
1 

Facilitating Integration in 1 

Interdisciplinary Research: Lessons 2 

from a South Florida Water, 3 

Sustainability, and Climate Project  4 

 5 
 6 
 7 
Keywords  Interdisciplinary science, Team science, Collaboration, Adaptive management, 8 

Knowledge co-production 9 

 10 

Authors 11 

Alicia L. Laniera, Jillian Drabikb, Tanya Heikkilac, Jessica Bolsond, Michael C. Sukope, 12 
David W. Watkinsf, Jr., Jennifer Rehageg, Ali Mirchih, Victor Engeli, David Letsonj 13 
 14 
aCorresponding Author  15 
Alicia@Lanier-Consulting.com 16 
Ph: +1-503-970-3487 17 
Lanier Consulting, LLC 18 
1300 SW 132nd Ave 19 
Miami, FL  33184 USA 20 
ORCID:  0000-0003-2893-2101 21 
 22 
bjdrabik2@miami.edu 23 
University of Miami 24 
Leonard and Jayne Abess Center for Ecosystem Science and Policy 25 
P.O. Box 248203 26 
Coral Gables, Florida 33124 USA 27 
 28 
ctanya.heikkila@ucdenver.edu 29 
University of Colorado Denver 30 
School of Public Affairs 31 
1380 Lawrence St., Suite 500 32 
Denver, CO 80204 USA 33 
 34 



2 

dbolson@fiu.edu 35 
Institute of Water and Environment 36 
Florida International University 37 
OE-148 38 
11200 SW 8th Street 39 
Miami, Florida 33199 40 
 41 
esukopm@fiu.edu 42 
Florida International University 43 
Department of Earth and Environment 44 
AHC-5, 360 45 
11200 SW 8th Street 46 
Miami, Florida 33199 47 
 48 
fdwatkins@mtu.edu 49 
Department of Civil & Environmental Engineering  50 
Michigan Technological University 51 
1400 Townsend Drive  52 
Houghton, MI 49931 53 
 54 
grehagej@fiu.edu 55 
Florida International University 56 
Department of Earth and Environment 57 
AHC-5, 360 58 
11200 SW 8th Street 59 
Miami, Florida 33199 60 
 61 
hamirchi@utep.edu 62 
Department of Biosystems and Agricultural Engineering 63 
Oklahoma State University 64 
111 Agriculture Hall 65 
Stillwater, OK 74078 66 
 67 
ivengel@fs.fed.us 68 
U.S. Forest Service 69 
240 W Prospect Rd 70 
Fort Collins, CO 80526 71 
 72 
jdletson@rsmas.miami.edu 73 
University of Miami 74 
RSMAS 75 
Dept. of Marine Ecosystems and Society 76 



3 

4600 Rickenbacker CSWY 77 
MIAMI, FL 33149-1098 USA 78 
 79 

Acknowledgements 80 

This material is based upon work supported by the National Science Foundation under 81 

Grant No. EAR-1204762.   82 

 83 
  84 



4 

Abstract 85 

Interdisciplinary research is increasingly called upon to find solutions to complex 86 

sustainability problems, yet co-creating usable knowledge can be challenging. This article 87 

offers broad lessons for conducting interdisciplinary science from the South Florida Water, 88 

Sustainability, and Climate Project (‘SFWSC’), a five-year project funded by the U.S. 89 

National Science Foundation (NSF). The goal was to develop a holistic decision-making 90 

framework to improve understanding of the complex natural-social system of South Florida 91 

water allocation and its threats from climate change, including sea level rise, using a water 92 

resources optimization model as an integration mechanism.  93 

 94 

The SFWSC project faced several challenges, including uncertainty with tasks, high 95 

task interdependence, and ensuring communication among geographically dispersed 96 

members. Our hypothesis was that adaptive techniques would help overcome these 97 

challenges and maintain scientific rigor as research evolved.  98 

 99 

By systematically evaluating the interdisciplinary management approach throughout 100 

the project, we learned that integration can be supported by a three-pronged approach: (1) 101 

Build a well-defined team and leadership structure for collaboration across geographic 102 

distance and disciplines, ensuring adequate coordination funding, encouraging cross-103 

pollination, and allowing team structure to adapt; (2) intentionally design a process and 104 

structure for facilitating collaboration, creating mechanisms for routine analysis, and 105 

incorporating collaboration tools that foster communication; and, (3) support integration 106 

within the scientific framework, by using a shared research output, and encouraging team 107 
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members to adapt when facing unanticipated constraints. These lessons contribute to the 108 

international body of knowledge on interdisciplinary research and can assist teams 109 

attempting to develop sustainable solutions in complex natural-social systems. 110 

  111 
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I. Introduction 112 

Interdisciplinary research projects are increasingly called upon to understand, explain, and 113 

offer solutions to complex environmental issues.  Such multi-faceted, dynamic problems 114 

demand an interdisciplinary lens because they often lack a definitively “correct” solution, 115 

hence sometimes referred to as “wicked problems” (Rittel and Webber 1973) – such as how 116 

to develop water management strategies that are resilient to climate change while sustaining 117 

ecological, social, and economic systems.  Interdisciplinary research can provide tools for 118 

understanding interdependencies among complex systems, can offer strategies to balance 119 

competing social values and mitigate conflicts, and can provide a foundation of knowledge 120 

for decision-makers to use in justifying new policies. Given these implications, funding 121 

agencies, university programs, think tanks, and private foundations have been encouraging 122 

researchers, through their funding programs, to work together across disciplines to address 123 

these challenging questions, and many efforts exist to assess the success of this research 124 

(e.g. Garner et al. 2013). 125 

 126 

Like the issues that interdisciplinary research teams study, the organization and process of 127 

interdisciplinary research itself is complex, uncertain, and dynamic (Norris et al. 2016). The 128 

success of collective efforts to understand complex environmental challenges hinges, at 129 

least in part, on the ability of a research community to work together, to reflect upon and 130 

learn from interdisciplinary experiences, and to share insights with future interdisciplinary 131 

teams. Thus, an introspective assessment of processes and outcomes we achieve as we 132 

conduct interdisciplinary research can contribute to our collective learning.  133 
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 134 

This article presents a case study of the South Florida Water, Sustainability, and Climate 135 

(‘SFWSC’) project, an NSF-supported research endeavor conducted by a team of 21 136 

Principal Investigators (PIs) and their students representing 10 universities and four 137 

collaborators across the U.S. Through this case study, we examine team composition and 138 

leadership, the process and structure to facilitate collaboration, and integration within the 139 

scientific framework. Appropriate attention to these three organizational elements has been 140 

shown to be critical to the success of large-scale interdisciplinary research endeavors in the 141 

past, and, can help address common challenges of large-scale and complex interdisciplinary 142 

research projects, including high diversity of membership, geographic dispersion, and high 143 

task interdependence  (National Research Council 2015). Therefore, lessons from this case 144 

are applicable to other interdisciplinary research endeavors that share similar features and 145 

challenges, both within the US as well as internationally. 146 

  147 

We first review existing literature on interdisciplinary research and team science, including 148 

perspectives on organizational and management tools that can mitigate challenges 149 

commonly encountered when conducting this type of research.  We then introduce the 150 

SFWSC project and describe three organizational elements of the interdisciplinary project 151 

design: 1) team composition and leadership, 2) process and structure to facilitate 152 

collaboration, and 3) integration within the scientific framework. After describing the 153 

project, we assess strengths and weaknesses of the SFWSC endeavor with respect to 154 

effectiveness of collaboration (team, leadership, processes and structure), as well as 155 

effectiveness of integration. Our  examination of  these strengths and weaknesses is based 156 
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on several qualitative data sources collected during the project, including annual 157 

retrospective surveys and interviews with team members, project meeting notes, and 158 

experiential insights from task group and project team leaders. In our analyses, we also 159 

discuss the roles of both human-centered and object-centered mechanisms used in this 160 

project to support communication and collaboration across disciplines (Nicolini et al 2012).  161 

 II.  Understanding and Managing Challenges of 162 

Interdisciplinary Science 163 

A growing body of literature reports on the organization and management of 164 

interdisciplinary research (Cummings and Kiesler 2005; Eigenbrode 2007; Stokols et al. 165 

2008; Lang et al. 2012; National Research Council 2015; Cheruvelil et al. 2014; 166 

Pennington 2016).  Building on research from team science, and organizational and 167 

cognitive sciences, this research identifies several factors that challenge the ability of teams 168 

to collaborate and ultimately integrate knowledge effectively (Bennett and Gadlin 2012; 169 

Pennington 2016).  Among these factors are team size and diversity of participants, who are 170 

likely to have different terminologies, norms, disciplinary incentives, analytical methods, 171 

and divergent research goals (Lang et al. 2012; Podesta et al. 2013; National Research 172 

Council 2015). Additionally, interdisciplinary teams often face communication challenges 173 

due to physical separation of team members or changes in team membership (Baker 2015; 174 

National Research Council 2015; National Academy of Sciences, National Academy of 175 

Engineering, and Institute of Medicine 2005; Stokols et al. 2008). On top of these issues are 176 

high levels of task interdependence among team members, which may require 177 
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synchronization of data collection and research outputs (National Research Council 2015).  178 

Uncertainty associated with many research tasks (i.e., availability of data, or time required 179 

for modeling efforts) can further complicate coordination of the scientific process. 180 

Additionally, forming appropriate research teams can be difficult because the nature of the 181 

research problem may not be well understood at the outset of an interdisciplinary project 182 

(Norris et al. 2016). Given both the uncertainty of the research issue, and the high level of 183 

competition for large interdisciplinary research grants, large interdisciplinary teams may 184 

also tend to over-promise what they can accomplish, sometimes referred to as the “winner’s 185 

curse” (Thaler 1992). 186 

  187 

In light of these challenges, previous work points to a number of strategies and tools for 188 

managing both the scientific process and for organizing team communication and 189 

coordination. While strategies may vary based on team size and research effort complexity  190 

(Stokols et al. 2008), common themes appear across the literature. One of these themes 191 

deals with building an informed, capable, and flexible research team.  An initial step in 192 

building such a team is finding individual members who have openness to interdisciplinary 193 

work, along with diverse expertise and experience in fields central to the research topic 194 

(Podesta et al. 2013; Cheruvelil et al. 2014; National Research Council 2015; Norris et al. 195 

2016). Prior collaboration experience can help build team cohesion and commitment 196 

(Halvorsen et al. 2016), and help overcome geographical distance and disciplinary and 197 

institutional barriers (Cummings and Kiesler 2008). Research projects can also benefit from 198 

including new team members who bring creativity and innovation (Cummings and Kiesler 199 

2008).   200 
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 201 

Key to supporting an informed and capable team is ensuring that the research goals and 202 

objectives are developed collaboratively and that team members work together to identify 203 

operational strategies for implementing project goals (Lang et al. 2012; Podesta et al. 204 

2013).  Building a capable team also involves establishing a shared research framework that 205 

can facilitate both conceptual and methodological integration across diverse disciplines 206 

involved in the project (Lang et al. 2012; Ramaswami et al. 2012). Ensuring that the 207 

approach to research is transparent and iterative is another factor that will foster team 208 

adaptability. This means regularly reviewing scientific output as a team and discussing how 209 

output fits the overarching research framework, combined with appropriate flexibility to 210 

adapt project goals or the framework to unexpected project outcomes. 211 

  212 

To support the success of the interdisciplinary scientific process, research teams need 213 

adaptive leadership and process tools that can build capacity, ensure coordination, and 214 

mitigate organizational and procedural problems as they arise (Lang et al. 2012; Lanier and 215 

Sukop 2016).  Bark et al. (2016, pg. 1457) recognize that “interdisciplinary research 216 

requires considerable planning, project management and time for integration inclusive of 217 

stakeholder engagement”, demands that they describe as  “interdisciplinarity overhead”. 218 

Building interpersonal communication and team culture is essential to capacity, 219 

coordination, and problem solving (McGreavy et al. 2015). While effective use of diverse 220 

forms of communication technologies (e.g., video-conferencing, workflow schedules, 221 

shared databases) is fundamental to team management (National Research Council 2015), 222 

so are team exercises that foster social bonding, constructive dialogue, and reflexive 223 
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communication (Thompson 2009; Cheruvelil et al. 2014; Brown et al. 2015; National 224 

Research Council 2015; Halvorsen et al. 2016). Recognizing the likelihood for conflict and 225 

confusion in teams (Brown et al. 2015), and providing examples through team exercise to 226 

productively respond (i.e., negotiation, problem-solving dialogue) can also improve team 227 

functioning (Marks et al. 2001; Lang et al. 2012; Cheruvelil et al. 2014).   228 

 229 

Establishing policies and procedures for how teams should operate together (i.e., on data 230 

sharing and publishing) and in sub-groups can improve team productivity (Goring et al. 231 

2014). Overall, processes through which project management tools are implemented require 232 

ongoing participation among team members, transparency, and flexibility (Lanier and 233 

Sukop 2016).   Flexibility is particularly important as unexpected issues related to project 234 

coordination, timing, or research implementation arise.  Building in opportunities to 235 

address new challenges and providing tools (objects of collaboration) that facilitate work 236 

across boundaries, and motivate and sustain collaboration are necessary (Nicolini et al. 237 

2012). Successful knowledge integration also benefits from participatory processes 238 

(Pennington 2016). 239 

  240 

Team management and leadership includes establishing expectations and criteria for what 241 

constitutes project success, and instituting tools to track and evaluate that success (Walter et 242 

al. 2007; Goring et al. 2014).  Project evaluation tools (i.e. surveys, external reviews, 243 

stakeholder feedback) and open discussion of evaluation metrics provide structured 244 

opportunities to review project objectives and outcomes, and to reassess project strategies, 245 

team membership, and goals (Lang et al. 2012; Podesta et al. 2013).  However, establishing 246 
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clear criteria for success can be challenging, not only due to the diversity among research 247 

team members, but also due to the interests of funders or other external stakeholders, such 248 

as policymakers, who may have an interest in the research (Turner et al. 2016). Given the 249 

potential for over-commitment in project proposals (or under-estimation of project 250 

challenges) in interdisciplinary science, feasible and appropriate metrics of success can be 251 

important. Success metrics need to be accommodating of diverse interests, but also open to 252 

key components of interdisciplinary work, such as development of shared databases, 253 

mentoring, and public outreach, which may not be as obvious as peer-reviewed publications 254 

(Goring et al. 2014).  255 

III.  Project Background 256 

Risks from potential climate change impacts, such as sea level rise, were major drivers for 257 

pursuing the SFWSC project. One of the planned components of SFWSC’s framework for 258 

understanding and managing water resources in South Florida was a Hydro-Economic 259 

Optimization (HEO) model  (Heinz et al. 2007; Harou et al. 2009; Mirchi et al. 2010). The 260 

regional scale HEO model examined water demands from agricultural, urban, and 261 

environmental (i.e., fisheries, carbon sequestration) sectors in South Florida (Mirchi et al. 262 

2015; Mirchi et al. 2018). The model served as an integration tool for the project by 263 

incorporating ‘penalty functions’ across these water sectors. (In this project, a penalty 264 

function is the economic penalty, or loss, resulting either from reduced allocation to a given 265 

sector or from excess water flows or levels). These functions were based on the work of 266 

different task groups, which we describe in more detail below.  In addition to serving as a 267 
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research integration tool, we planned to use the HEO model, along with other research 268 

products such as visualization of scenarios and behavioral science techniques, to build 269 

robust water management strategies that had broad support among stakeholders, including 270 

South Florida urban, agricultural, and environmental water users. We hypothesized that the 271 

use of iterative and adapative management techniques and methods  found in organization 272 

science and used within the business world would ensure the success of this project.  273 

Team Composition and Leadership 274 

The SFWSC project had approximately 55 team members with varying levels of 275 

participation and roles. Project members represented a variety of disciplines including 276 

hydrology, ecology, economics, engineering, and behavioral and decision sciences, and 277 

consisted of academic researchers, post-docs, External Advisory Board members, 278 

undergraduate students, and graduate students. The geographic distribution of the SFWSC 279 

members spanned 10 academic institutions across the nation from the start of the project. 280 

 281 

Oversight of the project’s several task groups, and overall SFWSC research progress, was 282 

provided by the leadership team, which consisted of the Principal Investigator (PI), Co-283 

Principal Investigator, Project Coordinator, and Project Management Coach.  The 284 

leadership team was responsible for overseeing the research progress of each task group. 285 

The task group goals were to contribute to the HEO model and to derive implications for 286 

sustainability of regional water allocation in South Florida. The SFWSC project received 287 

further insight on the South Florida water management system from an External Advisory 288 

Board, to ensure the research remained relevant for the South Florida region. The External 289 
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Advisory Board members  were selected based on experience in the overall water 290 

management field, experience in South Florida water management, and relevance to the 291 

project. In addition to offering personal insight of the current South Florida water 292 

allocation  decision-making,  they provided suggestions to assist the project when it faced 293 

obstacles in integrating knowledge across task groups.   294 

 295 

The research project was set up as a collaborative project as defined by NSF. This meant 296 

that NSF distributed the corresponding budget to each collaborating institution at the outset, 297 

essentially creating a ‘shared project leadership’ model. Shared leadership has been shown 298 

to support performance of teams that are more virtual (Hoch and Kozlowski 2014). 299 

Alternatively, having sub-contracts from a single lead institution to other collaborating 300 

institutions may have led to a more centralized leadership model.   301 

 302 

The SFWSC team included several researchers who had worked together previously on a 303 

one-year WSC project.  Many new PIs were recruited for the SFWSC proposal, and the 304 

degree of prior collaborative experience was significantly lower among these team 305 

members.   306 

 307 

SFWSC members were organized into task groups based on their project research focus. 308 

Task group team composition varied in both size and diversity of discipline, which was 309 

determined based on the academic expertise of the SFWSC members and their research 310 

focus. In total, there were eight task groups, seven of which focused on different project 311 

research areas and one designed to promote research integration across task groups. Task 312 
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groups included:  (1) Water Resources Economics; (2) Fisheries; (3) Carbon Cycling; (4) 313 

Ecosystem Services; (5) Hydro-economic Optimization Modeling; (6) Model Scenarios 314 

Visualization; (7) Behavioral Decision Analysis; and, (8) Integration and Synthesis. While 315 

each task group examined different elements of natural and social systems in South Florida,  316 

there was considerable overlap between topic areas for several task groups’ research 317 

objectives.  For example, fisheries team activities included both measuring fishermen’s 318 

willingness to pay, which is an economic issue, and fish tagging, which is a method used in 319 

fisheries research.   320 

 321 

The leadership team managed both the scientific process for the project overall and 322 

supported team communication and coordination.  An adaptive management philosophy 323 

was intentionally adopted that stressed adaptability, communication, self-reflection, and 324 

trust, based on experience with leadership and management models developed to address 325 

complex problems (DeCarlo 2004; Denning 2010).  Further, management efforts were 326 

designed to assist team members in co-producing knowledge and to help team members 327 

identify interdependencies among different task groups, ensuring that cross-disciplinary 328 

goals would be achievable.   329 

Process and Structure to Facilitate Collaboration 330 

Leadership  used various project tracking tools and management methods to support team 331 

alignment, and foster effective communication and transparency. These tools and methods 332 

were adapted throughout the project.  Leadership provided resources for coordinating 333 

management efforts,  continuously monitored where gaps in knowledge integration or 334 
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model development were occurring and responded accordingly, and provided professional 335 

meeting facilitation  (Lanier and Sukop 2016).  Among resources provided for coordination 336 

were different communication tools, including one-way information sharing vehicles (email 337 

updates, newsletters, a 2-page informational document, a website, and database); and two-338 

way communication, such as webinars and different meeting formats. As Cummings and 339 

Kiesler (2005, pg. 704) stated, “a major challenge for dispersed scientific collaborations is 340 

coordinating work so that scientists can use one another’s ideas and expertise without 341 

frequent face-to-face interaction.” When possible, leadership encouraged face-to-face 342 

interactions, even if only virtual, which help in building trust (Cheruvelil et al. 2014), and 343 

are especially effective when dealing with potential conflict or uncertainty (Lang et al. 344 

2012). Short, frequent meetings that ensured adaptability were used for ongoing team 345 

alignment and visioning.   346 

 347 

On a less frequent basis, larger workshops were held. The large, facilitated face-to-face 348 

meetings included one project kickoff meeting, five 2-day annual meetings, four small-349 

group cross-disciplinary data workshops, and two mid-year meetings. Many team members 350 

participated in these meetings in-person. These meetings were designed to encourage 351 

communication across and within task groups, to coordinate research efforts and understand 352 

cross-disciplinary dependencies. Integration planning was a focus of annual meetings, with 353 

team members interactively planning upcoming research. 354 

 355 

The primary formalized mechanism to promote task group interaction consisted of monthly 356 

meetings among team participants. Due to the geographic distribution of the SFWSC 357 



17 

members, the meetings were conducted remotely using either teleconference or 358 

videoconference technologies. These meetings were designed to keep group members 359 

informed of their team’s research progress and provide an opportunity for SFWSC 360 

members to collaborate across teams on project-wide objectives and overall knowledge of 361 

the South Florida water allocation system. Central management team members also 362 

participated in each task group’s  monthly meetings to track progress  and assist in research 363 

integration. To track both research progress and discussion of system knowledge and 364 

implications, collaborative meeting notes were taken for each of the task group meetings. 365 

These notes were stored in an online database accessible to all project members.  366 

 367 

Retrospective assessments (Kerth 2001; Derby and Larsen 2006) were used throughout the 368 

project to aid the central management team in iterating and adapting management processes 369 

and scientific integration support as the project proceeded.  Three retrospectives, consisting 370 

of evaluative surveys and interviews, were conducted over the course of the project (in 371 

2013, 2015, and 2017), each prior to annual meetings. Optimally, retrospectives would be 372 

conducted more frequently; however, funding for this activity was limited. Interview 373 

questions were organized primarily into two categories: (1) management leadership process 374 

and structure, and (2) research integration, collaboration, and team dynamics.   375 

 376 

The primary goal of the retrospectives was to obtain team members’ perspectives related to 377 

management changes for the upcoming year, to aid in designing upcoming annual 378 

meetings, and to support team collaboration.  In addition, the 2017 retrospective was used 379 

to understand the extent of collaboration on the project. The first retrospective was 380 
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conducted in late 2013 using phone interviews, while the second (conducted in 2105) was a 381 

combination of phone interviews and on-line survey to the project listserv.  Responses to 382 

questions from these retrospectives were qualitatively evaluated with one exception. We 383 

asked questions related to the management process (perceptions of how the project was 384 

being managed, aspects team members liked, and recommendations for 385 

changes).  Questions were also selected to gauge integration to date, such as rating project 386 

effectiveness (on a scale of 0 to 10), identifying current collaborations, and reflecting on 387 

issues and concerns around collaboration/integration.  In addition, we requested input on 388 

ways the management team could facilitate integration.  Finally we encouraged the team to 389 

consider how they themselves could facilitate integration. Results of these retrospectives 390 

were shared with the team.    391 

 392 

The third retrospective was conducted in early 2017 as an online survey that was distributed 393 

to SFWSC members through the project listserv. While the two previous retrospectives 394 

were intended to assist in adapting future process to facilitate integration on the SFWSC 395 

project, this survey was conducted prior to the last official annual meeting, and therefore 396 

served as more of a reflection of the project as a whole.  This survey was presented to the 397 

SFWSC members as an assessment of their prior interdisciplinary research and current 398 

research on the SFWSC Project with the intent to improve future management based on the 399 

survey findings. The survey’s central questions included: 1) What were the SFWSC 400 

members’ prior experiences with working on interdisciplinary teams, 2) What were their 401 

views of team collaboration on their Task Group teams and across the SFWSC Project, and 402 
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3) How was the SFWSC Project’s management style and meeting structure impacting team 403 

collaboration?  404 

  405 

Participants’ prior experiences on interdisciplinary projects and their assessments of the 406 

SFWSC Project’s management style and meeting structure were measured using a series of 407 

multiple choice and write-in questions. Assessments of team collaboration within Task 408 

Groups and across the SFWSC Project were measured using a Likert Scale.  409 

 410 

During the 2017 Retrospective Survey, each of the SFWSC Project participants was asked 411 

to indicate which team activities conducted during the SFWSC Project meetings most 412 

helped with team collaboration by selecting from a list of team activities conducted over the 413 

first four years of the project. Indication of which team meeting activities were the most 414 

effective at encouraging collaboration was based on the number of participants who 415 

selected that activity on the survey. The activities that received the three highest scores 416 

were designated “highly rated” for facilitating project-wide collaboration.  417 

 418 

Integration within the Scientific Framework 419 

In its original design, the SFWSC research proposal positioned the HEO model at the 420 

center of the project, as an integrating tool for contributions from various disciplines 421 

involved.  Disciplinary contributions from behavioral research, fisheries research, economic 422 

studies, regional hydrology, and agricultural studies were designed to  inform development 423 

of the model, and, ultimately, to assess the model’s influence in regional scale water 424 
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management discussions.  From the project’s inception, the integrating mechanism for  425 

disciplinary research products was conceived as the development of penalty functions for 426 

agriculture, fisheries, urban water management decisions, and environmental recreation 427 

(Mirchi et al. 2018).  With these penalty functions, diverse research products would be 428 

integrated into the central overarching HEO model.  The original proposal also was 429 

designed to incorporate stakeholder input into the development and evaluation of the 430 

model’s potential as a tool for conflict resolution and to examine tradeoffs in decision 431 

making.  In this way, the HEO model was envisioned as a boundary object, developed 432 

using an innovative and rigorous scientific approach, bridging diverse disciplines and 433 

integrating across project teams who would be developing new information linking 434 

hydrology with human behavioral response, fisheries, agriculture, and with economic 435 

indicators.  436 

 437 

Prior studies identified both strengths and weaknesses of relying on models as central 438 

integrating tools for large scale interdisciplinary projects (Stave 2003; Redman et al. 2004; 439 

Langsdale et al. 2009; White et al. 2010). For example, modeling has been described as a 440 

way to unify diverse group perspectives by providing a uniform language, set of goals, and 441 

framework while allowing a rigorous scientific approach.  However, weaknesses including 442 

pigeonholing of efforts, overly rigid expectation of outputs, and imperfect fit between 443 

different outputs, are also described (Lemos and Morehouse 2005).  Others have described 444 

challenges associated with timing of model development and integration, particularly in 445 

regard to social science integration efforts (Raymond et al. 2010).  Many of these studies 446 

warn of the potential pitfalls of waiting for a model to be complete before bringing the tool 447 
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to stakeholders, which include delays in development and unmet expectations regarding the 448 

final product.  Furthermore, studies describe common treatment of social science 449 

contributions to integrated modeling efforts as an add-on to physical science models and 450 

describe a need for innovative methods for more complete integration of human elements 451 

into models of complex systems (Braden et al. 2009).   452 

 453 

Recognizing such potential obstacles and shortcomings, the SFWSC project was designed 454 

to test novel approaches to integrating social science research products into the modeling 455 

framework and broader research goals.  Behavioral responses and economic impacts of 456 

different hydrological conditions, like flood, water shortage, and sea level rise, were 457 

estimated and, when possible, included into penalty functions.  Additional efforts sought to 458 

apply ethnographic methods to improve understanding of the decision environment and 459 

current treatment of tradeoffs in regional water resource management. These efforts were 460 

based on collection of qualitative data through interviews and observations of relevant 461 

water practitioners and stakeholders in the region.   462 

IV.  Evaluating Strengths and Weaknesses  463 

In this section, we describe successful components of the project as well as areas for 464 

improvement. We used several data sources to assess strengths and weaknesses of the 465 

organizational elements of  team composition and leadership, process and structure to 466 

facilitate collaboration, and integration within the scientific framework.  Survey results 467 

from internal retrospective evaluations are used to inform assessment of effectiveness of 468 
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team collaboration, and effectiveness of process and strategies implemented towards 469 

supporting collaboration. Integration within the scientific approach is analyzed according to 470 

progress toward goals set forth in original project design, as well as analysis of meeting 471 

notes and discussions during the project life. Key themes emerging from the data as drivers 472 

of success were adaptability and flexibility.   473 

Team Composition and Leadership 474 

Team members, when asked to describe the leadership, indicated that they liked the overall 475 

management structure, collegial leadership style, and hands-off approach.  They also liked 476 

the adaptive, democratic nature of the management, and ability to make changes.  While 477 

adaptability and flexibility in the management style were appreciated by many, in the first 478 

year there was uncertainty about what would be required by management and task group 479 

leads.  In addition, one team member felt that leadership was centralized and that more trust 480 

was needed.  Another team member indicated that productivity of task groups appeared to 481 

be dependent on frequent contact with the leadership team, which was time-consuming.   482 

 483 

One example of how the project leadership adapted  to overcome challenges in team 484 

collaboration occurred halfway through the project. At that time, the project faced 485 

challenges from both the irregularity of task group meetings and technical obstacles with 486 

the HEO model. In response, central management held an additional meeting mid-year that 487 

focused on discussing these technical challenges and collaborating on how to address them 488 

moving forward. Although it was not included in the original project schedule, many team 489 

members attended either in-person or remotely. To illustrate the importance of team-wide 490 
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collaboration, a mapping activity was introduced during the meeting to help task groups 491 

visualize their research dependencies in achieving project goals. The outcomes of this 492 

meeting included providing a revitalization or “booster-shot” to team member motivation 493 

and collaboration and a determination of which challenges would be feasible to overcome 494 

within the project’s timeframe.  495 

 496 

As with any project management approach, ongoing discipline was required.  In the 2015 497 

retrospective, regular communication between leadership and different task groups was 498 

considered a positive attribute of the project; however, for a time, many meetings were 499 

cancelled by leadership, contributing to a perception of ‘start and stop’ or intermittent 500 

management.  In response to the 2015 retrospective, management re-committed to the 501 

monthly task group communication schedule. A request was also made for more follow-up 502 

on the decisions and roadmap made at the annual meeting, and setting specific milestones.  503 

To address this, management began reviewing the upcoming year’s roadmap quarterly with 504 

each group.   505 

 506 

In addition, more team members were invited to monthly task group meetings to help 507 

improve communication within and across disciplines. Some team members began to work 508 

with multiple task groups, creating more opportunity for collaboration.  Additionally, two 509 

task groups merged their annual planning as their research on this project became 510 

increasingly integrated.  In the 2017 retrospective,  over 75% of team members who 511 

responded felt the quality of their research improved due to their collaboration with other 512 

SFWSC members. In addition, approximately 76% of team members felt that their 513 
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participation in interdisciplinary research on the SFWSC project increased their 514 

understanding of what their discipline can provide other disciplines.  515 

 516 

Process and Structure to Facilitate Collaboration 517 

Integration challenges due to size of project team can be minimized by providing a variety 518 

of tools for high quality communication. Multiple communication avenues were provided 519 

to the team to support collaboration across disciplines. The most frequent opportunity for 520 

collaboration was monthly task group meetings, which allowed members of each group to 521 

discuss research updates and their contribution to overall project goals. These meetings 522 

were identified as a strength of the SFWSC’s research approach to co-produce knowledge 523 

about the South Florida water allocation system, and highlighted the importance of 524 

providing mechanisms to assist in sustaining interactions and coordination among 525 

interdisciplinary team members examining complex natural-social systems.  526 

 527 

One benefit of the meeting approach was the use of technology for remote meetings, which 528 

provided flexibility to sustain interactions among dispersed team members. In retrospective 529 

surveys and interviews conducted among SFWSC members, several members identified the 530 

remote meetings and offsite approach as effective and a regular opportunity for 531 

communication among task group members. A second benefit of the meeting approach was 532 

the variety of methods available to researchers to participate in remote meetings. Moreover, 533 

some members unable to attend meetings would email their updates to other  members to 534 

be added to their task group’s meeting notes. The frequency of email correspondence was 535 
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identified by several SFWSC members as an effective aspect of the SFWSC management 536 

approach, and several SFWSC members identified the project’s use of collaborative 537 

document sharing tools and other online resources as a strength for promoting 538 

collaboration. 539 

 540 

Despite these benefits, the SFWSC’s task group meeting approach also faced several 541 

challenges that created obstacles for maintaining interaction and impacted knowledge co-542 

production among team members. One challenge was associated with using technology to 543 

conduct the task group meetings remotely. At times, the videoconference technology failed 544 

to work properly, which required changing meetings to another venue (such as 545 

teleconference) or rescheduling. A second challenge was the original focus on conducting 546 

separate task meetings, which may have limited collaboration and knowledge co-547 

production. A third major challenge was the significant coordination required to conduct 548 

monthly meetings with each task group. As expected, monthly attendance at meetings could 549 

be demanding at times for both task group and leadership team members, and particularly 550 

intensive for leadership team members.  551 

 552 

In response to challenges identified in the task group meeting structure, leadership made 553 

adjustments to different aspects of both the meeting processes and overall structure 554 

throughout the project. For example, leadership restructured meetings to include members 555 

from across task groups or to focus specifically on ongoing interdisciplinary research. 556 

Meeting schedules were also shifted to better accommodate schedules.  However, despite 557 

these efforts, partial evidence for the lingering effect of this challenge was derived from 558 
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examining SFWSC members’ self-reported active communication within and across task 559 

groups in the 2017 retrospective survey. While approximately 63% of SFWSC respondents 560 

reported that they actively communicated with another member of their task group every 561 

two to four weeks, approximately 64% of SFWSC respondents reported that they actively 562 

communicated with SFWSC members outside of their own group less than once every two 563 

months.  564 

 565 

The structure of the project’s annual meeting was also adapted to support collaboration 566 

among team members.  Traditional task group status updates were delivered during annual 567 

meetings.  In addition, a consensus brainstorming activity (Stanfield 2002) was 568 

incorporated into annual meetings to help team members build a visual roadmap of the 569 

upcoming year research plans, as well as an overall project roadmap.  A facilitated 570 

stakeholder role-playing activity was introduced during the 2015 annual meeting to engage 571 

team members in developing water management scenarios. 572 

 573 

More opportunities to collaborate on academic papers were requested.  To facilitate this, 574 

the activity “Dynamic Teaming and Knowledge Networking” based on World Café (Brown 575 

and Isaacs 2005) was included in the 2015 annual meeting to begin a lightly-structured 576 

dialogue on potential collaborative papers. At the 2017 annual meeting, an “open market” 577 

activity, inspired by Open Space Technology (Owen 2008) was combined with “story-578 

boarding”, a process of mapping out an idea in a high-level way, to help facilitate 579 

collaboration on interdisciplinary papers. Through this approach,  team members identified 580 
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paper topics and teams, and then arranged the papers’ topics and described the desired story 581 

of a special issue of a journal. 582 

 583 

Overall, interactive dialogue-based activities incorporated during annual meetings were 584 

highly rated.  For example, when asked in the 2017 retrospective which meeting activities 585 

helped in collaboration, over 60% of project members indicated building the project 586 

roadmaps.  Over 47% identified ‘Mapping task group dependencies’, the activity used 587 

during the mid-project booster shot meeting, and ‘holding a conversation about 588 

interdisciplinary papers using Dynamic Teaming and Knowledge Networking’, the activity 589 

used during the 2015 annual meeting, as aiding in collaboration. However, stakeholder 590 

role-playing, which involved small groups with team members facilitating, was rated as 591 

helpful by just 19% of project members.  592 

 593 

Although both benefits and challenges were identified in assessment of the SFWSC 594 

project’s processes to facilitate collaboration, evaluative data collected from SFWSC 595 

members do not suggest that the challenges hindered the SFWSC members’ interest in each 596 

other’s progress or their perceived benefits of collaboration in co-producing knowledge. 597 

SFWSC members’ ratings of annual meeting activities on the 2017 retrospective survey 598 

revealed status updates from each task group as the highest rated activity to assist in 599 

project-wide collaboration. Other highly rated activities, such as road-mapping exercises 600 

coupled with the team’s interest in collaborating on interdisciplinary papers for a special 601 

issue, provided further evidence of members’ interest in each other’s research progress and 602 

their link to the team’s knowledge of the complex South Florida water system.  603 
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Integration within the Scientific Framework 604 

The strengths and weaknesses of the scientific framework for the project with respect to 605 

effectiveness of integration were evaluated through analysis of meeting observations, 606 

including detailed notes which were collected during all project meetings, and interviews.  607 

From its inception, the HEO model was imagined as an integrated model that incorporated 608 

four types of penalty functions, each to be developed by a different task group: carbon, 609 

agriculture, urban water use, and fisheries.  In task group meetings, we discussed progress 610 

in developing penalty functions and focused on anticipating and managing obstacles as they 611 

arose.  Leadership maintained knowledge of  overall progress of different teams, 612 

envisioning how individual products might or might not work together, even though, as 613 

described in retrospectives, all team members did not interact directly.   614 

 615 

By mid-project, leadership determined the proposed regional-scale, integrated HEO model 616 

would likely be unachievable within the timeframe of the project.  This realization was 617 

clarified by discussions between disciplinary teams that occurred during the mid-project 618 

meeting and Year 3 Annual Meeting.  The rationale for the original design of our HEO 619 

model and penalty functions was largely based on an earlier model of the South Florida 620 

water management system (Watkins et al. 2004) and a related model developed for 621 

California, called CALVIN (Draper et al. 2003; Jenkins et al. 2004).  The CALVIN 622 

economic-engineering optimization model’s focus is to manage water infrastructure and 623 

demand in California’s connected water systems to minimize net scarcity and operating 624 

costs.  With some exceptions, both of these studies focused on water scarcity, whereas in 625 
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Southeast Florida, water overabundance presents more of an issue in many years.  During 626 

the mid-project review workshop, researchers identified the complexity of and probable 627 

limits to applying a high-level optimization modeling approach in this context, with the 628 

impacts of floods and droughts having disparate time and spatial scales. Once the limitation 629 

was realized, the team recognized that it was likely unrealistic to shift the project focus 630 

away from the central modeling approach. Another complication arose because of different 631 

approaches and data sources that were used in the development of penalty functions for the 632 

model. Some of the penalty functions could not be developed as anticipated and presented 633 

potential limits to integration, signaling a need for project leaders to make a major decision 634 

on how to move forward. From early project meetings with a few task group leaders, it 635 

became clear that some penalty functions likely would not be entirely representative of the 636 

South Florida setting.  For example, identifying an a priori penalty function for urban water 637 

use  would not account for long-term, structural changes in water demand (e.g., water uses, 638 

technologies, consumer behavior), and it would not accurately represent episodic responses 639 

to water scarcity, such as water use restrictions.  As another example, the initial approach 640 

for development of the agricultural penalty function came into question once the lack of 641 

economic data was better understood, along with the fact that South Florida water managers 642 

primarily manage groundwater levels rather than surface diversions for irrigation. 643 

 644 

Despite recognized limitations in project design, the decision was made to continue with 645 

the original research plan--an integrating HEO model including penalty functions--, while 646 

supporting development of additional research products that were not originally included in 647 

the proposal.  This decision resulted from the recognition that all task groups had developed 648 
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strategies to pursue different but related research approaches, which were seen as more 649 

feasible within project constraints.  It had become apparent that, though different than 650 

anticipated, novel interdisciplinary research and integrated products were resulting from 651 

interactions across task groups, exemplifying that successes in large-scale interdisciplinary 652 

projects may look different from originally planned. 653 

 654 

In terms of the modeling framework, the focus was shifted onto a subset of penalty 655 

functions that could be more readily developed and integrated into the HEO model, 656 

including fisheries, carbon, and an urban flood penalty function.  With these realizations, 657 

the original vision of a final product, being a HEO model with economic penalty functions 658 

representing a wide range of water use sectors and ecosystem services, began to shift to 659 

focus on a few sectors and services, with some tradeoffs expressed in non-economic terms, 660 

such as reliability with respect to pre-defined target water deliveries. Task groups whose 661 

work would not fit neatly into penalty functions, or whose proposed tasks depended on 662 

model output (task groups 1, 3, 4, and 7), still pursued high quality original research, albeit 663 

with products that may be less integrated than originally planned.  In addition, the focus of 664 

stakeholder engagement efforts and alignment of these efforts with the greater project 665 

shifted toward more individual interactions and observations of decision making fora.  666 

While the data collected from these ethnographic methods of stakeholder interviews and 667 

observations continue to inform model development, the overall engagement strategy has 668 

evolved away from a direct link between stakeholder and modeling processes. 669 

 670 
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Detailing the obstacles encountered during the course of SFWSC research is not to imply a 671 

lack of  integration, but that integration looked different than the original vision.  672 

Management of shifting expectations from integration efforts and discussion of what 673 

integrated products actually look like are topics deserving of further attention. For example, 674 

the notion of “integration” brings grand ideas of everything coming neatly together; in 675 

practice, integration looks different. To maintain scientific integrity and rigor, it is 676 

necessary to embrace the innovative contributions of the work, even if the innovations stray 677 

from the original vision and plan.  In the SFWSC case, novel methods to connect fisheries 678 

biology, economics, and hydrology were developed as a result of interdisciplinary efforts 679 

(Boucek and Rehage 2013; Boucek and Rehage 2015; Brown et al. 2018).  In this work, an 680 

integrated methodology linking Everglades hydrology to economic values was developed in 681 

order to assess the effects of freshwater flow in the Florida Everglades on recreational 682 

fisheries.  This aspect of the project also resulted in the first ever estimate of anglers’ 683 

willingness to pay for the Everglades recreational experience.  Further, innovative 684 

approaches to quantify hydrological decisions and economic impacts from flooding were 685 

developed (Czajkowski et al. 2018). This economic analysis of the relationships between 686 

flood losses and groundwater levels by several cross-disciplinary team members will enable 687 

water managers to better understand trade offs between high water levels (to prevent 688 

saltwater intrusion) and flood risk.  Another innovation was the development of the social 689 

costs associated with mangrove estuary inorganic carbon fluxes, which again required 690 

integration across several disciplines. These examples indicate successes in overcoming 691 

obstacles in research design and the reality of interdisciplinary research process and 692 

product.   693 
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 694 

This discussion would not be complete without highlighting the integration success that 695 

was achieved by using the water resource system optimization model as a boundary object, 696 

or integration mechanism.   Team members across the disciplines of engineering, 697 

hydrology, economics, fisheries biology, and social sciences worked closely together to 698 

incorporate the economic value of water in the model (Mirchi et al 2018). To this end, 699 

researchers from different disciplines pooled their expertise to develop the required 700 

mathematical functions (i.e., penalty functions) to facilitate hydro-economic optimization 701 

of the South Florida water resources system. Examples include the value of water to urban, 702 

agricultural, and environmental sectors. Furthermore, economic losses due to flood 703 

damages associated with water management were quantified and incorporated in the model. 704 

This was an innovative interdisciplinary research approach, which facilitated knowledge 705 

integration and application using hydro-economic modeling as a platform for generating 706 

new information about the sectoral values of water in South Florida.  A collection of papers 707 

in a special issue further illustrates success in integration and co-production of knowledge 708 

both across the academic project team and in collaboration with practitioners (Sukop et al. 709 

Eds. 2017), in addition to many other papers and book chapters credited to the project. The 710 

team continues to work on an additional special issue, under a one-year no-cost extension, 711 

in hopes of furthering the integration and synthesis of the knowledge produced to date.   712 

 713 

There are lessons to be learned from those obstacles that prevented an even higher level of 714 

integration across the broader project, especially with respect to integrating social 715 

sciences.  For example, the model has limited ability to represent the effects of sea level 716 
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rise on some management objectives.  In response to this limitation, behavioral studies 717 

focusing on risk response to visual simulations were shifted to focus on novel approaches 718 

to measure potential response to sea level rise (Treuer et al 2017).  Additionally, delays in 719 

model development affected original research plans for bringing model output to 720 

stakeholders and incorporating their feedback.  The lesson learned here is that incorporating 721 

flexibility into all planned research would be beneficial. 722 

  723 

The lessons presented point to the realization that flexibility in research design is critical to 724 

integration and that having a model as the “boundary object,” or overarching mechanism of 725 

integration, does not always provide the necessary flexibility.  Overall, the original vision 726 

of the model as a boundary object served as both a help and hindrance.  Once the team 727 

realized it might not work out exactly as envisioned, it was difficult to shift project design, 728 

personnel and resource allocation, shifts that might have facilitated re-scoping outcomes 729 

from and timing of task group research activities.  These limitations in flexibility result 730 

from institutional constraints of both funding agencies and universities.  The timing of 731 

model and penalty function development also created an obstacle for some planned 732 

stakeholder engagement work, for most of the reasons described in prior studies, suggesting 733 

that projects reliant on large-scale interdisciplinary model development create a 734 

contingency plan for stakeholder engagement. 735 

 736 

In Table 1 below we summarize key strengths and weaknesses of the SFWSC project 737 

across the three key organizational areas studied.  738 

 739 
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Table 1.  Key Strengths and Weaknesses of the SFWSC Project across Three 740 
Organizational Areas. 741 

Area Strengths Weaknesses 

Team composition and 
leadership 

Able to sustain communication and 
collaboration across geographic and 
participant diversity, supported by 
communication technology, regular 
meetings, adaptation to meeting structures, 
and prior experience working together 

Challenges to keeping up with meeting 
schedules due to competing commitments 
among team members 

Process and structure 
to facilitate 
collaboration 

Flexible and iterative with intentional 
touch-points for team reflection, along 
with deployment of tools for improving 
communication, identifying challenges and 
opportunities, coordinating work, and 
aligning team  

Objective project evaluation metrics could 
have been identified more explicitly at the 
outset and reviewed frequently   
 
 

Integration within the 
scientific framework  

Provided a central point of integration and 
common metrics, methods, and language 
for key points of integration 

Unanticipated limitations with the model 
and inputs made it difficult to integrate as 
planned across all research areas. Boundary 
object is sometimes constraining. 

 742 

V. Lessons  and Conclusion  743 

This article sought to contribute to the literature and knowledge on interdisciplinary science 744 

by critically assessing the SFWSC project, which aimed to evaluate alternative 745 

management scenarios for urban, agricultural, and environmental users in the region. While 746 

the goals of the project were unique, the challenges of organizing the team, conducting the 747 

science, and leading the effort were similar to other large-scale, complex interdisciplinary 748 

projects. Building from insights from the literature on ways in which researchers can 749 

manage the challenges associated with interdisciplinary science, we drew lessons from the 750 

case study about team composition and leadership, process and structure to facilitate 751 

collaboration, and the scientific framework and model.  These lessons are summarized in 752 

Table 2 below. The lessons summarized in Table 2 are pragmatic - aimed at guiding 753 
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researchers working on interdisciplinary projects – and highlight how theoretical lessons on 754 

project management and adaptation offered in the literature can be deployed in practice at 755 

different phases of a project. 756 

 757 

Table 2. Lessons for Interdisciplinary Research Teams and Projects 758 
Area Lesson Project Phase/Examples 

Team composition 
and leadership 

Ensure coordination functions are sufficiently 
funded. 

Project inception (e.g., budget  
overhead for necessary coordination 
tasks and include resources for 
facilitation/coordination staff) 

Structural approach needs to allow time for 
people across task teams to cross-pollinate. 

Annual meetings (e.g., break-out 
sessions that mix members of different 
task teams to focus on key project 
questions or challenges) 

Collaboration needs to be adaptive to 
constraints.    

Ongoing (e.g., identifying when new 
team members are needed for 
unanticipated project tasks) 

Process and structure 
to facilitate 
collaboration 

Institute structured supports for routine self-
analysis. 

Annually at a minimum (e.g., team 
surveys) 

After face-to-face meetings (e.g., 
meeting process retrospectives) 

Review success metrics and vision early and 
often. 

Project inception (e.g., kickoff 
meeting)  

Ongoing 

Annually (e.g., project evaluations) 

Establish collaboration tools that assist in 
improving communication and building 
shared understanding  

Ongoing (Regular meetings for diverse 
purposes - kickoff, booster shot, 
annual, monthly status update 
meetings) 

Integration within the 
scientific framework 

Embrace innovations from research that can 
emerge in the face of unanticipated challenges 
and allow the scientific approach to evolve as 
team knowledge advances. 

Ongoing 

Provide a central point of integration. Ongoing  (e.g., integrative model where 
feasible, or integrated datasets) 

Project completion (e.g., collection of 
publications in a special issue or edited 
book 
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 759 

While the literature widely acknowledges the challenges of organizing team science and 760 

has recommended several approaches for mitigating these challenges, our study offers a 761 

straightforward three-pronged approach that brings several key insights from the literature 762 

together.  As highlighted in Table 2, this includes building a well-defined team and 763 

leadership structure for collaboration across geographic distance and across disciplines. In 764 

developing the team and leadership structure, it is necessary to consider adequate funding 765 

for the coordination needed for interdisciplinary efforts at project inception, encouraging 766 

cross-pollination of team members throughout the course of the project, and allowing the 767 

team structure to adapt. Second, an intentionally designed process and structure for 768 

facilitating collaboration is needed. This includes creating mechanisms for routine analysis 769 

of project outputs, opportunities for reviewing project metrics together as a team, and 770 

collaboration tools that foster cross-team communication in diverse formats. The third 771 

lesson focuses on integration within the scientific framework, which requires encouraging 772 

team members to think outside the box when facing unanticipated constraints (i.e., lack of 773 

data availability, resource constraints, challenges with integrating data at different scales) 774 

and embracing new approaches for overcoming these barriers. Integration within the 775 

scientific framework also can be facilitated through a shared research output – like a model 776 

or dataset – that helps answer an inter-disciplinary question while allowing learning across 777 

the team. Developing a shared message of joint findings across the team through a special 778 

issue of a journal  – even where integrated models are infeasible – can also help bring 779 

together an overarching understanding of the scientific framework. Ultimately, flexibility 780 

was a key characteristic across all three areas.  But we recognize that flexibility had to be 781 
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both embraced in the design of the project and both challenges and unexpected difficulties 782 

had to be accommodated and anticipated.   783 

 784 

This paper illustrates that integration innovations can be achieved by an interdisciplinary 785 

research team formed to address a “wicked” problem, especially when the project is 786 

creatively and flexibly managed, although success may not occur in as “linear” a way as 787 

originally envisioned (Halvorsen et al. 2016; Norris et al. 2016).  788 
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