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Abstract

Purpose of the Review Climate change presents significant risks to the international trade and supply chain systems with
potentially profound and cascading effects for the global economy. A robust international trade system may also be central to
managing future climate risks. Here, we assess the treatment (or lack thereof) of trade in a selection of recent Intergovernmental
Panel on Climate Change (IPCC) assessment and special reports using a quantitative text analysis. IPCC reports are considered
the preeminent source of relevant climate change information and underpin international climate change negotiations.

Study Findings Results show that international trade has not had substantial coverage in recent IPCC assessments. Relevant
keywords associated with trade appear in very limited ways, generally in relation to the words “product” and “transport.” These
keywords are often referring to emissions associated with transportation and the movement of food and global food systems. The
influence of trade is given larger consideration with respect to the costs and trade-offs of climate mitigation policies, especially
the interactions with food availability, that appear in Working Group III reports compared with the risks to trade from climate
change impacts in Working Group II. Trade in relation to other economic sectors is largely absent as well as risks from potential
climate-related trade disruption. There is almost no treatment of the potential impacts, risks, and adaptation strategies to manage
the climate related-implications for international trade.

Recommendations Given the importance of trade to economic growth, we recommend that additional attention be paid to trade
and related economic issues in future IPCC assessment and special reports, specifically on the interactions of climate impacts and
risks on trade and the potential for trade to moderate these risks. To achieve this, there must be efforts to increase the base of
scientific literature focused on climate change and international trade as well as increased effort made among IPCC lead authors
to review trade literature that may lie outside conventional climate change scholarship.
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Introduction

International trade is the exchange of goods and services
across national borders and currently accounts for approxi-
mately 40% of the entire global economy [1]. Allowing coun-
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economy has resulted in higher emissions of carbon dioxide
(CO,)—the main pollutant that drives climate change [5].
This itself has been shown to lead to increases in ill health
as well as social and economic inequity [6, 7]. Complicating
this further is the fact that a substantial portion of the decreases
in CO, emissions observed in developed countries, as a result
of globalization and technological modernization enabled by
trade, are often offset by increases in international trade flows
and the related increases in emissions [8]. It is crucial to de-
velop strategies to promote sustainable global trade patterns
while limiting the impacts on future climate change. Some
experts have suggested that linkages between different aspects
of international trade and climate policy may actually foster a
willingness to engage in climate mitigation, with the potential
to facilitate co-benefits among related adaptation, and mitiga-
tion strategies should they be considered congruently [9-12].

There is a growing literature on the costs associated with
climate change mitigation and trade, but the literature on trade
and adaptation is much more limited. Computable general
equilibrium (CGE) models that are used to evaluate trade pat-
terns and climate mitigation have not generally incorporated
climate change impacts [13]. Agriculture has been the most
widely investigated climate-related impact in terms of its in-
tegration with trade [14]. Specifically, the food price shocks
for 2008-2009 prompted a substantial literature on how
stresses to agricultural production, indicative of climate
change impacts, may be transmitted through trade patterns,
including the role of trade distortions in amplifying those
shocks [15, 16]. The effects of trade have also been indirectly
included in other economic valuations of climate impacts. For
example, the economic costs of sea level rise in Europe have
also been evaluated in a CGE framework that allows for the
reallocation of resources through trade [17].

More common in the literature, and certainly most
prevalent in gray literature, is analysis of the role of ex-
treme events, including storm surge, coastal erosion, hur-
ricanes, and flash floods, in the destruction of key trade-
and transportation-related infrastructure that causes major
disruptions within international and inter-regional supply
chains [18-20]. For example, in the USA, Superstorm
Sandy shut down the Port of New York/New Jersey for
8 days resulting in major disruptions to shipping [21].
Washouts of parts of the railroad connecting Churchill
to southern Manitoba, Canada, in the summer of 2017,
resulted in a complete shutdown of rail transport of goods
to Churchill, including the re-supply for remote northern
communities [22]. However, many of these studies are
found in different disciplinary literatures and tend to focus
either on climate impact drivers and their changing sever-
ity or on the economic or societal implications of infra-
structure damage from extreme events. This lack of inte-
gration, or perhaps the absence of systems-based analysis
of climate change and trade disruption (observed or
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projected), challenges but does not limit the possibility
of properly assessing the role of climate change in global
economic trade.

In addition to creating risks related to trade disruption via
infrastructure damage, climate change is also likely to influ-
ence a transformation of global trade routes and patterns. For
example, reductions in sea ice extent are making Arctic mar-
itime trade routes a new possibility [23-26], and shipping in
that region has been increasing rapidly over the past decade
[27, 28]. The opportunity for maritime trade through the
Arctic has captured the imagination of global nations for cen-
turies because of the economic benefits related to shorter dis-
tances and the relative political stability of the region com-
pared with existing trade corridors in the Southern Ocean. As
over 80% of all goods traded internationally move at some
point by ship [29], the transformation in maritime trade routes
of the Arctic could create a suite of cascading impacts related
to geopolitics, international power dynamics, and environ-
mental and cultural sustainability with major policy relevant
implications [30-32].

Given the ever-increasing importance of international trade
and the wide range of potential interactions with climate
change impacts, risks, and climate policy, it seems timely
and appropriate to evaluate the extent to which trade is con-
sidered and assessed within Intergovernmental Panel on
Climate Change (IPCC) reports. IPCC reports provide a com-
prehensive assessment of the state of scientific knowledge on
climate change and play a critical role in outlining our scien-
tific understanding of observed impacts and future risks asso-
ciated with a changing climate while offering insight on re-
sponse options related to mitigation and adaptation [33, 34].
These reports play a fundamental and critical role in shaping
the way that climate change is viewed and understood by
society and how international climate policies and agreements
are negotiated [35-37]. Since 2012, the IPCC has released
their Fifth Assessment Report (ARS) as well as special reports
focused on (1) lands, (2) oceans and the cryosphere, and (3)
the special report on 1.5 °C warming [26, 38—43], among
others [44]. In this paper, we conduct a quantitative text anal-
ysis of recent [IPCC assessment and special reports to identify
trade-related content and the extent to which and how trade
has been assessed.

Methods

The analysis used to identify trade-related content and the ex-
tent to which and how trade has been assessed within recent
IPCC reports involves several steps (Fig. 1). The first step in-
volved scoping the analysis. Due to time and resource con-
straints, a selection of assessment and special reports from the
2012-2019 time period was evaluated including the ARS
Synthesis Report: Climate Change 2014 (SYR) 151 pages
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[38]; ARS WGIL: Impacts, Adaptation, and Vulnerability (ARS
WGII) 1820 pages [39, 40]; AR5 WGIII: Mitigation of Climate
Change (AR5 WGIII) 1435 pages [41]; the Ocean and
Cryosphere in a Changing Climate (SROCC) 755 pages [26];
the Special Report on Climate Change and Lands (SRCCL)
864 pages [42]; and the Special Report on Global Warming
of 1.5 °C (SR15) 616 pages [43] (Scoping—Fig. 1). ARS
WGT1 (Physical Basis) and SREX (Special Report on Extreme
Events and Disasters) have been excluded from the analysis.
An initial scan of the AR5 WGI revealed limited trade related
content, and the SREX was released prior to 2012.

A scan of relevant global trade literature is conducted in
order to identify trade relevant keywords (Indexing—Fig. 1).
The selected keywords identified for the analysis included
“cargo,” “commodity,” “export,” “freight,” “globalization,”
“goods,” “import,” “product,” “shipping,” “trade,” and “trans-
port”. Keyword searches, using the identified words, were
conducted in each of the six analyzed reports. Once keywords
were found, the surrounding paragraph or section of figure or
table was extracted, and the extracted text was quality con-
trolled to ensure the meaning and intention reflected the focus
of our analysis (Contextualizing—Fig. 1). This was necessary
to avoid keywords with multiple meanings, such as “trans-
port” in the SROCC report meaning both the transport of
goods and also the transport of water, organisms, and other
environmental and physical parameters. In such cases, para-
graphs containing keywords that were not contextualized to
the focus of this study (i.e., international economic trade) were
excluded. We also included possible variations in word termi-
nations (e.g., transport to represent transportation,
transporting, etc.). Certain non-relevant content was also ex-
cluded from the analysis, notable examples being “trade-offs”
and “cap-and-trade.” Finally, chapter reference lists were also
excluded from the text.
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Relevant text from all reports is combined in order to con-
duct quantitative text analysis, using a tool called Quanteda
(Quantitative analysis—Fig. 1) that functions through packages
supported by the software platform R [45]. Quanteda is an
open-source software that has been used to conduct similar
quantitative text analysis [46]. The document containing all
text extracted from the IPCC reports was imported into R,
where the text was then organized and cleaned using scripts
available in Quanteda and adapted for our specific analytical
context (see Supplementary Material A). At this point, a series
of simplification and quality control steps were taken, includ-
ing the elimination of unnecessary words, numbers, punctua-
tion, acronyms and symbols, the creation of a text corpus,
tokens objects (words), and a document-feature matrix. For
this study, we utilized three specific statistical analysis, scal-
ing, and classification tools including simple frequency anal-
ysis, feature co-occurrence matrix (FCM), and document fea-
ture similarity (cluster dendrograms).

Simple frequency analysis is used to count the number of
times keywords are mentioned in each report. During this
analysis, word frequencies were not normalized by the length
of reports, and therefore, results display the total additive key-
words and not the average. FCM is used to record the number
of co-occurrences of tokens (i.e., keywords) in each report and
to identify the most frequently co-occurring words. This anal-
ysis informs similarities in meaning between word pairs and
meaning within word patterns. It also reveals latent structures
of mental and social representations [47-49]. To improve the
visualization of the co-occurrence graph patterns, we adjusted
the matrix to consider only words with the highest number of
co-occurrences, eliminating any “noise” caused by unneces-
sary tokens. Cluster dendrograms are used to calculate the
similarities among features of interest within documents
[50], such as among the preselected keywords used in this
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analysis and their surrounding paragraphs. The height of a
keyword in the plot of the cluster dendrogram is proportional
to its similarity or dissimilarity to other keywords found in the
report. The more dissimilarity the keyword has, the more
scattered the term is in the text. The more similarity the key-
word has with other keywords, the more interlinked they are.
Below we present the results and observations that emerged
from the analysis using simple frequency analysis, FCM, and
cluster dendrograms (Interpretation—Fig. 1).

Results

Trade-related keywords occurred very rarely in IPCC reports
especially compared with other high frequency words (e.g.,
“emissions,” “energy,” “mitigation”) (see Supplementary
Material B and C). In total, trade-related keywords appear just
under 5000 times for all of the IPCC reports analyzed. When
isolating just for trade-related keywords, the word that oc-
curred most frequently in all IPCC reports analyzed is “trans-
port” (n=1692). The second highest occurring preselected
keyword is “trade” (n=1269), followed by “shipping” (n=
352), and then “product” (n = 322) (Fig. 2). The keyword with

the lowest frequency was “export” (n = 170). The IPCC report
with the highest number of trade-related keywords was ARS
WGII (n=2786). In the WGIII report, the word “transport”
appears more times than all of the trade-related keywords
combined in any of the other reports. Of all of the trade-
related keywords, only “product,” “transport,” and “shipping”
appear on any of the ranked lists for all IPCC reports
(Table 1).

When further analyzing trade-related keywords in the re-
ports using an FCM approach, it was revealed that certain
words tend to dominate the discourse. These words form clus-
ters of information that tend to occur in a similar linguistic
context and resemble each other in meaning. This approach
allows for a deeper evaluation of the meaning among key-
words of interest that extends the simple frequency analysis.
It allows one to make inferences about the importance and
relation of the keywords in each document and observe some
of the general patterns that emerge. For example, the majority
of trade-related keywords did not come up as salient or well-
connected words in any of the documents (Table 1; Fig. 3).
The only words that occurred with any regularity in an FCM
matrix table are “product” and “transport” (Table 1). Within
the IPCC reports, the word “product” had the highest co-
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Fig. 2 Simple frequency analysis graph outlining the number of times a keyword is mentioned in each report
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Table 1 Frequency co-

occurrence matrix table including AR5 WGIIL AR5 WGII SROCC SRCCL SR15 SYR

the word ranking number of most

co-occurrences for each report. emiss chang arctic food energi emiss

Preselected keywords (if ranked) 2703 1484 120 1362 275 99

Z;fefirselfemed in bold with an *product climat chang *product *transport chang
1767 1459 111 1097 254 89
energ *product impact land *product sector
1568 1215 103 701 186 73
*transport increas increas emiss emiss mitg
1126 1088 98 636 182 71
countri impact *ship chang sector climat
1092 934 96 627 181 65
mitig food *transport increas chang energi
1001 883 83 614 160 60
use adapt sea climat pathway *product
970 629 81 599 136 58
increas region risk system mitig high
905 552 81 514 130 56
sector risk climat can use impact
899 532 78 486 117 56
develop high ocean agricultur can level
884 529 71 474 111 50

occurrence among the trade-related keywords, indicating it is
a topic that is prevalent in all reports and that the concept is
related to many subjects covered in the texts (Fig. 3).
However, upon closer contextual analysis, the word “product”
usually does not co-occur with any of the other trade related
keywords. This indicates that, although the word “product” is
linked to many words in the documents, it is likely not occur-
ring in the context of international economic trade. That is,
when the word is used in the reports, it is not referring to the
movement or trading of “products.”

The FCMs also identified areas where subjects are more
closely related and emphasized. For example, in the SROCC
report, the highest co-occurrence of trade-related keywords
focused on the impact and changes occurring as a result of
increased shipping and transportation activities in the Arctic
(Fig. 2d). However, trade as a general theme did not emerge in
the SROCC report beyond this specific example. The FCM
analysis also revealed that in the SRCCL report, there are clear
word linkages between food production, land use and man-
agement of crops, agriculture and forests, and the relations of
mitigation and carbon emissions (Fig. 3e), but again limited
attention is given to any of the trade-related words or to the
concepts associated with global economic trade generally.
The SRI1.5 report exhibited a larger spectrum of word co-
occurrences overall compared with the other reports, likely
due to the diverse set of subjects covered by this document,
but, again, there was no evidence of trade words co-occurring
(Fig. 3c).

The final approach we took to understand the extent to
which global economic trade is treated within recent IPCC
reports is the feature similarity analysis (cluster dendrograms)
(Fig. 4). Results of this analysis demonstrate that the cluster-
ing of trade-related keywords show similar, but not identical,
results among all of the reports. The keywords “transport” and
“product,” again, appear the highest for most of the reports,
but are not clustered with other trade related words (Fig. 4).
This indicates that although the words “product” and “trans-
port” appear more frequently in the documents than other
words in general, they are not related to, and are not occurring
in the context of, trade and transportation. The smallest height
and distance between keywords forming clusters of cross-
linked topics indicate which keywords are being discussed
together. For example, in AR5 SYR, a cluster of the words
“globalization,” “cargo,” and “commodity” appear under the
same tree and within shorter distances, indicating that these
words occur in closer proximity to each other in the text ana-
lyzed (Fig. 4e). However, as the SYR is a much shorter syn-
thesis report, many words and concepts will appear closer
together compared with the much longer and more detailed
ARS WGII or WGIII reports.

Discussion

EEINT3

Trade-related keywords, including “cargo,
“export,” “freight,” “globalization,
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Fig. 3 Frequency co-occurrence matrix graphs for word co-occurrences in each IPCC report
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“product,” “shipping,” “trade,” and “transport,” appeared
4861 times in recent IPCC reports that collectively total over
5500 pages (Fig. 2). When trade-related keywords appear in
the text, they are not generally used in the context of interna-
tional economic trade. Rather, these words are used to cover
topics such as food production, food security, energy use,
emissions, and migration (Table 1, Fig. 3, Supplementary
Material B and C). For example, the FCM analysis shows that
there were numerous mentions of the keywords “product” and
“transport” (Figs. 2 and 4, Table 1), but in the majority of
these cases, they did not co-occur with other trade related
keywords, suggesting that the focus of the text is not on inter-
national economic trade (Table 1, Fig. 3, Fig. 4). Other trade-
focused keywords, such as “trade,” “import,” “freight,” and
“cargo,” do appear to cluster together, meaning that they are
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related and that the text is likely referring either implicitly or
explicitly to global (and or regional) economic trade (Fig. 4).
However, these words co-occur infrequently (Fig. 3), suggest-
ing that international economic trade has not been treated with
any intentionality or in any comprehensive way within recent
IPCC assessments.

Despite the finding that international economic trade does
not seem to appear with any great frequency in recent [PCC
reports, the concept of trade is by no means entirely ignored.
When keywords appear related to the topic of economic trade,
the text is generally focusing on either: (1) total emissions
resulting from transportation (some of which is attributable
to global economic trade) or (2) the idea that climate change
will negatively impact the global trade system through an
increase in extreme weather events, specifically focusing on
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Fig. 4 Cluster dendrograms including all preselected keywords for each
IPCC report. The higher the height of the keyword in the cluster
dendrogram, the more dissimilar (distant) it is to the other keywords in

how drought impacts global food systems. The general trend
observed within these specific cases is that there tends to be a
focus on negative impacts. However, in some reports, in par-
ticular the SROCC [26], specific examples are given where
climate change is described as a potential benefit to the trade
system—specifically, through increased accessibility to mari-
time Arctic trade routes from decreased sea ice extent (also see
Table 1, Fig. 3d).

A major finding of this study is that trade-related keywords
such as “transport” and “trade” frequently co-occur with the
term “emissions” (Table 1, Fig. 2). This suggests that any
treatment of trade in recent [PCC reports tends to focus on

the report. The closer the height and the connecting gap between the

keywords the more similarity (proximity) they have in the report

the role that the transportation sector, within the trade system,
amplifies climate change. Thus, not surprisingly, the report
that exhibits the highest number of trade-related keywords is
ARS WGIII (Mitigation). For example, the WGIII report spe-
cifically includes a section on the role of mitigation (i.e., re-
ducing emissions in this case) on the global trade system
(Section 13.8), which is titled “Interactions Between Climate
Change Mitigation Policies and Trade” [41]. Trade accounts
for up to 1/4 of global greenhouse gas emissions, so reducing
emissions from the trade sector would require significant
changes to the system and with coincident and substantial
climate-related benefits [8].
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In the WGIII report, and also in the SRCCL report,
there was a heavy emphasis on food production, with
specific sections dedicated to emissions related to the
movement of food (e.g., WGII Chapter 7, Chapter 9,
and Chapter 21) [11, 12, 38, 42]. The word “food” occurs
very frequently in WGIII and in the SRCCL and co-
occurs with many other common words, indicating that
“food” in general is a central theme of those documents
(Fig. 3b and e, Table 1) and that treatment of the concept
of trade most typically occurs under the guise of food
production and transportation. One of the key reasons
for this is the concern that bioenergy with carbon capture
and storage and afforestation—two critical components of
pathways that attain stringent 1.5 °C end of century
targets—may interact with the food system through the
diversion of agricultural inputs and land for climate miti-
gation [51].

Another important finding from the study is that trade-
related keywords do not often co-occur and are rarely
mentioned in the context of impacts, risk, and adaptation,
which is the focus of WGII. Although there are some
sections of the ARS WGII report that focus on regional
trade (Chapters 24 and 25) [39, 40] and others that focus
on the impact of climate change on shipping (e.g.,
Section 30.6.2.3) [39, 40], overall, trade-related keywords
appear very infrequently (Fig. 2). There is very little dis-
cussion of the impacts or risks of climate change on
different transport modes (air, rail, road, shipping,
multimodal), despite a large body of recent literature
outlining the importance [20, 21, 52, e.g.]. As mentioned
above, and similar to trends observed in the AR5 WGIII
report, when trade is being discussed, the focus is often
on food production and the movement of food products
while largely ignoring other sectors (Fig. 2). However, in
Canada, for example, exports from the agri-food industry
made up only 7% of the total value of exported goods in
2019, with energy and motor vehicles making up 19% and
15%, respectively [53]. It is possible that the limited treat-
ment of trade within the WGII report occurred because of
an abundance of literature on food and fiber products and
the more limited number of published studies that explic-
itly examine climate change impacts on manufacturing,
construction, energy and natural resources, and other
economic sectors [54, 55].

Indeed, the majority of literature on economic trade, and
in particular that which is focused on different economic
sectors, may exist outside the expertise and scope of the
literature that IPCC authors tend to review. Often, these
studies on economic trade do not specifically or explicitly
mention climate change, making them more difficult to
find, consider, and assess. Further, economic modeling-
based studies are often conducted by researchers without
climate expertise, and it is indeed extremely difficult to
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model economic trade in tandem with climate change.
Many of the existing models that are used to understand
climate policies are of a partial equilibrium nature so cannot
easily capture trade. CGE models can do this but are a more
specialized subset of integrated assessment models (IAM)
and face more challenges capturing the longer-term time
horizons of climate policy and also have trade-offs on the
explicit representation of technologies. Further, integrating
climate damages into models that focus on climate mitiga-
tion costs remains a longer term goal of the [AM commu-
nity. There is certainly a pressing need to address these
modeling gaps and to consider the impact and risks that
climate change has, and could have, on global economic
trade within the wider academic literature. Other factors
that could limit the full assessment of trade (and other com-
merce related subjects) could be based on author team com-
position, which may have led to certain topics being under-
represented within the IPCC reports where subject matter
experts are not present [56, 57]. Despite these challenges,
relevant literature on international economic trade, includ-
ing environmental-related disruptions to supply chains and
changing trade patterns and routes, does exist and should be
properly assessed for inclusion within IPCC reports [58].
Because there is indeed a limited number of papers that
explicitly examine climate change and international eco-
nomic trade, it will be more challenging, but still possible,
to review and assess relevant peer reviewed literature that
indeed covers aspects of trade and climate change (sepa-
rately or in some case implicitly) for inclusion in future
IPCC reports.

Conclusion

Society as we know it is based upon the international trade of
goods and services, and climate change is expected to affect all
aspects of the global economic trade system. Despite the im-
portance of trade and the transport of goods on the global econ-
omy and society, little attention has been paid to this topic in
recent [IPCC assessments and special reports. Using preselected
keywords related to trade, we were able to evaluate the overall
treatment of trade within six recent (2012-2019) IPCC reports,
determining that, overall, trade is not intentionally nor compre-
hensively covered in any of the recent reports. The WGIII
(mitigation) report does the best job, discussing trade through
a focus on emissions resulting from transportation, while WGII
(impacts and adaptation) has neglected to consider the impacts,
risks, or adaptation options that will be needed to ensure a safe,
secure, and efficient global economic trade system. The lack of
attention paid to trade within the IPCC reports is surprising
considering the global importance of trade for sustainable eco-
nomic development and the focus that the United Nations
Framework Convention on Climate Change (UNFCCC) places
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on climate action within an equitable and climate-resilient de-
velopment framework [59]. Given the recent shift in the goals
of the IPCC toward solutions-oriented reporting [60, 61], the
urgency in intentionally and comprehensively assessing the role
of climate change on global economic trade, including adapta-
tion options focused on securing important supply chains, has
only increased.

Based on the results of this study and others [19, 20, 52, 54,
55], it is recommended that specific attention be paid to the
impacts of climate change on trade and transport. This should
signal a call to the academic community to concentrate research
efforts on this topic to ensure that ample literature is in circulation
for future assessment by the IPCC. It could be achieved through a
variety of efforts within the IPCC ecosystem, for example, by
devoting a cross-chapter box to climate change and economic
trade, organizing a workshop or special meeting, or at some point
in the future, by dedicating a special report to the global trade
system or to climate change and the economy more generally.
There is a large body of literature that outlines the impacts of
climate change on transport infrastructure, and this needs to be
discussed and treated more intentionally and more comprehen-
sively in future IPCC assessment and special reports. To achieve
this in the near term (i.e., for AR6), IPCC authors will be required
to review relevant literature that exists outside of the climate
change context, and which addresses the importance of trade
generally, as well as for key trade routes, potentially vulnerable
infrastructure, and key gaps in existing trade models. This will
need to involve collaborations between social and physical sci-
entists, as well as economic and IAM modelers. There is an
important opportunity within the upcoming IPCC AR6 assess-
ment report to explicitly link the importance of global economic
trade by outlining the co-benefits of mitigation and adaptation
around this theme through synergies between WGII and WGIII
and within the synthesis report. Increased explicit treatment of
global economic trade by the IPCC overall is imperative to fully
understand the impacts, risks, adaptation options, and mitigation
needs related to climate change on the trade system, which are
very likely to affect the global economy and all of society.
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