Supplementary Information (SI)

SI1. University-based climate service providers interview questions.
 
1. In the context of climate services, what sector(s) does your organization support? 
 
2. Where on the continuum between primary research and applications/operations would you place your organization? 
 
3. What type(s) of information does your organization provide? (e.g., short/long-term projections, ongoing arrangements with clients, one-time provision of services, etc.) 
 
4. What is your role within the organization?  
a. What percentage of your role is devoted to providing climate services? 
 
5. What are the primary ways that your organization shares climate services information internally across your institution, department, center, and/or program? Would you define these mechanisms as formal or informal?  
a. We define formal sharing as communication through peer-reviewed literature and informal sharing as informal conversations at the least formal end of a spectrum, to conference presentations at the most formal end of the spectrum of informal information sharing. 
 
6. How do you share climate services information externally outside of your organization, e.g., with end users of information?  
a. If through a network or community of practice (CoP), please provide the name(s). 
b. Other? 
 
7. Why and how does your organization engage stakeholders?  
a. How do you define stakeholders within your organization? 
b. Have you found any particularly useful approaches to engaging stakeholders? If so, what are they? 
 
8. Can you pick one successful climate services project within your organization and describe what worked well and why?  
a. Did this generate an impact from the perspective of one of your climate services clients/partners? 
 
9. Choose another example that was not as successful and describe what didn’t work well and why? 
 
10. We are testing the hypothesis that one barrier to success in academic-based climate services is a lack of process for learning, documenting and sharing across networks what works and what doesn’t work. What are your thoughts on this? 
 
11. If you had unlimited funding and resources, how would it change the climate services you provide and/or the vision or scope of your services? What would this look in your ideal world? 
 
12. What do you feel is needed in order to scale up the impact of your/your organization’s climate services work? 
 
13. Is evaluation of effectiveness of your work a significant component of your effort?  
a. Please provide examples of the evaluations your organization has done. 
b. Does your organization collect and incorporate external feedback and review?  
c. How does your organization share evaluation findings? 
 
14. To what degree are your climate services efforts integrated with your teaching and training functions on campus? 
a. Please provide examples. 
 
15. Is your organization part of a larger network (e.g., a Federal or state network)? 
a. If yes to this question, what support, if any, does that network provide? 
b. If you are concerned about resources to support your work in the coming years, do you have ideas for changing your funding model? 
 
16. (If answer to 15 is yes) How does being part of this network help achieve your organization’s outcomes and impacts? 
 
17. Do you have suggestions for ways to accelerate adaptation across communities based on support from academia? 




















SI2. Climate services success factors and barriers.

	Success Factor 
	Source
	Barrier 
	Source

	Transparent process 
	McClure et al. 2024
	Lack of credibility 
	Boon et al. 2022; Guentchev et al. 2023

	Adequate incentives for academic participants 
	Owen et al. 2019; Ferguson et al. 2022
	Uni-directional information flow 
	Ferguson et al. 2022

	Adequate disciplinary expertise 
	Cvitanovic et al. 2018; Jacobs and Street 2020
	Inadequate understanding of needs (salience) 
	Clifford et al. 2020; Haigh et al. 2018

	Adequate human resource capacity 
	Boon et al. 2022
	Inadequate understanding of process by which knowledge is produced 
	Ferguson et al. 2022

	Adequate funding 
	Guentchev et al. 2023
	Inadequate understanding of decision context 
	Bremer et al. 2019

	Adequate understanding of decision context 
	Jacobs et al. 2005; Simpson et al. 2016; Vaughan et al. 2018
	Lack of inclusiveness 
	Williams and Jacob 2021

	Sustained relationships 
	Boon et al. 2022; Meadow et al. 2015
	Mismatch in needed spatial or temporal scales 
	Vaughan and Dessai 2014; Vogel et al. 2016; Lemos et al. 2012; Jacobs and Street 2020

	Effective user engagement; Iterative engagement 
	Guentchev et al. 2023; Lemos and Morehouse 2005; Vogel et al. 2016
	Mismatch between information supply and demand 
	Moss et al. 2013; Briley et al. 2015; Vogel et al. 2016

	Sustained relationships 
	Boon et al. 2022; Meadow et al. 2015
	Lack of support for production of actionable knowledge (usability gap) 
	Ferguson et al. 2022; Lemos et al. 2012

	Evaluation built into services process 
	Boon et al. 2022; Vogel et al. 2017
	Mismatch between cultures of research and practice 
	Boon et al. 2022

	Adequate governance of climate services process 
	Vaughan et al. 2018
	Inadequate financial, human, or technical capacities 
	Boon et al. 2022; Jacobs and Street 2020

	Decision-driven process 
	Vincent et al. 2018; Dilling and Lemos 2011; Hewitt and Stone 2021
	Divergent time frames between knowledge-making and decision-making processes 
	Boon et al. 2022; Guentchev et al. 2023

	Flexible process 
	Vincent et al. 2018; Ferguson et al. 2014; Lemos and Morehouse 2005
	Power imbalance between researchers and external partners 
	Ferguson et al. 2022

	Multi-directional communication 
	Guentchev et al. 2023
	Lack of support for transdisciplinary research 
	Ferguson et al. 2022

	Jointly-produced agendas 
	Ferguson et al. 2022; Moss et al. 2013
	Lack of trust 
	Boon et al. 2022

	Jointly-produced outputs 
	Ferguson et al. 2022
	Lack of a champion 
	Guentchev et al. 2023

	Orientation toward learning organization (reflexivity) 
	McNie 2013; McClure et al. 2024
	Risk aversion 
	Boon et al. 2022

	Mutual understanding 
	Suhari et al. 2022
	Lack of capacity to adopt innovation ("Valley of Death") 
	Brasseur and Gallardo 2016

	Mutual trust and respect 
	McClure et al. 2024; Ferguson et al. 2014
	Inadequate transfer from pilot to operational service ("Valley of Death") 
	Guentchev et al. 2023

	Network-scale learning 
	Jacobs and Street 2020
	Legal barriers 
	Bremer et al. 2019

	Social learning; Multi-loop learning 
	Bremer et al. 2019; Owen et al. 2019
	Politics 
	Guentchev et al. 2023

	Adequate entry point for climate service (data, information, process, product) 
	Buontempo et al. 2018
	 
	 

	Adequate institutional capacity 
	Bremer et al. 2019
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SI3. Tables showing the geographical and categorical breakdown of organizations and institutions included in the study. Regions are based on those defined by the Fifth National Climate Assessment (NCA5). If multiple interviewees belonged to different organizations at the same university, the university was only counted once.

	NCA Region (listed alphabetically)
	Number of Institutions 

	Alaska
	1

	Hawai’i and US-Affiliated Pacific Islands
	2

	Midwest
	3

	Northeast
	2

	Northern Great Plains
	2

	Northwest
	1

	Southeast
	2

	Southern Great Plains
	2

	Southwest
	2

	US Caribbean 
	1



	Categories of Institutionsa
	Number of Institutions 

	R1 Research Institution
	17

	Land-grant University
	12

	Hispanic-serving Institution (HSI)
	5



	Categories of Organizationsbc
	Number of Organizations

	CAP (formerly RISA)
	6

	CASC
	3

	University-based (independent)
	5

	State Climatologist
	2

	Regional Climate Center
	3

	Cooperative Extension
	1

	NIH
	1


aUniversities were counted based on each individual category, therefore some were counted multiple times because they fall under two or more of these categories. 
bSome of these entities include personnel who serve in others, e.g., a CAP staff person who is a State Climatologist, or a university-based Center that includes Cooperative Extension personnel, etc.
cWe were unable to garner participation by HBCUs, TCUs, or USDA Climate Hubs.





SI4. Demographic characteristics of academic climate service personnel interviewed for this study.

	Staff
	Leadership
	Faculty
	%

	x
	PI
	
	100

	
	PI
	x
	10

	
	PI
	x
	10

	x
	Assistant Director
	
	25

	x
	Deputy Director
	
	75

	x
	Director
	
	25

	x
	Deputy Director
	
	0*

	x
	Co-Director
	
	80

	x
	Associate Director
	
	40

	
	
	x
	70

	x
	Co-Director
	
	40

	
	Executive Director
	x
	25

	x
	Program Leader
	
	40

	
	Director
	x
	75

	x
	Director
	
	10

	
	Director
	x
	100

	x
	
	
	100

	
	Director
	x
	20

	x
	Director
	
	20

	
	Program Leader
	x
	25

	x
	Director
	
	80


*In a role with another entity, provides a non-zero percentage of climate services.




















SI5. Summary of study results with number and category of respondents. 

	Result
	# UBCSP interviewees
	UBCSP Interviewee Type

	Success: convening
	7
	CASC, Cooperative Extension, RCC, RISA(2), University-based/independent(2)

	Success: convening sectors that rarely interact
	5
	CASC, Cooperative Extension, RISA(2), University-based/independent

	Success: sustained convenings
	2
	RCC, University-based/independent

	Success: decision support as point of departure
	3
	RCC, University-based/independent(2)

	Success: longevity of partnerships
	5
	CASC(2), RISA, State climatologist(2)

	Success: sustained funding
	3
	RISA(2), RCC

	Success: science translation
	2
	RCC, RISA

	Success: self-reflexive organizational learning
	3
	RISA(3)

	Success: community advisory board
	2
	NIH, RISA

	Barrier: misalignment of incentives
	4
	Cooperative Extension, RCC(2), RISA

	Barrier: lack of process for mutual learning
	6
	CASC(2), RISA(2), University-based/independent(2)

	Barrier: inability to learn from mistakes
	3
	NIH, RISA, University-based/independent

	Barrier: lack of funding consistency
	3
	RCC(2), University-based/independent

	Barrier: competition
	2
	NIH, RISA

	Barrier: lack of time
	6
	CASC, RISA(2), State Climatologist, University-based/independent(2)

	Barrier: lack of structured evaluation
	3
	RISA(2), NIH

	Barrier: peer-reviewed publications add little value for stakeholders
	5
	RISA(2), CASC, RCC, University-based/independent

	Barrier: personnel issues
	6
	CASC(2), RCC, RISA, State Climatologist, University-based/independent

	Barrier: team and internal communication dynamics
	3
	RCC, RISA, University-based/independent

	Barrier: rapid-turnaround projects
	3
	RCC, RISA, State Climatologist

	Accelerating adaptation: resources
	10
	CASC(2), RCC, RISA(4), State Climatologist, University-based/independent(2)

	Accelerating adaptation: trust
	5
	CASC, Cooperative Extension, NIH, RCC, RISA

	Accelerating adaptation: champions
	5
	CASC(2), RISA(2), University-based/independent(1)

	Accelerating adaptation: networks
	5
	CASC, RISA(3), University-based/independent

	Accelerating adaptation: university strengths
	13
	CASC(2),Cooperative Extension, RCC, RISA(5), State climatologist(2), University-based/independent(2)

	Accelerating adaptation: societal impact
	9
	CASC, Cooperative Extension, RCC, RISA(2), University-based/independent(4)

	Federal and state networks
	17
	CASC(3), Cooperative Extension, NIH, RCC(3), RISA(6), State Climatologist(2), University-based/independent

	Evaluation: engagements, partnerships, networks
	10
	CASC(2), Cooperative Extension, NIH, RCC, RISA(3), University-based/independent(2)

	Evaluation: products
	7
	CASC, RCC(2), RISA, State Climatologist, University-based/independent(2)

	Evaluation: organization
	8
	CASC, NIH, RISA(4), University-based/independent(2)

	Evaluation: impact
	10
	CASC(3), Cooperative Extension, NIH, RISA(2), State Climatologist, University-based/independent(2)

	Training: hands-on experience
	15
	CASC(3), Cooperative Extension, NIH, RCC(2), RISA(6), State Climatologist, University-based/independent

	Training: experiential learning built into funded projects
	8
	CASC(2), Cooperative Extension, RISA(4), University-based/independent









SI6. Societal impact definitions (Source: Meadow et al. 2024).

· Instrumental: use of research to inform decisions, plans or policies
· Connectivity: new or strengthened relationships, partnerships or networks
· Conceptual: changes in knowledge about, or awareness of, an issue
· Capacity building: changes in skills, expertise or resources of project partners
· Social: improved social outcomes for partners or broader communities
· Environmental: improved environmental conditions






































SI7. Full quotations.

1. “[T]hose sustained conversations over years were really important for building the capacity of people to understand and utilize climate data...[the conversations] were geared towards practitioners and stakeholders working in a variety of different sectors, you know, agriculture, state government, water resources, wildlife, different federal, state, local agencies, county officials...Tribes… our goal was to help support their immediate decision making and management for the upcoming season. But I think we built a lot of capacity to [build] understanding about what was happening...outside of our region's natural variability.” (p.8)

2. “The real value of the climate services isn't about the technical information itself. It's about some of the other benefits that the service itself can generate in the process of trying to create the technical thing. And that is bringing the people together...the learning that can happen that is the sense of empowerment or sense of belonging.” (p.8)

3. “[O]nce we had the scientific information, we could see that we're really growing understanding with elected officials and appointed officials in our government. And over the recent years, that's really led to a lot of important policy development, things like updates to our state coastal zone management act, better recognition of sea level rise impacts and impacts of development on our shoreline based in large part on … that vulnerability assessment and that sea-level rise tool.” (p.8)

4. "[Y]ou put this report out into the world and you're kind of like, well, now what? Right? [By providing this targeted, applied analysis] we empowered a state agency, and then that information was included as something that that's explicitly supposed to be funded and implemented by the state to reduce risk and save lives.” (p.9)

5. “Part of that proposal that we wrote, we baked in what we call the learning agenda...And that project was intentionally designed to constantly assess what we're doing, feed it back into the team, make connections across the team because we work so close. Like some of the stuff we do just accidentally directly aligns, right?” (p.9)

6. “...It really becomes critical to understand what the needs are within the state and how they differ from community to community and how you can basically provide information and services that can serve all these different needs or be flexible enough to serve those different needs.” (p.11)

7. “Is [a faculty member’s] primary job climate services or is their primary job is to get tenure and teach? [O]ur state climatologist is only funded 50% of their time to do climate services. The rest of the time they have to teach...and I guarantee you when they come up for tenure, what are they going to focus on? ... Where are the incentives to do climate services other than you feel it's important? ” (p.14)

8. “[W]e've got, almost any given year, 18 projects on the books. How do you find the time to stop and document and publish that?…whether it's gray literature, an extension guide, or an actual academic journal, that really becomes a challenge because then your time is paid to do the next project that comes on the next fiscal year. And they're all stacked throughout the year. You're juggling many balls with different deadlines, different objectives and deliverables. Some ask for publications, some don't. So, the time really becomes pressing to catch up and try to stay on top of that without you burning out.” (p.14)

9. “We've done dozens of workshops, both virtually and in person with ranchers from border to border and from all along in the ranching country. That has been a real benefit to ranchers because it was produced by working with Extension…really working with our customer upfront to either express what is needed and/or to design and direct how we build these tools.” (p.15)

10. “We have a whole plethora of NGOs who are some of our best collaborators and our best critics…They are very open and honest, and they are very data driven...they want our success, and they want it now, and want it rigorously and they want to know that it's sustainable.” (p.15)

11. “I started an annual report…that really touts all the stuff we're doing and have a “by the numbers” section that specifically shows the economic sort of impact we have…to the university and to the state and the constituents. That's allowed my center to be a priority for the administration.” (p.15)

12. “Developmental evaluation is an approach to encourage evaluative thinking both within our team, but also the communities with which we work. It's an evaluation process that is suited for complexity and transformative contexts where you're not quite sure how to solve problems…to find a productive way forward together. So, we try to pay attention to who is connected, who is working together, where do we need to build out more extensive connections, strengthen connections, how can we help build stronger networks that enable action…” (p.15)
