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Abstract 
 
Interactions between researchers and practitioners can lead to the increased use of climate 
science in decision-making. Past studies on these interactions have focused on the information 
needs of decision-makers, but less is known about why and how climate researchers choose to 
engage with decision-makers. Understanding the experiences, beliefs and constraints on both 
sides of the µknowledge-action gap¶ is critical for implementing robust climate adaptation 
strategies. This study thus examines the perspectives and experiences of researchers regarding 
practitioner engagement, drawing from an original surve\ of California¶s climate research 
community (N=991) and supplemental interviews. Given a history of support for climate 
research and climate change adaptation, analysis of the California case is useful as a means of 
characterizing the relationship between climate research and practitioner engagement. We find 
that most scientists want to engage more with practitioners but are constrained by several factors, 
including resource limitations and the challenge of building relationships. Additionally, we find 
that the level of interest and frequency of engagement with stakeholders varies significantly 
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across academic disciplines. We demonstrate that building capacity within research 
organizations and integrating stakeholder engagement in funding criteria and professional 
development can help foster relationship-building between scientists and decision-makers. The 
analysis suggests that the social structure of climate research warrants further examination of the 
ways that climate researchers relate to practitioners at present. 
 
Keywords 
co-production; sociology of science; science production; climate change adaptation; climate 
services  
 
 
1. Introduction 
 
Despite major advances in scientific understanding of climate change and increasingly dire 
projections of the consequences of such changes, efforts to address climate change appear 
insufficient when compared to projected impacts (IPCC 2018, Masson-Delmotte, et al., 2018; 
Moser et al., 2017). Seeking to explain this ³knowledge-action gap´ (Kirchhoff et al., 2015b; 
O¶Brien, 2013), scholars have examined the relationship between the production of climate 
change knowledge and its use by policy makers and resource managers (Buizer et al., 2016; Cash 
et al., 2006; Lemos, 2015; Lemos et al., 2014, 2012; McNie, 2007; Sarewitz and Pielke, 2007). 
This scholarship outlines that climate information ma\ be most useful when it is ³co-produced´ 
by researchers and decision-makers. Analyses of a ³co-production´ paradigm, however, have 
primarily focused on the uptake of specific research products among information users, attending 
to how the receptivity to climate information is influenced by the social context in which 
decision-makers are embedded, their technical capacity, and their trust of information producers.  
  
Regarding climate change researchers, less is known about how and why they engage 
practitioners and about the barriers or opportunities they may face in the process. Scholars 
working in Science & Technology Studies have shown that social forces shape how climate 
science is produced (Edwards, 2010; Mahony and Hulme, 2018), yet studies have insufficiently 
addressed researchers¶ activities, motivations, and views regarding engagement with 
practitioners (Lemos et al., 2018; Preston et al., 2015). One way to address this issue is to focus 
on co-produced or jointly produced climate knowledge projects (Kolstad et al., 2019; Hegger and 
Dieperink 2015). Another is to more broadly analyze the institutional context in which climate 
researchers operate. Our study therefore asks, what is the social structure of climate research, and 
how does this structure influence patterns of engagement with non-researchers? Understanding 
the social dynamics of climate science production can help those operating in the domains of 
research, climate services, and science policy adapt institutions to incentivize knowledge 
production that proactively shapes and responds to climate actions, policies, and decision-
making (Barnes et al., 2013; Clark et al., 2016; McDonald et al., 2019).  
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To answer these questions, we created a database of research articles, conducted a survey of 
climate researchers (n=991), and conducted interviews with select climate researchers (n=13) in 
California. Our findings characterize the social structure of the climate research field, describe 
patterns of engagement among researchers, and explain the drivers of researchers¶ engagement 
and associated barriers. As a case study of research and engagement focused on climate change 
in California, this study allows us to understand the social dynamics within a specific geographic 
and governance context while opening lines of theory-building and analysis in comparative 
contexts. The paper concludes with recommendations for how this study contributes to a more 
robust social analysis of climate research that can help inform policies that foster effective 
relationship-building between scientists and decision-makers. 
  
2. Literature Review 
  
Existing studies have proposed several factors that explain why people who may benefit from 
climate information elect to use it or not. One significant factor is adequate social interaction 
between knowledge producers and users (Kristjanson et al., 2009; Lemos, 2015). This close 
interaction is in stark contrast to the traditional, top-down flow of climate information, which 
begins by producing greenhouse gas emission scenarios and making global climate projections 
that can inform regional projections and then impact assessments (e.g., KNMI¶14, 2014, NCCS, 
2018; Lowe et al., 2018), which can finally bring climate information into the decision-making 
context (Brown et al., 2012; Jones et al., 2016; Mastrandrea et al., 2010). The linear model of the 
science-to-action process includes limited opportunities for identifying the knowledge and needs 
of practitioners and for specifying how social relationships may best facilitate their 
accommodation (Rigg and Mason, 2018). 
 
Empirical evidence shows that interactions among users and producers, who ³co-produce´ 
climate knowledge, tends to enhance information use (Lemos and Morehouse, 2005; Arnott et 
al., 2020). To clarify, we draw upon Ostrom (1996) and Jasanoff (2004) to define co-production 
as the collaborative development of knowledge among scientists/experts and practitioners who 
use the information produced to make public decisions. As Bremer et al. (2017:13) suggest, the 
concept of ³co-production´ forms a prism through which both ³descriptive´ and ³normative´ 
analytic lenses can gain perspective on the dynamic interplay of science, society, and climate 
(see also Lemos et al. 2018:722). Our study adopts a descriptive lens insofar as we empirically 
consider how the social relationships that comprise climate science matter for how climate is 
treated in non-research contexts. Yet our study also takes a normative stance, insofar as the 
knowledge-action gap implies that knowledge producers have roles and responsibilities for 
engaging practitioners, which social analysis can inform.  
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For the purposes of this study, we define practitioners as anyone invested in administrative, 
managerial, and/or policy action regarding the impacts of climate change. Studies of co-produced 
research projects (Bidwell et al., 2013; Briley et al., 2015; Preston et al., 2015; Vogel et al., 
2016) find that a co-production approach to producing knowledge is especially effective in the 
uncertain and often politically charged context of climate-related resource management, but it 
remains energy-intensive, financially expensive, and requires long-term investment from both 
practitioners and scientists. As an alternative to direct, sustained, or iterative relationships that 
characterize deliberate co-production, knowledge brokers and boundary organizations, 
specificall\ in the domain of ³climate services,´ can be useful conduits through which 
researchers and practitioners can exchange knowledge and address societal needs (Flagg and 
Kirchhoff, 2018; Kirchhoff et al., 2015a, 2015b; Meyer et al., 2015; Vaughan et al., 2018). 
However, work on boundary organizations and climate services demonstrates that changes in 
scientific research and in management priorities are not always sufficiently communicated, 
especially when climate services are static products, for example web-based tools that lack built-
in feedback processes. Porter and Dessai (2017) suggest that boundary objects may facilitate 
engagement or else serve, paradoxicall\, as a ³firewall´ that allows researchers to maintain 
distance and ideali]e users collectivel\ as a technicall\ competent ³mini-me´ of researchers. 
Clearl\, as Porter and Dessai (2017:13) argue, ³institutional constraints for doing science 
differentl\´ still need to be addressed. 
 
Engagement between climate research and action, including via deliberate co-production in 
climate adaptation settings, holds demonstrable value for researchers and practitioners (Hegger 
and Dieperink 2015; Brugger et al., 2015). The question of how to best configure scientific 
institutions with respect to that value can be addressed by an empirical understanding of the 
contemporary structure of science and engagement, akin to what Vaughan et al. (2018) consider 
a ³bird¶s e\e view´ (in their case, of the unsettled meaning of climate services). The social study 
of climate science is beset by the fact that social data on climate science as a field has yet to be 
systematically collected. It follows that scholarly work has been limited in examining the 
perspectives of climate researchers in relation to the co-production process (Ernst et al., 2017, 
2019; Ultee et al., 2018). This study helps fill this gap by examining original survey data on 
researchers¶ motivations, involvement, and perceived barriers to engaging with practitioners in 
producing climate change information relevant to decision-making. By approaching research 
engagement as a ³social fact,´ that is, a phenomenon above its individual manifestations 
(Durkheim, 1982), those invested in bridging the ³knowledge-action gap´ can proceed on a more 
informed basis. 

Climate Change Research and California 

Climate assessment processes and government-sponsored partnerships clearly shape climate 
researchers¶ activit\ and engagement with practitioners ranging from local to international 
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scales. This study focuses on climate change research in California because the state exhibits a 
long history of climate change research (Anderson et al., 2008; Franco et al., 2008), progressive 
climate action, and growing formal adaptation and resilience efforts (Bedsworth and Hanak, 
2013; Ekstrom and Moser 2014; Moser et al., 2017; Shi et al., 2015). California completed its 
first state-funded comprehensive climate change assessment in 2006 and released its fourth 
assessment in 2018 that included both state- and externally-funded technical studies (Bedsworth 
et al., 2018). California¶s assessment results are designed to explicitly inform the state¶s climate 
policy (Franco et al., 2014). Although assessments, government-supported research, and science-
based climate policy-making are common in other contexts, California provides a logical scale 
for anal\]ing existing and possible ³co-production´ arrangements because of the significant 
relationships already established between climate research and public decision-making. 
  
2. Methods 
 
The study has three goals: 

1. Characterize the climate change research field in California, based on a survey of 
researchers;  

2. Examine the engagement of climate change researchers with practitioners; and  
3. Identify what constrains and facilitates researchers to engage with practitioners. 

2.1 Survey 

The research is based on a survey we designed and distributed to 3,000 researchers who have 
contributed to California¶s climate change assessments or produced relevant publications. To 
create the sampling frame, we first systematically compiled scholarly, peer reviewed article 
publications to identify climate researchers working on topics relevant to California. We used 
Scopus, a database of research publications and authors, to compile publications and full lists of 
authors for each article. The unit of analysis for the sampling frame is therefore authors on 
academic articles, in which ³climate change´ and ³California´ were present in either the article 
title, abstract, or keywords. We limited the corpus to English-language articles published 
between 2001 and 2018 in the broad Scopus-defined fields of economics, engineering, business, 
energy, agriculture, earth sciences, medicine, environment (see the Supplement for the complete 
query and additional information regarding the survey methods). We parameterized the corpus in 
this manner, given Scopus¶ coverage, data limitations for accessing article-level metadata, and in 
order to obtain a large, reliable database of individuals that have conducted research related to 
climate change in California. 
 
The search yielded 1873 total research articles, which we exported and reviewed to manually 
exclude irrelevant items. Through a review of the stud\¶s focus and its authors¶ affiliations, we 
excluded articles that appeared not to include analysis of climate change in California. (This 
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included, for example, studies that use California¶s climate mitigation policies for comparative or 
illustrative purposes only.) We created a record of every author on each article. Selecting only 
the first or last authors would have likely biased our sample frame by selecting only more senior 
researchers. Using article metadata, we then located the most recent author affiliation and contact 
information. To those whose contact data could reliably be obtained through internet research, 
we distributed the survey via email using the survey software Qualtrics.  
 
Analysis of the survey was completed in Stata 14.2. The descriptive results presented below 
characterize the field of climate research. We also present a regression analysis of engagement 
and scientific prestige on individual characteristics. Details about measurement and model 
specification for the regression analysis can be found in the Supplemental Information.  

2.2 Interviews 

Although surveys provide aggregate data about researchers, semi-structured interviews enable a 
complementary exploration of how individuals experience and understand their participation in 
climate change research and their engagement with practitioners. Interviewees were drawn from 
the sample frame of survey respondents. Through quota sampling, we invited researchers for 
interviews who, based on surve\ data, could be considered either ³high´ or ³low´ in their public 
engagement. Within these categories, we invited those with ³high´ and ³low´ prestige, as 
measured b\ (1) the individual¶s h-index score and (2) their status in our sample, measured by 
the occurrence count of their authorship in the full sampling frame of research articles. The h-
index is a score based on the number of papers an individual has published and the number of 
citations their work has received (Hirsch, 2005; Moldwin and Liemohn, 2018). We also targeted 
researchers who differed on the basis of demographic characteristics (age, gender, and race), 
employment type, field of study, and geographic location. In total, we invited fifteen individuals 
for interviews and interviewed thirteen of them. At the time of interview, four interviewed 
researchers held primary affiliations outside California, although all interviewees conducted 
climate change research in the state. Although not a representative sample that would allow 
intra-group comparison, interviews allowed us to contextualize our quantitative findings within 
individuals¶ real-world circumstances and diverse lived experiences as researchers. Five 
interviews were conducted in person, two by Skype, and six by phone. Interviews lasted between 
30 and 75 minutes. 
 
After transcription, interviews were imported into Dedoose, a qualitative data analysis software. 
We developed an initial codebook to correspond to the interview schedule and the topics that 
organized the survey. An initial round of coding utilized first-order, or ³parent,´ codes (Careers, 
Production, Engagement, Barriers, Adaptation/Vision, and Social Structure). Second- and third-
order child codes were developed inductively during a second round of coding. Following 
coding, analysis proceeded inductively by writing analytic memos. Memos, attached to coded 
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excerpts, full transcripts, and individual codes, were then organized into six broad categories, 
roughly corresponding to the coding scheme, which could then help us to interpret the 
quantitative analysis. 
 
The results presented are based on survey responses (N=991) and the 13 supplemental 
interviews. We conducted the survey and interviews in Summer and Fall 2018. 
 
3. Results 
 
Results of the survey are presented below with associated interview findings. The findings are 
organized according to the study goals identified above. 

3.1 Characterization of the Climate Research Field 

Table 1 displays the mean characteristics of the survey sample (N = 991). Respondents were 
predominantly white, male, and educated at the Ph.D.-level. The majority of respondents were 
employed in academia, though a substantial share reported working in government. Although 
respondents may not be statistically representative of the population of climate change 
researchers in California or beyond, additional analysis showed that the research fields 
represented by respondents correspond closely to the fields covered by the full compilation of 
climate research articles from which we created the sampling frame (Figures S2 and S3).  
  

Table 1. Mean characteristics of the survey sample (N = 991).   
Age  

18±34 years old 8.6% 
35±44 years old 27.7% 
45±54 years old 25.1% 
55±64 years old 23.5% 
65 years or older 15.2% 

Male 66.6% 
Race  

White 84.6% 
Hispanic 6.3% 
Asian/Pacific Islander 7.8% 
Other 1.3% 

Most advanced degree  
Bachelor's 2.4% 
Master's 8.5% 
PhD 87.9% 
Other doctorate 1.2% 

Current employment  
Academic 64.6% 
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Government 20.0% 
Non-profit 7.4% 
Private sector/consulting 4.2% 
Unemployed/out of labor force 3.7% 

Current employment contract  
Salaried, full-time 72.8% 
Salaried, part-time 2.5% 
Grant-funded, salaried, full-time 10.7% 
Grant-funded, contract-based 5.4% 
Retired 5.3% 
Student 1.5% 
Self-employed 0.6% 

  
 
Respondents¶ fields of research and degree of focus on climate change varied widel\. Most 
respondents reported to have remained in their trained discipline (Supp Info). Sixty-nine percent 
of all respondents reported that their current field matches the field of their most advanced 
degree. The most prevalent research field in which respondents reported to work is ecology or 
environmental science (39%), followed by earth sciences (20%) and atmospheric science (13%) 
(see Fig. 1). Nearly half of respondents (47%) reported spending more than half of their time on 
climate change research. Notably, nearly 90% have either increased (53%) or maintained (33%) 
the amount of their research time spent on climate change over the past decade.  

 

 
Figure 1. Fields of research among survey respondents and Percent Time Spent on Climate Change Research 
(N=989).  

Survey respondents indicated that they most frequently conducted research on the following 
climate-related topics: climate hazards (53%), development of projections (28%), historical or 
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paleoclimatology (27%), and sectoral impacts (27%). The smallest number of respondents 
conducted social science-related research (14%). 
 
Nearly half of researchers reported that novel questions in their area of research have the greatest 
influence on the direction of their research focus, more so than departmental/organizational 
priorities (17%), follow-up from past research (10%), and available funding (10%) (Table 2). 

Table 2. First and second-most influential factors on research focus and direction   

 
Primary 
influence  

Secondary 
influence  

 No. % No. % 
     

Novel questions emerging in my 
area of research 422 44.9% 200 21.3% 
My organization's or department's 
priorities 155 16.5% 83 8.8% 
Funding availability 98 10.4% 174 18.5% 
Answering questions based on my 
previous research 97 10.3% 252 26.8% 
Needs of practitioners outside of 
my organization 86 9.1% 144 15.3% 
Ability to publish in peer-reviewed 
journals 29 3.1% 65 6.9% 
Other 54 5.7% 23 2.4% 

     
 
Alongside respondents¶ reported demographic, emplo\ment and research characteristics, we also 
collected each respondent¶s h-index from Scopus to establish a proxy for scientific prestige, 
which may influence how researchers variously engage with practitioners. Respondents¶ h-index 
scores ranged widely, with the majority having low scores. This right-skewed distribution pattern 
was consistent across all respondents¶ research fields. However, on average, respondents in 
Atmospheric Sciences had a substantially higher h-index score than other fields, although this 
may be explained by publication frequencies or other differences across fields (Supp. Info.). 
Given the variation in the volume of citation across fields, we control for respondents¶ fields in 
all analyses of scientific prestige and practitioner engagement. 

3.2 Engagement of Climate Researchers  

This section presents survey results on the degree to which researchers engage with practitioners 
about their climate research. We examine potential differences in the frequency and nature of 
engagement across different fields, employment types, and demographic groups.  
  



10 
 
 
 

Most researchers expressed a strong interest in engaging practitioners, with only 18 percent of 
surveyed researchers reporting that they already engage as frequently as they would like. 
Overall, researchers reported interacting most frequently with other researchers, with nearly 70% 
interacting on a weekly basis, and much less frequently with other groups such as policy makers, 
the private sector, and non-profit organizations (mostly annually for ~35% of respondents) (Fig. 
2). 
 
To explore the factors that contribute to increased interaction between researchers and potential 
users of climate information, we conducted a regression analysis on the frequency of 
engagement. We scored each respondent¶s level of engagement across all non-research audiences 
to examine whether different factors explain higher or lower levels of engagement. (See Table 
3). 
 
Table 3. OLS regression results for predictors of engagement and prestige, among academic and non-government 
samples   

 Outcome: engagement   Outcome: prestige (H-Index)    
 Academic sample Non-government sample Academic sample Non-government sample  
 Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.  
Most advanced Degree (Bachelor's = base)          

Master's Degree 0.21 (0.41) 0.19 (0.27) 5.24 (6.99) 1.46 (4.70)  
JD 0.24 (0.65) 0.33 (0.59) 9.34 (11.16) 5.16 (10.17)  
PhD í0.02 (0.38) 0.01 (0.26) 12.69+ (6.54) 9.10* (4.43)  
MD í0.22 (0.85) 0.26 (0.47) 35.87* (14.55) 16.54* (8.15)  
Other doctorate í0.35 (0.53) í0.28 (0.45) 7.68 (9.14) 3.49 (7.86)  

Male 0.12+ (0.07) 0.08 (0.06) 2.90* (1.19) 2.83 (1.09)  
Age (18±34 years old = base) 

0.44 
 

0.43 
   

4.98 
  

35±44 years old (0.12) (0.11) 4.37* (2.01) (1.85)  
45±54 years old 0.57 (0.13) 0.59 (0.11) 12.35 (2.09) 11.93 (1.92)  
55±64 years old 0.57 (0.13) 0.58 (0.12) 17.81 (2.08) 17.64 (1.94)  
65+ years 0.51 (0.15) 0.51 (0.13) 22.04 (2.37) 22.04 (2.16)  

Race (white = base)     
í5.62 

 
í5.45 

  
Hispanic í0.07 (0.12) í0.15 (0.11) (2.07) í1.9  
Asian/Pacific Islander í0.39 (0.12) í0.36 (0.11) í1.50 (2.04) í2.98 í1.9  
Other race 0.55+ (0.31) 0.59* (0.25) í4.62 (5.32) í1.59 í4.37  

Field (Atmospheric Science = base)     
í8.02 

 
í8.61 

  
Earth Sciences 0.10 (0.12) 0.14 (0.11) (1.97) (1.82)  
Ecology or Environmental Science 0.20+ (0.11) 0.22* (0.10) í5.61 (1.78) í7.37 (1.65)  
Engineering 0.43 (0.16) 0.42 (0.16) í8.34 (2.79) í9.22 (2.69)  
Public Health 0.72 (0.26) 0.52* (0.23) í3.73 (4.50) í5.41 (4.01)  
Social Sciences or Humanities 0.54 (0.16) 0.44 (0.15) í14.67 (2.63) í15.46 (2.47)  
Interdisciplinary 0.40 (0.14) 0.36 (0.13) í13.72 (2.33) í15.15 (2.10)  
Other í0.10 (0.17) í0.07 (0.15) í10.18 (2.82) í11.51 (2.52)  

Prestige (H-index) 0.00 (0.00) 0.00 (0.00) ± ± ± ±  
% Time on Climate Research (0% = base)          

Up to 25% 0.57* (0.26) 0.39+ (0.23) í9.07* (4.42) í4.45 (3.91)  
>25±50% 0.66* (0.26) 0.52* (0.24) í8.21+ (4.45) í3.22 (3.94)  
>50±75% 0.61* (0.26) 0.41+ (0.24) í6.36 (4.46) í1.73 (3.96)  
>75±100% 0.74 (0.26) 0.56* (0.24) í8.87* (4.44) í4.22 (3.93)  

Employment sector (academic = base)   
0.55 

   
í6.09 

  
Non-profit ± ± (0.10) ± ± (1.75)  
Private sector/consultant ± ± 0.30* (0.13) ± ± í1.39 (2.29)  
Unemployed or out of labor force ± ± í0.28+ (0.15) ± ± í1.05 (2.59)  

Constant 1.43 (0.47) 1.62 (0.37) 10.22 (8.05) 10.39+ (6.25)  



11 
 
 
 

Observations 560  694  563  698   
R-squared 0.137  0.175  0.393  0.404    

 
Standard errors in parentheses: P < 0.001. P < 0.01. P < 0.05, + P < 0.1. 

Analysis shows that several factors are associated with higher levels of overall engagement. Age, 
race, current research field, and percent time focused on climate change are significant predictors 
of engagement. Engagement increases with age but declines after age 65. Asian/Pacific Islanders 
report significantly less engagement than whites and Hispanics. The more time researchers 
devote to climate change research, the more frequently they interact with non-academic groups. 
Respondents¶ gender, most advanced degree, and scientific prestige (measured as the 
respondent¶s h-index) are not significantly associated with engagement, after controlling for 
demographic characteristics. However, prestige and engagement are slightly positively correlated 
among academic respondents (r = .08), and many demographic characteristics are significant 
predictors of prestige, which suggests a potentially indirect relationship between prestige and the 
level of engagement (see Supp. Info.). 
 
Notably, the frequency of engagement with non-researchers varies significantly across academic 
fields. Controlling for other individual characteristics, the fields with the highest levels of 
engagement are public health and the social sciences/humanities. The fields with the lowest 
levels of engagement are the earth and atmospheric sciences.  



12 
 
 
 

 
Figure 2. Frequency of researchers’ reported engagement with different audiences and/or collaborators (N=991).  

Interviews suggest that the frequency of engagement between researchers and practitioners is 
institutionally bounded. Respondents at federal agencies and university extension services 
described how their research is explicitly designed to engage stakeholders. For example, a major 
research program on sea level rise led by the US Geological Survey included specialized roles 
for outreach, and the researcher interviewed cited ³weekl\ interactions with stakeholders´ to 
help relevant practitioners use climate projections, offering a uniquely interactive and resource-
demanding climate service. Without built-in outreach on research teams, academic researchers 
described the demands of teaching, professionally oriented research, and university service as 
institutional impediments to the engagement they acknowledged would benefit the uptake and 
relevance of their research. Researchers working outside academia (in consulting firms, non-
profits, and federal agencies) expressed similar concern that professionally centered knowledge 
production is too removed from the needs of decision- makers. Comparing their work to previous 
academic experiences, one scientist at an international non-profit expressed the general 
sentiment, ³Information means nothing if it has no vehicle for uptake.´ Other interviewees 
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expressed similar frustrations, insofar as documented need for increased adaptation efforts often 
lack clear mechanisms to inspire research-informed action.  

3.3 Barriers and Catalysts to Engagement 

Under the paradigm that increased engagement is important to support societal climate 
adaptation processes, this section describes the barriers to engagement reported by climate 
change researchers.  
 
The most frequently reported barriers to engagement are consistent with documented challenges 
of outreach among scientists more generally (Ecklund, James and Lincoln, 2012). In our survey, 
researchers most frequently reported ³not enough time´ (53%) and ³it is challenging to establish 
relationships´ (48%) as barriers to engagement (Figure 3a). The least-reported barrier (of those 
offered in the survey instrument) was lack of interest (3%). Although this result is likely biased 
b\ respondents¶ self-selection into the survey, it clearly reinforces the finding of substantial 
interest among researchers in working with practitioners. Respondents who offered write-in 
answers regarding the primary barriers to engagement that they have experienced reflected the 
challenges of time and relationships (Figure 3b).  

 
Figure 3. Barriers to engagement, from (A - left) multiple choice selection question (n=966) and (B - right) word 
cloud of write-in responses of primary barrier to engagement reported by each climate researcher (n=747). 
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To be actualized in public decision-making contexts, engaged research may face institutional 
constraints beyond not having enough time or a lack of established relationships. Findings 
broadly indicate that climate research is presently dominated by the fields of environmental and 
atmospheric sciences, although researchers across disciplines and employment types hold that 
the issue of climate change largely outstrips the boundaries of physical and natural science 
problems.  
 
In addition to discussing resource-related and social barriers to engagement with practitioners, 
researchers in interviews expressed a critical attitude regarding the present pathways that 
translate research to practical action. One interviewee, a professor at a state university, posited 
that research is presently limited in informing public decision-making: 
 

³Science, at this point, can answer certain questions about climate change, but what¶s not 
happening is, there¶s not a clear connection for how \ou then actuall\ get people to do it. I 
don’t think that science is that important right now. I don’t think that it¶s informing 
action«´ 

  
 This view was upheld by others, including those whose research is highly engaged. As one 
scientist who works for a federal agency described: 
 

 ³The science is really good« But there¶s still a prett\ big disconnect between the results 
and action « The projections aren¶t going to change that much, but we¶re missing 
something in a huge way in terms of how we connect to stakeholders and facilitate action 
and not just get people freaked out and no one [laughs] wants to do anything. Yeah, how 
do \ou do that?´ 

  
These interviewees reflect a general concern among researchers that knowledge about climate 
change (including their own research) holds ambiguous import for public decision-making. In 
the Discussion, we address the implications of this concern for facilitating researcher 
engagement.  
 
 4. Discussion  
 
The survey results and supporting interviews offer notable insights regarding the social structure 
of climate change research in California. Below we discuss our findings with a focus on four 
major issues that hold implications for supporting effective engagement between researchers and 
practitioners. First is the pattern of engagement overall and across research fields. Second is the 
vision of engaged research that study participants exemplify. Third is the demographic and status 
composition of climate researchers, which may benefit from greater diversity. Fourth is how 
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climate research institutions and related organizations may strategically overcome barriers to 
facilitate engagement in light of the present structure of the field.  

4.1 An Engaged Science? Disciplinary Dynamics Matter 

Expectedly, the overall field of climate change research is growing. Its proportional growth by 
research field is generall\ consistent over time. Based on respondents¶ educational backgrounds 
and current work fields, the over-representation of the physical sciences is expected given that it 
has long been the traditional anchor for climate change research (Collins et al., 2013; Shackley et 
al., 1998). Although many have called for the social sciences to inform adaptation efforts 
(Dunlap and Brulle, 2015; Hackmann et al., 2014; Victor, 2015), the field remains relatively 
light in the social sciences. 
  
That the most highly engaged researchers are located in the social science/humanities disciplines 
most marginal in climate science (as indicated by their relative frequency in our corpus of 
climate science publications) means, in turn, that researchers in the fields most likely to produce 
climate-related research are also the least likely to engage with practitioners. Additional research 
is necessary to understand the field-specific social dynamics that are responsible for this 
disconnect. For example, our data show that climate researchers in the atmospheric and earth 
sciences are considerably older compared to researchers in the social sciences/humanities, 
engineering, and environmental/ecological sciences in our sample. This may reflect a shift in 
entry into climate change research by more human- and adaptation-centered disciplines. If 
patterns of engagement by age and field hold in the future, we would expect climate research 
overall to become a different, and perhaps more engaged, field. Yet the disciplinary structure of 
climate research may also proceed in a way that is shaped by its historical trajectory, that is, 
dominated by physical sciences despite longstanding pursuit of inter- and multi-disciplinary 
work (Schneider 1977; Shove, 2010).  

4.2 The Limits of Science Present Opportunities for Prioritizing Engagement 

Climate researchers care deeply about the future challenges that decision-makers face, meaning 
it is incorrect to characteri]e climate science as primaril\ invested in being ³removed´ from 
public concern regarding climate change. Interview participants, which included social, 
environmental, and physical scientists, echoed concerns about the future direction of scientific 
research and its relevance to what many see as a significant need for increased public action to 
mitigate and adapt to climate change. Surprisingly, even relatively high-prestige physical 
scientists discussed what they viewed as a deficiency of science produced at present, suggesting 
a need to further reflect on the character of research that should be bolstered for better supporting 
climate adaptation-related decisions. 
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One interviewee expressed a common view: ³It¶s reall\ more about, like, µwhat do we want our 
world to look like and what do we value for maintaining the human species?¶«Science, to me, 
has not clearl\ set itself up for answering these questions.´ As another researcher put it, ³For 
man\ of us that have been working in this field for 10, 15, 20 + \ears, it¶s a bit like being an 
oncologist and self-diagnosing for cancer: \ou know what the stages are and that it¶s going to get 
worse. Watching that unfold is difficult, right?´ Notwithstanding pessimistic views or claims that 
climate adaptation is not a ³scientific problem,´ in practice, researchers reported acting on their 
sense of public responsibility through the means available to them. Such initiatives included 
building universit\ programs that ³get out of the silo of atmospheric science,´ creating 
management tools that are co-produced with users, and conducting outreach that contributes 
expertise in climate impacts to local resource managers. 
  
Willingness on the part of researchers to engage non-researchers, however, is clearly insufficient 
to overcoming barriers to the kinds of climate science many would like to see. Paralleling the 
quantitative finding of a gap between researchers¶ level of engagement and willingness to engage 
practitioners, researchers in interviews invoke a sense of frustrated moral duty to their work, 
referencing topics that include remorse that scientific research cannot resolve ³miser\´ of 
³millions of people´; recognition that they cannot control misinformation or confusing headlines 
regarding climate change impacts; and a national political context in which researchers view 
³scientific values´ as being regularly surpassed by other values. These moral sentiments 
regarding science may indeed help to explain why our survey data show that the more time 
researchers devote to climate change research, the more frequently they interact with non-
academic groups: as scientists come to ³own´ climate issues, their desire to engage societ\ 
increases, a trajectory observable in recent acts of high-profile public action among scientists. 
Examples include utilizing scientific outlets to declare ³climate emergenc\´ (Ripple et al. 2019) 
and generate support for social movements (Gardner and Wordley 2019). How such actions 
reshape scientific practice and practitioner engagement remains to be seen. 

In terms of routine work among researchers in our study, interviewees expressed a belief that 
engaged research is more desirable work. This belief held for those who reported overcoming 
barriers to pursuing engaged work as well as for those who report only minimal engagement with 
non-researchers. Lower-prestige, entry-level academic researchers are perhaps the most 
frustrated by the barriers to entry into meaningfully engaged research. Reporting limited 
resources and less job security, these researchers generally work in settings designed to 
incorporate students and research staff rather than those whom the research may purportedly 
benefit. Thus, the structure of climate research may not be meeting the vision of science and 
climate action that many researchers hold, a finding affirmed by literature on the barriers to 
engaged research (Ecklund, et al., 2012; Dilling and Lemos 2011). This finding may only be 
accentuated in other political contexts, insofar as researchers in this study generally viewed 
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California as a state that strongly supports climate research and limits the encroachment of 
partisan politics on research practices, which interviewees reported encountering elsewhere. 

4.3 Demographic Diversity and Engagement 

The content of climate research and the types of engagement pursued by and available to 
researchers may be shaped by the demographic and social status differences that characterize the 
climate science field. Our study indicates that the majority of climate-change researchers are 
white men. Interviewees provided evidence of discrimination on the basis of demographic 
characteristics, although further investigation is necessary to determine how the predominance of 
white men in the field shapes the opportunities and barriers faced by minority groups and the 
types of engagement generally pursued. Research on racial and gender stratification in academia 
and scientific fields (NSF, 2018; Harding, 2016; Milkman et al, 2015; Shauman, 2017; Smith-
Doerr et al., 2017) has recently been applied to climate research in limited ways (Gay-Antaki and 
Liverman, 2018), reflecting longstanding issues of inequity in climate research and policy 
(Klinsky et al., 2017). This larger body of work suggests that the socio-demographic composition 
of research fields shapes the choice of research problems, the chances of researchers¶ career 
success, and the social orientation of researchers. Our analysis of climate research suggests that 
further inquiry should investigate, for example, a possible intersection between ³epistemic 
exclusion´ (Settles et al., 2018) within the climate research field and the kinds of knowledge that 
succeed or fail to inform practitioner engagement and climate action.  

4.4 Activating Engaged Research through Public and Professional Support  

Analysis of research fields and the social characteristics of climate researchers contributes to the 
body of literature on the supply, demand, co-production, and communication of climate 
information (Archie et al., 2014; Dilling and Lemos, 2011; Weaver et al., 2013). The emphasis in 
the adaptation literature on delivering climate information and services that can be used by 
practitioners to enable adaptation largely frames the issue as one of meeting the perceived 
demand for information, a finding generally concluded on the basis of case studies of co-
production in action (Vogel et al., 2016; Briley et al., 2015). Complementary to case studies, 
which document barriers to successful co-production, we find that broader institutional factors 
constrain how researchers may relay their research practices into engaged relationships with 
practitioners.  
 
In particular, our findings indicate that even in situations of user demand for climate information, 
barriers on the production side to building engaged relationships between researchers and 
practitioners limit the ability of the research community to facilitate climate action. Changes to 
the incentives for researchers to engage with practitioners could accelerate the flow of climate 
information to adaptation practice. Our survey and interview findings further suggest that the 
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pursuits of scientific prestige, career advancement and engagement may be complementary 
rather than opposed. Although the relationship between scientific prestige and practitioner 
engagement requires further study, what may be required is participation by other actors (such as 
philanthropies, government, non-profits, and other user communities) who can provide funding 
and related resources to support relationships between climate science producers and relevant 
user groups (Arnott et al., 2020; Cundill et al., 2019; Ultee et al., 2018).  
 
More players entering the domain of climate services, however, raises additional issues of 
coordination and credibility. On the one hand, interviewees suggested that private contracting 
firms and non-profit organizations provide critical specialized services that engage practitioners 
more effectively than academic researchers. On the other hand, some worried that private 
interests do not adequately present practitioners with the best available science, an issue that may 
be allayed through working relationships between private actors, NGOs, and researchers within a 
more codified or standard organi]ation of ³climate services.´ Yet Vaughan et al. (2018) find 
many climate services internationally involve the creation of web-based services that often 
neither function with specific user groups in mind nor involve users in the co-production of 
climate information.  
 
The proliferation of climate services may be only partly driven by specific user demands, and 
more by the growing field of climate knowledge production among specialized research firms, 
including publicly funded services but also commercial/contracting firms that more generally 
operate on a market logic (Lave 2015). This situation for the knowledge economy opens up a 
clear role for public resources to support researcher-practitioner coordination and grant 
credibility to climate service programs. For example, the US National Oceanic and Atmospheric 
Administration, a major producer of climate information, has shifted priorities in some branches 
towards providing ³decision support services´ that directl\ integrate public sector practitioners 
and researchers, often using a rigorous protocol to ensure services meet practitioner needs 
(NOAA 2016; NOAA 2019). These efforts are mirrored in NOAA¶s Regional Integrated 
Sciences and Assessments (RISA) program, involving partnerships between agency expertise, 
researchers, and resource managers (Lemos et al., 2014). 
 
As for the primary barriers of time and difficulty establishing relationships with practitioners, our 
research suggests that funding incentives, for example the inclusion of practitioner engagement 
as a grant criterion, could activate what we found to be researchers¶ generall\ strong willingness 
for engagement, a position supported by longitudinal research on funding criteria performed by 
Arnott et al. (2020). If frequent interactions between researchers and users can indeed strengthen 
climate adaptation efforts, our results indicate that addressing researchers¶ resource barriers has a 
high potential for supporting such interactions. Lack of time and capacity for engaging 
practitioners is compounded by other scarce resources, including alternative work activities that 
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researchers believe may advance their careers. Given attacks on federal support for climate 
research in the US (Sabin Center 2019), coupled with the international pattern toward precarious 
academic employment (Fischer and Mandell 2018), there may be a new role for professional 
organizations in building relationships between scientists and practitioners (e.g., the American 
Geoph\sical Union¶s Thriving Earth Exchange). Professional organi]ations ma\ serve the 
critical role of formally valorizing engaged research, especially by integrating junior and 
minority researchers and providing avenues for publication and recognition that generate the 
prestige required for career advances in research organizations. This may partly overcome 
barriers that at present characterize climate change research in government and university 
settings, which in our study hold the vast majority of researchers.  
  
As an initial exploration of the climate change research field and its engagement with 
practitioners, our inquiry generates more questions than it answers. First, our study focuses only 
on researchers who have produced work related to California. The survey instrument could be 
used to establish comparative accounts of the climate research field and of the drivers and 
predictors of practitioner engagement. Is California-focused climate change research unique in 
its demographics, or are other Western contexts more or less diverse? Does the presence of a 
major state academic system change the distribution of disciplines that characterize climate 
change research? How much does state support for climate change research impact the frequency 
and extent to which researchers engage practitioners? Does the level of support for (or perceived 
risks attached to) engaging public actors on climate change issues increase or decrease 
researchers¶ motivations to engage? These questions can build upon the methods and findings of 
our study, but they require multiple data sources and analysis across other additional cases.  
  
5. Conclusion  
 
As social actors advance activities to anticipate and adapt to the impacts of climate change, the 
scientific field should also be evaluated on whether it addresses the changing spectrum of public 
and societal needs. This requires attention not only to climate information as such, but also to 
researchers as socially embedded actors (Preston et al., 2015). Reflecting on the social 
composition, engagement, and barriers of those participating in the climate research field, as 
initiated here, can inform the development and evaluation of climate services and co-production 
efforts. Taking the pulse of the producers of climate change research offers an entry point to 
develop supportive institutional structures for co-production and climate services that leverage 
researchers¶ desire to engage while also recognizing the material and institutional barriers that 
researchers face. 
 
The trajectory of climate research and engagement between researchers and practitioners is a 
structural one²a ³social fact´ that is never reducible to an individual instance, successful or 
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otherwise, of how researchers have co-produced actionable climate information alongside 
decision-makers. Examples of such efforts are remarkable and hold lessons for research teams 
and organizations that create, provide and use climate information. Nevertheless, given the 
gravity of climate-change issues, the ongoing growth of climate science, and the persistent 
³knowledge-action´ gap (O¶Brien, 2013), our study contributes to a perspective, echoed by many 
of our research respondents, that the general character of climate research at present must be 
restructured to more directly embrace the issues and decisions that characterize our climate 
change-impacted society. In a situation when researchers desire practitioner engagement, 
significant time, financial resources, and capacity-building must be reallocated so that co-
production may proceed in ways that benefit, rather than hinder, all of those involved. The 
disciplinary, demographic, and organizational composition of the climate research field must 
continue to be critically examined so as to coproduce the best possible science that can inform 
and reflexively respond to those taking public action on climate change. 
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