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Abstract 8 

Bibliometric analysis of the climate change and biodiversity literature has grown substantially 9 

over the past decade, yet no study has mapped this field as an evolving knowledge system 10 

across an extended time horizon using an open-access, multidisciplinary database. The present 11 

study analyses 31,977 English-language peer-reviewed articles retrieved from the OpenAlex 12 

database for the period 1990–2024, representing the largest corpus assembled on this topic to 13 

date. Annual output increased from 9 articles in 1990 to 4,638 in 2024, driven by the 14 

consolidation of international policy frameworks, the expansion of open-access publishing, and 15 

heightened public and institutional attention following the IPCC Sixth Assessment Report 16 

(2022) and the IPBES Global Assessment (2019a). The United States was the leading 17 

contributor (6,245 articles), followed by the United Kingdom (3,736), China (2,671), Germany 18 

(2,471), and Australia (2,377), while regions with the highest biodiversity and climate 19 

vulnerability , sub-Saharan Africa, the Middle East, and Southeast Asia,contributed fewer than 20 

100 articles each over 35 years. The open-access share rose from approximately 26% in 1995 21 

to 82% in 2024. Species Distribution and Climate Change was the dominant research topic 22 

across all periods (3,476 articles), while Land Use and Ecosystem Services doubled its relative 23 

share from 1.9% (2000–2009) to 3.8% (2017–2024). Co-authorship network analysis of 5,000 24 

highly cited articles revealed discrete clusters with limited inter-cluster connectivity, with 25 

Miguel B. Araújo and Wilfried Thuiller as the most central authors. Taken together, four 26 

structural properties characterise this knowledge system: temporal acceleration, geographic 27 

concentration, accessibility transformation, and thematic fragmentation. These properties have 28 

epistemic consequences that limit the field's capacity to inform global climate adaptation policy 29 

in biodiversity-rich but research-poor regions. 30 
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 34 

Introduction 35 

 36 

Climate change and biodiversity loss represent two of the most pressing environmental 37 

challenges of the twenty-first century. These crises are not independent phenomena; they 38 

interact through complex ecological feedbacks in which warming accelerates species extinction 39 

while the degradation of ecosystems reduces the capacity of nature to buffer climate change 40 

(Pörtner et al. 2021; IPCC 2022). The Intergovernmental Science-Policy Platform on 41 

Biodiversity and Ecosystem Services (IPBES) estimated that approximately one million animal 42 

and plant species are currently threatened with extinction, many within decades, at rates 43 
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unprecedented in human history (IPBES 2019a). The Sixth Assessment Report of the 44 

Intergovernmental Panel on Climate Change (IPCC) further recognised the interdependence of 45 

climate, biodiversity, and human societies, calling for integrated responses that address both 46 

crises simultaneously (IPCC 2022). 47 

The institutional foundations for such integration were established in 1992, when two landmark 48 

multilateral agreements,the United Nations Framework Convention on Climate Change 49 

(UNFCCC) and the Convention on Biological Diversity (CBD),were negotiated in parallel. 50 

However, as Gupta and Singh (2023) demonstrated through scientometric analysis, the 51 

interlinkages between climate change and biodiversity were insufficiently recognised in policy 52 

and research for nearly two decades, impairing the development of coordinated approaches. 53 

The first joint IPBES-IPCC workshop, held in December 2020, marked a turning point by 54 

producing a shared scientific assessment of how the two crises interact and how joint solutions 55 

can be pursued (Pörtner et al. 2021). 56 

Against this backdrop, the scientific literature on climate change and biodiversity has grown 57 

substantially since the early 1990s. Farooqi et al. (2022), analysing 1,965 publications from the 58 

Web of Science spanning 2000 to 2021, documented a steady increase in research output on 59 

climate change and biodiversity conservation, with thematic concentration around 60 

management, land use, and species diversity. A complementary bibliometric analysis by Tan 61 

et al. (2022) of 6,599 publications on biodiversity loss (1990–2021) confirmed the upward 62 

trajectory in scientific output while identifying persistent gaps in the representation of social 63 

sciences and economics. More recently, Adiwijaya and Rosalina (2025) reported an annual 64 

growth rate of 15.94% in publications on climate change adaptation and biodiversity resilience 65 

between 2016 and 2025, reflecting accelerating scholarly engagement with these 66 

interconnected themes. 67 

Despite this growth, several structural gaps remain. Bibliometric reviews consistently report 68 

geographic concentration of research output among a small set of developed countries, with 69 

developing nations underrepresented both in terms of publication volume and citation impact 70 

(Farooqi et al. 2022; Adiwijaya and Rosalina 2025). Thematic fragmentation across sub-71 

disciplines has also been identified as a limitation, with Mufungizi et al. (2023) noting the 72 

absence of a unifying methodological thrust across the literature on shifting ecosystems. Baidya 73 

and Saha (2024) further observed that, while research has shifted toward mitigation, adaptation, 74 

and Sustainable Development Goals (SDGs) framing, the translation of scientific knowledge 75 



into integrated policy responses remains limited. Gupta and Singh (2023) reached a similar 76 

conclusion, arguing that science and policy have not yet been fully aligned around synergistic 77 

approaches to climate and biodiversity. 78 

These observations point to a need for comprehensive, longitudinal mapping of the global 79 

research landscape on climate change and biodiversity. Bibliometric analysis provides a 80 

systematic approach to this task, enabling the identification of publication trends, leading 81 

contributors, thematic clusters, and knowledge gaps across large scientific corpora (Adiwijaya 82 

and Rosalina 2025; Mufungizi et al. 2023). However, existing bibliometric studies in this 83 

domain are largely limited in temporal scope, restricted to a single database, or focused on 84 

specific sub-themes such as marine biodiversity (Azra et al. 2022) or fisheries (Nandy et al. 85 

2024), leaving a gap in global, cross-thematic analysis over an extended time horizon. 86 

The present study addresses this gap by conducting a bibliometric analysis of peer-reviewed 87 

literature on climate change and biodiversity, drawing on the OpenAlex database,an open-88 

access, multidisciplinary scholarly index covering more than 250 million works. The analysis 89 

spans 35 years, from 1990 to 2024, encompassing 31,977 English-language articles. 90 

Specifically, this study aims to: (1) describe the temporal evolution of publication output on 91 

climate change and biodiversity from 1990 to 2024; (2) identify the leading journals, countries, 92 

and research topics; (3) examine trends in citation impact and open-access dissemination; and 93 

(4) map thematic shifts across four distinct time periods. By providing a longitudinal, database-94 

agnostic overview of this field, this study contributes to a more complete understanding of how 95 

scientific knowledge on climate change and biodiversity has developed and where research 96 

attention may need to be directed in the future. 97 

 98 

Materials and methods 99 

Study design 100 

This study adopts a bibliometric approach to map and analyse the global scientific literature on 101 

climate change and biodiversity published between 1990 and 2024. Bibliometric analysis is a 102 

well-established quantitative method for systematically examining large bodies of scientific 103 

literature through statistical indicators of publication output, citation impact, and intellectual 104 

structure (Donthu et al. 2021; Passas 2024). It enables the identification of temporal trends, 105 

leading contributors, thematic clusters, and knowledge gaps across a defined research domain 106 



without relying on subjective content appraisal (Moral-Munoz et al. 2020). This approach has 107 

been applied in a growing number of environmental science reviews, including studies on 108 

climate change (Haunschild et al. 2016; Wang et al. 2018) and biodiversity loss (Tan et al. 109 

2022; Mufungizi et al. 2023). 110 

Data source 111 

Data were retrieved from OpenAlex (openalex.org), an open-access bibliographic database 112 

developed by OurResearch and covering more than 250 million scholarly works indexed from 113 

multiple sources including Crossref, PubMed, and institutional repositories (Priem et al. 2022). 114 

OpenAlex provides standardised metadata including title, publication year, source, authorship 115 

with country affiliations, citation counts, open-access status, and topic classifications. 116 

Compared to subscription-based databases such as Web of Science and Scopus, OpenAlex 117 

offers broader coverage, full programmatic access, and unrestricted data export, making it 118 

particularly suited to large-scale bibliometric analyses (Priem et al. 2022). Previous 119 

bibliometric studies on related themes have used Scopus (Gupta and Singh 2023; Wang et al. 120 

2018), Web of Science (Tan et al. 2022; Farooqi et al. 2022), and Dimensions (Mufungizi et 121 

al. 2023) as primary sources; the use of OpenAlex in the present study therefore extends 122 

coverage beyond what any single subscription-based database would allow. 123 

Search strategy 124 

The literature search was conducted between May and December 2024 using the OpenAlex 125 

web interface. The search query combined the two core concepts using Boolean operators: 126 

"climate change" AND "biodiversity". The search was applied to title and abstract fields. No 127 

subject-area filter was applied in order to capture the full interdisciplinary scope of the topic. 128 

The search was restricted to peer-reviewed journal articles (document type: article) published 129 

in the English language. Records were exported in CSV format for subsequent processing. 130 

Inclusion and exclusion criteria 131 

The following criteria were applied to screen the retrieved records. Articles were included if 132 

they: (1) were classified as peer-reviewed journal articles; (2) were published in English; and 133 

(3) had a publication year falling within the study window of 1990 to 2024. Records were 134 

excluded if they: (1) had been flagged as retracted in OpenAlex; (2) were published in a 135 

language other than English; or (3) had no retrievable title. No minimum citation threshold was 136 

applied so as to avoid introducing a recency bias that would systematically disadvantage 137 

articles published in the final years of the study window. The application of these criteria is 138 



consistent with standard practice in bibliometric analyses of environmental science literature 139 

(Donthu et al. 2021; Mufungizi et al. 2023). 140 

Data cleaning and screening 141 

All data processing was performed in R (version 4.5) using the tidyverse package. Following 142 

export from OpenAlex, the dataset was screened sequentially. Retracted articles (n = 10) were 143 

identified using the is_retracted field and removed. Non-English records (n = 1,145) were 144 

identified using the language field and excluded. Records with missing titles (n = 16) were 145 

excluded. After screening, a total of 31,977 articles were retained for analysis. Figure 1 presents 146 

the data collection and screening flowchart following standard bibliometric reporting practice 147 

(Passas 2024). No duplicates were identified in the OpenAlex export, as each record carries a 148 

unique persistent identifier. 149 

Analytical framework 150 

The analysis was structured into two complementary components, following the framework 151 

outlined by Donthu et al. (2021) and Moral-Munoz et al. (2020). 152 

Performance analysis examined the quantitative dimensions of the literature, including: annual 153 

publication output and growth trends (1990–2024); the distribution of output across journals, 154 

countries, and research topics; citation impact per article over time; and the evolution of open-155 

access publishing in the field. 156 

Science mapping examined the intellectual structure and thematic organisation of the literature, 157 

including: a keyword co-occurrence network constructed from article titles using the ggraph 158 

package in R; a thematic evolution analysis across four time periods (1990–1999, 2000–2009, 159 

2010–2016, 2017–2024) visualised as an alluvial diagram using ggalluvial; a co-authorship 160 

network analysis conducted in VOSviewer (version 1.6.20) based on a subset of 5,000 highly 161 

cited articles; and a choropleth world map of publication output by country using rnaturalearth. 162 

All visualisations were produced at 300 dpi using ggplot2 in R with Times New Roman 163 

typeface to ensure compatibility with journal submission requirements. Country-level ISO 164 

codes were harmonised using the countrycode package, and country names were matched to 165 

world map polygons using the adm0_a3 identifier from the Natural Earth dataset. 166 

Limitations 167 

This study is subject to several methodological limitations. First, the analysis is restricted to 168 

English-language articles, which may underrepresent research published in other languages. 169 



Second, although OpenAlex provides broad coverage, its topic classifications are 170 

algorithmically assigned and may not fully capture the thematic content of individual articles. 171 

Third, the keyword co-occurrence analysis was based on title words rather than author-defined 172 

keywords, as the latter were not systematically available in the OpenAlex export. This approach 173 

is acknowledged as a second-best proxy for keyword analysis (Moral-Munoz et al. 2020). 174 

Fourth, citation counts are influenced by the age of publications; articles from earlier years 175 

have had more time to accumulate citations, which should be considered when interpreting 176 

citation trends.  177 

 178 

 179 

Figure. 1. A conceptual framework showing the steps of scientometric analysis which were used in this study. 180 

Results 181 

Annual publication trends (1990–2024) 182 

A total of 31,977 peer-reviewed articles on climate change and biodiversity were retrieved from 183 

the OpenAlex database for the period 1990–2024. Annual publication output increased across 184 

the study window, with the rate of growth varying markedly between periods (Figure 2). Output 185 

was low during the 1990s, rising from 9 articles in 1990 to 27 in 1995 and 86 in 2000. A more 186 

pronounced increase was observed from the mid-2000s: 279 articles were recorded in 2005, 187 



rising to 883 in 2010. Output continued to rise in the following decade, reaching 1,284 in 2015, 188 

2,353 in 2020, and 4,638 in 2024. 189 

 190 

Figure 2. Annual publication trends on climate change and biodiversity (OpenAlex database 191 

1990–2024; n = 31,977). 192 

Leading journals and countries 193 

Publication output was distributed across a large number of journals, with the top 15 accounting 194 

for a substantial share of the corpus. Global Change Biology ranked first with 444 articles, 195 

followed by The Science of the Total Environment (367) and PLoS ONE (366). Sustainability 196 

contributed 321 articles, and Biological Conservation 275. The remaining journals in the top 197 

15 ranged between 166 and 232 articles: Ecological Indicators (232), Conservation Biology 198 

(224), Scientific Reports (222), Diversity and Distributions (221), Forest Ecology and 199 

Management (218), Ecology and Evolution (218), Biodiversity and Conservation (211), 200 

Forests (178), Proceedings of the National Academy of Sciences (172), and Journal of 201 

Biogeography (166) (Figure 3). 202 



 203 

Figure 3. Top 15 journals publishing on climate change and biodiversity (peer-reviewed 204 

journals only 1990–2024). 205 

At the country level, the United States was the leading contributor with 6,245 publications, 206 

followed by the United Kingdom (3,736), China (2,671), Germany (2,471), and Australia 207 

(2,377). France (1,685), Canada (1,630), Spain (1,477), Italy (1,452), and India (1,380) 208 

comprised the next tier. Brazil ranked eleventh with 1,201 articles. The remaining countries in 209 

the top 20 were the Netherlands (1,103), Switzerland (991), Sweden (919), South Africa (877), 210 

Denmark (729), Portugal (664), Finland (630), Norway (625), and Belgium (609) (Figure 4). 211 

The global distribution of output, mapped by country of affiliation, showed a strong 212 

concentration in North America, Western Europe, and parts of Asia and Australasia, with 213 

comparatively low output across most of Africa, the Middle East, and Central and Southeast 214 

Asia (Figure 5). 215 



 216 

Figure 4. Top 20 countries by publication output in climate change and biodiversity research 217 

(1990–2024). 218 

 219 



Figure 5. Global distribution of climate change and biodiversity research by country of 220 

affiliation (OpenAlex database 1990–2024). 221 

Citation impact and open-access trends 222 

Mean citations per article varied considerably across publication years (Figure 6). Articles 223 

published in 1995 had the highest mean citation count (116), followed by those published in 224 

2005 (101) and 2006 (approximately 103). Articles from 2000 averaged 95 citations and those 225 

from 2010 averaged 69. The mean fell to 46 for articles published in 2015 and to 31 for those 226 

published in 2020, declining further to 7 for 2024. The median citation count, represented by 227 

the dashed line, remained substantially lower than the mean across all years and showed less 228 

variation over time, indicating a right-skewed distribution of citations within each publication 229 

year cohort. 230 

 231 

Figure 6. Average citations per article over time in climate change and biodiversity research 232 

(1990–2024). Bars represent mean values; dashed line represents median values. 233 

The proportion of open-access articles increased over the study period, though not 234 

monotonically (Figure 7). Open-access share fluctuated between approximately 15% and 35% 235 

during the 1990s, with values of 26% recorded in 1995 and 30% in 2000. The proportion 236 

remained relatively stable through the mid-2000s, standing at 31% in 2005, before rising more 237 

consistently from 2010 onward. Open-access share reached 39% in 2010 and 56% in 2015. The 238 

upward trend continued through the most recent years, reaching 75% in 2020 and 82% in 2024. 239 



 240 

Figure 7. Growth of open-access publications over time in climate change and biodiversity 241 

research (1990–2024). 242 

Research topics 243 

The OpenAlex topic classification identified 12 principal research topics within the corpus 244 

(Figure 8). Species Distribution and Climate Change was the most represented topic, 245 

accounting for 3,476 articles. Land Use and Ecosystem Services ranked second with 1,091 246 

articles, followed by Ecology and Vegetation Dynamics Studies (1,080) and Conservation, 247 

Biodiversity, and Resource Management (964). Forest Management and Policy comprised 658 248 

articles, Coral and Marine Ecosystems Studies 593, Fire Effects on Ecosystems 541, Plant and 249 

Animal Studies 502, Fish Ecology and Management Studies 435, Coastal and Marine 250 

Management 384, Geology and Paleoclimatology Research 398, and Coastal Wetland 251 

Ecosystem Dynamics 347. 252 



 253 

Figure 8. Top 12 research topics in climate change and biodiversity literature (OpenAlex 254 

database 1990–2024). 255 

Keyword co-occurrence and co-authorship networks 256 

The keyword co-occurrence network, constructed from article title terms, identified six main 257 

clusters (Figure 9). The largest node in the network was ecosystem, followed by diversity, 258 

forests, and carbon. Terms relating to spatial and distributional analysis,including distribution, 259 

spatial, patterns, and modelling,formed a distinct cluster (Cluster 17, green nodes), positioned 260 

toward the left of the network. A second cluster (Cluster 4, purple nodes) grouped terms 261 

associated with sustainable development and agriculture, including sustainable, development, 262 

management, and goals. A third cluster (Cluster 5, orange nodes) was characterised by carbon-263 

related terms such as carbon, sequestration, organic, and systems. Cluster 12 (red nodes) 264 

centred on plant diversity and natural resources. Cluster 6 (yellow nodes) was a smaller 265 

grouping around urban and green infrastructure terms. The remaining terms, spanning marine, 266 

tropical, community, adaptation, and mitigation, were distributed across the network without 267 

forming tightly defined clusters. 268 



 269 

Figure 9. Keyword co-occurrence network based on article title terms in climate change and 270 

biodiversity research (OpenAlex database 1990–2024). Node size reflects word frequency; 271 

colours indicate research clusters. 272 

The co-authorship network, generated in VOSviewer from a subset of 5,000 highly cited 273 

articles, identified several discrete author clusters with limited inter-cluster connectivity 274 

(Figure 10). Miguel B. Araújo and Wilfried Thuiller emerged as the two most central authors, 275 

with the largest node sizes in the network and connections to multiple co-authorship clusters. 276 

Richard G. Pearson formed a distinct cluster with Damien A. Fordham and Barry W. Brook. A 277 

separate cluster linked Andrew Balmford, Rhys E. Green, Brian Huntley, and Phoebe Barnard. 278 

Rob Alkemade, Michel Bakkenes, Piero Visconti, and Stuart H. M. Butchart formed another 279 

grouping. Boris Leroy, Olivier Broennimann, Christophe F. Randin, and T. Jonathan Davies 280 

were positioned within the cluster centred on Thuiller. Guy F. Midgley, Lee Hannah, Lian Pin 281 

Koh, and David M. J. S. Bowman comprised further clusters with fewer inter-connections. 282 



 283 

Figure 10. Author co-authorship network based on a subset of 5,000 highly cited articles 284 

(VOSviewer; threshold: minimum 5 documents and 25 citations). 285 

Thematic evolution across four time periods 286 

The alluvial diagram presents the distribution of publications across the top eight topics for 287 

each of four time periods: 1990–1999, 2000–2009, 2010–2016, and 2017–2024 (Figure 11). In 288 

the earliest period (1990–1999), topics were relatively evenly distributed, with Conservation 289 

and Biodiversity, Ecology and Vegetation Dynamics, and Species Distribution and Climate 290 

Change each accounting for 3.9% of publications in that period. Sustainable Development and 291 

Policy contributed 3.1%, Forest Management and Policy 3.1%, Energy and Sustainability 292 

2.1%, Geology and Paleoclimatology 1.8%, and Climate Change Policy and Economics 1.8%. 293 

In the period 2000–2009, Species Distribution and Climate Change increased its share to 9.7%, 294 

becoming the dominant topic. Ecology and Vegetation Dynamics rose to 4.2%, Conservation 295 

and Biodiversity remained at 3.7%, and Forest Management and Policy accounted for 2.6%. 296 

Climate Change Policy and Economics (2.4%), Coral and Marine Ecosystems (1.7%), Fire 297 

Effects on Ecosystems (2.1%), and Land Use and Ecosystem Services (1.9%) were also 298 

represented. 299 

The period 2010–2016 was characterised by a further increase in the share of Species 300 

Distribution and Climate Change, which reached 12.9%,the highest proportion recorded for 301 

any single topic across all periods. Conservation and Biodiversity rose to 3.6%, Land Use and 302 

Ecosystem Services to 3.0%, and Ecology and Vegetation Dynamics to 3.3%. Coral and Marine 303 

Ecosystems (1.9%), Forest Management and Policy (2.2%), Fish Ecology and Management 304 

(1.7%), and Fire Effects on Ecosystems (1.4%) were also present. 305 

In the most recent period (2017–2024), Species Distribution and Climate Change declined 306 

slightly to 10.4%, while Land Use and Ecosystem Services rose to 3.8%. Conservation and 307 



Biodiversity accounted for 2.7%, Ecology and Vegetation Dynamics for 3.3%, Coral and 308 

Marine Ecosystems for 1.9%, Forest Management and Policy for 1.9%, Fire Effects on 309 

Ecosystems for 1.8%, and Plant and Animal Studies for 1.8%. 310 

 311 

Figure 11. Thematic evolution of climate change and biodiversity research across four time 312 

periods (OpenAlex database 1990–2024; n = 31,977; top 8 topics per period). 313 

Discussion 314 

Defining the climate-biodiversity research nexus 315 

None of the reviewed bibliometric analyses have explicitly defined the structure of the climate 316 

change and biodiversity research field as an evolving knowledge system. The present corpus 317 

of 31,977 articles, spanning 1990–2024, provides a basis for such a definition. Four structural 318 

properties emerge from the analysis, summarized in Table 1: (i) temporal acceleration, (ii) 319 

geographic concentration, (iii) accessibility transformation, and (iv) thematic fragmentation. 320 

These properties are not merely descriptive statistics; they constitute the defining 321 

characteristics of how scientific knowledge on climate change and biodiversity is produced, 322 

distributed, and organized. 323 

Table 1. Four structural properties of the climate-biodiversity knowledge system (1990–324 

2024). 325 

Structural Property Description Key Evidence Epistemic Consequence 

Temporal 

Acceleration 

Exponential growth in 

annual output from 9 articles 

(1990) to 4,638 (2024) 

Policy frameworks 

(IPCC, IPBES), open-

access expansion, 

heightened institutional 

attention 

Field has transitioned 

from emergent to mature, 

institutionalised domain 

of inquiry 



Structural Property Description Key Evidence Epistemic Consequence 

Geographic 

Concentration 

Five countries (US, UK, 

China, Germany, Australia) 

dominate output; sub-

Saharan Africa, Middle East, 

and SE Asia each contribute 

<100 articles over 35 years 

US leads with 6,245 

articles; highest-

biodiversity regions 

severely underrepresented 

Evidence base 

insufficient to inform 

adaptation policy in 

biodiversity-rich, 

research-poor regions 

Accessibility 

Transformation 

Open-access share rose from 

~26% (1995) to 82% (2024) 

Funder mandates, growth 

of fully open journals 

(PLoS ONE, Ecology and 

Evolution), preprint 

repositories 

Improved knowledge 

uptake in regions with 

limited institutional 

subscriptions; partially 

mitigates geographic 

imbalance 

Thematic 

Fragmentation 

Species Distribution 

dominates (3,476 articles); 

co-authorship network shows 

discrete, weakly connected 

clusters 

Araújo and Thuiller most 

central; limited inter-

cluster connectivity 

across sub-disciplines 

Collaborative architecture 

ill-suited to produce the 

integrated cross-

disciplinary assessments 

required by IPBES-IPCC 

initiatives 

 326 

Temporal acceleration is the most immediately visible property. Annual output increased from 327 

9 articles in 1990 to 4,638 in 2024, representing the largest corpus assembled on this topic to 328 

date in a single bibliometric study. This trajectory is broadly consistent with the exponential 329 

growth documented in adjacent fields (Fu and Waltman 2022; Sánchez Castillo 2025; Nunes 330 

and Ferreira Dias 2022), and mirrors patterns observed in bibliometric studies of related topics 331 

such as climate change literacy (Suhaimi and Mahmud 2022), environmental behaviour (Wang 332 

et al. 2025), and climate change and food security (Ray 2024). Within more specific subfields, 333 

Li et al. (2024) found that 95.89% of all publications on climate change and agriculture 334 

appeared after 2007, and Wu et al. (2025) reported that research on climate change risks to 335 

species and ecosystems exceeded 200 papers annually only from 2019 onward. This 336 

acceleration is attributable to three converging drivers: the establishment of major international 337 

policy frameworks,notably the UNFCCC and the CBD in 1992, followed by successive 338 

assessment cycles of the IPCC and IPBES,which created sustained institutional demand for 339 

scientific evidence (Pörtner et al. 2021); the expansion of open-access publishing and 340 

bibliographic databases such as OpenAlex, which lowered barriers to entry; and the 341 

intensification of public and funding agency attention following the IPCC Sixth Assessment 342 

Report (2022) and the IPBES Global Assessment (2019a). These drivers are not unique to the 343 

present corpus: Farooqi et al. (2022), analysing 1,965 publications for the period 2000–2021, 344 

also noted a sharp increasing trend of 47.49% in the final years of their study window. The 345 

sustained nature of this acceleration over three decades, rather than a transient spike, suggests 346 

that the climate-biodiversity nexus has transitioned from an emergent to a mature research 347 

field,one that now operates as a permanent, institutionalized domain of inquiry. 348 

Geographic concentration as structural inequality 349 

The geographic distribution of publications in the present corpus was markedly uneven. The 350 

United States contributed 6,245 articles,nearly double the output of the second-ranked country, 351 

the United Kingdom (3,736),followed by China (2,671), Germany (2,471), and Australia 352 

(2,377). This concentration is consistent with findings across multiple bibliometric analyses: 353 

Farooqi et al. (2022) reported that the United States ranked first globally in their climate change 354 



and biodiversity corpus, while Europe and North America together accounted for 54% of 355 

contributions from the top 20 countries; Fu and Waltman (2022) found that the United States 356 

alone contributed to 73% of articles in their large-scale climate change corpus; and Li et al. 357 

(2024) similarly reported that eight of the top ten influential countries in climate change and 358 

agriculture research were developed Western nations. 359 

The asymmetry is especially striking given that regions with the highest biodiversity and 360 

greatest climate exposure,sub-Saharan Africa, the Middle East, and Southeast Asia,contributed 361 

fewer than 100 articles each over the 35-year study window. Biodiversity loss in these regions 362 

carries profound consequences for ecosystem function and human well-being (Cardinale et al. 363 

2012; Díaz et al. 2019). This is not merely a statistical bias; it is a structural feature of the 364 

global knowledge system (Amano et al. 2023; Khelifa et al. 2021). Urban (2015), whose 365 

projections of extinction risk under climate change have been widely cited, noted that 60% of 366 

available predictions were geographically centred on North America and Europe,precisely the 367 

regions with the highest publication output in the present corpus. Amano et al. (2023) attributed 368 

part of this asymmetry to the structural disadvantages faced by non-native English speakers in 369 

publishing in international journals, while Khelifa et al. (2021) demonstrated that the Global 370 

South is strikingly underrepresented among top-publishing researchers in ecology, and 371 

Husamah et al. (2025) associated diminished publication outputs in certain countries with 372 

inadequate research funding. 373 

The practical consequences of this imbalance extend beyond bibliometric statistics. When 374 

scientific knowledge is generated predominantly in and for the Global North, the evidence base 375 

available to inform climate adaptation policy in biodiversity-rich but research-poor regions 376 

remains systematically inadequate (Amano et al. 2023; Khelifa et al. 2021). Parron et al. 377 

(2025), examining economic valuation of ecosystem services, similarly found a limited number 378 

of studies from developing countries, particularly within Africa. Addressing this gap requires 379 

not only increased research funding in underrepresented regions, but also epistemic 380 

decolonization: the deliberate inclusion of local and indigenous ecological knowledge in 381 

international assessments. The present corpus, restricted to English-language articles, likely 382 

underestimates this underrepresentation,a limitation returned to in section 4.7. 383 

The open-access transition and its epistemic implications 384 

The proportion of open-access articles in the present corpus rose from approximately 26% in 385 

1995 to 82% in 2024,one of the most pronounced structural shifts identified in this analysis. 386 

The early figures are consistent with broader estimates from the scholarly literature: Tennant 387 

et al. (2016) reported that approximately 24% of English-language scholarly documents were 388 

available as open access as of 2013, while Piwowar et al. (2018) estimated that at least 28% of 389 

the total scholarly literature was open access, with the most recent year in their analysis (2015) 390 

reaching 45%. The present study extends this trajectory forward by nine years, documenting a 391 

sustained acceleration that brings the open-access share in this field to over 80% by 2024. 392 

Several interacting factors account for this trajectory: the proliferation of open-access mandates 393 

from major research funders in Europe and North America; the expansion of fully open journals 394 

such as PLoS ONE (which ranked third in the present corpus) and Ecology and Evolution; and 395 

the growth of preprint repositories. Open access has been shown to improve research visibility, 396 

citation uptake, and, crucially, equity of access for researchers in resource-limited settings 397 

(McKiernan et al. 2016; Chan et al. 2020). The high open-access proportion in 2024 is also 398 

partly attributable to the nature of OpenAlex as a data source, which indexes institutional 399 



repositories and preprint servers in addition to journals, thereby capturing open versions of 400 

articles that subscription-based databases may not count as open access. The preservation of 401 

open-access principles in scholarly publishing, and the need to distinguish legitimate open 402 

journals from predatory outlets, remain ongoing concerns for the research community (Wyatt 403 

2019; Hocking 2013). The implications of this transition transcend metrics: knowledge uptake 404 

in underrepresented regions, where institutional subscriptions are limited, depends critically on 405 

this accessibility. The climate-biodiversity literature has transitioned from predominantly 406 

paywalled to predominantly freely accessible,a shift that may partially mitigate the geographic 407 

concentration documented in section 4.2, though it cannot compensate for the absence of 408 

locally generated research. 409 

Citation dynamics and the temporal bias in evaluating impact 410 

Mean citations per article followed a declining trend in the present corpus, from 116 citations 411 

for articles published in 1995 to 69 in 2010, 31 in 2020, and 7 in 2024. This pattern is a well-412 

documented artefact of citation accumulation dynamics rather than an indicator of declining 413 

scientific quality: articles published more recently have had less time to accumulate citations 414 

compared to older works (Wuchty et al. 2007). Alaoui et al. (2024) reported a near-identical 415 

pattern in their climate change corpus, with average citations falling from 221 per article in 416 

2013 to 2.55 in 2023. The wide gap between mean and median citation values observed across 417 

all years in the present data further indicates a right-skewed distribution within each cohort, 418 

consistent with the observation by Leimu and Koricheva (2005) that citation distributions in 419 

ecology are characteristically long-tailed. 420 

This temporal bias carries methodological consequences for the present analysis. The co-421 

authorship network, constructed from highly cited articles, systematically excludes recent and 422 

less-cited work,which may include contributions from underrepresented regions. The apparent 423 

centrality of established authors may thus be partly an artefact of time rather than solely a 424 

reflection of influence (Larivière and Costas 2016; Ansorge 2022), a caveat that should be 425 

borne in mind when interpreting the network findings reported in section 4.6. It should also be 426 

noted that citation-based indicators such as the h-index (Hirsch 2005) are themselves subject 427 

to field-specific norms and temporal accumulation effects that further complicate cross-cohort 428 

comparisons. 429 

Thematic evolution and the problem of integration 430 

Species Distribution and Climate Change was the dominant topic across all four time periods 431 

analysed, accounting for 3,476 articles in total and reaching its highest share of 12.9% in 2010–432 

2016 before declining slightly to 10.4% in 2017–2024. This sustained prominence reflects the 433 

foundational importance of understanding how species ranges shift in response to warming 434 

temperatures,a research agenda underpinned by evidence that climate change threatens a 435 

substantial proportion of global biodiversity through range contractions, phenological 436 

mismatches, and increased extinction risk (Bellard et al. 2012),and given early momentum by 437 

Parmesan and Yohe (2003), who reported that range limits had moved on average 6.1 km per 438 

decade northward across 99 species, and by Thomas et al. (2004), whose projections for 1,103 439 

animal and plant species indicated that 15–37% could be committed to extinction under mid-440 

range warming scenarios by 2050, and by Chen et al. (2011), who documented that species had 441 

shifted their ranges poleward and upward in elevation at rates exceeding earlier estimates. The 442 

scale of species distribution modelling in the present corpus is consistent with estimates from 443 

Araújo et al. (2019), who found more than 6,000 studies using or mentioning species 444 



distribution models over the preceding two decades, reflecting a maturing methodological 445 

tradition that has moved from simple bioclimatic envelopes toward ensemble approaches 446 

(Araújo and Peterson 2012) and increasingly accounts for biodiversity redistribution at a global 447 

scale (Pecl et al. 2017). 448 

The rise of Land Use and Ecosystem Services from 1.9% of publications in 2000–2009 to 3.8% 449 

in 2017–2024 reflects a broader shift toward integrated, solutions-oriented framing, consistent 450 

with the growing body of ecosystem services research that has expanded substantially since 451 

the early 2000s (Gangahagedara et al. 2021). The IPBES Global Assessment (2019a) estimated 452 

that approximately 75% of the global land surface has been significantly altered by human 453 

activities, while Newbold et al. (2015) estimated that land-use pressures had already reduced 454 

within-sample species richness by an average of 13.6% globally. Leclère et al. (2020) further 455 

demonstrated that bending the curve of terrestrial biodiversity loss requires an integrated 456 

strategy combining supply-side and demand-side measures alongside protection. Seddon et al. 457 

(2020) noted that land use and agriculture accounted for approximately 23% of total net 458 

anthropogenic greenhouse gas emissions during 2007–2016, reinforcing the case for 459 

integrating land management into climate and biodiversity research. The growing 460 

representation of this topic in the present corpus is consistent with the Kunming-Montreal 461 

Global Biodiversity Framework (2022), which formalised the recognition that halting 462 

biodiversity loss requires addressing land-use change alongside climate mitigation, and with 463 

evidence that biodiversity underpins the ecosystem services on which human societies depend 464 

(Isbell et al. 2017). The relative stability of Conservation and Biodiversity across all four 465 

periods,ranging between 2.7% and 3.9%,indicates that conservation-oriented research has 466 

maintained a consistent presence, reflecting decades of scientific and policy emphasis on 467 

protecting a sufficient proportion of the Earth’s surface and ecosystems (MEA 2005; Dinerstein 468 

et al. 2019), alongside mid-term assessments indicating slow progress toward international 469 

biodiversity targets (Tittensor et al. 2014), without the marked acceleration seen in 470 

distributional ecology, while the emergence of Coral and Marine Ecosystems as a distinct 471 

thematic cluster from 2000–2009 onward reflects the growing body of evidence on coral 472 

bleaching and marine biodiversity loss driven by ocean warming and acidification (IPCC 2022; 473 

Worm et al. 2006). 474 

Taken together, the thematic evolution of the corpus reveals a gradual broadening of the field 475 

rather than deep integration. Thematic areas proliferate, but the collaborative architecture 476 

required to produce genuinely cross-cutting assessments remains limited,a point developed 477 

further in section 4.6. 478 

Co-authorship structure and knowledge networks 479 

The co-authorship network derived from a subset of 5,000 highly cited articles identified 480 

Miguel B. Araújo and Wilfried Thuiller as the two most central authors, with the largest node 481 

sizes and connections spanning multiple clusters. This finding is consistent across several 482 

independent analyses: Mufungizi et al. (2023) identified Thuiller as the most prominent author 483 

in shifting ecosystem research, and Wu et al. (2025) similarly found Thuiller among the top 484 

three authors in their co-citation network. The prominence of Araújo is further reflected in the 485 

co-authorship of widely cited methodological papers, including the consensus statement on 486 

standards for distribution models in biodiversity assessments (Araújo et al. 2019), while 487 

Thuiller and colleagues have made fundamental contributions to ensemble modelling of 488 

biodiversity scenarios under climate change (Thuiller et al. 2019). The concentration of 489 

influence in a small number of individuals is consistent with the structural properties of 490 



scientific collaboration networks more generally: Newman (2004) observed that co-authorship 491 

networks in science typically contain a small number of highly influential individuals alongside 492 

many peripheral actors, a pattern that Wuchty et al. (2007) linked to the increasing dominance 493 

of teams in the production of highly cited knowledge. 494 

The network was characterised by discrete clusters with limited inter-cluster connectivity. 495 

Similar fragmentation was identified by Mufungizi et al. (2023), who found minimal 496 

collaboration between organisations in the shifting ecosystems literature and attributed this to 497 

the contextualisation of research within specific regional or disciplinary traditions. Wu et al. 498 

(2025) likewise observed that authors in climate change risk research tended to collaborate in 499 

small teams with limited connections between groups. This fragmentation is not merely a social 500 

network property; it is an epistemic problem. The IPBES-IPCC co-sponsored initiatives 501 

(Pörtner et al. 2021) explicitly call for integrated assessments of climate change and 502 

biodiversity loss, yet the collaborative architecture of the field remains ill-suited to produce 503 

them. Cross-cluster collaboration,between specialists in species distribution modelling, coral 504 

reef ecology, and land-use science,is necessary to address the "wicked problem" of 505 

simultaneous climate and biodiversity crises (cf. Lönngren and Van Poeck 2021). 506 

Synthesis: the climate-biodiversity knowledge system as a shifting ecosystem 507 

The four structural properties identified above,temporal acceleration, geographic 508 

concentration, accessibility transformation, and thematic fragmentation,do not operate 509 

independently. They constitute an interconnected system with emergent properties that mirror 510 

the very phenomena it studies. Just as shifting ecosystems undergo changes in composition, 511 

structure, and function (Mufungizi et al. 2023), the climate-biodiversity research field exhibits 512 

compositional shifts (the rise of open-access publishing and new thematic clusters), structural 513 

asymmetry (the geographic concentration of production and the compartmentalization of 514 

collaboration), and functional consequences (the inadequacy of the knowledge base for policy 515 

and management in biodiversity-rich, research-poor regions). 516 

The field itself is a shifting ecosystem of knowledge,one that has reached sufficient scale to be 517 

self-sustaining, yet remains structurally imbalanced in ways that limit its capacity to inform 518 

global adaptation. The critical threshold of this knowledge system is not bibliometric but 519 

epistemic: the point at which the geographic and thematic fragmentation documented here 520 

becomes a permanent constraint on the field's policy relevance. 521 

Limitations and future directions 522 

Several limitations of the present analysis should be noted. First, the restriction to English-523 

language articles may exclude research published in other languages, potentially amplifying 524 

the underrepresentation of non-Anglophone regions documented in section 4.2; Amano et al. 525 

(2023) demonstrated that non-native English speakers face substantial additional effort in 526 

preparing manuscripts for international journals, and Khelifa et al. (2021) showed that 527 

monolingual searches can systematically bias the results of global literature reviews. Second, 528 

the OpenAlex topic classifications used here are algorithmically assigned and may not fully 529 

capture the thematic content of individual articles; interdisciplinary articles spanning multiple 530 

topics may be assigned to a single category in ways that obscure their actual scope. Third, the 531 

keyword co-occurrence analysis was based on title terms rather than author-defined keywords, 532 

as the latter were not available for all records in the OpenAlex export; this approach provides 533 

a useful approximation of thematic structure but is a second-best proxy, as acknowledged by 534 



Moral-Muñoz et al. (2020). Fourth, the co-authorship network was constructed from a subset 535 

of 5,000 highly cited articles rather than the full corpus, meaning that less-cited work,which 536 

may include contributions from underrepresented regions,is not reflected in the network 537 

structure. Fifth, citation counts for articles published after 2020 are subject to an accumulation 538 

lag that reduces their apparent impact relative to earlier publications, as discussed in section 539 

4.4. 540 

Future research should address the epistemic gap identified in section 4.2 through deliberate 541 

strategies to amplify underrepresented voices,including multilingual searches, partnerships 542 

with institutions in the Global South, and the systematic integration of local and indigenous 543 

ecological knowledge into international assessments,and the integration gap identified in 544 

section 4.6 through cross-cluster collaborative frameworks. Without such interventions, the 545 

climate-biodiversity knowledge system risks becoming a self-referential domain: prolific in 546 

output but limited in global relevance. 547 

Conclusion 548 

This study provides a longitudinal bibliometric mapping of the global research landscape on 549 

climate change and biodiversity across 35 years (1990–2024), drawing on 31,977 peer-550 

reviewed articles from the OpenAlex database. The analysis reveals four defining structural 551 

properties of this knowledge system: sustained temporal acceleration, marked geographic 552 

concentration, a pronounced open-access transition, and persistent thematic fragmentation. 553 

Publication output grew from 9 articles in 1990 to 4,638 in 2024, a trajectory driven by the 554 

consolidation of international policy frameworks, expanded database coverage, and heightened 555 

institutional attention to the climate-biodiversity nexus. This scale of growth confirms that the 556 

field has transitioned from an emergent to a mature, institutionalized domain of scientific 557 

inquiry. However, the benefits of this growth are unevenly distributed: five countries,the 558 

United States, the United Kingdom, China, Germany, and Australia,account for a 559 

disproportionate share of total output, while regions with the highest biodiversity and climate 560 

vulnerability remain systematically underrepresented. This geographic asymmetry has direct 561 

consequences for the adequacy of the evidence base available to inform adaptation policy in 562 

biodiversity-rich but research-poor regions. 563 

The open-access share of the literature rose from approximately 26% in 1995 to 82% in 2024, 564 

representing a structural shift with potential distributional benefits for knowledge uptake in 565 

regions with limited institutional subscriptions. Thematically, Species Distribution and Climate 566 

Change remained the dominant topic throughout the study period, while Land Use and 567 

Ecosystem Services doubled its relative share between 2000–2009 and 2017–2024, reflecting 568 

a gradual broadening toward integrated, solutions-oriented research. Co-authorship network 569 

analysis revealed a field organised around discrete, weakly connected clusters,a structure that 570 

constrains the cross-disciplinary collaboration required to produce the integrated assessments 571 

called for by IPBES-IPCC initiatives. 572 

Taken together, these findings characterise the climate-biodiversity knowledge system as one 573 

that is robust in volume but structurally imbalanced in both geography and thematic 574 

connectivity. Addressing these imbalances,through targeted investment in underrepresented 575 



regions, multilingual literature searches, and deliberate cross-cluster collaboration,is a 576 

precondition for a globally relevant scientific response to the dual crises of climate change and 577 

biodiversity loss. 578 
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