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Abstract: The Conference of Parties (COP) is the longest running forum for international discussion
of climate change and offers rich data in the form of speeches. Studying how elites have historically
communicated about climate change can help us understand their approaches to address climate
change. In this study, we analyzed 2493 COP statements from 1995 to 2021 to describe how sentiment
is used, and to see whether specific issues associated with climate policy (adaptation, mitigation,
financing, development, disasters) are discussed in particular sentiment contexts. Quantitative anal-
ysis (sentiment analysis with multi-level modelling) revealed that leaders expressed high levels of
positive sentiment in these diplomatic statements, but also some negative sentiment. Over time,
representatives at COP used more positive, angry, and fearful sentiments in speeches. Representa-
tives of wealthier and more developed countries expressed themselves differently than those from
less wealthy and developing countries. To examine sentiment surrounding policy issues we used
embedding regression. Countries expressed different sentiments about adaptation, mitigation, and
development depending on their development status, and about disasters depending on their wealth.
Shifts in sentiment over time were observed when results were plotted graphically, and these shifts
may be related to specific events and agreements. Using these two approaches, we highlight how
those with the power to make top-down changes to address climate change have historically talked
about this issue.

Keywords: climate change; climate change negotiations; UNFCCC; computational social sciences;
text analysis; sentiment analysis; climate change communication

1. Introduction

Severe climate change impacts such as increased extreme weather events, forced migra-
tion and displacement, and sea-level rise are occurring or will soon occur [1]. Addressing
climate change through mitigation of greenhouse gas (GHG) emissions requires collec-
tive action and cooperation across the world. Adaptation is also required to help people
and communities cope with a changing climate, but this requires transfer of technology,
knowledge, and funding to ensure that those most impacted can adapt. To facilitate this
kind of cooperation, international environmental agreements have been established which
codify cooperation and shared climate goals [2,3]. One example of the use of these agree-
ments is the United Nations Framework Convention on Climate Change (UNFCCC), which
created a forum for leaders from around the world to discuss climate change mitigation,
adaptation, and climate impacts. In our work, we explored the proceedings of the UN-
FCCC to gain insight into the types of sentiment expressed by high-ranking representatives
in speeches about climate change delivered at an international forum, and predictors of
such sentiment. Sentiment in speeches can reflect the public position and attitudes of
speakers [4,5], and in this case allowed us to see how elites (i.e., people with power, high-
ranking decision-makers and officials, politicians) engage with the issue of climate change.
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Using state-of-the-art computational approaches, we analyzed archived statements from
the Conference of Parties (COP) spanning from 1995–2021. We had three questions: first,
how has sentiment in elite speech about climate change shifted over time? Second, does
sentiment in speeches differ as a function of characteristics of a representative’s country?
Third, what sentiment is associated with specific issues of adaptation, mitigation, financing,
development, and disasters?

1.1. Sentiment in Elite Speech and Climate Change Emotions

Systemic changes from leaders will be necessary to address climate change, and exam-
ining the communication methods of elites who may be positioned to make these changes
could provide insight into their attitudes. Leader and political communication in its various
forms has been the subject of much scholarship to understand social phenomena [5–7]. The
tone and focus of public discourse within a nation can be influenced by leaders, and leaders
will alter their speech depending on public attitudes [8]. Authority figures have strong
social influence [9,10], so the ways that they discuss issues are likely to influence individual
attitudes and behaviors.

Sentiment is a feature of leader speech that has been studied [4,11]. Detecting ex-
pressed emotions in speech provides insight into leader attitudes towards specific issues. In
the climate change domain, the role of emotion in communication has also received consid-
erable attention [12–16]. In this study, we focused on fear, anger, sad, positive, and negative
sentiments, because there is work in the climate communication domain which suggests
experiencing or eliciting these emotions has an influence on attitudes and behaviors.

Fear, for example, is associated with a motivation to engage in protective behaviors to
avoid a threat. In the context of communication about hazards, however, it has been found
that evoking fear is insufficient on its own to promote protective behaviors; additional
kinds of information must also be included, such as provision of possible solutions to avoid
or mitigate the threat [17–19]. When talking about climate change, leaders may attempt to
evoke fear as a call to action—to draw attention to a threat that needs to be addressed.

Anger can indicate experienced harm, assignation of blame and responsibility, and
motivate collective action [20,21]. When people perceive that the majority feels angry about
climate change, this increases their support for climate policy [22]. While we might expect
that leaders would avoid anger in the name of diplomacy, there is a history of leaders
expressing anger as a means of eliciting concessions from those they are communicating
with [23]. It has also been found that leader speech containing anger can precede acts
of aggression [7,24]. Climate change is a justice issue [25,26] and leaders may use the
international stage to draw attention to this injustice and express anger to increase support
for policy change.

Individuals experience sadness in response to a loss, and the emotional experience
can promote reflection, rest, and signals distress to others to elicit helping [27]. Messages
about climate change which convey sadness can increase individual pro-environmental
behavior [28]. Leaders at COP might use sadness to draw attention to losses they have
experienced (e.g., disasters), or to try to obtain assistance.

Positive sentiments such as hope and optimism are important at the level of an indi-
vidual, particularly in the face of an existential threat such as climate change that requires
long-term engagement [29,30]. It has been theorized that positive emotions promote col-
lective action, for instance, because feelings of enthusiasm might increase loyalty towards
political leaders and thus willingness to take action [31]. Pro-environmental attitudes and
behaviors may also be increased through positive emotions [32].

When communicators choose to use sentiment, different emotions being elicited or
expressed have different implications for the audience. Leaders might strategically use
different framings to evoke emotions in the audience. Impassioned speech could be used as
a means of garnering support from an international audience. On the other hand, leaders
might hesitate to use emotional language for the sake of diplomacy. Some work has also
found that expression of emotion as compared with neutral language can undermine a
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communicator’s credibility [33,34]. The emotion in speech might also be influenced by and
reflect societal events [35]. Studying sentiment in the speeches delivered at COP provides
insight into the attitudes and potential motivations of leaders and may reveal trends in
sentiment over time. Besides describing the sentiment in these speeches, we delved into
two questions: first, how has sentiment in statements changed over the course of the COP,
and second, how do other contextual factors (features of the speaker’s country, topics of
discussion) relate to sentiment?

1.2. History of the Conference of Parties

To study elite speech on the topics of climate policy and impacts, we used the context
of the UNFCCC. The UNFCCC is an international treaty adopted in 1992 to address climate
change [36]. An important feature of the Framework Convention is that it separates party
members into Annex I and Non-Annex I countries, representing developed and developing
nations, respectively. The UNFCCC established the COP as a forum for parties to negotiate
commitments. At these annual conferences, politicians, ministers, and other governmental
staff, along with some observers (such as NGOs and research groups) are provided with the
opportunity to communicate and negotiate. Key agreements, including the Kyoto Protocol,
which entered into force in 2005, and the Paris Agreement, which entered into force in
2016 [37], resulted from these conferences. Longer discussions of the development and
history of the UNFCCC and COP are available elsewhere [37–41]. Our interest was in
studying statements from COP1–COP26 to describe elite sentiment about climate policy
and issues.

1.3. Existing Analyses of COP Statements

Researchers have studied communications from the COP using a variety of methods.
Traditional qualitative approaches have included the discourse analysis of a set of speeches
from the Convention on Biological Diversity [42] and the study of whether Annex mem-
bership influenced the negotiation processes by coding statements to identify whether
they declared support for other parties [43]. These examples employed traditional human
coding approaches which allowed for in-depth exploration and interpretation of statement
content. However, these approaches are limited by the number of statements that can
feasibly be included. Computational text-as-data approaches offer alternate methods of
classifying, describing, and extracting the contextual meaning of text [44], and we employed
these methods in our study.

Some analyses of the COP have utilized computational analysis, reflecting the growing
interest in the field for using these methods for large corpora. For instance, Genovese [45]
analyzed text to see whether being part of a coalition can result in the convergence of views
depending on the similarity and affinity of the members of that coalition. Using word
embeddings, they identified the relative positionality of countries using speeches from
COP16–COP22. By creating similarity scores between pairs of statements, they evaluated
whether statement similarity was explained by membership in coalitions, shared Annex
membership, similarity in climate risk, and other features of the countries (e.g., language,
geographic distance, ideological similarity) [45]. This study found that the statements
of members of homogenous groups in the UNFCCC were similar, and belonging to a
coalition increased statement similarity. Another study from Mehmood and Honkela [46]
employed a feature extraction approach to generate a term-frequency matrix, which they
then represented visually in a two-dimensional space using a Self-Organizing Map to
clarify statement similarity. Besides identifying similarities across statements, they were
also able to include contextual information about the speaker’s country (e.g., socioeconomic
characteristics) and tested whether this information related to similarity. While these two
studies make use of new computational approaches to studying text, both used a limited
number of statements, and did not examine sentiment.
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1.4. The Current Study

Given the volume of speeches delivered over the past two decades, human coding
approaches would be infeasible. One of the strengths of computational text analyses that
we leverage in this study is that they can extract information from large quantities of
text data. Sentiment analysis allows us to evaluate the level of emotive expression. In
dictionary-based sentiment analysis, terms in a document are compared to the terms in a
dictionary that consists of lists of words which have been assigned a sentiment score [47].
Counting instances of terms associated with sentiment, and weighting in multiple ways
(e.g., the proportion of the frequency of sentiment scored terms to the length of a document),
an overall sentiment score for a given document can be calculated [48]. This bag-of-words
approach, is useful for broadly describing and understanding a phenomenon through large
bodies of text [49], and in our study allows us to understand sentiment at the document
(statement) level in relation to the time period and representative’s country characteristics.

However, this approach does not account for context, which is a recognized limitation
of bag-of-words sentiment analysis [50,51], including the inability to incorporate negation
into the computation of sentiment. Another method we use to analyze sentiment while
taking the context into account is embedding regression [52]. This state-of-the-art approach
allows us to understand sentiment towards specific policies and issues while considering
characteristics of the representative’s country. Because words tend to be used in certain
contexts, each word in a sentence can be numerically expressed using the distribution of co-
occurring words, and a sense of meaning can be extracted through these word embeddings.
By using distributions of words surrounding key terms, embedding approaches allow us to
better understand those terms in context, and in relation to other relevant terms and word
lists [52].

1.4.1. Sentiment Trends over Time

In this study, we employ sentiment analysis in combination with two analytic methods,
multi-level modeling and embedding regression, to study three questions. First, how has
sentiment changed over time from the first conference in 1995 until the 26th in 2021? The
impacts of climate change have accelerated in the past decades, along with GHG emissions.
Since the start of the UNFCCC, there has been increased research on, documentation of,
and understanding of climate change and its impacts [1]. These phenomena likely influence
sentiment. Further, because there has been a failure at a global level to meet targets set for
GHG emissions, and the time to prevent potentially catastrophic environmental tipping
points is becoming shorter and shorter, frustration might increase in speeches. While there
have been efforts towards sustainable solutions to climate change, overall progress has been
insufficient, and impacts of climate change have increased, which may result in greater
negativity, more fear, and more sadness in acknowledgement of these losses and failures,
and greater anger towards a failure to achieve targets. We also believed positive sentiment
might decrease due to less expressed hopefulness or optimism. However, key events which
took place might disrupt this trend (e.g., increased positivity and less negativity following
COP21 and adoption of the Paris Agreement).

1.4.2. Sentiment towards Climate Policy and Impacts

Second, how do leaders talk about different issues in relation to sentiment over time?
There are different facets of climate policy and impacts that leaders have focused on. Senti-
ment is highly contextual in terms of the topics that a speaker delivers, which can generate
a document with a mix of opposite types of sentiment. In embedding regression, we
can identify seed words which we then examine in context. Here, we chose to focus on
‘adaptation’, ‘mitigation’, ‘financing’, ‘development’, and ‘disaster’. In its initial version,
the UNFCCC had the overarching goal of mitigating GHG emissions to limit concentrations
of such gases to prevent “dangerous anthropogenic interference with the climate system”
(p. 4, UN, 1992). While mitigation was a major goal, the view of some was that adaptation
efforts were akin to giving up [44]. One argument was that relying on or planning for adap-
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tation would impede mitigation efforts [53,54]. However, it is apparent that adaptation is
needed—climate impacts and increasing vulnerability of people around the world demand
action. While mitigation requires global efforts, adaptation can be achieved at a smaller
scale if those implementing adaptation have access to the necessary resources [54]. Within
the UNFCCC, adaptation was discussed during the first conference, yet the adaptation
fund was not established until COP6 [55]. An adaptation committee was established in
2010 to better coordinate support for adaptation projects [56], although at the same time the
adaptation fund was considered to be severely underfunded. At COP15, parties agreed that
$100 billion USD would be needed yearly and yet the following year the fund contained
only $30 billion.

The second set of terms relevant to the UNFCCC are ‘financing’ and ‘development’.
Annex I countries were initially expected to be the leaders on mitigation and adaptation
under the Kyoto Protocol, but the Paris Agreement calls on all parties, including Non-
Annex I parties, to establish GHG commitments [37]. However, the overarching principle
that parties with more wealth, greater access to technology and expertise should still be
leading the way and helping other parties achieve their goals remains. Sentiment towards
financing might vary, such that representatives from Annex I and higher income countries
discuss positive aspects of financing (e.g., money they have contributed), whereas those
from lower-income or developing nations would discuss financing in the context of calls to
action. Next, development is an important issue under the UNFCCC, given that one of the
conditions is that the efforts to address climate change should not impede development
or developing nations [37]. The development of high income countries relied on fossil
fuels which developing nations are now discouraged from using. Attitudes towards
development may change over time as GHG emissions have continued to increase, in part
due to pursuit of continued economic growth and development. Developing nations might
express different attitudes about development than developed ones—perhaps greater hope
or optimism about their development, or negative sentiment due to concerns about the
difficulty of pursuing sustainable development pathways.

Finally, we wanted to examine sentiment surrounding the consequences of climate
change. We chose to examine how these elites talk about disasters. Climate change
is associated with the increased frequency and intensity of many natural disasters [57].
Studying sentiment towards disasters, whether it be in pleas to take action to prevent
harm or in the context of acknowledging losses, is one way that we can understand how
the impacts of climate change are being felt. Previous work has found that experience of
disasters is associated with increased belief in anthropogenic climate change, and increased
concern about the risks of climate change [58,59], and perhaps communication about or
reminders of disasters would also reflect this. Besides studying sentiment towards these
climate-related seed words over time, there are also interesting questions about variation
in sentiment by features of the representative speaker’s country.

1.4.3. Positionality of Leaders and Sentiment

Because leaders from different countries have different motivations in coming to the
COP, our third main question was how features of their country—income, climate risk,
and Annex status—relate to sentiment. There are 197 parties to the convention, and these
parties are diverse in terms of socio-economic features, responsibilities according to the
UNFCCC, and climate risk.

One characteristic of the convention is that responsibilities and commitments are not
equally distributed across parties. Annex I countries are seen to have greater responsibility
to address climate change through mitigation and adaptation because of their historical
contributions to GHG emissions and their access to resources to be able to implement
climate solutions. Although the Paris Agreement changed the way that responsibilities
are distributed from legally binding agreements (Kyoto Protocol) to voluntary emissions
targets [37], there is still an expectation that efforts on climate change should be led by
Annex I countries. In their statements, we would predict that Annex I countries would
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want to focus on the positives and achievements (e.g., highlighting how much money they
have contributed by discussing financing positively), and would be less likely to draw
attention to their own failings, or to spend too much time emphasizing the need for urgent
action, because they bear greater responsibility to take such action. On the other hand,
Non-Annex I countries which are developing and lower in income may be more willing
to draw attention to the negatives: the impacts of climate change that they are not able to
deal with effectively (e.g., speaking about the negative impacts of disasters) or concerns for
their country’s uncertain future. However, an alternate argument could be made that lower
income countries would want to avoid negativity and blame (i.e., anger) in their speeches
to ensure that other parties are still willing to provide help to their country. As compared
with developed countries which have already reaped the benefits of fossil fuels during
their economic and industrial development, developing countries are pressured to pursue
more sustainable development pathways, even when those pathways are difficult to realize.
Discussion of development might be more fraught for Non-Annex I countries which have
a right to develop, but who are also constrained and asked to do their part in mitigation
following the Paris Agreement. For this topic, sentiment differences may be more nuanced
as well, such that differences by Annex may be less apparent than differences by income.

The harms of climate change are not equally distributed and vary greatly as a function
of location. Extreme weather events have disproportionately impacted poorer countries [60].
We predicted that sentiment would vary by risk exposure: countries that are highly vul-
nerable to climate shocks would be more concerned about the issue of climate change.
Thus, some speakers would be more motivated to draw attention to climate harms and
losses they may have experienced (which will likely include fear and sadness, particularly
around disasters), and more blame towards those they may perceive as being responsible
for failures to prevent such harms and losses (expressions of anger).

Prior to the computational analyses of these texts, both authors read a hundred state-
ments from each Annex, randomly sampled across years, and this reading informed some
of these predictions. In addition to looking at each predictor of sentiment on its own,
we wanted to identify whether any of these were uniquely predictive of each sentiment
using regression models. In past work, Annex membership, for example, was found to
be a strong predictor of statement similarity between parties, above and beyond other
characteristics [45]. Certain features might interact to predict specific sentiments. For exam-
ple, income could interact with climate risk to predict sadness, such that the relationship
between climate risk and sadness is strongest for lower income countries, which have
less ability to address the climate risks they face, and thus express sadness in the face of
inevitable loss. Because the literature on the corpus of interest (and generally on political
speech about climate change) is limited, we did not make specific predictions regarding
which country features will most strongly predict each sentiment nor about how they
might interact.

In the following sections, we will describe the data used and the way it was prepared
for analysis. Next, the methods of analysis are explained. First, we explain how sentiment
analysis was used in conjunction with multi-level modeling. Second, we discuss our ap-
proach using embedding regression, a method designed by Rodriguez and colleagues [52]
who refined this analytic approach using earlier work and data from Osnabrügge and col-
leagues [34]. Although the first method we used allows us to broadly understand sentiment
at the document level, using word embeddings in conjunction with sentiment analysis
allowed us to understand sentiment in context. The results of these two approaches are
then discussed.

2. Materials and Methods
2.1. Corpus and Meta-Data

The primary data used in this study consisted of publicly available records of state-
ments delivered at COP from 1995–2021. Although these statements vary in length,
given the time limit provided to speakers, most consist of one to two pages of text. All
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available statements (N = 3501) were downloaded from the UNFCCC Digital Archives
(https://archive.unfccc.int/ (accessed on 17 June 2023)). All analyses were performed
using R. Before pre-processing, all non-English language speeches were removed (n = 960),
first by using the cld2 package [61] to detect language, and then by manually checking
speech classifications. Next, duplicate records were removed (n = 48). The corpus consisted
of 2493 statements, 1886 of which were delivered by representatives of a country (rather
than observers or UN leaders). Details and descriptive statistics for the documents, and
details on the pre-processing of the text are provided in the Supplementary Materials.
The top 150 terms in the corpus following removal of stop words are shown in Figure 1.
Although frequency of a word does not necessarily represent its importance, reviewing
these top terms helped us to identify the seed words we used in the later analyses.
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frequency. The seed words used in the embedding regression, apart from ‘disaster(s)’ and ‘financing’
emerged in the top 150 terms.

For each statement from a country representative, where it was available, we attached
meta-data including that country’s income, climate risk, and Annex membership. In the
corpus, there were statements from 177 countries, none of which had a dominant presence.
Australia, Japan, Kenya, and Indonesia had the most statements, yet each contributed
statements that made up only 1% of the corpus. To capture a country’s income, we used
per capita GDP in 2015 U.S. dollars by year, available through the UN statistics division
(https://unstats.un.org/unsd/snaama/ (accessed on 20 June 2023)). After combining
this data with the appropriate statement, year, and country, the median income of the

https://archive.unfccc.int/
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countries included in the corpus was $5125, but this ranged from $122–179,465. For
our approach using embedding regression, we then used this GDP variable to create
a classification for each statement as low, lower middle, upper middle, or high using
the quartiles as cut-off points for each category. We also added the Annex status of
the country as of 2022, accessed via the UNFCCC website (https://unfccc.int/process/
parties-non-party-stakeholders/parties-convention-and-observer-states (accessed on 20
June 2023)). Although Annex membership does correlate with the income of a country,
there are countries which sometimes have low GDP that are in Annex I (e.g., Ukraine), and
countries which sometimes have a high GDP (e.g., Bahamas) that are not in Annex I, so
we thought it important to include both measures. Table 1 provides further detail on the
classification of statements in the corpus. We wanted to capture climate risk experienced,
and used an index created by GermanWatch, The Global Climate Risk Index (CRI) for 2021.
This index is calculated by analyzing extreme weather events along with socioeconomic
information. A country’s CRI score is based on information on risk exposure and losses
from 2000–2019 (GermanWatch, 2021). However, it is a time invariant measure, so for each
country’s statement, regardless of the year, only one CRI score is used. The CRI is normally
scored such that lower scores indicate greater risk, but we reverse-coded this variable to
make interpretation easier, such that higher scores indicate more climate risk. The rescaled
risk scores ranged from 0–164, with a mean of 89, and a standard deviation of 40.

Table 1. Features of the statement classifications in the corpus.

Feature Category Number of Statements (%)

Annex representation Annex I 618 (24.8)
Non-Annex I 1262 (50.6)

No Annex Classification 1: 613 (24.6)
Year 1995–1999 444 (17.8)

2000–2004 2 254 (10.2)
2005–2009 510 (20.5)
2010–2014 591 (23.7)
2015–2019 567 (22.7)

2021 127 (5.1)
1 Statements delivered by NGOs, UN leadership, industry groups, research groups, and other observers. 2 Because
the majority of COP8 (2002) statements have not been archived, fewer statements than expected were available.

2.2. Sentiment Analysis in Multi-Level Models

Once the data had been pre-processed, we conducted lexicon-based sentiment anal-
ysis [62] using an adapted version of the NRC EmoLex [63]. Because we were interested
in sentiment in the climate domain, we adapted the lexicon to the context. For example,
we removed sentiment coding of the term ‘change’ as this term was used primarily in
the phrase ‘climate change’ (see Supplementary Materials for other changes). To calculate
sentiment the number of terms which are coded as having a particular sentiment were
divided by the total number of terms included in the document and multiplied by 100.
Thus, for positive, negative, fear, anger, and sadness sentiments, the score of a speech
can be understood as what percentage of terms express the given sentiment. To calculate
polarity, the negative score of a speech was subtracted from the positive score for a speech,
such that positive scores would indicate the speech contained more positive than negative
sentiment, whereas a negative score would indicate more negative than positive sentiment.

These document sentiment scores were used in our multi-level modeling approach
as our dependent variables. Because the statements from a given country were not truly
independent (i.e., there is some expectation that countries will have some consistency in
their climate goals and action), we used a two-level model in which years were nested in
countries, with the dependent variable being the sentiment. We were interested in time
trends but needed to account for the clustered nature of the data. In these models, we
regressed sentiment on year, income, climate risk, and Annex. The unit of analysis here

https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-states
https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-states
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was the entire document, which provides useful but coarse results about the general or
overall sentiment expressed.

2.3. Embedding Regression of Sentiment

The second method of sentiment analysis used word embeddings in a regression-like
framework [52]. The embedding regression approach allows us to see how words are
used differently by covariates of interest: across time, between statements from different
income groups, and between Annex I and Non-Annex I. The bag-of-words approach
we used in the multi-level modeling does not allow us to distinguish what the targets of
sentiment are, and limits our interpretation of how representative speakers might feel about
climate change. For instance, while conventional sentiment analysis ignores all specific
contexts which could have differently contributed to the level of computed sentiments
in a document because it aggregates all scored terms regardless of specific context where
positive or negative sentiments are expressed, specific sentiment about substantive issues
(e.g., needed financing for an adaptation program) could be mentioned only once or twice.
The embedding regression with sentiment approach helps us attend to more granular
analysis, and has been developed to work even with very few instances of a seed word [52],
meaning that we can use this approach to better understand sentiment towards these policy
issues, even when they are mentioned infrequently.

More specifically, embedding regression with sentiment analysis uses word embed-
dings, which represent text as a vector of values, the size of which is determined by the
size of the window around a focal term rather than by the size of the entire document
(i.e., total number of terms) [52]. Therefore, the context of a seed word is more precise and
becomes more concrete. The reasoning behind this approach is that word embeddings
provide contextual meaning, defined based on the neighboring words around seed words,
via distributed representations in the form of vectors, which we can then compare with
other vectors for similarity. We can calculate the inner product between these vectors,
and when the inner product is high it means that the terms appear in similar contexts,
and thus are inferred to have a similar meaning [52]. In the context of sentiment analysis,
the embedding regression approach allows us to compare the embedding of a seed word
(e.g., “adaptation”) to the aggregate embedding of word lists from a sentiment dictionary
(e.g., embeddings of “anger” words). Using the adapted version of the NRC we generated
wordlists for positive, negative, angry, fear, and sad sentiments. We then embedded the
seed words and sentiment words using à la carte embeddings with a six-word window,
using GloVe embeddings and the transformation matrix A from Khodak et al. [52,64],
which down weights the impact of frequently used but less important terms, following
the method described by Rodriguez and colleagues [52]. To implement this analysis, we
aggregated embeddings of the seed words, such that each observation represented the
aggregate embedding of the seed word from all statements delivered in a given year, in-
come level, and Annex. This results in values of sentiment for a seed word, for example,
being calculated for 1997-Low Income-Annex I or 2015-High Income-Non-Annex I. The
terms we chose were ‘adaptation’, ‘mitigation’, ‘financing’, ‘development’, and ‘disasters’,
which were important and frequent terms over time (see Figure 1). Information about the
frequency of these terms is provided in the Supplementary Materials Table S6.

3. Results
3.1. Sentiment Analysis with Multi-Level Modeling

First, we examined average sentiment across the entire corpus and correlations of
sentiment with our key predictors, see Table 2. Overall, across all statements, positive
sentiment was more common than other sentiments, and sad sentiment the least common.
The bivariate associations revealed that increases in GDP were associated with less negative,
less fearful, less angry, and less sad sentiment. Climate risk was positively correlated with
fear and sadness. Annex I countries expressed less negative, fear, angry, and sad sentiments.
Time was also associated with increase positive, negative, fear, anger, and sad sentiments.
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Table 2. Average sentiment and correlations with income, climate risk, Annex, and year.

Sentiment M (SD) 1 Range Correlations

GDP
(n = 1866)

Climate Risk
(n = 1734)

Annex I
(n = 1883)

Year
(n = 2493)

Positive 13.96 (2.78) 5.62–25.81 −0.03 <0.01 −0.01 0.06 *
Negative 4.25 (1.78) 0.00–12.85 −0.11 *** −0.02 −0.15 *** 0.05 **
Polarity 9.71 (3.74) −4.03–27.96 0.03 0.01 0.06 *** 0.02

Fear 2.11 (1.21) 0.00–8.84 −0.18 *** 0.07 *** −0.26 *** 0.11 ***
Anger 1.55 (1.02) 0.00–8.33 −0.13 *** 0.03 −0.23 *** 0.20 ***

Sadness 1.45 (1.04) 0.00–10.63 −0.28 *** 0.08 *** −0.35 *** 0.08 ***
1 Mean, standard deviation. The values reported for positive, negative, fear, anger, and sadness represent the
average percentage of terms in the statements which are associated with each sentiment. For polarity, the score
represents the % positive—% negative sentiment. n denotes the number of statements included in the analysis.
* p < 0.05, ** p < 0.01, *** p < 0.001. n denotes the number of statements. For Annex I, we examined the correlations
between Annex I vs. Non-Annex I statements, excluding observer statements.

We also examined sentiment by year, see Figure 2. These plots show average sentiment
by year grouped by Annex. In observing these figures, it is of interest to compare the ranges
of sentiment by Annex. For instance, when looking at sad sentiment (bottom-right panel of
Figure 2), we can see that there is little overlap in terms of the range of values for Annex I
and Non-Annex I, such that the lowest values for Non-Annex I are similar to the highest
observed values of sad sentiment for Annex I statements.

For our primary analyses using these sentiment scores as outcomes, we tested multi-
level models, with years nested in countries. For these analyses, we only included speeches
from a party (i.e., no observer or non-party statements were included). First, we tested
unconditional models to examine whether clustering was necessary (i.e., was there signif-
icant variability associated with country). These unconditional models found that there
was significant variation by country, indicating the necessity of using a two-level model.
We then tested a linear growth model, examining the role of time in predicting sentiment,
where years were nested in country. The form of the equation was as follows:

Level 1 (within-country)

Sentimentij = β0j + β1jYearij + rij

Level 2 (between-country)
β0j = γ00 + u0j
β1j = γ10 + u1j

Mixed equation:

Sentimentij = γ00 + γ10 ∗ Yearij + u1j ∗ Yearij + u0j + rij

where i represents each individual statement, and j represents each country. The results of
these analyses are presented in Table 3. At level 1, we calculate the best regression line to fit
each country (j). β0j represents the average sentiment score when year = 0 (1995). The slope
parameter β1j indicates the yearly rate of change in sentiment for each country, and rij
represents residual error in the estimate. At Level 2, γ00 represents the average variability
in initial sentiment and γ10 represents the average rate of change. Further details on the
modeling approach are provided in the Supplementary Materials.
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Table 3. Two-level linear growth curve model, with year predicting sentiment.

Positive Negative Polarity Anger Fear Sadness

Predictors Estimates CI p Estimates CI p Estimates CI p Estimates CI p Estimates CI p Estimates CI p
(Intercept) 13.50 13.17–13.83 <0.001 4.32 4.12–4.52 <0.001 9.18 8.73–9.63 <0.001 1.97 1.83–2.11 <0.001 1.23 1.14–1.33 <0.001 1.52 1.42–1.62 <0.001
Year 0.03 0.01–0.04 0.011 0.01 −0.00–0.02 0.100 0.01 −0.01–0.04 0.292 0.02 0.01–0.02 <0.001 0.03 0.02–0.03 <0.001 0.00 −0.01–0.01 0.711
Random Effects 1

σ2 5.89 2.14 9.85 1.02 0.71 0.66
τ00 country 1.51 0.51 3.09 0.28 0.06 0.13
τ11 country × year 0.00 0.00 0.01 0.00 0.00 0.00
ρ01 country −0.66 −0.44 −0.60 −0.21 0.09 0.44
ICC 0.15 0.24 0.22 0.26 0.23 0.34
Marginal R2/Conditional R2 0.005/0.155 0.002/0.243 0.001/0.219 0.009/0.266 0.039/0.257 0.000/0.338

Note. These models include 175 countries, and 1885 statements. 1 σ2 = avg. variability in sentiment scores within each year. τ00 = variability in baseline sentiment between countries.
τ11 = random slope for the interaction of year and country, variability in the rate of change between countries. ρ01 = correlation between τ00 and τ11, relationship between initial
sentiment and rate of change in sentiment. Marginal R2 represents the variance explained by fixed factors, conditional R2 includes variances explained by both fixed and random factors.
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We observed that there was a significant increase in positive, anger, and fear sentiments
over time, see Table 3. These models also revealed that much of the variance in the models
could be attributed to random effects, i.e., variability between countries. However, there
were few differences in variability between countries in the rate of change for any of these
sentiments. One unexpected finding was the high level of positive sentiment in comparison
to other sentiments. Initial sentiment (i.e., in 1995) was 13.50, and this increased over time.
We did not observe the expected increases in negative or sad sentiment over time. The
increases we did observe, in positive, anger, and fear sentiment were small, yet significant.
While these increased over time, they did so slowly over the 26-year period. The models
only account for a small amount of variance in these sentiments, so our next step was to
see whether we could better explain variation in sentiment by accounting for other features
besides the time the speech was delivered.

3.1.1. Annex, Income, and Climate Vulnerability

Our next set of analyses examined whether country Annex, climate risk, and GDP
interacted with year to predict sentiment. Here, the general form of the equation was:

Sentimentij = γ00 + γ01 × Annex + γ10 × Yearij + γ11 × Yearij × Annex + u1j + u0j + rij

where Annex would be replaced with the relevant predictor. Due to space constraints,
full results for these models are presented in the Supplementary Materials, and the main
findings are discussed here.

When the interaction between Year and Annex (or GDP, CRI) was not significant, we
re-ran the model without the interaction to be able to describe the unconditional effects of
each predictor on the sentiment.

For the relationships between Annex, Year, and sentiment, we found that there was no
significant moderation of the effect of time by Annex status for negative, positive, anger,
or fear sentiment. Year was significantly associated with increased positive, angry, and
fearful sentiment, controlling for Annex status. Annex I status was associated with less
negative, fearful, and angry sentiment, controlling for year. For sadness, there was a
significant interaction, such that over time, the negative relationship between Annex status
and sad sentiment became stronger (i.e., the difference in how much sadness each Annex
was expressing increased over time), see Table S3. While sentiment changed over time,
as compared with Annex I representatives, Non-Annex I representatives expressed more
negative sentiment, anger, fear, and sadness.

Country wealth did not moderate the relationship between year and any sentiment.
Year was associated with positive, anger, fear, and sad sentiment, controlling for GDP.
Higher GDP was associated with less expression of negative sentiment, anger, and fear.
This is not surprising, considering that we found a similar relationship between Annex I
status and these negative sentiments.

Climate risk and year did not interact to predict sentiment. When controlling for year,
climate risk was not associated with any sentiment, see Table S5.

3.1.2. Summarizing Findings from Sentiment Analysis with Multi-Level Models

Our analyses revealed that politicians were expressing sentiment in these diplomatic
speeches, even if it was limited. Sentiment did change over time, and some of our predic-
tions were supported. Anger and fear increased over time, but there was no relationship
between year and polarity, sadness, or negative sentiments. Contrary to our expectation,
positive sentiment, the most prevalent sentiment, increased over time. We believe that this
may reflect an overarching motivation across groups to be diplomatic, and to avoid offend-
ing or alienating other leaders. Mixed emotions in these speeches could reflect that while
fearful and angry sentiments are increasing over time, the representatives still recognize the
need to maintain diplomacy and want to balance increasing negativity with the amount of
positivity expressed. Non-Annex I party statements contained significantly more sentiment
which was sad, fearful, and angry. While higher GDP predicted less sad sentiment, it was
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otherwise not related to sentiment when accounting for time. Surprisingly, there were no
relationships between climate risk of a country and the sentiment expressed in their state-
ment, although this might be explained by our measure of climate risk. The CRI is based on
20 years-worth of data but provides a single score per country across that time period, and
was thus time invariant. This limits our ability to understand changes in climate risk over
time with this measure, and changes from year to year are not accounted for, which might
explain the lack of significant relationships. Comprehensive data on climate vulnerability
over time for all countries would be needed to better analyze questions about climate risk.
While we considered other sources of disaster data, we did not find a suitable data source
which had a focus on climate change-related disaster frequency, severity, and likelihood
which had data for all countries in our dataset for the period of study.

While these analyses allowed us to observe the broad trends in sentiment, and re-
vealed changes in some sentiment over time, they did not allow us to understand how
representatives were using these sentiments–what they were talking about, and what
their attitudes were towards different topics. To address this drawback, we carried out
embedding regression.

3.2. Embedding Regression

Descriptive information, including the range of sentiment values for each seed word,
is provided in the Supplementary Materials Table S6. When interpreting raw scores from
these analyses, it should be noted that a positive score (inner product) represents greater
similarity of contexts between the seed word and sentiment, and negative scores indicate
dissimilarity in the contexts in which the seed word and sentiment terms are used.

First, we looked at the correlations for each seed word between sentiment and income,
Annex, and year, see Table 4. These correlations can help us to understand how sentiment
of the seed words differed between, for example, Non-Annex I and Annex I statements,
where a positive correlation would indicate that Annex I, as compared with Non-Annex
I, statements used the seed word in contexts which were more similar to the sentiment.
Negative sentiment, fear, anger, and sadness for adaptation were negatively associated
with Annex (see Table 4), such that Annex I statement tended to use the term adaptation in
contexts dissimilar to these negative sentiments. Income was negatively correlated with
negative, angry, fearful, and sad attitudes towards adaptation. As compared with Non-
Annex I, Annex I statements also tended to express greater positivity about mitigation. Year
was negatively correlated with positive, negative, fear, and sad sentiments expressed about
financing. Annex I status was correlated with greater sentiment of all types for development.
Although some correlations were marginally significant there was a trend where Annex I
status was associated with less negative, fear, anger, and sad sentiments. Higher income
was correlated with less negative, anger, fear, and sad sentiments about disasters.

Table 4. Correlations between Annex, year, and income with sentiment for each seed word.

Seed Word Variable Positive Negative Anger Fear Sadness

Adaptation
(n = 138)

Annex I 0.08 −0.27 ** −0.37 *** −0.29 *** −0.25 **
Year 0.10 −0.07 −0.09 −0.15 −0.10

Income −0.02 −0.20 * −0.20 * −0.19 * −0.20 *

Mitigation
(n = 127)

Annex I 0.26 ** −0.03 −0.09 −0.07 −0.01
Year 0.12 −0.02 <0.01 −0.03 −0.01

Income 0.01 −0.08 −0.04 −0.07 −0.08

Financing
(n = 99)

Annex I 0.12 −0.07 −0.10 −0.06 −0.08
Year −0.23 * −0.24 * −0.19 + −0.25 * −0.21 *

Income 0.09 −0.01 0.01 0.01 −0.02

Development
(n = 157)

Annex I 0.20 * 0.26 ** 0.19 * 0.20 * 0.23 **
Year −0.07 −0.09 −0.14 −0.16* −0.13

Income <0.01 −0.09 −0.10 −0.08 −0.11
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Table 4. Cont.

Seed Word Variable Positive Negative Anger Fear Sadness

Disaster
(n = 72)

Annex I 0.15 −0.25 * −0.23 + −0.23 + −0.28 *
Year −0.14 −0.05 −0.17 −0.09 −0.12

Income −0.09 −0.27 * −0.26 * −0.25 * −0.23 *
* p < 0.05, ** p < 0.01. *** p < 0.001. + p = 0.06. n represents the number of year-annex-gdp triples which included
the term of interest (i.e., one could represent the average sentiment of the term for all Annex I statements for 1996
which were high income). For Annex, 0 = Non-Annex I, 1 = Annex I. Income was scaled such that 1 = Low income
and 4 = High income. Annex and income were significantly correlated, r = 0.52, p < 0.001.

These correlations indicate that sentiment about these different policy issues does
vary between groups, however, we found no simple linear relationship between time and
sentiment about most of these topics. The negative bivariate relationships between year
and financing sentiment might suggest that this topic was discussed less emotionally over
time. Our next step was to conduct exploratory analyses. We ran regressions, using the
outcomes of the embedding regressions as dependent variables, to see whether there were
unique effects of Annex, income, and year on sentiment for each of these terms. These
models involved regressing each sentiment for each seed word on Annex I status, income,
and year. The full results of these analyses are presented in the Supplementary Materials,
but we described them briefly, focusing on the direction of effects.

3.2.1. Adaptation and Mitigation

Annex membership status was uniquely predictive of negative, anger, fear, and sad
sentiments for adaptation, see Figure 3. Non-Annex I use of the term adaptation was
significantly associated with more negative contexts as compared with Annex I statements,
see Supplementary Table S7, although the variance explained by these models was small
(6–13%).

Positive sentiment toward mitigation was predicted by Annex I status, controlling
for year and income, see Table S8. Annex I countries were more likely to use mitigation
with positive sentiment than non-Annex I countries, and this model explained 8% of the
variance in positive sentiment. One possible explanation is that when Annex I countries
are talking about mitigation, they are likely discussing their achievements in meeting
mitigation targets, rather than drawing attention to deficits. There were no other significant
associations for adaptation and mitigation between year, income, or Annex and sentiment.

We examined whether there were significant differences in positive and negative
sentiments toward adaptation as compared with mitigation, since we were interested in
whether mitigation (the initial goal of the UNFCCC) was viewed more positively than
adaptation. When we tested whether these differences were significant when accounting
for Annex, year, and income; we did not observe any significant difference in the sentiments
used regarding adaptation and mitigation, see Supplementary Table S9.

Another approach to this data was to examine the plots of sentiment (Figure 3) for
each word to identify fluctuations, and high and low points in sentiment scores which
may be interesting to examine in the context of key events at COP. For instance, there are
a number of agreements made at COP relevant to mitigation. In 1997 (COP3) the Kyoto
Protocol was formally adopted, and in 2005 it entered into force [65]. If we examine the
plot for mitigation (Figure 3), which was the primary goal of the Kyoto Protocol, we can
see that there was initially high positive mitigation sentiment from the inception of the
COP from Annex I countries which decreased until the early 2000s. At COP7 in 2001, the
goal was to finalize preparations for the Kyoto Protocol, rules and procedures which were
codified in the Marrakech Accords which were highly similar to the previous year’s Bonn
Agreement. At this point, it was agreed upon that mitigation targets should be binding,
and that parties which failed to keep their commitments should be penalized [55]. Our
sentiment analyses suggest that for Annex I countries this may have been a point at which
they were less willing to speak positively when discussing mitigation as compared with
previously when they were idealizing the climate goals. At COP15, in 2009, there was some
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controversy over a failure to adopt a post-Kyoto agreement. At this conference, a document
which was drafted by only a few parties before the conference as a proposed replacement
for the Kyoto Protocol was leaked [55]. This draft did not make agreements legally binding,
called on developing countries to implement mitigation, and made provision of funding to
developing countries dependent on them implementing mitigation. Developing countries
reportedly expressed anger about the agreement being created without their participation
and negotiation, and ultimately no new climate agreement was adopted [55].

Negative and positive sentiment for adaptation appears to peak for Annex I statements
around 2008–2010, see Figure 3, whereas negative sentiment for adaptation was highest for
Non-Annex I in 1995. If we examine the events during those periods, we know that the
Cancun Adaptation Framework was drafted in 2010–11, and the Adaptation Committee
was established. Perhaps the fact that the Kyoto Protocol was entering into force, with final
commitments being made around mitigation lead to less focus on, less desire to support,
and less urgency for adaptation. For Non-Annex I statements, there was an increase in
positive sentiment towards adaptation over time, in this case we might expect that speakers
from these countries asking for support for or describing progress in adaptation would be
framed positively, perhaps to encourage continued financing and support. Although we
might have expected more negative sentiment in general surrounding adaptation in earlier
years (particularly as compared with mitigation, Pielke, 2007), that was not observed.

These interpretations are purely speculative, as a full accounting of the specific agree-
ments and important events at the COP is beyond the scope of the paper, but we believe
that other researchers might make use of this method of probing different terms as a means
of studying the course of specific events during COP. Alternate explanations for these
trends are also plausible. For example, the Global Financial Crisis in 2008 may have had
an impact on sentiment of these leaders. Researchers have found through discourse anal-
ysis that following the GFC, some key economic organizations increasingly made policy
recommendations for ‘green’ growth, pairing climate mitigation with opportunities for
continued economic growth, yet it seemed that the GFC led to less willingness to pursue
mitigation at the expense of growth [66]. Following the GFC in 2009 and 2010, carbon
emissions increased to a greater extent than previous years [67]. Leaders during this period
may have been more wary of making ambitious climate mitigation commitments at this
time due to a desire to prioritize their economic growth.

3.2.2. Financing and Development

Sentiment towards financing changed over time. Controlling for Annex I status
and income, year was predictive of less positive, negative, anger, fear, and sadness, see
Supplemental Materials Table S10. Over time, it seems that discussion around financing
was becoming less emotionally charged, across Annex and income groups, see Figure 4.
Although the differences were not significant, controlling for year, observing the plot of
positive and negative sentiments, we observe slightly different patterns by Annex. For
Annex I statements, positive attitudes towards financing were high initially, then decreased
until around 2008, at which point they increased until peaking around 2013.

Sentiments around development were uniquely associated with Annex, such that
Annex I status was associated with more positive, negative, angry, fearful, and sad sen-
timents, see Figure 5. Statements from developing countries used less sentiment when
discussing development as compared with developed countries, and we believe there may
be a tendency for the developing countries to discuss development in more neutral and less
emotive contexts. There was a significant association between income and less negative
and sad sentiment, controlling for Annex and year. Statements from lower income nations
tended to discuss development more negatively and with greater sadness.
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3.2.3. Disaster

Although there were significant correlations between income and disaster sentiment
and between Annex and disaster sentiment, when controlling for each other and year,
neither was predictive of any sentiment, see Table S12. Nonetheless, the bivariate relation-
ships between Annex status and these sentiments remained apparent when examining the
plots, see Figure 6. Non-Annex I statements showed a general decline in these sentiments
about disaster from 1995 until 2014, then they increased. Annex I statements were not
discussing disasters in these negative contexts prior to 2000, and throughout the time we
analyzed, even the highest inner products for negative disaster sentiments for Annex I
were in the same range as the minimum values observed for Non-Annex I negative disaster
sentiment. If comprehensive climate risk or disaster data were available across years, future
researchers might try to see whether these trends line up with cases of disaster experience.
The divergence between sentiment from these developed and developing countries is stark
around 2015, which was the year that the Paris Agreement was signed. One possible
explanation for these differences in sentiment after this point could be that this agree-
ment downplayed the ‘differentiated’ part of the principle of ‘common but differentiated
responsibilities’, in spite of the continued inequities in who experiences climate harms.
Developed and developing countries were all called on to mitigate their emissions, yet
the impacts of climate change in those developing countries continued to be much worse
than in developed countries. These countries may be bringing up disasters in a negative
light to draw attention to the fact that although they are now also considered responsible
for mitigation and adaptation, that they are unequally and unfairly impacted by climate
change. However, there are other possible explanations for this divergence, and further
qualitative work is needed to understand these differences.
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4. Discussion

Previous work has used computational methods to analyze the statements from
COP [45,46], and our work adds to this literature by analyzing sentiment across a longer
time period, from the first Conference of Parties until the twenty-sixth. Our findings
suggest that while sentiment is used in these statements, the degree of language which is
emotive is generally somewhat limited. Sentiment expressed tended to be more positive
than negative, however, we do detect the use of negative sentiment, anger, sadness, and
fear. We also found that a speaker’s country’s GDP, Annex, and the year that a speech was
delivered were associated at a bivariate with the overall sentiment expressed in statements.
Countries with more wealth tended to use less negative sentiment, as did countries in
Annex I. Year was correlated with increased negative sentiment. Using a multi-level model,
we found support for the idea that fear and anger have increased over time. However,
contrary to our predictions, positive sentiment also increased. Further qualitative analysis
of these statements might help us to better understand why these changes were occurring.
For instance, towards whom is the anger directed, and which subjects are people expressing
fear about?

This study also allowed us to examine how particular climate change issues are
discussed. Sentiment about climate policy issues such as mitigation and adaptation do
fluctuate over time—but relationships are complex and should be examined in the context
of events relevant to the issues, such as the drafting of international climate agreements.
While these findings allow us to get a snapshot of what the sentiment was like at a given
COP, further study might incorporate more information on the COP processes—such as
which agreements were being made, which committees were especially active, which
coalitions were formed, and so on [55]. The archived documents from these conferences
provide a rich history of progress on international climate action, and using information on
sentiment allows us to identify trends in how that action was discussed. For example, over
time, discussions of financing seemed to be less sentimental. Further study might examine
whether there were shifts from using emotional appeals in general to elicit financing or
to discuss financing commitments as compared with other reasoning approaches (e.g.,
highlighting efficacy and other concrete arguments). To understand these and other shifts
over time, researchers might use other computational approaches like structural topic
modeling, and use covariates of specific events (e.g., pre- vs. post-first commitment period
for Kyoto protocol; pre- vs. post- global financial crisis) to see whether any specific historical
events might help explain these shifts.

Our finding that communication differs by Annex, particularly when looking at
negative sentiments, is in line with previous work finding that speeches differ by Annex
in terms of content [43,45]. Non-Annex I party statements about adaptation and disasters
were more negative, fearful, sad, and angry than Annex I statements. We believe that the
patterns for these two terms might highlight how the needs of the Annex I and Non-Annex
I parties differ. Non-Annex I parties might be employing these sentiments around these
topics both as a reflection of greater experience of climate impacts and a call to action to
address those impacts to avoid further negative consequences. While our work helps to
highlight these differences by Annex in the meaning of the terms ‘disaster’ and ‘adaptation’,
further qualitative work is needed to understand those differences.

Finally, while we focused on how country features and time predicted sentiment,
another approach would be to see how sentiment in one year influenced the country’s
subsequent behavior, for example implementation of climate policy, instances of meeting or
failing to meet commitments, or amount of financing committed to UN funds. For instance,
the Environmental Performance Index [68] ranks countries using 40 indicators of their
performance on climate change, ecosystem vitality, and environmental health. However,
this index uses different metrics over time, meaning that comparing these scores over time
is not appropriate. Data which cover the entire span of the COP (1995–2021), with complete
information on the environmental performance for the majority of parties, are lacking or
exist in forms which are not easily compared for use in this kind of analysis. For example,



Sustainability 2024, 16, 2779 21 of 25

while parties must report to the COP on their Nationally Determined Contributions, the
form of these reports is not uniform, and extracting data that could be compared across
parties over the length of the conferences would require considerable effort. Future work
might focus on a subset of parties where such information is available, to be able to
examine, in depth, how statements reflect elite behavior, or how behavior is reflected in
the statements.

There are some limitations of the work that should be noted. First, we focused only on
English-language statements, which resulted in the exclusion of more than 1000 statements.
A valid criticism of much historical text analysis is that it focus on English-centric text [69].
While automatic translations of English sentiment dictionaries are available, because they
rely on coding conducted by English-speakers, they do not account for cultural differences
across languages in the sentiment associations for words [70], making it difficult to compare
across corpuses. Similarly, automated translations of statements could unintentionally
alter the intent of the speaker and fail to accurately translate cultural nuances in sentiment.
The exclusion of non-English texts means that we cannot make broad claims about how
leaders express themselves outside of English-speaking contexts. Second, the records
available of statements were incomplete at the time we conducted the study—archiving
these conferences digitally is an ongoing process. We do not know exactly how many
records might not be included, but we do know, for example, that we were only able to
collect mainly observer statements from COP8 (2002) because most party statements are not
yet publicly archived. In addition to this, our research neglects to fully make use of the 2493
statements we collected; observer statements are not included in our more advanced models
going beyond simply describing overall sentiment. The speakers represent organizations
that vary greatly in terms of size, goals, power, and so on, so treating them as a single
group is inappropriate. Finding a way to code or categorize these statements could open
a new line of questions regarding the differences in speech from, say, industry-oriented
speakers and NGOs focused on human rights. When we make use of these approaches
to understand sentiment, we are accepting the distribution hypothesis, which assumes
that meaning can be derived from context [52]. While our approach allowed us to look at
sentiment for issues across a large body of text, further human-coding of the texts to better
understand whether the analyses accurately reflect the nuances of sentiment that deeper
analysis reveals would help to support these findings. There are other ways to measure
sentiment, for example, we might study video recordings of the proceedings to consider
the body language and intonation in speeches to capture emotional arousal [5].

Besides addressing these limitations, future research might also incorporate text from
other relevant forums, for example to see whether the ways that a country’s representative
expresses themselves relates to the ways that politicians discuss climate change within
their country (e.g., in parliamentary debates). Other researchers have studied the ways that
politicians have discussed climate change in their own country (e.g., frequency of climate
change speeches by German members of parliament [71]) or continent (e.g., arguments
for and against climate change action in the European Parliament [72]). Because the COP
statements identify the specific speaker, it would be interesting to see whether we could
create a corpus of parallel statements about climate change by the same speakers in the
same timeframes, to compare how they express themselves when communicating about it
within their own nation, both to other politicians and to the public, rather than on a world
stage. This might allow us to better understand elite international climate change speech in
comparison with national elite communication on climate change.

5. Conclusions

The Conference of Parties serves as a container in which elites who have the power
to enact systematic change discuss climate change. Managing climate change through
mitigation and adapting to its impacts requires large-scale collective action and cooperation,
both of which are planned at these conferences. Our work contributes to the understand-
ing of how climate change has been addressed, particularly in terms of emotion on the
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international diplomatic stage, by analyzing the ways that representatives of parties to
the convention have discussed these issues across a 26-year period. Annex membership
emerged as an important factor in understanding differences in sentiment in these state-
ments. Parties who have historically held different responsibilities and obligations under
UNFCCC do not express themselves in the same way—Non-Annex I parties tended to
express greater negativity. While some changes in sentiment over time were observed,
they were not explained in a simple linear way, granular sentiment analysis focusing on
specific seed words shows ups and downs in all sentiment across the years which suggests
the need for future work. The aim of this article was to highlight which sentiment is
used, and by whom, in the history of these climate negotiations. While this work revealed
interesting trends and predictors of sentiment, future work is needed to better understand
the content and consequences of the sentiment. While our methodology allowed us to
examine the entire available archive of statements, qualitative approaches could build on
this work, examining time periods which displayed shifts in emotive rhetoric. Ultimately,
we need both bottom-up and top-down change to address climate change, and research to
understand how elites discuss policy and climate impacts might help us gain insight into
their attitudes.
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