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb29
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb29
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb29
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb30
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb30
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb30
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb30
http://refhub.elsevier.com/S0264-8377(25)00256-X/sb30
http://dx.doi.org/10.1017/9781009157926
http://dx.doi.org/10.59327/IPCC/AR6-9789291691647.001
http://dx.doi.org/10.59327/IPCC/AR6-9789291691647.001
http://dx.doi.org/10.59327/IPCC/AR6-9789291691647.001
https://aclanthology.org/E12-1021
https://hal.science/hal-03381106
https://hal.science/hal-03381106
https://hal.science/hal-03381106
http://dx.doi.org/10.1111/psj.12046
http://dx.doi.org/10.1080/14693062.2020.1860567
http://dx.doi.org/10.1080/14693062.2020.1860567
http://dx.doi.org/10.1080/14693062.2020.1860567
http://dx.doi.org/10.1162/GLEP_a_00428
http://dx.doi.org/10.1016/j.gloenvcha.2013.02.014
http://dx.doi.org/10.1162/glep_a_00585
http://dx.doi.org/10.1002/wcc.576
http://dx.doi.org/10.1002/wcc.576
http://dx.doi.org/10.1002/wcc.576
http://dx.doi.org/10.1111/tran.12065
http://dx.doi.org/10.1177/0022343317747668
http://dx.doi.org/10.1177/0022343317747668
http://dx.doi.org/10.1177/0022343317747668
http://dx.doi.org/10.1016/j.landusepol.2018.06.024
http://dx.doi.org/10.1016/j.landusepol.2018.06.024
http://dx.doi.org/10.1016/j.landusepol.2018.06.024
http://dx.doi.org/10.1111/gove.12048
http://dx.doi.org/10.1007/s11077-025-09503-6
http://dx.doi.org/10.1007/s11077-025-09503-6
http://dx.doi.org/10.1007/s11077-025-09503-6
http://dx.doi.org/10.14324/111.444/ucloe.000059
http://dx.doi.org/10.14324/111.444/ucloe.000059
http://dx.doi.org/10.14324/111.444/ucloe.000059
http://dx.doi.org/10.1073/pnas.2109217118
https://aclanthology.org/D11-1024
https://aclanthology.org/D11-1024
https://aclanthology.org/D11-1024
http://dx.doi.org/10.1016/j.landusepol.2021.105600
http://dx.doi.org/10.1109/IV56949.2022.00051
http://dx.doi.org/10.1109/IV56949.2022.00051
http://dx.doi.org/10.1109/IV56949.2022.00051
http://dx.doi.org/10.2139/ssrn.3384691
http://dx.doi.org/10.1016/j.biocon.2023.109933
http://dx.doi.org/10.1007/s40641-021-00178-y


K. Goldstein et al. Land Use Policy 158 (2025) 107722 
Prestele, R., Arneth, A., Bondeau, A., de Noblet-Ducoudré, N., Pugh, T.A.M., Sitch, S., 
Stehfest, E., Verburg, P.H., 2016. Current challenges of implementing land-use 
and land-cover change in climate assessments. Earth Syst. Dyn. Discuss. http:
//dx.doi.org/10.5194/esd-2016-39.

Rahimi, S., Hall, N.C., Sticca, F., 2023. Understanding academic procrastination: A 
longitudinal analysis of procrastination and emotions in undergraduate and grad-
uate students. Motiv. Emot. 47 (4), 554–574. http://dx.doi.org/10.1007/s11031-
023-10010-9.

Ruiz-Campillo, X., 2024. Post-Paris agreement negotiations: A commitment to mul-
tilateralism despite the lack of funding. Environ. Sci. & Policy 156, 103754. 
http://dx.doi.org/10.1016/j.envsci.2024.103754.

Sauls, L.A., Galeana, F., Lawry, S., 2022. Indigenous and customary land tenure 
security: History, trends, and challenges in the Latin American context. In: Hol-
land, M.B., Holt, C.J., van Gelder, E. (Eds.), Land Tenure Security and Sustainable 
Development. Springer, pp. 57–78. http://dx.doi.org/10.1007/978-3-030-81881-
4_458.

Sayer, J., Sunderland, T., Ghazoul, J., Pfund, J.L., Sheil, D., Meijaard, E., et al., 2013. 
Ten principles for a landscape approach to reconciling agriculture, conservation, 
and other competing land uses. Proc. Natl. Acad. Sci. 110 (21), 8349–8356. 
http://dx.doi.org/10.1073/pnas.1210595110, National Academy of Sciences.

Schlamadinger, B., Bird, N., Johns, T., Brown, S., Canadell, J., Ciccarese, L., 
Dutschke, M., Fiedler, J., Fischlin, A., Fearnside, P., Forner, C., Freibauer, A., 
Frumhoff, P., Hoehne, N., Kirschbaum, M.U.F., Labat, A., Marland, G., 
Michaelowa, A., Montanarella, L., et al., 2007. A synopsis of land use, land-use 
change and forestry (LULUCF) under the Kyoto Protocol and Marrakech Accords. 
Environ. Sci. & Policy 10 (4), 271–282. http://dx.doi.org/10.1016/j.envsci.2006.
11.002.

Schmiedel, T., Müller, O., vom Brocke, J., 2018. Topic modeling as a strategy of 
inquiry in organizational research: A tutorial with an application example on 
organizational culture. Organ. Res. Methods 22 (4), 941–968. http://dx.doi.org/
10.1177/1094428118773858.

Schulz, C.A., Führer, T., Werners, S.E., 2020. Cross-sectoral coordination for land 
use planning: Lessons from the Rhine delta. Landsc. Urban Plan. 198, 103771. 
http://dx.doi.org/10.1016/j.landurbplan.2020.103771.

Searchinger, T.D., Wirsenius, S., Beringer, T., Dumas, P., 2018. Assessing the efficiency 
of changes in land use for mitigating climate change. Nature 564 (7735), 249–253. 
http://dx.doi.org/10.1038/s41586-018-0757-z.

Selles, O.A., Rissman, A.R., 2020. Content analysis of resilience in forest fire science and 
management. Land Use Policy 94, 104483. http://dx.doi.org/10.1016/j.landusepol.
2020.104483.

Sikor, T., Auld, G., Bebbington, A.J., Benjaminsen, T.A., Gentry, B.S., Hunsberger, C., 
Izac, A.-M., Margulis, M.E., Plieninger, T., Schroeder, H., Upton, C., 2013. Global 
land governance: From territory to flow? Curr. Opin. Environ. Sustain. 5 (5), 
522–527. http://dx.doi.org/10.1016/j.cosust.2013.06.006.
17 
Thew, H., Middlemiss, L., Paavola, J., 2020. ‘Youth is not a political position’: Exploring 
justice claims-making in the UN climate change negotiations. Glob. Environ. Chang. 
61, 102036. http://dx.doi.org/10.1016/j.gloenvcha.2020.102036.

UNEP, 2023. Emissions gap report 2023: Broken record – Temperatures hit new highs, 
yet world fails to cut emissions (again). http://dx.doi.org/10.59117/20.500.11822/
43922, United Nations Environment Programme.

Venugopalan, M., Gupta, D., 2022a. A reinforced active learning approach for optimal 
sampling in aspect term extraction for sentiment analysis. Expert Syst. Appl. 209, 
118228. http://dx.doi.org/10.1016/j.eswa.2022.118228.

Venugopalan, M., Gupta, D., 2022b. An enhanced guided LDA model augmented with 
BERT based semantic strength for aspect term extraction in sentiment analysis. 
Knowl.-Based Syst. 246, 108668. http://dx.doi.org/10.1016/j.knosys.2022.108668, 
Elsevier.

Vidal, A., Sanz, M.J., García de Jalón, S., Van de Ven, D.-J., 2022. Planting the 
Seeds of Mitigation: Climate Governance Gaps and Options for the Land Use 
Sector (Deliverable 6.1a), Version 1. WP6 – Global Governance and International 
Cooperation, BC3 Basque Centre for Climate Change (NDC ASPECTS, EU Horizon 
2020), Bilbao, Spain, https://www.bc3research.org/.

Watanabe, K., Baturo, A., 2024. Seeded sequential LDA: A semi-supervised algorithm 
for topic-specific analysis of sentences. Soc. Sci. Comput. Rev. 42 (1), 224–248. 
http://dx.doi.org/10.1177/08944393231178605.

Watanabe, K., Zhou, Y., 2022. Theory-driven analysis of large corpora: Semisupervised 
topic classification of the UN speeches. Soc. Sci. Comput. Rev. 40 (2), 346–366. 
http://dx.doi.org/10.1177/0894439320907027.

West, T.A.P., Börner, J., Sills, E.O., Wollenberg, E.K., et al., 2023. Action needed to 
make carbon offsets from forest conservation work for climate change mitigation. 
Science 381 (6650), 873–877. http://dx.doi.org/10.1126/science.ade3535.

Winkler, K., Fuchs, R., Rounsevell, M., Herold, M., 2021. Global land use changes 
are four times greater than previously estimated. Nat. Commun. 12 (1), 2501. 
http://dx.doi.org/10.1038/s41467-021-22702-2.

Wunder, S., Duchelle, A.E., Sassi, C.D., Sills, E.O., Simonet, G., Sunderlin, W.D., 
2020. REDD+ in theory and practice: How lessons from local projects can inform 
jurisdictional approaches. Front. For. Glob. Chang. 3 (11), http://dx.doi.org/10.
3389/ffgc.2020.00011.

Xie, J.J., Escher, N.A., Dunn, M.E., Yu, Y., Staffell, I., Rogelj, J., 2025. Tracing inclusiv-
ity at UNFCCC conferences through side events and interest group dynamics. Nat. 
Clim. Chang. 15, 270–278. http://dx.doi.org/10.1038/s41558-025-02254-9.

Zahar, A., 2023. Agricultural exceptionalism in the climate change treaties. Transnatl. 
Environ. Law 12 (1), 42–70. http://dx.doi.org/10.1017/S2047102522000437.

Zhou, Y., Lan, F., Zhou, T., 2021. An experience-based mining approach to supporting 
urban renewal mode decisions under a multi-stakeholder environment in China. 
Land Use Policy 106, 105428. http://dx.doi.org/10.1016/j.landusepol.2021.105428.

http://dx.doi.org/10.5194/esd-2016-39
http://dx.doi.org/10.5194/esd-2016-39
http://dx.doi.org/10.5194/esd-2016-39
http://dx.doi.org/10.1007/s11031-023-10010-9
http://dx.doi.org/10.1007/s11031-023-10010-9
http://dx.doi.org/10.1007/s11031-023-10010-9
http://dx.doi.org/10.1016/j.envsci.2024.103754
http://dx.doi.org/10.1007/978-3-030-81881-4_458
http://dx.doi.org/10.1007/978-3-030-81881-4_458
http://dx.doi.org/10.1007/978-3-030-81881-4_458
http://dx.doi.org/10.1073/pnas.1210595110
http://dx.doi.org/10.1016/j.envsci.2006.11.002
http://dx.doi.org/10.1016/j.envsci.2006.11.002
http://dx.doi.org/10.1016/j.envsci.2006.11.002
http://dx.doi.org/10.1177/1094428118773858
http://dx.doi.org/10.1177/1094428118773858
http://dx.doi.org/10.1177/1094428118773858
http://dx.doi.org/10.1016/j.landurbplan.2020.103771
http://dx.doi.org/10.1038/s41586-018-0757-z
http://dx.doi.org/10.1016/j.landusepol.2020.104483
http://dx.doi.org/10.1016/j.landusepol.2020.104483
http://dx.doi.org/10.1016/j.landusepol.2020.104483
http://dx.doi.org/10.1016/j.cosust.2013.06.006
http://dx.doi.org/10.1016/j.gloenvcha.2020.102036
http://dx.doi.org/10.59117/20.500.11822/43922
http://dx.doi.org/10.59117/20.500.11822/43922
http://dx.doi.org/10.59117/20.500.11822/43922
http://dx.doi.org/10.1016/j.eswa.2022.118228
http://dx.doi.org/10.1016/j.knosys.2022.108668
https://www.bc3research.org/
http://dx.doi.org/10.1177/08944393231178605
http://dx.doi.org/10.1177/0894439320907027
http://dx.doi.org/10.1126/science.ade3535
http://dx.doi.org/10.1038/s41467-021-22702-2
http://dx.doi.org/10.3389/ffgc.2020.00011
http://dx.doi.org/10.3389/ffgc.2020.00011
http://dx.doi.org/10.3389/ffgc.2020.00011
http://dx.doi.org/10.1038/s41558-025-02254-9
http://dx.doi.org/10.1017/S2047102522000437
http://dx.doi.org/10.1016/j.landusepol.2021.105428

	The disappearance of land use from UNFCCC decisions: A guided topic analysis
	Introduction
	Subtopics of land use within the UNFCCC
	Longitudinal and topic analysis research about the transnational climate governance
	Methods
	Sample
	Model
	Research Questions
	NLP and GLDA

	Results
	Which words represent Land?
	How does Land change in frequency over time?
	How does Land coexist with other topics within decisions and within conferences?

	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Data availability
	References


