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ABSTRACT 
 

Climate research holds great promise for helping societies around the world adapt to what are 

likely to be dramatic changes in social-ecological systems in the 21st century. The climate 

research community has made enormous strides forward over the last 30 years in understanding 

how the climate system operates, the primary drivers of change, the complex interactions 

between humans and their landscapes, and the ways that people make decisions and utilize new 

information. The pace of that progress, though, has not been matched by use of all this new 

knowledge in climate-relevant decision processes. The work presented in this dissertation 

addresses this mismatch and starts with the assumption that one of the fundamental barriers 

between the research that we carry out and the research that gets utilized in society is the 

prevalence of a disconnect between scientists and those who could use scientific information. 

The central question that links the three articles that make up the substantive contribution of this 

dissertation is: how can scientists and other experts in society more successfully collaborate to 

develop the kinds of transgressive knowledge necessary to address complex, climate-related 

problems? The articles address this question by exploring and adding to theoretical insights 

about this disconnect (Appendix 1), describing findings from the practice of research meant to 

address a pressing climate-related problem (Appendix 2), and reviewing lessons we have learned 

from work to evaluate use-inspired, engaged climate research (Appendix 3). Each article offers 

specific insights and results, but collectively this work demonstrates the value and importance of 

transdisciplinary research that fosters integration of different kinds of knowledge to address 

highly complex problems. 
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Chapter 1: Introduction 

The U.S. Global Change Research Program (USGCRP) currently spends approximately $2.5 

billion annually to meet the mandate of the 1990 Global Change Research Act: "to assist the 

Nation and the world to understand, assess, predict, and respond to human-induced and natural 

processes of global change."1 Those funds and that law represent a substantial commitment by 

the United States to utilize the best available science about environmental change to support 

decision making across scales in the U.S.. Despite the investment made by the agencies that 

contribute to USGCRP, utilizing climate research for decision making has proved to be a 

significant challenge. Substantial gaps still exist between the research that is carried out and the 

research that is needed to inform climate-relevant decisions. Recent research demonstrates that 

the disconnect between information producers and users represents a fundamental challenge that 

must be addressed if climate science is to better inform decision making (Kiem and Austin 2013; 

Tribbia and Moser 2008; McNie 2013). The central question that drives all the research in this 

dissertation goes directly to the heart of this challenge: how can scientists and other experts in 

society more successfully collaborate to develop the kinds of transgressive knowledge necessary 

to address complex, climate-related problems?  

In this introductory chapter I will first review the development of the tradition of environmental 

geography to ground my work in the discipline and show how it builds on a strong intellectual 

legacy. I will then review four key concepts that provide the foundations for much of my 

research. Finally, I briefly describe some of the contributions the work in this dissertation makes 

to existing literature. 

                                                
1 http://www.globalchange.gov/about 
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1. Environmental Geography 
The research presented in this dissertation is situated within the human-environment tradition in 

geography. This disciplinary tradition—more recently called environmental geography—

occupies "the fertile ‘borderlands’ where geography’s various traditions of scholarship—not only 

human, physical, but also regional and GIS—come together and connect with each other and 

with cognate traditions of environmental work outside geography" (Castree, Demeritt, and 

Liverman 2009, 2). My research—like all that within the broad spectrum of environmental 

geography—is focused on various relationships between society and nature and is "intellectually 

outward-looking" (Castree, Demeritt, and Liverman 2009, 8) utilizing insights from and 

contributing to developments across a number of academic traditions including science and 

technology studies, American Indian Studies, anthropology, and the policy sciences. In particular, 

my research fits within a long line of environmental geography that is concerned with the 

connections between humans and the climates in which they live. In this section I highlight the 

intellectual roots of my work to demonstrate the longstanding tradition in geography of 

integrative, interdisciplinary research that is concerned with the complexity of humans 

interacting with landscapes, the ways we shape and adapt to those landscapes, the importance of 

place and culture, and the ways in which environmental research engages with real world 

decision contexts. 

1.1 Early geographic understanding of climate-society relationships 

In the early 20th century several important figures in the history of geographic thought—namely 

Ellsworth Huntington, Ellen Churchill Semple, Harlan Barrows, and Carl Sauer—laid the 

foundation for what would evolve into contemporary environmental geography. Although 

Huntington, Semple and the other "environmentalists" (i.e., environmental determinists) who 
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helped shepherd American geography into 20th century scientific thought are easily dismissed for 

making simplistic causal links between climate and societies, their work established several 

important concepts that remain relevant for environmental geographers. In 1915 Huntington first 

published Civilization and Climate in which he positions his work at the center of an emergent 

geographic tradition in the U.S. that moves beyond a simple cartographic mission. This new 

geography "adds to the physical maps an almost innumerable series showing the distribution of 

plants, animals, and man, and of every phase of the life of these organisms" (Huntington 1924, 

xi). A core theme in Civilization and Climate is the notion that "climate ranks with racial 

inheritance and cultural development as one of the three great factors in determining the 

conditions of civilization" (1924, 387). Huntington's work, as well as much of the scholarship to 

emerge from the early environmentalist tradition in geography, is empirically weak in 

establishing causal links between social change and climate as well as racist—or what Richard 

Peet has called "geography's contribution to Social Darwinist ideology" (Peet 1985, 310). 

However, Huntington and the environmentalists did help establish an approach that examined 

historical climates (including changes in climate) and the impacts climate have on societies.  

By the time the third edition of Civilization and Climate was published in 1924, there was 

already a substantive response to the environmentalist tradition in geography. Both Harlan 

Barrows and Carl Sauer forcefully argued for geography to be the discipline that examined the 

role of humans within a complex environmental system. Both adopted concepts and 

nomenclature from the nascent field of ecology and both positioned geography as the branch of 

science that places humans in an ecological realm. In his 1922 presidential address before the 

Association of American Geographers (AAG), Barrows called for a geographic tradition that is 

rooted in what he calls "human ecology" and as such:  
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"would not be concerned with the genesis and development of land forms in particular 

areas or in general, but with the adjustments of man to land forms as elements of the 

natural environment… In a similar way, geography as human ecology would not be 

concerned with an explanation of the character and distribution of the different climates 

of the world, but with the human relations of climate, commonly as one element merely 

of an environmental complex" (Barrows 1923, 4). 

 Barrows highlights two concepts that will become cornerstones of late 20th and early 21st 

century thinking about climate and society: 1) human agency in adapting to climate and 2) 

climate as only one in a suite of factors that influences societal change.  

At the same time that Barrows is calling for geography to be human ecology, the younger Sauer 

lays out a vision of geography as cultural ecology in his seminal 1925 essay "The Morphology 

of Landscape," which is rooted in the German landscape tradition as well as contemporary 

thinking about culture from anthropology. Where Barrows challenged the simple causality of the 

environmentalists and highlights the agency of humans in responding to environment, Sauer 

describes landscapes that are shaped not only by environmental factors, but by culture. Sauer 

wrote:  

"The natural landscape is of course of fundamental importance, for it supplies the 

materials out of which the cultural landscape is formed. The shaping force, however, lies 

in the culture itself. Within the wide limits of the physical equipment of area lie many 

possible choices for man…This is the meaning of adaptation, through which, aided by 

those suggestions which man has derived from nature, perhaps by an imitative process, 

largely subconscious, we get the feeling of harmony between the human habitation and 
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the landscape into which it so fittingly blends. But these, too, are derived from the mind 

of man, not imposed by nature, and hence cultural expression" (Sauer 1925, 343).  

Sauer sets in motion a strong current in American human geography focused on culture and the 

diffusion of culture that proved to be a strong antidote to the environmentalist tradition he was 

exposed to as a graduate student at the University of Chicago in the first decade of the 20th 

century. Though Sauer is writing in 1925, one of the principle components his argument—that 

humans play a fundamental role in co-creating landscape with other drivers—is clearly relevant 

in the modern age of anthropogenic climate change.  

In his own 1940 presidential address to the AAG, Sauer makes explicit what this dialectic role of 

humans and environment may mean for the climate: "At present, we incline to deny all effects of 

settlement and clearing on climate...I should not be entirely sure that man has not extended the 

limits of deserts by altering the climatic condition of the lowest film of the atmosphere" (Sauer 

1941, 18). In this same address Sauer condemns the social Darwinism that was embedded in the 

early environmentalist tradition and calls for a close examination of individual cultures and their 

interactions with the environment in which they live, an idea that is central to my own work. 

When he states that "Since cultural change by no means follows a general or predictable course, 

it is necessary to trace back each culture through its historical steps" (23) he both repudiates the 

simplistic assumptions made by determinists and provides an early model for how many of us in 

the contemporary climate assessment community approach our own studies of individual 

communities and their relationships with climates in transition. Importantly, Sauer—wading into 

what's clearly a heated debate within American academic geography at the time—insists that 

physical geography remain central to the discipline, arguing that human geographers respect and 

gain skills in physical geography as well as in their own specialty area. Sauer is calling for a 
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holistic discipline that attempts to comprehend the complexity of what later scholars would call 

coupled human-natural systems. Sauer's emphasis on geography as a holistic discipline is 

especially relevant in the 21st century where knowledge has become highly differentiated and 

specialized at the same time that societies are attempting to address complicated environmental 

challenges like climate change that require integration of knowledge.  

1.2 Contributions from the hazards tradition 
Barrows early call for a human ecology that examines "adjustments of man to land forms" would 

be picked up and carried forward by several generations of scholars, specifically those who 

began closely studying environmental hazards beginning in the 1930s. Perhaps the most 

prominent scholar to emerge from Barrows group at University of Chicago was Gilbert White, 

who spent more than 70 years studying and writing about human relationships with 

environmental hazards. One of the early contributions White made to modern thinking about 

climate change impacts and adaptation came in his 1942 PhD thesis, Human Adjustment to 

Floods, which his longtime collaborator Robert Kates has called "the most influential geography 

dissertation in the United States" (Kates 2011, 8). Among the contributions White made in his 

dissertation was a clear view of floods as hazards that happen as a result of human interaction 

with the environment, rather than simply events that happen to people. In what's likely the most 

quoted sentence from his dissertation, White plainly states: "Floods are 'acts of God,' but flood 

losses are largely acts of man" (White 1945, 2) demonstrating his embrace of Barrows' human 

ecology perspective.  

Perhaps the most substantial contribution that White made to what would eventually become a 

strong climate-society tradition in geography in Human Adjustment to Floods was an analytic 

approach to what he calls the "flood problem" that reflected Sauer's call for integrated studies of 
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human-environment interactions: "Solutions to such problems can be developed effectively only 

by examining the environmental and social conditions in each locality having a flood 

problem...Such an approach would take account of all relevant factors affecting the use of flood 

plains, would consider all feasible adjustments to the conditions involved, and would be practical 

in application"(3). Key to this approach is a full investigation of how people live in a place and 

react to an environmental stress. By detailing how people actually deal with an environmental 

stress and looking for policy solutions that reflect these adjustments, White carved out a practical, 

policy-relevant, geographic approach that would appear again and again through his own work, 

the work of his collaborators, students, intellectual descendants, and even his fiercest critics. This 

approach is still highly salient in environmental geography and is central to my own drought 

planning research (see Appendix 2) and also informs my theoretical thinking about how research 

that is meant to be decision relevant must be carried out (see Appendix 1). 

By the early 1980s White and his colleagues in the hazards research community were coming 

under increasing attacks for the failings of their work to confront political economic drivers of 

vulnerability, though some of these critics were effectively using White's own approach to 

studying hazards to critique his work. When Michael Watts—reporting on his own work 

studying drought and famine in Nigeria—wrote that "both hazards research and cultural ecology 

are sadly lacking and need to be placed in the wider context of the political economy of social 

systems and specifically the manner in which social formations reproduce themselves" (Watts 

1983, 349), he is ironically harkening back to White's own call for a close accounting of all the 

elements that go into creating vulnerability to a hazard. This same close accounting of 

underlying factors can also be seen in the heavily quantitative approach that Cutter and her 

colleagues have taken to understanding vulnerability to environmental hazards over the last three 
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decades (e.g., Cutter 2003; Cutter and Finch 2008a; Cutter et al. 2008; Borden and Cutter 2008). 

It's a testament to White's influence and the elegant nature of his approach to hazards and 

adaptation that two such radically different approaches to studying environmental hazards reflect 

this common vision.  

White—working with his collaborators Ian Burton and Robert Kates—would adopt the 

fundamental approach he lays out in his dissertation and apply it to a whole suite of 

environmental hazards throughout the 1950s, 60s, and 70s. That work, some of which is captured 

in two touchstone books, Natural Hazards: Local, National, Global and The Environment as 

Hazard, along with the work of other scholars who followed in the hazards research tradition 

helped to establish several bedrock themes that would become important to the climate and 

society research that followed in its wake, including: close study of how people experience 

hazards and the importance of human adjustments and adaptations to hazards, all of which 

directly influenced much of the work done by later scholars on vulnerability; the role that 

research can play in public policy to address environmental hazards; various methods for 

empirically assessing human exposure and response to hazards; and the role of perception of 

hazards in how people respond (or don't). 

By articulating an approach and then carrying out numerous studies that reflected a vision of the 

necessity for closely examining hazards in specific locations, White and colleagues paved the 

way for more sophisticated and critical studies of vulnerability to hazards that would follow first 

by scholars critical of their approach (e.g., Wisner et al. 2004; Blaikie 1985), then by those 

informed by both the critique as well as the original vision (e.g., Liverman 1990a; Dow 1992; 

O'Brien and Leichenko 2000; Eakin and Luers 2006) as well as those who took a more 
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quantitative approach to understanding vulnerability that was at the heart of much of the earlier 

hazards work (e.g., Polsky, Neff, and Yarnal 2007). Though the vulnerability concept is not well-

defined in the substantial amount of research carried out by White, Burton and Kates (a point of 

critique by scholars who followed them), it is nevertheless possible to trace some of the modern 

thinking about environmental vulnerability and assessing vulnerability back to their work. 

White and his colleagues also helped create the intellectual space that would ultimately come to 

be occupied by a vast amount of research related to vulnerability and adaptation to climate 

change by focusing on adjustments and adaptations to environmental stress. The close scrutiny of 

the options people have in the face of a hazard, the choices they make in response, and the way 

those responses can (frequently) exacerbate rather than alleviate the impact of the hazard can all 

be seen in much of the White/Burton/Kates hazards research tradition. White and colleagues also 

did early work to lend some clarity to what is meant by the terms "adjustment" and "adaptation" 

and the various types of adjustments and adaptations people make. Writing about the nascent 

field of climate impact assessment in 1985, Kates describes "cumulative long-term responses to 

natural hazards, called adaptations, and short-term responses, described as adjustments" and 

further goes on to describe the distinction between "incidental" and "purposeful" adjustments 

(Kates 1985, 22-23). In this work Kates is referring back to The Environment as Hazard and the 

lessons that emerged from the large amount of research that went into it. These distinctions 

between adjustments and adaptations still underpin much of the how we think about confronting 

global climate change.  

The work of White, Burton, and Kates contains many close studies of individual places and their 

exposure to hazards, but this work frequently is in the service of broad-scale understanding of 
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human-environment relationships and—importantly—public policy options for addressing 

problems that attend those relationships. Their work is full of conceptual models and 

comparative examples that attempt to make generalizable conclusions from the large body of 

hazards work they helped carry out. While this element of their work has been a target of 

substantive critique (e.g., Waddell 1977; Torry 1979), their systematic approach to trying to 

understand hazards and their relentless attempts to conceptually describe the metaphorical wiring 

of large scale environmental systems—for better or worse—has directly influenced the way that 

much modern global climate change assessment research is done.  

While White, Burton, and Kates were perhaps the most prominent of the geographers doing 

hazards research in the U.S., a number of critical insights were made by others as well. For 

example, in my own work on drought in the U.S. Southwest the work of two researchers from 

the hazards tradition have been quite useful. Saarinen's work on perceptions of drought in the 

Great Plains  provided numerous insights about how farmer's perceptions of drought shape their 

responses and how their past experiences with drought in turn shape their perception of the 

hazard (Saarinen 1966). Warrick, also looking at Midwest drought, helped establish much of the 

detailed understanding of agricultural drought that would ultimately inform U.S. drought policy 

and planning (Warrick 1980, 1975).  

1.3 Vulnerability and climate change adaptation 
Geographers have been at the forefront of conceptualizing, developing methods to assess, and 

providing empirical insights into human vulnerability and adaptation to climate. Partially in 

response to the hazards researchers, by the mid-1970s several human geographers began to offer 

critical insights into what lies at the root of vulnerability to environmental stresses, including 

climatic hazards like drought, floods, and typhoons. In 1976, O'Keefe, Westgate, and Wisner 
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made a compelling argument that the rising rates of loss from natural disasters are not rooted in 

changes in the climate or geological systems, but rather in social systems (specifically economic 

systems) that are increasing the vulnerability of specific populations (e.g., in developing nations) 

to environmental hazards. O'Keefe and colleagues reach the conclusion that "The time is ripe for 

some form of precautionary planning which considers vulnerability of the population as the real 

cause of disaster—a vulnerability that is induced by socio-economic conditions that can be 

modified by man, and is not just an act of God" (567). While their insights—which rely 

explicitly on critical social theory—are to some extent at odds with White, Burton, and Kates 

(and Sauer and Barrows before them), there is a clear echo of White's own "Floods are 'acts of 

God,' but flood losses are largely acts of man" in their summary statement. O'Keefe, Westgate 

and (especially) Wisner were at the forefront of a new way of conceptualizing environmental 

hazards that places a much heavier emphasis on addressing the full range of underlying causes of 

vulnerability. It's a gross oversimplification to suggest that White, Burton, Kates and their 

colleagues simply ignored economic status or the impact of poverty on vulnerability (see, e.g., 

Hare, Kates, and Warren 1977), but the explicit focus on political economy as a driver of 

vulnerability stands in stark contrast to the hazards tradition. By the time Watts is publishing his 

work on drought and famine in Nigeria in 1983 and directly criticizing the weaknesses of the 

hazards tradition, there is already a burgeoning movement toward critical hazards research 

within geography. This critical turn—led by Michael Watts, Ben Wisner, Piers Blaike, Thomas 

Downing, Richard Peet and eventually many others under the current umbrella of political 

ecology—helped to bring the concept of vulnerability to the center of research that focused on 

human dimensions of climate change.  



 19 

By the late 1980s and early 1990s climate change had become an increasingly important area of 

research for human geographers, and the concepts of vulnerability and adaptation were 

prominent in much of this work. Several studies from this period offered a variety of approaches 

to more clearly and more fully describe and assess vulnerability. For example, Liverman's work 

in Mexico (1990b) provided insight about how research into climate vulnerability (in this case 

drought) can be carried out in such a way that encompasses not just environmental variables, but 

economic ones as well. In their 1993 paper on disaster vulnerability in the context of the coming 

International Decade for Natural Disaster Reduction, Wisner and Luce offer a "critique of [the] 

overly-general use of the vulnerability concept…[a] discussion of social theory needed to ground 

models of disaster causation…[a] model itself, and finally…a scheme for creating vulnerability 

profiles" as well as trying to answer the question of who could use such a model (134) all of 

which incorporates the key social, economic, and political considerations missing from much of 

the prior hazards research. Downing (1991), in a close examination of food insecurity in Africa 

in the context of climate change, makes a strong case for developing metrics to properly assess 

vulnerability to hunger as a pathway toward a more accurate assessment of how climate change 

will impact areas that may be food insecure. Out of this period also arise several papers that 

make the case for properly conceptualizing vulnerability so that it can be a more useful and 

usable component of climate impact studies (e.g., Bohle, Downing, and Watts 1994; Liverman 

1990a; Dow 1992).  

By the late 1990s (and carrying through the 2000s), the concepts of vulnerability and adaptation 

had become mainstream staples of climate impact assessments and potential policy responses. 

Research on vulnerability and adaptation within human geography as well as a host of other 

disciplines has blossomed into an important component of modern integrated climate research. 
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Scholars have explored particular cases of climate vulnerability in developing nations like 

Vietnam and Mexico (Adger 1999; Liverman 1999); methods, approaches, and frameworks for 

assessing vulnerability (e.g., Birkmann and Wisner 2006; Brooks, Neil Adger, and Mick Kelly 

2005; Cutter and Finch 2008b; Füssel 2007; Polsky, Neff, and Yarnal 2007). There are also 

several reviews of the vulnerability concept, each with different emphases (e.g., Cutter 1996; 

Eakin and Luers 2006; Wisner 2001). An entire literature on climate vulnerability and adaptation 

issues related to food security also began to emerge in the 1990s. This deep literature includes 

approaches for assessing climate impacts on food production (Parry 1990; Rosenzweig and Parry 

1994; Lobell, Schlenker, and Costa-Roberts 2011), past and coming challenges for food security 

on particularly vulnerable regions (Appendini and Liverman 1994; Hertel, Burke, and Lobell 

2010; Parry, Rosenzweig, and Livermore 2005), and specific questions related to adaptation 

research and food (Burke and Lobell 2010; Lobell et al. 2008). Collectively this work build 

foundational knowledge about: the necessity of exposing the full range of vulnerability to a 

hazard (i.e., moving beyond biophysical drivers); the utility of and limits to using vulnerability 

as a centerpiece to understanding human response to climate change; the need for indicators and 

metrics that capture vulnerability adequately (i.e., not simply using convenient or simple 

indicators); the need for common frameworks, approaches, and methods that will allow for 

greater comparability of vulnerability assessment results; the importance of considering how 

adaptations to climate may themselves be maladaptive; understanding the implications of 

adaptation choices made over time. 

One particular framework from the geography literature that encompassed much of what 

preceded it and made a substantial contribution to thinking about vulnerability was the "double 

exposure" idea developed by O'Brien and Leichenko (O'Brien and Leichenko 2000; Leichenko 
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and O'Brien 2008). By explicitly considering both climate change and all the changes that are 

concomitant with economic globalization, O'Brien and Leichenko lay out an approach that 

attempts to incorporate both the biophysical and social drivers that lead to disproportionate 

impacts from environmental change. Because they advocate assessing the physical drivers of 

change while simultaneously assessing the underlying social and economic drivers, O'Brien and 

Leichenko's double exposure framework constitutes a bridging—both conceptually and 

practically—of the traditional hazards approach of White et al. and the critical approach 

associated with Watts, Wisner, Blaikie and others.  

1.4 Climate forecasts and the role of climate science in decision making 
There has also been a considerable amount of research by human geographers assessing the role 

of climate forecasting for supporting policy both in terms of climate variability and long term 

climate change. Insights from this literature are especially pertinent as both the decision making 

community and the climate research community continue to look to global climate models (and 

associated regional and impact assessment models) for guidance on substantial questions about 

future climate change. For example, several scholars have shown the limits of climate 

forecasting for mitigating climate risk, both as a result of the limited skill of the forecasts 

themselves as well as confounding factors related to the institutional and social contexts into 

which they may be brought (e.g., Lemos et al. 2002; Broad and Agrawala 2000; Stern and 

Easterling 1999). Lemos and several other scholars have also investigated important questions 

about access to climate forecasting products that raise equity issues and question approaches 

some in the climate research community take in trying to mitigate climate impacts on society 

(Lemos and Dilling 2007; Peterson et al. 2010; Pfaff, Broad, and Glantz 1999; Broad, Pfaff, and 

Glantz 2002).  
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In general much of the research investigating how long range climate forecasts can and are being 

used reveals an important tension between approaches to mitigating climate impacts that are 

highly reliant on technology and those that call for more inclusive, broadly diverse 

epistemological approaches to dealing with climate challenges. This tension has been a strong 

undercurrent throughout much of the history of human dimensions of environmental change 

research. White's early work was in part in reaction to the heavily engineered approaches to 

dealing with floods that he found to be inadequate for reducing flood risk and, worse, frequently 

responsible for increasing that risk. As critical geographers began to critique the work and 

findings of the hazard researchers, one of their chief complaints was the overly scientistic view 

of hazards that failed to fully comprehend other ways of seeing the world and the hazards that 

people experienced. As climate change became a central focus for many human-environment 

researchers, a recognition that western science approaches to this particular "wicked problem" 

may be insufficient have gained increasing currency (as evidenced by much of the work done by 

human geographers looking at the utility of climate forecasts). The research presented in the 

three papers that are the heart of this dissertation follow this contemporary line of reasoning in 

environmental geography, embracing and advancing various ideas about inclusion, participatory 

approaches, and epistemological pluralism. 

2. Four concepts central to current climate-society research 
Building on that long legacy of human-environment geography, my work has focused on 

improving theoretical considerations of integrated knowledge production to address complex 

climate challenges, application of those ideas in place-based research, and recursively examining 

the impact of climate-society research to better understand the impacts it has in the world outside 

of academia. That specific research agenda has been particularly motivated by and in dialogue 
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with four core concepts in modern climate research: use-inspired basic research, co-production 

of knowledge, the boundaries between science and nonscience, and transdisciplinarity as an 

approach to socially engaged research. 

Use-inspired research 
The research conducted in universities is commonly characterized as either basic or applied. 

Donald Stokes' (1997) incisive analysis of the basic/applied dichotomy reveals the roots of the 

paradigm to be in a report a high-ranking U.S. government official, Vannevar Bush, wrote at the 

request of President Franklin Roosevelt in 1944. That report, Science, the Endless Frontier, 

eventually became the founding document of the National Science Foundation and 

institutionalized a central way that research was characterized in the U.S. from that era onward. 

Bush presented a simple, linear model of science wherein basic or "pure" research—"the 

discovery of fundamental new knowledge and basic scientific principles (Bush 1960, 78)—is the 

"pacemaker of technological progress" (Bush 1960, 19). Applied research takes that fundamental 

knowledge that has been developed and puts it to use in society. The context for Bush's report is 

important: he was writing at the end of World War II and was asked by Roosevelt to essentially 

write a policy document that articulated the role of science once the war was over (Stokes 1997, 

2). Science, the Endless Frontier, therefore, makes a strong argument that the U.S. will fall 

behind in innovation in the world if we fail to invest in basic science the way we had throughout 

the war. 

Stokes' analysis of the linear model of science described by Bush reveals the fallacy of the 

paradigm, but also demonstrates the deep roots that have taken hold in U.S. funding of science 

and the structure of the collective science enterprise in the U.S.. A central point in Stokes' 

analysis is reframing the linear model of science to more accurately reflect how research is both 
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developed and utilized in society. In creating a 2 x 2 grid conceptual model with "quest for 

fundamental understanding" on the Y axis and "consideration of use" on the X axis (Stokes 1997, 

73) he identifies research that both seeks fundamental knowledge and considers use in society 

that he calls "use-inspired basic research." This is the quadrant in which the great 19th century 

French scientist and polymath Louis Pasteur worked. As Stokes goes on to show, it is also where 

a great deal of science actually gets done, despite the continued prominence of the basic/applied 

binary. 

Stokes' identification of the flaws in the linear model that Bush articulated as well as the idea of 

use-inspired basic research are highly relevant to understanding both the current quest for 

carrying out climate science that is useful to inform decision making and the challenges 

associated with it. In an era of significant environmental change, there is need for scientific 

research that seeks to learn about how biophysical and human systems operate to better 

understand the systems but also to find ways to help solve problems that arise. That is essentially 

the goal of the U.S. Global Change Research Act of 1990. Much, but certainly not all, of the 

research related to environmental change that is currently done has an element of use. One of the 

problems we encounter, though, with carrying out policy-relevant science is the deeply engrained 

sense in modern society that science needs to remain objectively distant from decision making so 

that it is not corrupted by consideration of use. In Bush's terms, there is a "perverse law 

governing research: Under the pressure for immediate results, and unless deliberate policies are 

set up to guard against this, applied research invariably drives out pure" (Bush 1960, 83). Bush 

simply helped institutionalize (primarily through describing a paradigm that was adopted by U.S. 

funders of research) thinking that was prevalent at the time, but as a result we have been left with 

a 21st century conundrum: as a society we want research that helps address complex social 
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problems, but we do not want the research (or researchers) to be working in close proximity to 

those decisions (or decision makers) for fear of getting mired in the political machinations that 

Bush felt would cripple U.S. innovation. 

Co-production of knowledge 
Since the passage of the Global Change Research Act in 1990, a significant amount of research 

has focused on this conundrum. Much of it is centered on theorizing and finding empirical 

evidence to support productive ways for reducing the barriers between science and decision 

making while simultaneously balancing the salience, credibility, and legitimacy of the science 

needed (Cash et al. 2002). In the climate research community, much of this work has been 

particularly focused on processes that promote the co-production of knowledge as a means to 

increase the probability of the uptake of science in decision processes. The original conception of 

co-production is rooted in the work of Sheila Jasanoff about the contingent nature of science: 

"[s]cientific knowledge…is not a transcendent mirror of reality. It both embeds and is embedded 

in social practices, identities, norms, conventions, discourses, instruments and institutions—in 

short, in all the building blocks of what we term the social" (Jasanoff 2004, 2-3). What is being 

co-produced, then, is science and social order, "the production of mutually supporting forms of 

knowledge and forms of life" (Jasanoff 1996, 397). The work of Jasanoff and her colleagues (in 

particular Brian Wynne)—in opposition to Bush's construction of "pure" science—moves 

science squarely back into the social and provides a framework for thinking about processes "in 

which natural knowledge and political order are co-produced through a common social project 

that shores up the legitimacy of each" (Jasanoff and Wynne 1998, 15). In other words, science 

and social order go hand in hand, so the work that has been done over generations to try to 
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separate science from society is problematic when the goal of science is to inform decision 

making.  

Lemos and Morehouse—building on Jasanoff's theoretical ideas and applying them to practice—

argue that at the core of successful co-production processes is the principle of iterativity, which 

relies on sustained interactions between scientists and stakeholders, development of usable 

science, and a reliance on interdisciplinarity (Lemos and Morehouse 2005). Dilling and Lemos 

have recently argued that because iterativity is so crucial to successful co-production processes, 

it is imperative that ownership of these processes is established, whether that ownership is by a 

particular actor or an institution, usable science is dependent on these processes being 

consciously fostered (Dilling and Lemos 2011). Recently my colleagues and I have gone a step 

further and argued that not only must someone own the process, but the choice of particular 

processes for engagement between researchers and decision makers or practitioners is crucial to 

successfully co-producing usable knowledge (Meadow et al. 2015). 

Boundaries between science and nonscience  
Closely related to Jasanoff's insights about the co-production of natural and social order is 

Gieryn's concept of boundary work. In his seminal piece on the topic, Gieryn uses historical 

examples to reveal "ideological efforts by scientists to distinguish their work and its products 

from non-scientific intellectual activities" (Gieryn 1983, 782). He argues that "[b]oundary-work 

is an effective ideological style for protecting professional autonomy: public scientists construct 

a boundary between the production of scientific knowledge and its consumption by nonscientists 

(engineers, technicians, people in business and government). The goal is immunity from blame 

for undesirable consequences of non-scientists' consumption of scientific knowledge" (Gieryn 

1983, 789). Gieryn—reflecting on the same phenomenon the Bush articulated in the 1940s—
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highlights the utility of the boundary for insulating science from the value-laden world of politics 

by creating a privileged expert knowledge.  

Gieryn's conception of boundary work was extended to the idea of "boundary organizations" by 

Guston (Guston 1999) in his analysis of the U.S. National Institute of Health Office of 

Technology Transfer, which was further refined in his 2001 introductory essay to a special issue 

of the journal Science, Technology, & Human Values (Guston 2001). Guston offers three 

functions of boundary organizations that are frequently cited in the literature: "[1] they provide 

the opportunity and sometimes the incentives for the creation and use of boundary objects…[2] 

they involve the participation of actors from both sides of the boundary, as well as professionals 

who serve a mediating role…[3] they exist at the frontier of the two relatively different social 

worlds of politics and science, but they have distinct lines of accountability to each" (Guston 

2001, 401). Guston also conceptually links boundary organizations and co-production of 

knowledge: "boundary organizations are involved in co-production in two ways: they facilitate 

collaboration between scientists and nonscientists, and they create the combined scientific and 

social order through the generation of boundary objects and standardized packages" (Guston 

2001, 401). The concept of the boundary object—introduced by Star and Griesemer (1989)—is 

essentially an object or process developed in co-production processes that is meaningful on both 

sides of the conceptual boundary between science and nonscience. Guston's work has helped turn 

Gieryn's theoretical ideas about the maintenance of boundaries by scientists into a call for 

consciously recognizing the boundaries and strategically fortifying or breaching them to help 

bring science into more decision processes. 
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Transdisciplinarity 
The concept of transdisciplinary research is less common in the use-inspired climate literature, 

but it is critical to the research represented in this dissertation. A variety of definitions for 

transdisciplinarity exist, though the one that I have consistently relied on in my own research 

comes from a review by Jahn and colleagues in 2012:  

"Transdisciplinarity is a critical and self-reflexive research approach that relates societal 

with scientific problems; it produces new knowledge by integrating different scientific 

and extra-scientific insights; its aim is to contribute to both societal and scientific 

progress; integration is the cognitive operation of establishing a novel, hitherto non-

existent connection between the distinct epistemic, social–organizational, and 

communicative entities that make up the given problem context" (Jahn, Bergmann, and 

Keil 2012, 8-9).  

Christian Pohl makes a distinction between two different types of transdisciplinary research: type 

one, which he characterizes as similar to boundary work, and type two, which is a deeply 

engaged and collective endeavor by scientists working with nonscientists. Pohl's distinction is 

helpful because it differentiates boundary organizations as a conceptual framework from other 

types of engaged, socially responsive research. In Pohl's framework, "The transdisciplinary 

researcher in [type 2] co-production is less concerned with establishing and maintaining 

boundaries and more with defining procedural rules, enhancing mutual understanding, and 

proposing normative orientations to make the co-production a collective process of policy 

cultures" (Pohl 2008, 50).  
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Pohl also makes a point that is salient to Appendix 1 of this dissertation: that type 2 

transdisciplinary research not only embraces, but requires different epistemologies: 

"Transdisciplinary researchers…are essentialist, since they initiate knowledge production of a 

specific kind and propose specific normative orientations for the overall development [of the 

research]. At the same time they are constructivists, being aware of the multiple policy cultures 

and their divergent interests" (Pohl 2008, 51). Transdisciplinarity, with the emphasis on 

collaborative work between scientists and nonscientists, embraces the practice of this kind of 

research as collective, rather than the somewhat antagonistic nature of the boundary concept 

where lines are (conceptually) drawn. Pohl, citing his conceptualization of type 2 

transdisciplinarity, says the "production of knowledge as a collective endeavor – and not as a 

domain of science …characterizes type two transdisciplinary research and has not been 

adequately captured by the concept of boundary work and boundary organization" (Pohl 2008, 

51).  

This point is highly relevant to all the work presented in this dissertation. Much of the work on 

co-production and boundary work are framed as somewhat opposing forces coming together to 

accomplish science. Use-inspired climate research is, at its most basic level, simply collective 

work done by a group of people, some of whom are scientists, some not. Each has a role, though 

they are frequently blurry, but it is fundamentally collaborative knowledge production. Put 

another way, "Transdisciplinarity is an extension of interdisciplinary forms of the problem-

specific integration of knowledge and methods; while integration refers to scientific questions at 

the interface of different disciplines in interdisciplinarity, in transdisciplinarity, on the other hand, 

it is about integration at the interface of these scientific questions and societal problems" (Jahn, 
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Bergmann, and Keil 2012, 2). In my work I have embraced transdisciplinarity as a way of 

working in "Pasteur's quadrant" to carry out use-inspired basic research. 

3. Contributions of the present study 
The work reported in the articles in Appendices 1-3 contributes to and advances this literature in 

several ways. First, taken as a whole, my work explores three distinct components of the 

challenge of developing collaborative knowledge to address complex climate problems. 

Appendix 1 adds to the emerging body of theory about developing use-inspired climate research 

by exploring epistemological difference within, as well as between, the research and practitioner 

communities. Appendix 2 reports on an example of practice of this kind of research and 

demonstrates practical approaches to implementing these theoretical ideas, in particular in the 

context of a Native American community seeking to adapt to ongoing environmental and social 

change. Appendix 3 explores the often overlooked challenge of trying to measure non-economic 

impact and value of this kind of research.  

Also included as Appendix 4 is this dissertation are three other papers that I co-authored while 

pursuing a PhD. Two of these (Guido et al 2013 in Appendix 4a and Meadow, Crimmins, and 

Ferguson 2013 in Appendix 4b) report on projects explicitly aimed at understanding use of 

climate information and evaluating the efficacy of a decision support system. The third, Meadow 

et al 2015 in Appendix 4c, argues that the time has come for co-production of climate research to 

become a more deliberate process that utilizes specific tools from the social sciences. 

This collection of research also fills several gaps in the current literature. Appendix 1 seeks to 

advance the climate assessment literature by adding theoretical nuance to the co-production and 

boundary organization literature by focusing on the intellectual diversity present at the project 
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level of science/practitioner collaborations. By highlighting issues of epistemological diversity 

and the barriers to collaboration that can be engendered by close association with epistemic 

cultures, we describe an overlooked component of socially-engaged climate research and offer 

approaches for moving beyond some of the typical barriers that limit the use of climate science 

in decision making. 

Appendix 2 adds to the emerging literature about climate adaptation in Native American 

communities. Our focus on integrating local knowledge and observations of environmental 

conditions contributes to the existing literature—much of which has been based on Arctic 

Indigenous communities (Cochran et al. 2013; Gearheard et al. 2010; Mahoney et al. 2009)—

about the importance of local observations for assessing climate-related impacts on Native lands, 

but broadens these ideas to the semi-arid Southwest. Because this work is place-based and 

provides an in-depth examination of climate impacts and responses by the Hopi Tribe, we also 

provide specific details that are by necessity absent from some of the recent broader reviews of 

climate impacts on Native communities (Cozzetto et al. 2013; Bennett et al. 2014; Maldonado et 

al. 2013) and complements some of the other placed-based climate adaptation research being 

done with Native communities in the U.S. Southwest (Gautam, Chief, and Smith Jr. 2013). 

Finally, this work contributes to the ongoing academic and community-based dialogues about 

what 21st century tribal sovereignty and local governance means in the context of resource 

management and resource use by Native Americans (Colombi 2009; Williams and Hardison 

2013). 

Appendix 3 fills a critical gap in the climate assessment literature by highlighting the need for 

and utility of robust evaluation approaches in climate-society research. Much of the research 
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funded by the U.S. Global Change Research Program in the U.S.—and by parallel organizations 

around the world—is aimed at bringing the best available science into decision processes. The 

review of evaluation work presented in Appendix 3 adds to the small but growing body of 

published research that directly addresses the goals for, challenges of, and successful examples 

of evaluating use-inspired climate research. 
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Chapter 2: The Present Study 

The research reported in Appendices 1-3 represents the substantive work carried out for this 

dissertation. The first two articles are to be submitted to peer-reviewed journals (Appendix 1 will 

go to Global Environmental Change and Appendix 2 to Weather, Climate, and Society), the third 

has already been peer-reviewed and revised for publication in the forthcoming book Climate in 

Context to be published by Wiley-Blackwell in 2015.  

All of the work reported in the three articles was collaborative, but I am the primary and 

corresponding author for each article. I was instrumental to the research design and conduct of 

research for each study. For the study reported in Appendix 1, I helped conceive of the idea, co-

authored the proposal that funded the work, assisted with the research design, led the data and 

information analysis that led to the manuscript, and led the drafting and revising of the 

manuscript. For the study reported in Appendix 2, I led the development of the initial research 

idea, led the drafting of the proposal that funded the work, assisted with the research design, 

helped with data collection, led the data and information analysis that led to the manuscript, and 

led the drafting and revising of the manuscript. For the review paper presented in Appendix 3, I 

conceptualized the framing we used for our review, and led the drafting and revising of the 

manuscript. Three of the four papers included in Appendix 4 are part of the review presented in 

Appendix 3. My role in each of those studies is described in the introduction to Appendix 4. 

This dissertation presents work on refinement of theory of, practice of, and approaches to 

evaluating use-inspired climate research. The primary problem addressed by this collection of 

work is the disconnect between climate research that is carried out and research that informs 

decision making.  
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Appendix 1  
Ferguson, D. B., J. L. Rice, and C. A. Woodhouse. [to be submitted to Global Environmental 

Change]. Promoting epistemic pluralism between climate researchers and water resources 
practitioners through transdisciplinary practice.  

 This study examined collaborations between public water utilities and climate researchers in 

three cities in the western United States (Denver, CO; Seattle, WA; and Tucson, AZ) to 

understand barriers and pathways to success for integrating research into water resources practice. 

The central question addressed is: how can climate researchers and groups who can utilize 

climate research for adaptation turn epistemological diversity, which is often a barrier to action, 

into an asset for increasing the amount of research that is useful for decision making? We 

develop a conceptual framework that highlights how epistemic difference within the research and 

practitioner communities can become barriers to successful collaboration. These epistemic 

differences are a relatively unexplored barrier. We argue that this diversity of ways of knowing  

represents tremendous potential to solve complex problems, but that it must be reckoned with to 

be utilized as such. Our work suggest that to improve the uptake of climate research in decision 

making requires concentrated efforts to foster epistemic pluralism or embracing the knowledge 

diversity present in these kinds of collaboration. The research reported in this study suggests that 

transdisciplinary approaches to addressing epistemic differences at the scale of individual 

projects can help facilitate integration of knowledge. We argue that this more integrative 

approach to knowledge production for decision-making can provide opportunities for research to 

be more useful for climate adaptation planning and offer a set of five heuristic based on our 

research to help guide researcher/practitioner collaborations. 
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Appendix 2  
Ferguson, D. B., M. Crimmins, and A. Meadow. [to be submitted to Weather, Climate, and 

Society]. Toward more responsive drought planning: Tracking environmental conditions 
to promote an adaptive governance approach to managing drought. 

This study reports on an ongoing collaboration between University of Arizona researchers and 

the Hopi Tribe's Department of Natural Resources focused on developing an improved drought 

monitoring system to inform tribal decision making. Our approach reflects principles of adaptive 

governance by putting the decision context foremost and designing a data and information 

system based on that context. We present details about how drought is experienced across the 

Hopi Reservation. We find that drought at Hopi is primarily experienced through ranching and 

farming, but that these impacts have repercussions throughout Hopi society. We go on to 

describe a hybrid monitoring system that brings together the limited hydrometeorological data 

for the region with local observations of system response. This type of hybrid system offers a 

comprehensive view of drought that is more conducive to the scales at which a lot of drought 

decision making is done. By focusing on monitoring that tracks environmental status, the system 

we have built with the Hopi Tribe is meant to provide information useful for drought planning, 

but also for long-term decision making the tribe is confronting as the Southwest warms.   

Appendix 3 
Ferguson, D. B., M. L. Finucane, V. W. Keener, and G. Owen. In press. Evaluation to Advance 

Science Policy: Lessons from Pacific Risa and CLIMAS In Climate in Context, eds. A. 
Parris and G. Garfin: Wiley-Blackwell.   

This article reviews recent evaluation research we did as part of the Climate Assessment for the 

Southwest program and compares it with similar work done by the Pacific RISA. Utilizing 

examples from CLIMAS and the Pacific RISA, we argue that evaluation is a critical for 

improving science policy related to use-inspired climate research. We review some of the 
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challenges of evaluating use-inspired research (including the difficulty of ascribing causation) 

and describe the utility of theory-based evaluations in the RISA context. We review several 

CLIMAS evaluation efforts (three of which have been previously published in the peer-reviewed 

literature) to show that evaluation can offer insights to improve program function, but we also 

demonstrate how several use-inspired climate research projects made social impact. Specifically, 

the CLIMAS work presented here shows the utility of synthesizing existing climate information 

for informing local decisions; the pathways for getting weather and climate information into 

wildfire operations in the Southwest and what kinds of information are most useful at different 

points in the fire year; and the failure of a use-inspired project designed to utilize citizen 

observers for a drought impacts monitoring system. In comparing evaluation work done by two 

RISAs working in quite different contexts, we synthesize several lessons related to evaluating 

programs and projects designed to be use-inspired: 1) a wide range of approaches are available to 

evaluate this kind of work; a one size fits all approach is inappropriate; 2) development and use 

of a programmatic theory of action to describe explicitly the proposed mechanisms of change 

provides the opportunity to articulate and pre-define measures of successful outcomes at 

different future times; and 3) collecting qualitative and quantitative metrics at multiple points in 

time encourages incremental learning and refinement of science strategies. 

Appendix 4 
Relevant Co-Authored Published Research 
The three papers included as appendix 4 of this dissertation represent work that I contributed to 

while I was pursuing a PhD. Each of these studies is directly related to the work that is central to 

my degree presented in Appendices 1-3. 
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Appendix 4a 
Guido, Z., D. Hill, M. Crimmins, and D. Ferguson. 2013. Informing Decisions with a Climate 

Synthesis Product: Implications for Regional Climate Services. Weather, Climate, and 
Society 5 (1):83-92. 10.1175/WCAS-D-12-00012.1 © American Meteorological Society.  
Used with permission.  

 
The demand for regional climate information is increasing and spurring efforts to provide a 

broad slate of climate services that inform policy and resource management and elevate general 

knowledge. Routine syntheses of existing climate-related information may be an effective 

strategy for connecting climate information to decision making, but few studies have formally 

assessed their contribution to informing decisions. During the 2010–11 winter, drought 

conditions expanded and intensified in Arizona and New Mexico, creating an opportunity to 

develop and evaluate a monthly regional climate communication product—La Ni~na Drought 

Tracker—that synthesized and interpreted drought and climate information. Six issues were 

published and subsequently evaluated through an online survey. On average, 417 people 

consulted the publication each month. Many of the survey respondents indicated that they made 

at least one drought-related decision, and the product at least moderately influenced the majority 

of those decisions, some of which helped mitigate economic losses. More than 90% of the 

respondents also indicated that the product improved their understanding of climate and drought, 

and that it helped the majority of them better prepare for drought. The results demonstrate that 

routine interpretation and synthesis of existing climate information can help enhance access to 

and understanding and use of climate information in decision making, fulfilling the main goals 

for the provision of climate services. 
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Appendix 4b 
Meadow, A. M., M. A. Crimmins, and D. B. Ferguson. 2013. Field of Dreams or Dream Team? 

Assessing Two Models for Drought Impact Reporting in the Semiarid Southwest. 
Bulletin of the American Meteorological Society 94 (10):1507-1517. 10.1175/BAMS-D-
11-00168.1 © American Meteorological Society. Used with permission.  

 

To make decisions about drought declarations, status, and relief funds, decision makers need 

high-quality local-level drought impact data. In response to this need in Arizona the Arizona 

DroughtWatch program was created, which includes an online drought impacts reporting system. 

Despite extensive and intensive collaboration and consultation with the intended public 

participants, Arizona DroughtWatch has had few consistent users and has failed to live up to its 

goal of providing decision makers or the public with high-quality drought impacts data. Based on 

an evaluation of the DroughtWatch program, the authors found several weaknesses in the public-

participation reporting-system model including that participation was reduced because of 

participants' over-commitment and time constraints, consultation fatigue, and confusion about 

the value of qualitative impact reports. Based on these findings, the authors recommend that 

professional resource agency personnel provide the backbone of drought impacts monitoring to 

ensure that decision makers receive the high-quality, consistent information they require. Public 

participation in impacts monitoring efforts can also be improved using this model. Professional 

observers can help attract volunteers who consider access to high-quality data an incentive to 

visit the Arizona DroughtWatch site and who may be more likely to participate in impacts 

monitoring if they see examples of how the information is being used by decision makers. 
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Appendix 4c 
Meadow, Alison M., Daniel B. Ferguson, Zack Guido, Alexandra Horangic, Gigi Owen, and 

Tamara Wall. 2015. Moving Toward the Deliberate Co-Production of Climate Science 
Knowledge. Weather Climate and Society. doi: 10.1175/WCAS-D-14-00050.1.   
© American Meteorological Society. Used with permission.  

 

Co-production of knowledge is believed to be an effective way to produce usable climate science 

knowledge through a process of collaboration between scientists and decision makers. While the 

general principles of co-production – establishing long-term relationships between scientists and 

stakeholders, ensuring two-way communication between both groups, and keeping the focus on 

the production of usable science – are well understood, the mechanisms for achieving those goals 

have been discussed less. We propose that a more deliberate approach to building the 

relationships and communication channels between scientists and stakeholders will yield better 

outcomes. We present five approaches to collaborative research that can be used to structure a 

co-production process that each suit different types of research or management questions, 

decision-making contexts, and resources and skills available to contribute to the process of 

engagement. By using established collaborative research approaches scientists can be more 

effective in learning from stakeholders, they can be more confident when engaging with 

stakeholders because there are guideposts to follow, and they can assess both the process and 

outcomes of collaborative projects, which will help the whole community of stakeholder-

engaged-climate-scientists learn about co-production of knowledge. 
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Appendix 1: 
Promoting epistemic pluralism between climate researchers and water resources 

practitioners through transdisciplinary practice 
Daniel B. Ferguson a1 

Jennifer L. Rice b 
Connie A. Woodhouse c 

 
a Institute of the Environment, University of Arizona, PO Box 210156, Tucson, AZ  85721  

b Department of Geography, University of Georgia, GG Building, 210 Field Street, Room 204, Athens, GA  30602,  
c School of Geography and Development, University of Arizona, 412 Harvill Building, Box #2, Tucson, Arizona  

85721 
 
Abstract 
A central challenge facing 21st century societies is to improve integration of climate research into 

decision making to support difficult climate adaptation choices. We argue that epistemic 

differences within research and practitioner communities (not just differences between these 

communities) are a relatively unexplored barrier to the uptake of climate research in decision 

making. Our work suggests that transdisciplinary approaches to addressing epistemic differences 

at the scale of individual projects can help facilitate integration of knowledge. We argue that this 

more integrative approach to knowledge production for decision-making can provide 

opportunities for research to be more useful for climate adaptation planning. Based on our 

research into collaborations between water resources practitioners and climate scientists, we 

offer a set of practical heuristics to guide researcher/practitioner collaborations toward more 

integrative knowledge production. 

Keywords:  
climate adaptation; epistemic cultures; epistemic pluralism; transdisciplinarity 

  

                                                
1 Corresponding author contact information: Tel +1 520 622 8918; Fax +1 520 792 8795; email 
dferg@email.arizona.edu 



 

 46 

1. Introduction 
As on-the-ground impacts of climate change propagate through ecological and social systems, 

state and nonstate actors are increasingly confronting challenging questions about how to engage 

in effective climate adaptation planning for a substantially altered 21st century climate regime. 

With this new challenge has come more pressure for the climate research community to provide 

"actionable science" (e.g., Kerr 2011) to support climate adaptation decision making. What 

constitutes actionable science in the context of climate adaptation, however, can be difficult to 

assess since adaptation decision making is rife with value judgments that are influenced by 

economic, political, and cultural factors. The role that climate science plays in these decisions 

may be minimal—relative to, for example, economic considerations—even in the face of 

scientifically robust results; yet, decision makers often ask for more scientific information to 

include as part of the decision process. The complexity of adaptation decision making can be 

described as a set of wicked problems, which "are never solved…[a]t best they are only re-

solved—over and over again" (Rittel and Webber 1973, 160). The knowledge environment into 

which science in support climate adaptation decision making enters, therefore, is politically 

charged, contingent, and tends to be resistant to traditional problem solving approaches. At the 

same time, contemporary concern about climate adaptation has come about at the historical 

moment when "society is coming to depend more and more on knowledge, in economic 

production, political regulation and in everyday life" (Delanty 2001, 4). The emergence of 

knowledge societies—a general term that reflects the growing importance of knowledge as an 

engine of economic and social progress being driven by revolutionary computing and 

communications technologies (Delanty 2001; Maranta et al. 2003; UNESCO 2005)—offers 

tremendous opportunity for integrating diverse knowledge to address complex problems 

presented by climate adaptation.  
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Despite the promise this explosion of knowledge offers, gaps remain between climate research 

that is carried out and research that is used in decision making (Barsugli et al. 2009; McNie 2007, 

2013; Sarewitz and Pielke 2007). While many models for creating useful/usable climate science 

have been developed, attempts to understand the importance of knowledge diversity in 

researcher/practitioner collaborations have received less attention. The central question we 

address here, therefore, is: how can climate researchers and groups who can utilize climate 

research for adaptation turn epistemological diversity, which is often a barrier to action, into an 

asset for increasing the amount of research that is useful for decision making?  

We start with a description of our project which examined interactions between water resources 

practitioners and climate researchers in three western US cities. We then present a framework 

based on Knorr Cestina's concepts of epistemic cultures and knowledge cultures (1999, 2007) to 

argue that the explosion of knowledge that has come about over the last several decades has 

helped propagate fragmented and particular knowledge when wicked problems like those 

associated with climate adaptation require integrated processes of knowledge production and 

utilization. Next, we turn to our three case studies to first illustrate how epistemic diversity 

within research and practitioner communities can be a barrier to collaborative projects, and then 

to argue that by employing a few relatively simple, conscientious heuristics, epistemic diversity 

can be deployed instead as a strength. This work suggests that transdisciplinary approaches that 

foster epistemic pluralism and focus on "reasoning together" to harmonize (Jasanoff 1998) 

different ways of developing and utilizing knowledge provide a promising path forward for 

addressing complex problems like those that arise with climate adaptation decision making. 
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1.1 Project background 
Between 2009 and 2011 we studied collaborations between public water utilities and climate 

researchers in three cities in the western United States (Denver, CO; Seattle, WA; and Tucson, 

AZ). These cities were chosen because each had existing multi-year relationships between local 

water utilities and climate researchers affiliated with nearby universities. At the time we began 

our project, each of these university groups—the Climate Impacts Group (CIG) at the University 

of Washington, the Western Water Assessment (WWA) at the University of Colorado, and the 

Climate Assessment for the Southwest (CLIMAS) at the University of Arizona2—was affiliated 

with the National Oceanic and Atmospheric Administration’s (NOAA) Regional Integrated 

Sciences and Assessments (RISA) program. RISA is a network of regional partnerships between 

NOAA and universities whose mission is to help expand and build the nation’s capacity to 

prepare for and adapt to climate variability and change. Because of their mission, the RISA 

teams have become known for their ability to work across boundaries between science and 

practice (Kirchhoff 2013; Kirchhoff et al. 2013; McNie 2013; Pulwarty et al. 2009). The fact that 

these utilities each had enough concern about climate variability and/or climate change that they 

had established a collaborative relationship with their local RISA team provided us the 

opportunity to examine how researchers and practitioners interact to collaboratively address a 

common concern, in this case water management in the context of an increasingly uncertain 

future climate.  

2. Methods 
The project included interviews with 28 water resources practitioners and climate researchers 

who were experienced with researcher/practitioner collaborations in the three study cities in the 

                                                
2 Two of the authors—Ferguson and Woodhouse—are members of the CLIMAS research team. Woodhouse was 
formerly associated with the Western Water Assessment and has had working relationships with Denver area water 
utilities for many years. 
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spring of 2010. Some interviews were conducted in a one-on-one format, while others were 

conducted in a small group setting3. Table One shows the type and number of interviews 

conducted in each study city. Interview topics were the same for researcher groups and 

practitioner groups, but the exact questions were adapted to be relevant to each context. 

Interview topics included questions about the interviewee’s experience with: 1) collaboration and 

communication between research and practitioner communities, 2) the context and institutional 

setting under which a collaboration occurred, 3) specific uses of scientific information in 

planning and decision making, 4) issues of capacity and representation in research-practitioner 

collaborations, and 5) how the interviewee has (or has not) evaluated the success or outcome of a 

research-practitioner collaboration. Interviews were recorded, transcribed, and were typically an 

hour long. Interviewees were selected based on their direct engagement in a researcher-

practitioner collaboration. A snowball method of interviewing was utilized, where the first 

interviewees contacted were people with whom the authors had direct knowledge of their 

participation in such a collaboration, then future interviewees were contacted based on 

recommendations of those initial participants.  

[Table 1 here] 

Analysis of interview data included coding of transcripts for themes and narratives related to 

each of the interview topics, and emphasis was placed on reoccurring themes within each group 

(research vs. practitioner) as well as between these groups. Similarities and differences between 

themes were noted, and the initial data analysis led to a summary of issues and activities that 

were conceptualized as “pathways” or “barriers” to successful collaborations (See Table 2). 

                                                
3 Typically a group interview was requested for convenience by the interviewees because of time and scheduling 
constraints. 



 

 50 

[Table 2 here] 

To elicit feedback on and refinement of our analysis, we convened a synthesis workshop in 

spring 2011 with a wider range of climate scientists and water practitioners than were involved 

in the interviews to further develop and refine our initial findings. This capstone workshop 

included some project participants as well as experts who had not taken part in the project but 

who have experience with researcher/practitioner collaborations. Presentations on the initial 

findings were made to the group, then small breakout groups were formed to refine, challenge, or 

confirm these initial findings. The information from small groups was then shared with the entire 

group to come up with a new set of integrated knowledge production and utilization lessons that 

were generally agreed upon by the entire set of workshop participants. It is important to note that 

the entire research project was guided by an Advisory Committee—composed of an extremely 

knowledgeable and experienced practitioner and a climate researcher from each case city—that 

helped develop research questions, make connections within their organizations, and act as peer 

reviewers throughout the project's life. For example, the Advisory Committee was consulted 

before interviews to determine essential interviewees and questions, and the first draft of the 

handbook that was generated from the workshop’s outcomes (Ferguson et al 2014) was 

circulated to the Advisory Committee for feedback and vetting.  

3. Conceptual framework 
Environmental problems have frequently been described as "wicked" problems (e.g., Balint et al. 

2011). Wicked problems are typically described as having a set of common characteristics that 

include: defining the problem is the primary problem; they are symptoms of another problem; 

they do not lend themselves to traditional solutions; and those working on wicked problems are 
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confronted with frustratingly contradictory challenges that obstruct the path toward problem 

resolution (Rittel and Webber 1973; Termeer et al. 2013, 28-29). Myriad problems that arise as 

local communities, states, and nations work to respond to and plan for climate change impacts 

meet these criteria. As opposed to "tame" problems (Rittel and Webber 1973) that typical 

scientific or engineering approaches may truly solve, climate adaptation problems resist solution 

via the traditional liner model of science (Stokes 1997) because they are bound up in value 

judgments and political processes. Climate change—like many environmental problems—will 

not be solved by science despite the tremendous insights that science offers. Rather, new models 

for addressing these problems are needed that utilize the insights from science but that also 

integrate the social complexity that is inherent in the problems themselves and the diversity of 

knowledge that can be brought to bear on them. 

The challenges of utilizing science for decision making to confront climate change adaptation 

problems, of course, are widely known in both the practitioner and academic communities. A 

substantial body of literature has emerged over the last two decades arguing that wicked 

environmental problems—and specifically climate adaptation problems—require novel 

approaches to reconciling the supply of and demand for environmental research (for two recent 

reviews, see Kirchhoff et al. 2013a and McNie 2007). This literature often focuses on researchers 

and practitioners participating in processes that co-produce knowledge (e.g., Lemos and 

Morehouse 2005) as a way forward, though precisely how and why this knowledge is co-

produced is less often examined (Meadow et al. Accepted). A prominent conceptual mechanism 

for facilitating the co-production of knowledge to support climate decision making is the 

boundary organization (Buizer et al. 2010; Cash et al. 2006; Feldman and Ingram 2009; 

Kirchhoff et al. 2013b). Boundary organizations are typically described as "bridg[ing] the divide 
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between information producers (scientists) and information users (policy- and decision-makers)" 

(Kirchhoff et al. 2013b). Co-production of knowledge facilitated through boundary organizations 

is a valuable way to conceptualize a solution to the problem of bringing more research into 

climate decision making, but it has also proven to be a popular foundation for structuring 

organizations that are designed to facilitate this kind of knowledge development and transfer 

(including the RISA program). However, we believe that implementation of functional boundary 

organizations that are able to genuinely co-produce knowledge to address complex climate 

problems is hindered by the deep roots these concepts have in the "two communities" metaphor 

(Rich 1991) that suggests research is not well utilized in policy processes because of cultural 

gaps between researchers and policy-makers (Pregernig 2006, 446). Even though the two 

communities metaphor—and its intellectual forebear, Snow's two cultures thesis (Snow 1961)—

have come under significant scrutiny (e.g., Oh 1996, 57-60) the idea continues to resonate 

because there is recognizable truth in it: there are distinct boundaries between science and policy 

or science and practice. However, simple science/policy or science/practice binaries fail to 

recognize the diverse ways that knowledge is produced, distributed, and utilized in modern 

knowledge societies. Until we reckon with this underlying diversity of ways of knowing, we may 

be simply treating symptoms rather than a cause of the disconnect between research and decision 

making. 

3.1 A model of modern knowledge societies  
Rather than relying on the two communities metaphor to describe the challenges of bringing 

climate research into decision making, here we conceptualize modern knowledge societies as 

being composed of sets of epistemic cultures that are nested within clusters of knowledge 

cultures (Figure 1). The idea of knowledge societies has gained currency as a way of describing 
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the contemporary knowledge context that's come about through massive growth in computing 

and communication technologies and increasing global access to educational opportunities. 

Knowledge societies "run on expert processes and expert systems" (Knorr Cetina 1999, 1), are 

marked by distribution of knowledge production sites throughout society (Gibbons et al. 1994, 4) 

rather than being concentrated in a few locales—for example in universities or laboratories 

(Delanty 2001, 5; Gibbons et al. 1994, 4)—and value "knowing as practiced" (Mørk et al. 2008, 

15). A key "structural feature" (Knorr Cetina 1999, 1-2) of knowledge societies is the presence of 

epistemic cultures. 

[Figure 1 here] 

Knorr Cetina defines epistemic cultures as "those amalgams of arrangements and mechanisms—

bonded through affinity, necessity, and historical coincidence—which…make up how we know 

what we know. Epistemic cultures are cultures that create and warrant knowledge" (1999, 1). By 

conceptualizing these arrangements as cultures, Knorr Cetina emphasizes the internally self-

referential mechanisms that allow a specific group to differentiate ways of knowing from other 

contemporaneous groups (1999, 2). In particular, the idea of epistemic culture is tied to the idea 

of "expert practice" and the ways different experts go about "creating and warranting knowledge 

in different domains" (Knorr Cetina 1999, 246). Knowledge is inextricably tied to the 

metaphorical—and sometimes literal—machinery used to produce it and to the culture from 

which it has arisen (Mørk et al. 2008, 15). These cultures reflect the specific epistemology—or 

theory of knowledge—of the group and therefore "defin[e] what counts as knowledge, how 

knowledge is acquired, and understanding what knowledge people actually have" (Murphy 2011, 

492). 
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The epistemic culture model provides a more nuanced understanding of use/non-use of 

knowledge by specific groups than the two communities metaphor, which fails to capture the 

complexity both of the processes that create public policy (Rich 1991, 325) and generate 

scientific knowledge. Knorr Cetina's epistemic cultures model focuses on "the micropractices of 

laboratories and other habitats of knowledge practices" (Knorr Cetina 2007, 367). In other words, 

within a given epistemic culture—in academia these can be roughly akin to well-defined 

disciplines—there are specific and normalized ways in which that culture reinforces how 

members know what they know. Depending on the epistemic culture it may be a specific 

statistical threshold, a clearly differentiated set of methods that are considered valid vs. those that 

are not valid, or any number of ways that members of that group know that knowledge they are 

generating will be warranted by their epistemic culture. Conceived of in this granular way, 

science is revealed as not being epistemologically monolithic (Miller and Eriksen 2006, 299-300; 

Miller et al. 2008; Nowotny et al. 2001, 56-57), but rather we can see that in many ways there is 

a visible epistemological "disunity of science" (Knorr Cetina 1999). Differentiated in this way, 

the two communities metaphor is revealed as far too simplistic to explain barriers to knowledge 

exchange in modern knowledge socieities. Because of the explicit focus on expert practice, the 

epistemic culture model provides a framework for understanding the diverse ways of knowing 

that are present in any expert culture, whether scientific or not (Knorr Cetina 1999, 246; 

Moisander and Stenfors 2009). Whether it is a water utility, a state or federal bureaucracy, or a 

private sector industry a variety of epistemic cultures will be present that are routinely informing 

the way that individuals are weighing and therefore adopting new information. 

The two communities metaphor, however, remains a valuable construct because it is abundantly 

clear that in the case of science and policy there are distinct perspectives that are pervasive on 
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each side of that divide. The level of intellectual continuity that exists in these two communities 

is more akin to what Knorr Cetina's calls knowledge cultures that act as "a sort of scaffolding for 

epistemic cultures" (2007, 362). Gieryn's analysis (1983) of the historical "demarcation of 

science versus non-science" led him to the idea of scientists performing "boundary work" or 

actively policing of the boundaries between science and non-science to preserve credibility and 

relevance (Gieryn 1983, 1999). Boundary work is one of the ways that the knowledge culture of 

academic science is at least partially unified and coherent: regardless of the specific ways that 

different disciplines may validate knowledge, there is a common tendency to present "science" as 

the predominant way of knowing how the world works. That tendency can easily turn into a sort 

of epistemic hierarchy wherein science is perceived as holding privileged knowledge that 

supersedes experiential or other ways of knowing even in instances where scientific uncertainty 

is high and other ways of knowing are critical to addressing a problem. 

3.2 Epistemic pluralism 
Even though distinct knowledge cultures—for example of water resources management and 

academic research—are composed of diverse epistemic cultures, there remains a tendency to 

generalize interactions with a single scientist/practitioner as a representation of science/water 

management. This failure to account for the diversity of epistemic cultures within and among 

knowledge cultures represents a barrier for collaboration. Rather than the question being framed 

as "how can climate research be more useful for climate adaptation decision making?" we 

suggest the more practical question is: "how can a particular group of experts—representing 

diverse ways of knowing—come together to address a wicked problem by leveraging the 

strength that comes from epistemic differences?" 
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The theoretical objective, then, is to find ways to facilitate the growth and acceptance of 

"epistemic pluralism" (Miller and Eriksen 2006; Miller et al. 2008). The end goal may be to 

develop climate research that is more actionable, but the frequently overlooked proximate goal is 

to shrink the epistemic distance between and even within knowledge cultures so that all involved 

understand what actionable or usable science entails in the particular context of interest. 

Epistemic pluralism invokes the full power of the knowledge society—with knowledge coming 

from diverse experts throughout society—and eschews the "epistemic sovereignty" (Healy 2003, 

697) of the traditional linear model of science speaking truth to power (Jasanoff and Wynne 

1998). In our conception of how this may work in practice, we recognize epistemic pluralism as 

distinct from developing intellectual homogeneity. Each expert culture brings useful perspective, 

tools, and experience to a problem. Recognizing and accounting for that diversity is necessary 

because the presence of multiple epistemic cultures is not an obstacle to be overcome, but a 

substantial asset to be utilized (Hirsch Hadorn et al. 2010, 437). The challenge comes in finding 

ways to integrate different ways of knowing rather allowing any epistemology to dominate. 

4. Results and discussion 
4.1 Discordant epistemic cultures 
Our interviews, focus groups, and capstone workshop revealed common barriers that arise as a 

result of different ways of knowing. We found evidence of distinct epistemic cultures present in 

even a single water utility. For example, a common theme in our interviews was the distinction 

within water utilities between engineers and more science- and/or policy-oriented staff members. 

As one practitioner told us: "there’s just a cultural difference. Engineers like answers. They like 

answers that they can calculate themselves and review and they like some degree of certainty…I 

see the divide here within the utility." A similar idea was mentioned by a climate researcher we 
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interviewed: "I’ve heard this a dozen times from engineers: give me the output that you 

need…don’t pull me into all the soul searching about what we’re doing and why we’re doing it, 

just give me the number to hit." The systems-oriented, quantitative thinking present in the expert 

culture of modern water resources engineering is surely a necessary feature for water utilities to 

operate well and efficiently. However, the positivistic epistemology of engineering can be less 

well suited for the uncertainty and politics of high stakes water resources decision making in 

times of potential drought or long-term structural shortage in a system. In those cases instinct 

based on experience or other qualitative ways of assessing a situation come in to play. Thus in 

any water utility there is likely to be diversity in the "habitats of knowledge practices" (Knorr 

Cetina 2007, 367) between, in this case, engineers and policy analysts. 

Contemporary academic research also is epistemologically diverse. The proliferation of 

disciplines, subdisciplines, and specialization within each can give rise to an "academic Tower of 

Babel" (Price 1990, 4). Communication challenges between researchers can be symptomatic of 

more fundamental epistemic differences between disciplines, many of which have "different 

conception[s] of what constitutes knowledge, how it is produced, and how it should be applied" 

(Miller et al. 2008, 3). Throughout our interviews and in our synthesis workshop, practitioners 

raised a common challenge that can come about when collaborating with researchers: different 

scientists arrive at different conclusions to essentially the same question. As one practitioner put 

it: "each scientist is so sure that their interpretation of the data [is] correct and…you’ve got these 

two opposing sides looking at the same set of data with this religious zeal and opposite 

directions." Of course science is driven forward by competing theories, but in the context of 

wicked problems, epistemic diversity is confusing if the expectation —established by scientists, 

practitioners, and/or policy makers—is that science should have the answer. For both researchers 
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and practitioners who are trying to collaborate, the failure to recognize and deal with the 

epistemic diversity on both sides of the science/practice divide can become a barrier. 

4.2 Clashing knowledge cultures 
Beyond the epistemic cultural differences lie the challenges created by different knowledge 

cultures. When we look at interactions between practitioners and researchers at the scale of 

knowledge cultures we see "credibility contests" (Gieryn 1999, 1) that may hinder collaborative 

work. A consistent theme to emerge from our project was the idea that scientists underestimate 

the importance of the operational, political, and social contexts in which water management 

happens. For example, a practitioner with decades of experience told us:  

“A lot of the climate change analysts assume [our water system is static]. And then they 

say, 'So this is what’s going to happen to your system.' And it gets tough not to say, 'You 

know climate. We know our system.' Operationally, it’s not static. And there’s lots of 

things we can do." 

The idea that some scientists tend to think of managed systems in relatively static and simplistic 

terms reflects a core epistemic difference between the two knowledge cultures. Some science 

questions require simplifying a system to generate a more scientifically robust result. Holling has 

called this kind of reductionist research the "science of parts," where the goal is to "narrow 

uncertainty to the point where acceptance of an argument among scientific peers is essentially 

unanimous" (Holling 1998). While this may be a useful practice for some scientific lines of 

inquiry the trade off is that by reducing the complexity, one may illuminate only a fragment of 

the system or—in the worst case—end up with a misleading result or one that is not credible 

(Chambers 1997, 42; Holling 1998). As another practitioner told us, "I’ve run into the issue 

where a scientist…comes forward with their interpretation of data and by golly, that’s the way 
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the world is....frankly what we do is just ignore them." If the goal is to have climate research be 

useful for decision making, this obviously represents failure. 

A parallel frustration in some of the researchers we interviewed related to the perception that 

water utilities can be path dependent, supply-oriented, and are not fully confronting climate 

change. Some of the researchers we interviewed talked about their overall goal in doing research 

that is engaged with water resources professionals as an exercise in, as one told us, "trying to get 

them to…change how they think about water management." This reflects a perception that some 

in the water management community are not relying on the best available information to assess 

and manage their systems (e.g., not fully considering the implications of climate change). A 

different researcher told us, "I feel constantly like I am one step ahead of people out there in the 

water provider [world]." These kinds of comments reveal a kind of epistemic hegemony in some 

scientists, implying that the research community—with its distance from decision making and 

access to a constant stream of new knowledge—has a more valid understanding of the problem 

of managing water in an uncertain climate.  

These comments reveal fundamental clashes between—rather than integration of—knowledge 

cultures and expose significant differences in what is considered credible, salient, and relevant 

information on either side of the conceptual boundary between them. One factor that commonly 

abets these clashes is the perception that science occupies a place of higher credibility than other 

ways of knowing. Gieryn describes boundary work as a means to delineate science from non-

science to claim "epistemic authority" (1999, 14-25). Though boundary work can be useful—for 

example in minimizing pseudoscience or anti-science claims in political controversies—it can 

also be counterproductive in the context of wicked problems since scientific knowledge alone is 
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insufficient to address them. For example, one water resources practitioner told us about his/her 

concerted effort to get a group of academic collaborators to use some of the utility's own 

information about how they operate their system to inform an analysis the researchers were 

conducting. Rather than use what the utility could provide, the water practitioner was told "well 

that might bias our findings." The response of the practitioner was to say "well, if you’re not 

using the way we run the system then your science is biased anyway." Rather than confront the 

differences between what the two groups recognized as what made knowledge valid, the 

scientists rigidly applied the norms of their particular epistemic culture and thereby foreclosed 

the chance for integration of knowledge that may have come about.  

As the anecdote above suggests, while science remains the "premier knowledge institution 

throughout the world" (Knorr Cetina 1999, 1), the tendency for science to be a metonym for 

"trustable reality" (Gieryn 1999, 1) can easily become a barrier when other ways of knowing 

need to be integrated. A scientist may choose to remain distant from decision making in an effort 

to be objective so that he or she can "speak truth to power," but there are theoretical and practical 

flaws in this approach if the goal is production of decision-relevant research (see, e.g., Jasanoff 

and Wynne 1998). While it is not a simple task, clearly work needs to be done to—at a 

minimum—recognize and respect the presence of competing ways of knowing so that a more 

fruitful approach to science/practitioner collaboration can emerge. 

4.3 Achieving Epistemic Pluralism Through Transdisciplinarity 
Of course not all climate researchers subscribe to reductionist methods or engage in boundary 

work to assert authority and many practitioners are well acquainted with the state of the art in 

climate change research. Our project also revealed evidence that plenty of people from both 

knowledge cultures have found their way into productive collaborations, though it is often 
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through trial and error or reliant upon specific conditions or personalities. Our work suggests that 

conscientiously employing transdisciplinarity approaches to these collaborations offer great 

promise for bringing about epistemic pluralism to generate more usable knowledge to support 

climate adaptation decision making. Though a concise and agreed upon definition of 

transdisciplinarity remains elusive, in reviewing the literature recently, Jahn and colleagues 

arrived at the following definition: 

"Transdisciplinarity is a critical and self-reflexive research approach that relates societal 

with scientific problems; it produces new knowledge by integrating different scientific 

and extra-scientific insights; its aim is to contribute to both societal and scientific 

progress; integration is the cognitive operation of establishing a novel, hitherto non-

existent connection between the distinct epistemic, social–organizational, and 

communicative entities that make up the given problem context" (2012, 8-9). 

Frequently transdisciplinary research is invoked in the context of carrying out what Gibbons et al. 

call Mode 2 science (Gibbons et al. 1994). Whereas Mode 1 science in this model is disciplinary, 

academically driven, hierarchical, and epistemologically homogenous in terms of validation, 

Mode 2 is transdisciplinary, problem oriented, heterarchical, and more socially accountable 

(Gibbons et al. 1994, 3). A key conceptual feature of transdisciplinarity is the idea that 

knowledge itself is transgressive (Gibbons and Nowotny 2001), so knowledge production in a 

transdisciplinary mode must be transgressive as well. Boundaries between disciplines must be 

reckoned with, but most importantly, boundaries between science and nonscience must also be 

confronted. Rather than having one epistemic or knowledge culture patrolling knowledge 

boundaries to assert intellectual authority, transdisciplinarity calls for integrating diverse 

epistemologies to conceptualize a problem, an approach for addressing it, and a framework for 

agreeing on whether or not a result is credible.  
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Integration of knowledge is considered the key to, but also the most difficult aspect of, 

transdisciplinary research (Hirsch Hadorn et al. 2010; Horlick-Jones and Sime 2004; Raymond et 

al. 2010). Because transdisciplinarity is typically conceived of as "essentially a temporary 

configuration and thus highly mutable" (Gibbons et al. 1994, 29), the scale of integration can be 

reduced to the level of individuals working on a specific problem or series of problems. This 

aligns very well with Gieryn's notion that the epistemic authority that comes from boundary 

work is episodic, not universal and that it is negotiated, not a priori (1999, 14-25). By working at 

the scale of individuals attempting to address a complex problem that has been jointly 

characterized, what is considered useful and credible may be quite specific to that context.  

[Figure 2 here] 

4.4 Shrinking epistemic distance between researchers and practitioners 
The importance of specific knowledge contexts and the emphasis on knowledge integration at 

the scale of the collaborative team led us to develop a conceptual model (Figure 2) of how 

collaborations between knowledge cultures can develop and evolve. The figure above is an 

idealized view of the evolution of a collaborative partnership between practitioners and 

researchers that illustrates how epistemic distance can be shrunk and epistemic pluralism can be 

established. Each large oval represents a problem or challenge that is common to both 

knowledge cultures. While the problem may be common (e.g., better understanding of long-term 

streamflow variability in a basin), the motivation for better understanding, and ways of framing 

and addressing it often are distinct for each community. The far left side of the figure illustrates 

early efforts to collaborate, where communication between the two communities may be 

infrequent and unfocused as suggested by the dashed red lines. For example, a practitioner may 

know of a scientific study, but may have little or no personal contact with the researchers or be 
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invested in the specific question the study addressed, though the broad context may be relevant. 

Similarly, a researcher may have a vague understanding of resource management concerns, but is 

not directly communicating with practitioners to understand specific issues. This process of 

parallel thinking about a common problem frequently means that the research being carried out 

and the research result that may be needed by practitioners are not necessarily compatible.  

These problems become more commonly defined as more communication and tangible 

collaborations take place (moving from left to right across the figure). In this idealized scenario 

the series of activities represented by the “collaboration” ovals initially may involve tasks 

focused on relationship-building and improving communication like co-convening a workshop to 

discuss a problem of interest (e.g., on the left side of the figure). Regardless of what specific 

tasks take place in this collaborative space, this is the time for actively fostering epistemic 

pluralism. As more time is spent in this expanding, problem-oriented collaborative space, the 

work of knowledge integration—at the level of both epistemic cultures and knowledge 

cultures—should be taking place. As communication increases and intensifies, mutual 

understanding of diverse professional languages and cultures grow, allowing those collaborative 

activities to become more complex and result in more integrated problem solving. The net effect 

of the growth and evolution of these collaborative relationships is that the space shrinks between 

the research demand and the research supply and the collaborative space grows. It is important to 

note that while the space between research needs and research questions shrinks, it never 

disappears. Even in fully collaborative, long-term relationships between researchers and 

practitioners, these are distinct knowledge cultures with different motivations and mandates. 

Shrinking the space between them is valuable; eliminating it is impossible and very likely to be 

undesirable in any case since each serves a different function in society.  
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4.5 Heuristics for facilitating transdisciplinary collaborations 
To connect the conceptual framework above with collaborative practice, we developed the five 

heuristics below, which are meant to help facilitate "reasoning together" (Jasanoff 1998; Miller 

and Eriksen 2006) and promote espistemic pluralism. The heuristics are based on a synthesis of 

our interviews, interactions with our project advisory committee, and our capstone workshop.  

1. Seek out preconditioning activities. In examining how collaborative relationships got started, 

we found that casual interactions between practitioners and researchers, often with no 

expectations for collaboration, can set the stage for a partnership. During our project's final 

workshop, this was described as "raising the level of common knowledge between the two 

groups." This phenomenon—which we call preconditioning—involves interactions that 

predispose a person or an organization to eventually seek out a collaboration. The exposure to 

people or information outside of one's expertise can occur at a meeting, through conversations in 

an informal setting, or through professional networking. Preconditioning activities can breach 

boundaries between research and practice or even between distinct epistemic cultures within 

knowledge cultures. For example, language barriers that result from professional jargon may 

erode through preconditioning activities.  

2. Utilize information brokers. An information broker is someone who has a broad 

understanding of scientific and practitioner perspectives and can act as a translator between the 

two. An effective information broker can place emerging research in the context of an existing 

body of knowledge, management challenge, or operational context. As one water resources 

professional told us, "I don’t really do the science, but I do try and translate the science into 

some kind of policy reaction." An information broker embodies epistemic pluralism and 

facilitates intellectual tolerance and exchange. In the three cases we examined there were people 
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central to each collaboration who played the role of information broker on both the water utility 

and the university sides.  

3. Encourage mutual respect for different kinds of knowledge. We found that trust built on 

mutual respect is the foundation upon which successful collaborations are built. While this seems 

intuitive, more specifically, we found that being aware of any tendency to privilege one kind of 

knowledge (e.g., that which comes from science) over another (e.g., that which comes from 

practice) emerged as an important basis for the trust and respect necessary for a productive 

collaboration. A poignant example of a failure to do this came from a practitioner describing 

what happens when science is presented authoritatively even though the research did not 

integrate important knowledge from the water management community:  

"…when a credentialed group comes out and says, 'This is what’s going to happen to 

your system.' And they’re not listening to you…not taking into account what you can do. 

There’s a wake that goes behind that authority that is really hard to undo. It forces you 

into bad places like, 'Well, now what do I have to do?'” 

Complex collaborative environments can easily encourage "epistemic sovereignty" (Healy 2003) 

of any of the knowledge cultures involved (e.g., scientists, engineers, policymakers). To be able 

to achieve transdisciplinary integration requires intellectual tolerance promoted by open dialogue 

and exchange about how and why we believe what we believe about the problem at hand (Miller 

and Eriksen 2006, 298).  

4. Be aware of institutional norms. Successful collaboration between researchers and 

practitioners can be stymied by differing, and sometimes contradictory, institutional goals and 

mandates. To mitigate the problems that may arise, it is useful for the collaborators to be aware 
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of institutional norms, including the tendencies of one's own knowledge culture. For example, a 

practitioner will likely need to be aware of political sensitivities within his/her institution; how 

information flows internally; de facto decision-making processes; the timeline of decision 

making; technical issues that may make a collaboration unsuccessful from the start (e.g., capacity 

to handle types of data not typically used in operations); as well as what constitutes valid 

knowledge inside the decision making circles of the institution. Researchers must be similarly 

conscientious about the mandate of his/her department, university, or funder and be equally 

articulate about how the collaboration fits into those structures. Perhaps most challenging, 

researchers interested in fully engaging in transdisciplinary collaborations have to be 

comfortable recognizing their own tendency toward boundary work to establish credibility and 

working through the complex negotiations needed to decide how best to deal with conflicts over 

different ways of knowing that arise.  

5. Establish mutually agreed upon ground rules. Because the motivations for and expectations 

of different knowledge cultures in a collaboration vary, we found that discussing data production, 

dissemination of results, deadlines, and ownership of data and results before work begins is 

paramount. These differences can—and frequently do—lead to conflict if they are not directly 

confronted. For example, a common motivational divergence arises because utilities have to 

consider the perceptions of customers, political leaders, and other agencies, while academic 

researchers have an obligation to publicly disseminate and publish research in peer-reviewed 

journals without taking into account such considerations. Another common point of potential 

conflict involves ownership of data when portions of an analysis combine original data with 

existing agency modeling or assessment techniques. Discussing these issues as a collaboration 
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begins can avoid predictable tension as the work proceeds and is a fundamental part of 

transdisciplinary research.  

6. Conclusion 
The emergence of knowledge as a central commodity in global innovation offers great hope for 

addressing seemingly dire environmental problems. The mere presence of vast amounts of 

distributed knowledge, however, does not translate directly to improved decision making. Our 

work suggests that fostering transdisciplinary thinking and epistemic pluralism will be necessary 

to bring about more integrated insight for addressing complex environmental problems. To do 

that, it is crucial to acknowledge and address differences in how a problem is perceived, 

approaches for addressing it, and—especially—means for assessing the validity of a result. 

Recognizing epistemic differences plants the seeds of more successful transdisciplinary 

collaborations, but more important, it enhances the potential for harnessing the full power of the 

distributed expertise that knowledge societies offer. By emphasizing epistemic differences and 

turning toward ways to integrate those perspectives rather than segregate them, we are optimistic 

that the full power of the knowledge society can be harnessed to begin addressing complicated 

climate adaptation problems from the ground up. 

.  
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Tables and Figures 
 
Table 1: Summary of Interviews Conducted 

Study City Water Practitioners 
Interviewed 

Research Scientists 
Interviewed 

Boulder / 
Denver 

8 5 

Seattle 4 2 
Tucson 3 6 

 
 
Table 2: Summary of Initial Interview Findings 

“Pathways” to successful collaboration 
 

“Barriers” to successful collaboration 

Use of Information Brokers to build 
capacity between research and practitioner 
organizations.  

Complex decision flows and organizational 
mandates that disincentivize collaboration, or 
create tension within a management or research 
organization itself.   

Understanding the broad institutional 
context of decision-making on water 
management issues (e.g. multiple forms of 
information are used and many management 
goals simultaneously exist).  

Conflicting ideas of problem definition and 
necessary data within and between 
practitioner and research communities, or 
uncertainly on how to use scientific data. 

Establishing a set of guidelines for 
collaboration regarding data production, use, 
and dissemination.  

Limited efforts at expanding the audience for 
collaboration, often limiting science-
practitioner collaborations to a small group of 
individuals with specific forms of expertise.  
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Figure 1: Modern knowledge societies are made up of a variety of knowledge cultures that are each 
composed of a diverse array of epistemic cultures. Each epistemic culture is marked by its own internal 
processes for generating and—most important—validating knowledge. Clusters of epistemic cultures that 
have specifics affinities (e.g., a set of common values or a core mission in common) make up knowledge 
cultures. 
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Figure 2: Shrinking epistemic distance and growing collaborative space by actively fostering 
transdisciplinary communication. 
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Toward more responsive drought planning: Tracking environmental conditions to 

promote an adaptive governance approach to managing drought 
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Abstract 
Drought monitoring and drought planning are complex endeavors. Measures of precipitation or 

streamflow provide little context for understanding how social and environmental systems 

impacted by drought are responding. Here we report on collaborative work with the Hopi Tribe's 

Department of Natural Resources to develop a drought monitoring system that is more 

responsive to local decision making. Our approach reflects principles of adaptive governance by 

putting the decision context foremost and designing a data and information system based on that 

context. We present details about how drought is experienced across the Hopi Reservation and 

describe a hybrid monitoring system that brings together the limited hydrometeorological data 

for the region with local observations of system response. Our goal is a better characterization of 

drought conditions that is useful for decision making by Hopi leaders and resource managers. 

  

                                                
1 Corresponding author contact information: Tel +1 520 622 8918; Fax +1 520 792 8795; email 
dferg@email.arizona.edu 
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1. Introduction 
Drought has been a prominent feature of the early 2000s climate of the U.S. Southwest. The first 

decade of the 21st century was the warmest and fourth driest in the 1901-2010 instrumental 

record (Hoerling et al. 2013). Drought conditions extended across most of the Southwest 

throughout the decade, with areal extent of drought believed to be the second largest observed in 

the 120 year record (Hoerling et al. 2013). Conditions in the Colorado River basin have been 

sufficiently dry that there is a significant probability that interim guidelines for sharing a water 

shortage amongst stakeholders in the basin agreed upon in 2007 will come into effect in 2016 or 

2017 (Central Arizona Project 2014). Though projecting future precipitation is challenging, a 

substantial body of research indicates that the overall warming trend being experienced across 

the Southwest is likely to lead to more frequent, more intense, and longer-lasting droughts in the 

Colorado Basin (Gershunov et al. 2013). In addition to the challenges associated with the 

warming trend, paleoclimate research has demonstrated that the Southwest has experienced 

drought conditions that are significantly more severe, long lasting, and spatially extensive than 

anything in the instrumental record (Woodhouse et al. 2010). 

The climatic context in the region, therefore, suggests that planning for drought is necessary to 

increase the probability of  persistence of social-ecological systems in the Southwest. Drought 

planning in the U.S. has made large strides over the last 25 years, but in many ways proactive 

planning for drought is still in its infancy. As of 2013, forty seven U.S. states had drought plans 

either completed or under development (NDMC 2013). Numerous Native American tribes have 

similarly adopted drought plans, as have a whole host of water resources agencies (both private 

and public), groups within the agricultural sector, and local governments. Despite the 

consistency of the literature on drought planning emphasizing the need for a more proactive, 
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risk-management approach (Shepherd 1998; Wilhite et al. 2000), only eleven of the state drought 

plans are categorized as "mitigation based" by the National Drought Mitigation Center, with the 

rest being focused on responding to drought (NDMC 2013). The prevalence of response-oriented 

drought plans suggests that there is still a dearth of proactive planning focused on reducing 

drought risk. In the Southwest the prominence of long-lasting and intense droughts in the pre-

instrumental period combined with the potential for drier conditions as a result of the ongoing 

warming trend means that drought will increasingly result in substantial drought impacts that 

could be avoided or at least reduced with more comprehensive, proactive planning that 

emphasizes managing risk. 

Developing a risk-management oriented drought plan is complicated by a number of factors 

including the need for cooperation among numerous stakeholders, the inherent conflicts that 

arise in times of resource shortage, the challenges associated with forecasting drought, the 

availability of sufficient data to characterize how systems are responding to drought, and the 

availability of information about current and expected conditions that is useful for informing 

decision processes. Here we focus on the latter two challenges and report on a collaborative 

project with the Hopi Tribe Department of Natural Resources (HDNR) to develop drought 

monitoring that: 1) is suited to HDNR human resources and technical capacity, 2) depends on 

other sources besides traditional long-term climate data, 3) is designed to be responsive to the 

kinds of climate-relevant decisions tribal leaders and citizens need to make, and 4) can be the 

centerpiece of the revised drought plan the Hopi Tribe intends to develop. Because Hopi 

Reservation lands (and much of the surrounding region) are poorly monitored for weather (see 

Figure 1), one of the key challenges we faced was developing a monitoring strategy that did not 

rely on the presence of high resolution climate data with long periods of record. Our solution was 
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to work toward developing a system that utilized the regional climate data that was available, but 

that prominently relies on systematic collection and presentation of local information that reflects 

environmental status across Hopi lands. The central question we addressed in this research was: 

How can drought monitoring be made more responsive to local decision making? 

[Figure 1 here] 

Building on recent work on adaptive governance and transdisciplinary research, we begin with a 

brief literature review to connect our work with current thinking about the roles of scientific 

information and local knowledge to support climate decision making. Next, we describe our 

overall research approach and the methods we utilized. We then provide an overview of the 

social and climatological context of drought on the Hopi Reservation and the results of our study, 

which primarily focus on revealing how drought is experienced and dealt with by the Hopi tribal 

government and citizens. We then discuss the novel approach to drought monitoring in support 

of local decision making that we are currently piloting with the Hopi Tribe. Finally, we draw 

some conclusions about the utility of this approach beyond this specific case study. 

2. The challenges of drought monitoring and planning 
Drought has become an increasingly costly hazard in the United States. Between 1980 and 2013, 

droughts in the U.S. are estimated to have caused approximately $202 billion in losses (National 

Climatic Data Center 2015). In California in 2014 alone, drought is estimated to have cost $2.2 

billion (Howitt et al. 2014). With concerns rising over the potential for global warming to 

increase the probability of drought frequency and intensity in some arid and semi-arid regions 

(IPCC 2012), the need for improving drought mitigation as well as response planning is 

becoming more pressing. One fundamental challenge associated with developing functional 
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drought mitigation and response plans is establishment of streams of data and information that 

can adequately characterize social and environmental conditions in relation to drought. Drought 

is typically characterized by analyzing current hydrological (e.g., snowpack, streamflow) and 

meteorological (primarily precipitation) conditions in relation to the "normal" conditions found 

in that data. This approach has at least two potential pitfalls. First, it assumes the availability of 

data of sufficient resolution and quality to accurately capture drought as it is experienced. 

Second, as a top-down, climatology-oriented perspective on drought, it provides only limited 

insight into drought as a hazard and therefore how it may be best planned for and mitigated. For 

drought planning to fully meet the challenges of 21st century social and climate complexity, more 

integrative systems of monitoring and governance are necessary. 

Recently, scholars from multiple disciplines have argued that adaptive governance holds great 

promise for confronting highly complex environmental problems like climate change and 

drought (Brunner 2010; Brunner and Steelman 2005; Nelson et al. 2008; Olsson et al. 2006). The 

adaptive governance literature is built on the twin pillars of the ecological systems literature, 

including seminal work by Holling and colleagues (e.g., Holling 1973), and the large body of 

work that Ostrom and colleagues (e.g., Ostrom 1990) have done on community governance of 

common pool resources (for a concise review of adaptive governance, see Hatfield-Dodds et al. 

2007). Adaptive governance is variously defined in the literature, but Boyd and Cornforth 

provide a core set of principles that underpin the theory: "1) inclusion of local knowledge in 

decision-making; 2) monitoring and learning processes; 3) collaboration and ad hoc networks; 

and 4) preparation for uncertain change" (Boyd and Cornforth 2013, 204). Adaptive governance 

has been contrasted with traditional "scientific management" approaches where "the selection of 

problems depends on the scientific relationships available to solve them" (Brunner and Steelman 
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2005, 22). The adaptive governance approach, on the other hand, is problem-centric. As Nelson 

and colleagues note, with "adaptive governance, the nature of the policy problem determines the 

relevance of available science, rather than policy problems being redesigned to fit available 

scientific methodologies" (Nelson et al. 2008, 591). Brunner states that "[a]daptive governance 

integrates scientific and other types of knowledge into policies to advance the common interest" 

(Brunner and Steelman 2005, 2). In the context of drought, a fully realized adaptive governance 

regime would integrate multiple streams of data, information, and local knowledge into decision 

processes that were open and adaptive. As we discuss in section five below, the situation at Hopi 

provides an opportunity to implement many of these ideas.  

Typical drought monitoring, planning, and response in the U.S. is dominated by a scientific 

management approach. Data used to characterize drought conditions is largely based on 

instrumentation installed to monitor weather and hydrologic conditions. Neither the location nor 

the density of instrument placements is optimized to gather information about drought conditions. 

The U.S. Drought Monitor (USDM; Svoboda et al. 2002) is perhaps the premier system in the 

world for synthesizing available data and information about drought conditions. However, the 

Drought Monitor still relies on available data and has minimal capability to incorporate any data 

or information about the impacts of drought conditions that would ground truth what 

hydrometeorological data suggests may be happening. This problem is especially acute in 

regions of the country (like nearly all tribal lands in the U.S.) where there is very little data to 

guide authors of the weekly USDM. 

The literature on drought planning frequently notes the need for monitoring the impacts of 

drought when considering policy, but also commonly notes the challenges associated with 
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measuring impact (Hayes et al. 2011, 486-487; Wilhite and Glantz 1985, 119). Much of the 

problem with incorporating drought impacts—or perhaps more accurately, incorporating basic 

environmental status monitoring—into characterizations of drought is rooted in the complexity 

of drought as a hazard and the fact that as a practical matter, a precise, common definition of 

drought is essentially impossible to develop (Kallis 2008; Redmond 2002; Wilhite and Glantz 

1985). Despite the commonly used definitions of meteorological, agricultural, and hydrological 

drought (Mishra and Singh 2010; Wilhite and Glantz 1985), there is little uniformity or 

consensus on how to define drought as it more broadly impacts social systems. In the drought 

literature "socioeconomic drought" is commonly discussed as a category but it is essentially a 

catch-all phrase for dry conditions that impact anything people care about, which arguably would 

be any drought (Kallis 2008, 87). In many ways the simplest drought definitions may ultimately 

be most useful (Redmond 2002). Hoyt's 1936 "precipitation…not sufficient to meet the needs of 

established human activities" (Wilhite and Glantz 1985, 116) or Redmond's 2002 version 

"insufficient water to meet needs" (Redmond 2002, 1144) allow for more context-sensitive 

considerations of what makes drought socially relevant. 

The challenge of defining drought has helped to drive the proliferation of drought indices 

developed by the research community (for an historical review, see Heim 2002), many of which 

have limited utility for decision making simply because they have emerged from what can be 

done with the existing data. Devising indicators of drought that are "problem, context and user 

specific" (Kallis 2008, 88) would be better suited to serve the basic principles of adaptive 

governance, though in practice that requires robust systems to monitor ongoing status of the 

system of interest beyond simply rainfall, temperature, and streamflow or snowpack. In the U.S., 

systems have been built to try to monitor drought impacts (Meadow et al. 2013; Wilhite et al. 
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2007), though the absence of consistent reporting standards and systematic observations have 

limited the utility of them. The ideal, then, would be locally or regionally coherent data and 

information that tracks systems that are most vulnerable to drought, which can be integrated with 

existing hydrometeorological data.  

The integration of different kinds of knowledge to address complex problems is a substantial 

challenge. Because of the ongoing and projected problems associated with global warming, 

climate researchers are increasingly being asked to generate knowledge that is decision relevant 

(Kerr 2011), which means finding ways to collaborate with nonscientific actors (Ferguson et al. 

In prep). Though challenging to carry out in practice, ideally a transdisciplinary research 

approach offers the opportunity to bring together different ways of knowing. Transdisciplinarity 

has no agreed upon definition, though a recent review offers a set of key attributes. 

Transdisciplinary research: 1) is critical, self-reflexive and relates societal with scientific 

problems; 2) produces knowledge by integrating insights from science with also other ways of 

knowing; 3) seeks both social and scientific progress; and 4) requires overcoming the core 

cognitive challenge of knowledge integration (Jahn et al. 2012, 9). For integration of knowledge 

to address the challenges with monitoring and planning for drought described above, 

transdisciplinarity provides a promising path forward. In practice the basic steps involve 

researchers and those who must deal with drought as a hazard collaborating to: 1) identify the 

primary concerns about drought, 2) articulate the current decision context (e.g., who makes the 

decisions and what kinds), 3) assess the available human and technical resources available to 

address the problem, and 4) design and implement flexible systems that provide collective 

knowledge to be gathered and utilized for decision making. As we describe below, this is the 

approach we took in our collaboration with the Hopi Tribe Department of Natural Resources. 
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3. Methods 
The initial work reported here began informally in 2009 when leadership from the Hopi 

Department of Natural Resources contacted us with concerns about drought conditions on the 

Hopi Reservation. As we formalized our project, we worked with the Hopi Cultural Preservation 

Office to secure a permit to proceed with our research. We then developed a qualitative 

methodology based on rapid appraisal (Beebe 1995). Beebe's approach guided our work in part 

because of his emphasis on three core concepts fundamental to rapid appraisal: "1) a system 

perspective, 2) triangulation of data collection, and 3) iterative data collection and analysis" 

(Beebe 1995, 42). Rapid appraisal suited this project since: 1) our initial set of goals focused on 

understanding the basic contours of the full system of drought on the Hopi Reservation (the 

biophysical and social impacts, tribal decision making, and the role of the HDNR); 2) at the 

outset we had very little data to work with so we needed to quickly generate as much information 

as we could; 3) we knew that we would need to continually iterate what we found and refine our 

understanding as we proceeded. Since our approach was transdisciplinary, we recognized early 

in the project that in order to deliver information that was useful to HDNR, we would need to 

focus a lot of our attention on understanding how the organization operated and how information 

was generated and used. We generally followed Taylor's ideas about assessing the "information 

use environment" of an organization and focused on understanding what affects the "flow and 

use of information…into, within, and out of" HDNR and tried to understand how the "value of 

information…will be judged" within both the HDNR and with the broader tribal leadership 

(Taylor 1991, 218). 

We used a variety of qualitative methods throughout the project including one-on-one interviews, 

focus groups, team interviews (where interdisciplinary pairs of our team carried out interviews 
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together), and participant observation. As we developed close ties with individuals within the 

Hopi Department of Natural Resources, we also periodically deployed what Beebe calls the "do 

it yourself" approach to participant observation (Beebe 1995, 47) that involved members of our 

team spending considerable time with our colleagues in the HDNR as they went about their work. 

One of us (Masayesva) is a also member of the Hopi Tribe who had previously worked for the 

HDNR. Masayesva provided an insider perspective and also became the de facto integrator of 

information as we proceeded to pilot the basic drought monitoring and reporting system 

described in section five. We also did extensive document analysis of internal HDNR reports, a 

variety of planning documents the Tribal Council has adopted, media accounts of drought 

conditions, and secondary sources related to drought in the region. In concert with the social 

science data reported here, we also did extensive analysis of available climate data (Crimmins et 

al. In prep).  

We carried out formal interviews with 10 members of the HDNR staff (essentially everyone who 

had some duties related to drought) and 21 Hopi Reservation community members selected 

because they have a role in drought-relevant decision making or observation of impacts. We 

conducted one formal focus group at the outset of the project and numerous informal focus 

groups with HDNR staff throughout the project's life. We also periodically briefed tribal 

leadership on what we were learning and our progress throughout the project. Interviews and the 

initial focus group were not recorded, but members of the research team took detailed notes, 

which were later aggregated and analyzed using basic content analysis techniques. We 

consistently iterated our analysis with our partners within the HDNR to refine our data and 

continually feed information back into our processes with them. The 21 interviews conducted 

with non-HDNR staff were carried out after extensive work with the HDNR and helped us 
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triangulate and further develop information we had gathered to that point.  

4. Study context and results 
4.1 Hopi people and land 
The Hopi Tribe is a sovereign, federally recognized Native American community whose lands 

are on the Colorado Plateau in northeast Arizona. According to the 2010 census, the current 

population of the reservation is approximately 7,200 (Arizona Rural Policy Institute n.d.). The 

tribe is a confederation of 12 semi-autonomous villages with a central government formed after 

the U.S. Congress passed the 1934 Indian Organization Act, which recognized tribal self 

governance. Though several villages send no representatives to serve on the tribal council and 

the constitution has been contested by village leaders for generations, in its current form it "is 

best conceived, as a contract between the [constitutionally] specified, self-governing 

villages…embod[ying] a necessary compromise by these once independent villages" 

(Sekaquaptewa 2000, 765). The governance in place at Hopi is complex, but in the modern era 

"Hopi people look to the tribal constitution, the tribal council, and the tribal courts to lobby for 

the needs of the villages and Hopi people, to provide basic governmental services…and to 

resolve disputes" (Sekaquaptewa 2000, 765). 

The reservation covers approximately 6,500 square kilometers in two parcels: the main 

reservation that is made up of three mesas and surrounding lands and the Moenkopi District, 

which is approximately 65 kilometers west of the main reservation near the town of Tuba City, 

AZ (Suderman and Loma'omvaya 2001, 14). Reservation lands range from approximately 1,380 

to 2,300 meters above sea level. The climate of the reservation is typical of the high deserts in 

the Southwest. Average annual rainfall across the whole reservation is approximately 216 mm 

with higher elevation areas typically receiving more and lower elevation areas less. 
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Temperatures also vary with topography and throughout the year, but the annual average high 

temperature for the reservation is about 20°C with an annual average low temperature of about  

3°C. The instrumental record for the region shows that droughts were common over the past 120 

years with a pronounced drought at the end of the 19th century, severe drought in 1950s and early 

1960s, and again in the late 1990s through to the end of the record in 2014. 

The 2012 U.S. Census of Agriculture shows the entire 650,000 hectare reservation as farmland, 

with the vast majority of that being rangelands and only 683 hectares in cropland (USDA 

National Agricultural Statistics Service 2014). Hopi farming is comprised of small family 

fields—typically <4 hectares—that are almost entirely rain fed (Singletary et al. 2014, 9-13). Of 

683 hectare in croplands, only 113 hectares are designated as irrigated (USDA National 

Agricultural Statistics Service 2014). 

The Hopi have lived on and around current reservation lands for a millennium (Sekaquaptewa 

2008, 27; Singletary et al. 2014, 16) and are descended from populations dependent on maize 

agriculture since at least AD 700 (Adams 1979, 285). The terraced fields near the Hopi village of 

Bacavi are believed to have been farmed since at least AD 1200 (Wall and Masayesva 2004, 

437). Dryland farming—central to Hopi life—is rooted in their origins in this world, with corn 

being described as "the soul of the Hopi people" (Singletary et al. 2014, 1). Corn is crucial to 

Hopi ceremonial life, but is also a practical part of modern Hopi diet and social life. Cultivars of 

corn are highly adapted to the semi-arid climate of the region. As Wall and Masayesva note, 

"seeds used now to plant blue, red, white, and yellow Hopi corn arise from a lineage that reaches 

back for many centuries" (Wall and Masayesva 2004, 440). Livestock was introduced to the 

region with the Spanish in the 16th century (Pavao-Zuckerman and Reitz 2006), with sheep being 
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the primary stock for approximately 350 years. In the early 20th century cattle began to dominate 

Hopi ranching. In the 1930s the Bureau of Indian Affairs encouraged and supported ranching by 

digging wells, installing windmills, and building surface water impoundments across the 

reservation for watering livestock (Singletary et al. 2014, 22). Modern Hopi ranching and 

farming are primarily subsistence activities, with the majority of producers (76%) on the 

reservation yielding annual sales in 2012 of less than $5000 (USDA National Agricultural 

Statistics Service 2014). 

Water on the reservation comes almost entirely from subsurface aquifers with each village 

managing and maintaining their own water systems (Suderman and Loma'omvaya 2001, 30-37). 

Though current per capita water use on the reservation is estimated to be only 37 gallons, 

population increases, higher water consumption by modern houses, and commercial development 

are expected to increase that rate enough that consumptive use is estimated to outstrip reliable 

supply by 2040 (Suderman and Loma'omvaya 2001, 33). Although surface water is currently 

used only used for watering livestock (from precipitation captured in earthen dams) and for 

irrigating small farms plots near the village of Moenkopi, the loss of surface water due to 

drought conditions impacts Hopi groundwater supplies as described in more detail below. To 

ensure reliable water for future generations, the tribe has been in negotiations to settle their claim 

to the Little Colorado River for decades, but a contentious settlement tentatively agreed to by all 

the parties in 2012 failed to be passed by the U.S. Congress in 2012 (Lee 2013, 643).  

4.2 Drought decision making context 
The natural resource management philosophy of the tribal government is rooted in traditional 

Hopi values. The Tribal Council approved an Integrated Resource Management Plan in 2001 that 

states at the outset: "The Hopi Tribe, in the interest of Hopi values shall reaffirm these 



 

 90 

stewardship responsibilities, Tutavo, which are rules by which the Hopi are to utilize natural 

resources and provide conservation efforts for environmental health" (Suderman and 

Loma'omvaya 2001, 3). The preamble to the plan goes on to identify the common interests of the 

Hopi people to be foremost in natural resource management decision making (Suderman and 

Loma'omvaya 2001, 3). Stated in plain language, an HDNR resource manager in an early 

interview told us "we’re not going anywhere, so we need to manage this land as best we can." 

The overall goal, therefore, as stated in tribal planning documents and reiterated in a variety of 

ways through our interactions with HDNR staff is to maintain Hopi lands in such a way that they 

will remain useful and usable to support Hopi lifeways in perpetuity.  

As a practical matter, decisions about which lifeways are most important and how to balance 

competing priorities for limited resources in the context of drought conditions are often reduced 

to conflicts over the primary land uses on the reservation. As noted in the 2001 Integrated 

Resource Management Plan, "[t]he primary conflict is between livestock grazing and other land 

uses, specifically wildlife habitat, farming, rangeland plants & gathering, and wetlands plants & 

gathering" (Suderman and Loma'omvaya 2001, 4). Ranching is by far the dominant land use in 

terms of resources utilized, with approximately 88% of reservation lands currently being utilized 

as range for livestock, though as of the early 2000s, only about 5% of Hopi people had grazing 

permits (Suderman and Loma'omvaya 2001, 11). Within the HDNR, a considerable amount of 

human and technical resources are used to monitor and manage rangelands and the geographic 

scale at which most resource management of all kinds takes place is the range unit. Four range 

technicians continually assess the status of the 52 range units on the reservation and provide 

monthly reports on conditions within each unit to the Director of the Office of Range 

Management (ORM). ORM technicians also conduct annual range utilization surveys that 
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provide a snapshot of forage conditions in each of the units across the reservation. That reporting 

primarily is done to support stocking rates as well as to be prepared for and responsive to 

evolving conditions (e.g., identifying infrastructure that needs repair, potential overgrazing, any 

trespass, etc.). Though farming is central to Hopi life, the HDNR has very little to do with 

monitoring or managing farmlands.  

4.2.1 Current Hopi drought planning 
The Hopi Tribe adopted a drought plan in 2000, though we found that it has not been fully 

implemented. Our research suggests that the primary barrier to having the drought plan used 

operationally was the complex and—for all practical purposes—impossible to follow monitoring 

and trigger system. The plan, primarily developed by an off-reservation environmental 

consulting firm, characterizes drought according to traditional climatological definitions: 

meteorological, agricultural, and hydrological. There is also some discussion of socio-economic 

drought vulnerabilities, but ultimately the monitoring and trigger protocol sticks to the three 

traditional measures. As the HDNR is currently constituted, there is very little data available to 

support the identified monitoring categories, so in practice drought is nearly impossible for the 

tribe to declare following the standards set out in the plan. Table 1—excerpted from the 2000 

drought plan—shows the stages of drought, their triggers, and potential responses. 

[Table 1 here] 

The 2000 Drought Plan lays out a path toward full implementation, but it is predicated on a 

substantial amount of funding for equipment and data management infrastructure that has not 

become available. The plan also places the Hopi Water Resources Program at the center of the 

majority of the data collection and analysis. Through interviews and participant observation of 
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HDNR staff meetings, it has become clear that while the Water Resources Program does produce 

useful drought monitoring data (e.g., related to springs and shallow wells), that division of 

HDNR is not well-situated to be central to drought planning efforts. In large measure this 

appears to be less a matter of data availability and more the practical reality that nearly all water 

resources on the reservation are groundwater based and therefore indirectly impacted by drought 

conditions. Throughout our partnership with the HDNR we have participated in numerous 

discussions about which division would be best suited for taking over the lead on drought 

planning. Until the tribe begins to formally revise their drought plan (our work is meant to lead 

toward that effort) this may not be completely resolved, but the Office of Range Management 

seems to be the most likely hub of drought planning given the nature of their work and the kind 

of data and information they are routinely collecting. 

4.3 Primary drought concerns on the Hopi Reservation 
Throughout our fieldwork we continually gathered information about impacts that people were 

directly attributing to drought as well as many second or third order impacts. Many of these, for 

example increased soil erosion across many of the range units, are difficult to ascribe simply to 

drought conditions since land use clearly has played a role. Rather than trying to parse impacts 

that could be definitively attributed to drought, we chose to collect as much information as we 

could to understand how dry conditions were being perceived as causing impacts across the 

reservation. Table 2 provides a summary of the major concerns that were repeatedly raised. It is 

important to note that although most of the drought concerns are related to ranching and farming, 

throughout our years of working with the HDNR, we have never heard of drought impacting the 

primary food sources for citizens. Ranching and farming, though important socially, culturally, 

and to some extent for food, are not the primary means for feeding most Hopi families.  
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[Table 2 near here] 

Ranching 
Because nearly 90% of the reservation is available to be utilized as rangeland, ranching is central 

to the experience of drought on the Hopi Reservation even though a small percentage of Hopis 

maintain livestock. The primary drought impacts are obvious: loss of forage, increased soil 

erosion, and loss of surface water that was developed for livestock. What is less obvious is the 

extent to which the impacts on the ranges permeate much of current Hopi life. Nearly everyone 

we have talked to over the last several years who has any cattle has mentioned the high cost of 

hauling groundwater to keep livestock alive through dry seasons. Because most ranching on the 

reservation is very small scale (<10 animal units), the cost of fuel for vehicles to haul water in 

most cases far outweighs any economic gains from stock sales. However, this increase in water 

hauling causes a much more widespread economic impact since it puts tremendous pressure on 

groundwater resources and the infrastructure that supports it (i.e., windmills and well pumps). In 

2001 the Hopi Tribal government found that ranching was extremely costly with the 

"Tribe…spending $2 of tribal money, for every $1 of individual earnings from ranching" 

(Suderman and Loma'omvaya 2001, 4). Those figures are likely to be even higher now since 

considerable infrastructure repair costs have been incurred in the intervening 14 years of dry 

conditions. A public health official we interviewed also mentioned growing concern about 

respiratory illness as dust storms arise with the ongoing degradation of some rangelands, 

particularly in the southern part of the reservation which has been hit especially hard hit. The 

loss of surface water for livestock has also engendered local conflicts. The HDNR and Hopi 

Police frequently respond to complaints of neighboring Navajo ranchers filling their water tanks 

at Hopi wells. Though only 5% of Hopis hold grazing permits, the fact that most of the 
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reservation is rangeland means that most Hopis are at least indirectly impacted by the nexus of 

drought and ranching. 

Farming 
Like ranching, the primary impacts of drought on farming are obvious: reduced crop yields and 

complete failure of crops. Because dryland farming is central to Hopi life, traditional farming 

systems are well-adapted to drought. The persistence—and in some years intensity—of the 

current drought combined with some loss of traditional farming techniques has begun to tax 

these adaptations. Among the indirect drought impacts we recorded, many were related to 

cultural practices as they relate to farming. These ranged from simply not having enough crops 

for ceremonial purposes to a creeping sense of cultural apathy as some Hopi farmers perceive the 

persistent drought as a failure of Hopi traditions meant to bring precipitation. A common indirect 

impact that we heard about was the general loss of transmission of cultural knowledge that 

would usually come from multiple generations working in the fields together. Of course, drought 

is only a part of the overall decline in cultural traditions being practiced on the reservation, but 

nevertheless, it was raised repeatedly as an issue related to drought. We also found that some 

farmers were concerned about the long-term viability of Hopi seed stock as repeated seasons of 

failed crops means reduced availability of native seeds as drought years accrue. This problem has 

led some farmers to import seed stock from neighboring pueblos in New Mexico. The concern 

was the gradual loss of locally adapted cultivars that have been passed down through Hopi 

families for generations. The repeated failure of crops has also led to some conflict as reports of 

crop theft have arisen during recent dry seasons. Much of the concern about how drought 

impacts farming is tied to the ways that some modern Hopis farm. For example, we heard 

complaints about people using mechanical equipment to plow larger fields, which has led to 



 

 95 

decreased use of traditional planting techniques that have proven robust through long periods of 

drought over many, many generations of Hopi farming.  

Ecosystems 
Many of the concerns about how ecosystems are impacted by drought closely relate to the 

ranching and farming concerns described above (e.g., increasing erosion, loss of surface water, 

decreased vegetation). We also found that many people considered the loss of surface water and 

vegetation across the reservation to be responsible for declining numbers of prey species that are 

critical to healthy ecosystem function. In particular, we found concern that there were fewer 

rodents, which are necessary for healthy eagle populations. Eagles are important in Hopi culture, 

so this represents some measure of unease about the overall environmental and cultural health of 

the landscape. Similarly, there is significant concern about reduced abundance of a number of 

culturally important plant species used for wild foods, medicines, ceremonies, and crafts. Many 

people also commented on the spread of invasive plant species that is perceived to have come 

about since the beginning of the current drought. One particularly challenging impact for the 

HDNR is the increasing number of wildlife intrusions being reported as surface water and 

vegetation has declined. Farmers in particular are reporting more wildlife trespass on their fields. 

Water Resources 
Although potable water supplies for the villages are drawn from deep aquifers that are not tightly 

coupled with seasonal or annual precipitation, there are some water resources challenges 

associated with drought on the reservation. Across the landscape, springs have historically been 

abundant and reliable. Many people are concerned that the drying of springs—particularly those 

that have been used by villages for many years—over the last two decades is tied to drought 

conditions. However, there is also considerable political debate about the impact that the 
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Kayenta Mine's2 use of groundwater is having on springs. Groundwater is closely monitored for 

impacts from the mine, though that data is highly contested, so it is difficult to assess exactly 

what is driving the drying of springs. What is less contentious, though, is the relationship 

between some historically reliable seeps and springs that are tied to very shallow aquifers and 

unlikely to be impacted by groundwater pumping. The primary impact of these water sources is 

on livestock, since many of them have been informally developed over generations to provide 

reliable water for stock. There have also been impacts on farming as some of the ephemeral 

washes on the reservation have remained dry for multiple seasons. These alluvial plains have 

historically been ideal farm lands since periodic flows deliver nutrients and relatively high soil 

moisture.  

4.4 Coping with drought on the Hopi Reservation 
In addition to gathering information about drought concerns, we also asked people about 

drought-related decisions that are made and current short-/long-term coping strategies. At the 

scale of the tribal government, drought decision making on the reservation is limited to a few 

areas, but has the potential to have substantial impact on Hopi people now and in the future. 

Currently, the Tribe periodically restricts open fires when conditions are dry, can reduce the 

number of livestock on the ranges, and can completely close ranges and restore them if the 

conditions warrant such action. The Tribe is also actively working to settle surface water rights 

so that the Hopi people will have reliable water supplies beyond their current groundwater 

systems. These decisions are the main reason the HDNR wants improved drought monitoring 

information, since they have direct and significant impacts on Hopi citizens. The tribal 

government is also responsible for managing and maintaining infrastructure that is impacted by 

                                                
2 The Hopi Tribe receives approximately 80% of their annual budget from coal royalties, bonuses, and water fees 
paid by the Peabody Company (Hurlbut et al 2012). 
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dry conditions (e.g., windmills and wells; roads that are damaged by blowing sand; fences that 

are periodically buried by dust storms), all of which can be costly. Decisions about prioritizing 

repair and replacement of this kind of infrastructure would ideally be informed by better 

characterization of drought on the reservation. 

Aside from decisions the tribal government is confronting, there are many short-term drought-

related decisions being made at the household scale. Ranchers have been almost annually 

confronted with the difficult decision of whether to divest themselves of livestock, continue to 

haul food/water, or simply hope for the best and leave their animals to fend for themselves on the 

ranges. Farmers may give up farming, but we found that most farmers are instead altering their 

practices. For example, some years may require planting earlier or later as soil moisture dictates, 

reducing field size, or hauling water in extremely dry times in order to provide moisture to 

individual seedlings.  Irrigating Hopi fields is generally frowned upon by traditional farmers, 

though, except in the few locations that have historically practiced limited irrigation.  

Though drought decision making related to farming and ranching in the U.S. is typically thought 

of in terms of seeking relief funds from government programs, our research shows that this is 

negligible on the Hopi Reservation. Between 1995 and 2012, Arizona farmers and ranchers 

received a total of about $94.3 million in USDA disaster payments, primarily from drought. Of 

that $94.3 million, less than $28,000 went to farmers and ranchers in the Hopi zip code, with the 

average individual disaster payment being less than a total of $200 over the entire 17 year 

period3. With regard to specific programs directed toward drought relief for ranchers, an official 

                                                
3 The relief data presented here is based on the Environmental Working Group's Farm Subsidy database available at: 
http://farm.ewg.org. That database is compiled from USDA data on annual subsidies paid through their various 
programs. 
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with the Hopi Department of Natural Resources confirmed the extremely low rates of 

participation in USDA disaster relief programs noting that the majority of Hopi ranchers keep 

very small herds (5-10 head) and only rarely file for relief funds.  

The longer-term decisions confronting Hopi leaders and citizens are much more complex and 

may ultimately benefit from an adaptive governance approach. In addition to the current 

decisions the tribal government is confronting described above, when asked about best ways to 

cope with drought over the long-term (i.e., if conditions remain warmer and drier for the 

foreseeable future), our interviewees discussed a range of potential challenges, including: drastic 

livestock reductions, shifting from dryland farming to irrigated agriculture, imposing greater 

costs on water users, and developing a more systematic seed stock conservation program. These 

are significant decisions that will require political leadership, cooperation among the villages, 

and far better environmental status information than the HDNR currently has.  

5. Discussion 
5.1 A hybrid drought monitoring system 
The 2000 Hopi Drought Plan was a progressive document in the sense that it was clearly 

intended to support Hopi values related to long-term sustainability of the landscape and to 

support the tribe's ability to manage the land as a sovereign nation. At the very outset, it states 

that the drought plan is "designed to define drought in local terms, and to assist the Hopi Tribe in 

exercising sovereignty in the declaration of drought" (Hopi Tribe 2000, 1). Our project was 

designed with a tangible goal: development of a drought monitoring system that would support 

these stated objectives and inform decision making on the Hopi Reservation. By better 

understanding the variety of ways that drought is currently impacting—or at least being 

perceived to impact—people and the landscape, we have been working with the HDNR on 
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development and implementation of a monitoring system that better "defines drought in local 

terms." Despite the stated desire for local characterization of drought, the 2000 Hopi Drought 

Plan, like most drought plans, started with a "scientific management" (Brunner and Steelman 

2005) assumption: drought could be scientifically quantified at the temporal and spatial scales 

that Hopi leaders and citizens need to make decisions. Given the paucity of weather and climate 

data across the 83,000 square kilometers that comprise the Hopi and surrounding Navajo 

Reservations, this is an unrealistic expectation.  

Beyond the absence of climate data, our work has revealed the complex nature of drought on the 

Hopi Reservation. The topography means that local microclimates are an important feature of the 

Hopi landscape and the ways that dry conditions impact the land are dependent on use and 

location. As Dietz and Stern note, "[h]ighly aggregated information may ignore or average out 

local information that is important in identifying future problems and developing solutions" 

(Dietz et al. 2003, 1908). We have therefore been working with the HDNR toward a more 

granular approach to monitoring the status of reservation lands. 

We started with an adaptive governance perspective: the decisions that need to be made are 

foremost, and the data and information to support those decisions must be developed and 

integrated for that purpose. We also recognized that there were local institutional contexts that 

provided both barriers and opportunities for improving drought monitoring. By assessing the 

"information use environment" within the HDNR and more broadly within the tribal government, 

we identified several features that needed to be considered in designing an improved drought 

monitoring system. First, the HDNR has limited human and technical resources to gather and 

analyze large data sets. This drove us toward identifying monitoring protocols that—at least 
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initially—rely heavily on existing data and information streams already in place within HDNR. 

Next, we recognized that within both the HDNR, and the tribal government more broadly, local 

knowledge was respected, but outside expertise was also valued. Therefore, we have designed a 

pilot system that leverages both. Finally, we found that one of the knowledge and information 

strengths within the HDNR is the field technicians employed by several divisions. These 

technicians are professional landscape observers who maintain an intimate knowledge of the land 

base, in most cases with many years of experience. 

In 2014 we worked with the HDNR to implement a pilot monitoring and drought 

characterization system. In its initial form, it is a two page quarterly drought summary distributed 

within the Hopi tribal government. The first page—produced by the HDNR—presents local 

information about range conditions as well as precipitation recorded by rain gauges located 

across the reservation. The second page—produced by our University of Arizona team—

contextualizes the local conditions with regional climate data and information. Ideally, the 

HDNR component will grow over time to include some of the hydrologic information HDNR 

already collects, seasonal reports on farming, or any other drought-relevant information the 

HDNR or villages choose to routinely contribute. Our research suggests that there are several 

nontraditional indicators of drought that may be useful to organize and present information about 

in this report, including: trespass reports at wells, groundwater infrastructure damaged by 

overpumping, and wildlife trespass.  

At this stage, this monitoring system and this pilot quarterly summary are not appropriate for 

categorizing drought or setting thresholds for particular actions. As it is currently construed, this 

system is meant to provide HDNR managers and planners—and through them tribal leadership—
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with a snapshot of environmental status. This approaches allows for ongoing development and 

systematic monitoring of locally-relevant drought indicators. Over time if this system is adopted 

and implemented, and the tribe deems a more quantifiable system appropriate, it could then be 

used to support development of specific drought categories and thresholds. The flexibility of this 

design, however, is that is could also simply be used by the HDNR as a means of comparing a 

regional drought index—for example 6 month SPI—to conditions on the ground and never 

evolve into a formal system to support categories and triggers, but rather always be used as an 

environmental status monitoring system. These are decisions that HDRN is preparing to confront 

as they begin work to revise their current drought plan.  

During the interviews we conducted with residents of the Hopi Reservation, the majority of those 

we talked to mentioned their desire for basic, routine information about current drought 

conditions that could be made available widely across the reservation. Those interviews also 

revealed the potential for the villages to be much more involved with not only consuming 

information, but with contributing some specific observations (e.g., about crops or local water 

resources). We are currently working with the HDNR to explore the feasibility of engaging the 

villages in this work.  

5.2 Drought monitoring and adaptive governance 
Our work with the HDNR on drought monitoring has led all of us toward goals that closely 

mirror the theoretical principles of adaptive governance identified by Boyd and Cornforth (2013, 

204). By developing monitoring information that leverages observations made by HDNR 

technicians and our current effort to engage the villages, this work is directly aimed at 

incorporating local knowledge into decision making. Our proposed monitoring system is meant 

to provide more systematic information about the status of Hopi lands and how they are 
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responding to a variety of stressors, including drought. That system is intended to allow 

collective learning by all engaged, including those of us in the research community. The process 

has been built on a foundation of transdisciplinary collaboration and is leveraging our various 

networks to improve our collective knowledge. Finally, though the impetus for this work has 

been the ongoing drought, concerns about long term warming and the uncertainty associated with 

the changes that will accompany it have been implicit throughout our work. This sort of 

monitoring system, if it eventually succeeds in being fully implemented, will support far more 

than drought planning since it will help keep track of emergent phenomenon that may otherwise 

be overlooked. Whether this system is used to support truly adaptive governance by tribal 

leadership is beyond our ability to know at this stage. There are signs that the HDNR is 

interested in engaging more with the villages on these issues, which, based on our interviews, 

may be a welcome next step for everyone involved.  

6. Conclusion: Relevance beyond the Hopi mesas 
The work reported here is a specific case in a unique location. However, there are signs that our 

work is not an isolated case. For example, Giordano and colleagues (Giordano et al. 2013) have 

recently reported on their efforts to integrate local drought impacts monitoring with scientific 

knowledge in central Italy. Their work is substantially more quantitatively-oriented that what we 

are able to currently do with the HDNR, but their goals are similar. Though it is focused on using 

local knowledge to improve drought forecasting rather than impacts, the work of Chisadza and 

colleagues in Zimbabwe is making considerable strides forward in understanding how to better 

incorporate local knowledge with scientific knowledge in regions without dense data networks 

(Chisadza et al. 2013; Chisadza et al. 2015). In the U.S., research about drought planning is 

beginning to reveal the limits to the first generation plans, many of which were developed during 
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the same era as the Hopi Drought Plan. In a survey of state drought planners in the western U.S., 

Fontaine and colleagues found that most drought plans were response-oriented with limited 

resources being spent on post-drought assessments or proactive planning (Fontaine et al. 2014). 

With the costs of drought in the U.S. apparently rising (Gall et al. 2011, 2167) and the threat of 

global warming potentially increasing drought risk in some parts of the U.S., the time has come 

for more integrated drought monitoring systems to support proactive drought decision making.  

The system we have begun to implement with the Hopi Department of Natural Resources is 

small scale and at the outset will rely on qualitative information that may not be suited for some 

decisions. However, this type of system, bolstered by available hydrometeorological data, 

represents a comprehensive view of drought that is more conducive to the scales at which a lot of 

drought decision making is made. The U.S. Drought Monitor is an excellent product for getting a 

synoptic view of drought across the U.S., but at this stage in its evolution it cannot be relied upon 

to inform decisions at the scale of a Hopi range unit. The type of hybrid drought monitoring 

approach we report on here, though, has the potential to not only allow for the Hopi Tribe to 

better characterize drought conditions to inform their own decision making, it could also improve 

the granularity of drought conditions presented on the USDM's weekly maps. As a cooperatively 

generated product the Drought Monitor authors welcome input on local drought impacts. 

Integration of impacts information is a longstanding goal of the drought research community in 

the U.S. and abroad (see, e.g., Hayes et al. 2011; World Meteorological Organization 2006). The 

difficulty has been how to implement a system that could achieve this goal. Our work suggests a 

scalable approach that leverages existing local knowledge, local data that is already being 

collected, and whatever regional hydrometeorological data that is available. 
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Figures and tables 
Figure 1: Analysis of the periods of record for National Weather Service Cooperative Network 
stations reveals there is no high quality climate data available for the Hopi Reservation. 
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Table 1: Potential Response and Mitigation Actions for Various Drought Stages from the 2000 
Hopi Drought Plan 
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Table 2: Summary of current concerns about drought on the Hopi Reservation 
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Abstract 
Over the last several decades, the need for societally relevant, decision-oriented climate research 

has increased. There is limited empirical evidence, however, clarifying what activities and 

institutions most effectively provide climate information and decision support services to diverse 

stakeholders. Thus, understanding the extent to which RISA research and outreach activities 

contribute to regional decision making in the United States has become critical. In this chapter 

we discuss evaluation activities by two RISA teams—Pacific RISA and the Climate Assessment 

for the Southwest (CLIMAS)—providing examples of metrics and methods for evaluating 

programs implemented in a complex, real-world environment. We argue that to inform science 

policy across scales, we need to design evaluations so that results are meaningful and legitimate, 

but allow also for the highly iterative and adaptive nature of the environments in which RISA 

work is done and utilized. We conclude the chapter by distilling the lessons learned from the 

evaluation initiatives undertaken thus far. 
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Introduction  
The regional partnerships developed through the RISA program have been highlighted as 

effective institutions for providing climate information and decision support services to diverse 

stakeholders (National Research Council 2009). The RISA teams have been described as 

innovative in “organizing the dialogue between scientists and practitioners” (Pulwarty, Simpson, 

and Nierenberg 2009, 379) to generate science “that is usable in specific decision contexts” 

(National Research Council 2008, 30). Unfortunately, while there is ample anecdotal evidence to 

support these assertions, there is limited empirical work to demonstrate the impacts of regional 

RISA programs or the overall impact of the national RISA program. Thus, few robust 

conclusions can be made about how and why RISA research and outreach does or does not 

support societal decision making and climate adaptation planning.  

The purpose of this chapter is to explain why it is important for RISAs to undertake evaluations 

and to provide examples of metrics and methods for evaluating programs implemented in a 

complex, real-world environment. We discuss evaluation activities by two RISA teams—Pacific 

RISA and the Climate Assessment for the Southwest (CLIMAS). We provide a simple 

framework for connecting RISA program evaluation to science policy at multiple scales, 

illustrated with examples of evaluation undertaken by Pacific RISA and CLIMAS. We argue that 

to inform science policy across scales, we need to design evaluations so that results are 

meaningful and legitimate, but allow also for the highly iterative and adaptive nature of the 

environments in which RISA work is done and utilized. We conclude the chapter by distilling the 

lessons learned from the evaluation initiatives undertaken thus far. 



 

 
 
 

113 

The Importance and Challenge of Evaluating RISA Regional Programs 
Well-designed evaluation of RISA regional programs can provide valuable information 

regarding both policy for science (i.e., considerations of priorities for research funding) and 

science for policy (i.e., the utilization of research in decision processes) (Brooks, 1968). 

Regarding policy for science, evaluations provide science funding agencies, researchers, 

stakeholders, and the public with information about promising avenues and potential pitfalls of 

particular areas of research. Establishing evidence of the mechanisms through which RISAs are 

effective can bolster arguments for funding and prioritizing decision-relevant science. Similarly, 

evaluations provide RISA teams and their leaders with information to support program-level 

decision making and thus improve program performance. Interim evaluations may be used to 

support course-corrections that improve RISA focus, methods, and outcomes. Regarding policy 

for science, evaluations advance the emerging field of participatory climate research by 

demonstrating how research is being utilized and incorporated into decision making. Robust 

evaluations that produce reliable and valid findings yield generalizable knowledge about how 

climate science can be made useful for decision making in different contexts for different 

stakeholders.  

The central challenge for evaluation research is to understand the value of a program by causally 

linking program activities with outcomes and impacts that can be attributed to that program. In 

most applied research, three criteria must be met to establish causality: (1) temporal precedence 

(did the cause happen before the effect?); (2) covariation (is the effect observed when the cause 

is implemented?); and (3) no plausible alternative explanations (is a third factor causing the 

outcome?). Ruling out alternative explanations is the most difficult criteria to address in RISA 

program evaluation because the complexity and real-world nature of RISA activities—and the 
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iterative and adaptive processes used—are incompatible with tightly controlled experimental 

designs. RISA activities are deliberately dynamic and responsive to changing needs, 

opportunities, and challenges. Though each RISA regional program has a mission and strategic 

goals, the very nature of doing participatory and transdisciplinary1 research means "that the 

intended impacts are likely to change as different people become engaged, opportunities and 

threats emerge, and the program unfolds" (Funnell and Rogers 2011, 77). Many factors may be 

changing simultaneously, thus making it hard to pinpoint exactly what is causing observed 

effects. In this kind of complex environment, emergent outcomes (either intermediate or long 

term) are nearly impossible to predict with any precision.  

For instance, researchers may observe that stakeholders pay more attention to climate projections 

after they are engaged in a series of dialogues, training workshops, and tool development. 

However, isolating the effect(s) of any one (or set) of these activities may be very difficult given 

the multipronged approach of a RISA team. Researchers would also need to collect and compare 

measures of the extent to which stakeholders pay attention to and/or understand information at 

multiple points in time (e.g., before and after each activity). However, stakeholder fatigue may 

not make this possible and small sample sizes may render statistical analyses of such data 

inappropriate. Additionally, effects from changes in the external environment (e.g., a directive 

from leadership in a stakeholders’ organization to consider climate change impacts in adaptation 

planning) may be impossible to capture precisely given that we cannot control the socio-political 

context in which a program is being implemented.  

                                                
 
 
1 Following Jahn and colleagues we define transdisciplinarity as "a critical and self-reflexive research approach that 
relates societal with scientific problems; it produces new knowledge by integrating different scientific and extra-
scientific insights; its aim is to contribute to both societal and scientific progress" (2012, 8-9). 
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Despite the above challenges, we need to be able to learn about the value of RISA programs, 

even without establishing causality. In the remainder of the chapter, we discuss how evaluation 

can be done in complex, real-world environments and how the lessons learned are still useful 

even when direct causality has not been established. We organize our discussion below to 

address first the need to inform decisions about science funding priorities (policy for science). 

Then we address the need to facilitate the use of research results in decision processes (science 

for policy).  

Policy for Science 
Science is expected to address increasing numbers of societal problems with shrinking research 

budgets. Decisions about what science should be prioritized in this context are difficult. A joint 

memo from the Office of Management and Budget and the White House Office of Science and 

Technology Policy to the heads of executive departments and agencies in 2009 states that: 

"Agencies should develop outcome-oriented goals for their science and technology activities, 

establish procedures and timelines for evaluating the performance of these activities, and target 

investments toward high-performing programs. Agencies should develop 'science of science 

policy' tools that can improve management of their research and development portfolios and 

better assess the impact of their science and technology investments" (Orzag and Holdren, 2009). 

In other words, all U.S. programs that fund research need to clearly articulate how investments 

return value.  

The challenge—and one that the RISA team are well-positioned to address—is to develop broad 

indicators of societal value and metrics to monitor those indicators that allow funders and policy 

makers to assess the investment in publicly funded science beyond traditional economic 
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measures. This knowledge is critical for funders and politicians who must make difficult policy 

decisions about where to invest research dollars to best "foster societal well-being" (Sarewitz 

2011, 338). In addition, this knowledge supports leadership within RISA teams to make 

decisions about priorities for new work and allocation of scarce resources. 

Obviously any individual RISA evaluation effort will make modest progress toward these high 

level directives, but these efforts—especially if every RISA incorporates evaluation into their 

program activities—can offer critical insights to NOAA and other funders who seek to support 

the kind of use-inspired research conducted by RISA teams. At the most basic level, RISA 

evaluations can develop metrics for assessing this work that reflect the nuance inherent in it. 

While standard economic metrics are often sought to justify research funding (e.g., return on 

investment), these metrics often fail to reflect actual impact of RISA research and outreach. 

Similarly, traditional measures of the value of scientific knowledge (e.g., number of peer-

reviewed publications) may reveal very little about the utility of that knowledge for addressing a 

complex problem like vulnerability to climate variability or change. Despite the current pressure 

from high level policy makers, "the capacity to evaluate, either prospectively or even 

retrospectively, the potential for particular research priorities and institutional arrangements to 

achieve stipulated noneconomic goals and values remains primitive at best" (emphasis added; 

Sarewitz 2011, 345). This is a critical component of the nascent field of the science of science 

policy that the RISA evaluations can help advance.  

The Role of Theory-Based Evaluation  

Several reviews describe a range of approaches available for program evaluation and how the 

appropriate approach depends on the program to be evaluated (Bamberger, Rugh, and Mabry, 
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2012; Teddlie and Tashakkori, 2009; Morra and Rist, 2009; Rossi, Lipsey, and Howard, 2004; 

Leeuw and Vaessen, 2009). The intellectual basis for current Pacific RISA and CLIMAS 

evaluation efforts is theory-based evaluation (see Funnell and Rogers, 2011, Chp. 2). Theory-

based evaluations have become the dominant approach for many policy-to-action programs 

because of their inherent flexibility.  

 
The core of theory-based program evaluation is a well-defined description of how program 

activities lead to particular outcomes. In the simplest terms, the program theory outlines the logic 

for how a program operates. The critical component of program theory for evaluation is what is 

called a theory of change (Funnell and Rogers 2011) or an impact model (Bamberger, Rugh, and 

Mabry 2012) that has been independently tested and empirically verified.  Program theory is 

useful for identifying hypotheses about the linkages between a program and its outcomes and 

impacts that the evaluation aims to test. Researchers can then choose specific indicators and 

methods that are appropriate for testing those hypotheses.  

Opinions vary on the appropriate role of program theory in evaluation (e.g., see criticisms by 

Stufflebeam, 2001). One limitation of program theory, as mentioned above, is that causality may 

be hard to establish.  A second limitation is that if the theory is incorrect or poorly articulated, 

then the evaluation will yield little useful information. And finally, although program theory is 

widely discussed in the methodology literature, many evaluations do not yet have an 

accompanying theory of change. Consequently, instead of using fully-developed program 

theories, researchers may use theories of action (or theories of implementation), typically 

presented in an Action-Logic Model (ALM).  
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Logic models help to conceptualize, identify, and implement a comprehensive range of relevant 

evaluation metrics at many steps along the reasoning chain, which allows us to examine multiple 

steps in the underlying reasoning of a program. Examining process as well as outputs and 

outcomes allows a well-designed evaluation to demonstrate faulty assumptions or weaknesses in 

the reasoning that may be responsible for failure to achieve expected outcomes. This feature of 

logic models creates the potential for monitoring and adaptively managing different aspects of 

the program to both improve performance and uncover emergent phenomenon that may have 

been absent from the initial program theory. Given the complex contexts in which RISA 

programs are implemented, logic models provide an appropriate way to organize evaluation 

activities when establishing causality is problematic. 

The evaluation examples provided below reflect different stages of adoption of the principles of 

theory-based evaluation. The Pacific RISA team has developed an ALM as the centerpiece of 

their evaluation effort (details below). The CLIMAS team, on the other hand, undertook several 

years of project-based evaluations that were not organized around a central logic model, but has 

recently begun to utilize a theory-based approach to ongoing program-level evaluation. 

Conceptualizing How Change Occurs: Developing an Action-Logic Model  

In its first year of funding, the Pacific RISA team developed an ALM to guide and assess the 

effectiveness of all research projects. Figure 1 graphically represents the ALM, highlighting the 

connection of six interdependent components in the system. Like a road map, the ALM shows 

the steps taken to achieve the long-term goal of building climate-resilience island communities. 

The starting point is the context or setting (the sociopolitical, environmental, and economic 

conditions) in which the program objectives address the Pacific RISA mission. The context also 
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identifies the factors considered when priorities are set to direct the program. Understanding the 

rich context in which the program is implemented is necessary for knowing what resources and 

activities are most appropriate to achieve the long-term goal.  

[Figure 1 near here] 

Next, inputs are identified, including the resources needed (human, financial, or other) for 

program activities to build capacities that address the long-term goal. The outputs include the 

activities conducted and participation by the target audiences. The outputs essentially describe 

what the program does with the resources to direct the course of change. We expect that specific 

activities (e.g., scientific research, workshops, partnering) will provide diverse ways to 

understand what information and support is needed (and technically possible) for various 

audiences. By reaching certain individuals and groups, certain outcomes/impacts are expected to 

be achieved, occurring over time from short- to medium- to long-term. In the first 1-2 years we 

expect to see increased awareness of climate-society interactions; increased knowledge of risks, 

vulnerabilities, and needs; and improved skills in using climate science. Then, with additional 

investments and activities in years 3-4, we expect to see changes in behaviors, practices, 

procedures, and policies. Ultimately, in about 5 years or more, we expect to see a change in the 

situation such that island communities are more climate resilient.  

The ALM also identifies assumptions, which are underlying beliefs about the way members of 

the team think the program will work. For instance, we assume continued support from funders 

and partners because without this the nature and extent of activities would be much more limited, 

with a concomitant change in outcomes and impacts. External factors include conditions beyond 

direct control of the Pacific RISA that nonetheless influence the program’s success. For instance, 
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changing environmental conditions, such as the development of extreme drought conditions will 

likely lead program participants to be better served by interannual precipitation and drought 

forecasts more than end-of-century sea-level-rise projections. 

Finally, the ALM also shows arrows between and within the components, indicating that review 

and adjustment are an ongoing, iterative process—both in initiating the program and developing 

the model of change. This process reflects the essential “translational” role of RISA programs in 

converting climate science into a change in attitudes and behaviors. 

Conceptualizing How Change Occurs: Understanding Outside Perspectives  

In contrast to the Pacific RISA approach, CLIMAS did not begin their evaluation activities by 

developing an ALM. Rather, in 2007-2008 CLIMAS researchers and a small group of external 

evaluators undertook a project that aimed to better understand how stakeholders perceived the 

program and to document the ways they interacted with it. That information has influenced 

programmatic decision making (e.g., amount of effort to expend on different categories of 

activity) and directly shaped the way that CLIMAS leadership and team members conceptualized 

the program's role in the regional climate services network. One of the most salient results from 

that project was a conceptual model of how stakeholders in the Southwest conceived of their 

relationships with CLIMAS. Four primary roles that CLIMAS was perceived to play were 

identified: (1) as an information broker communicating climate information (e.g., climate 

summary publications, conference presentations); (2) as an informal consultant (e.g., providing 

expert advice on project development, data access, and/or analysis); (3) as a short-term partner 

(e.g., co-sponsoring an event); and (4) as a collaborator where long-term relationships were 

established to work through a series of issues relevant to both CLIMAS and the partner. 
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[Figure 2 near here] 

Most respondents (70%) reported that they interacted with CLIMAS as an information broker, 

53% said they consulted with CLIMAS for expert advice, 37% said they partnered with a 

CLIMAS researcher for a short-term project, and 17% said they considered themselves 

collaborators with CLIMAS researchers. Aside from helping to improve CLIMAS' 

conceptualization of its role in the Southwest, this project revealed new research and evaluation 

questions to be explored. For example, to what extent is the amount of time someone interacts 

with a CLIMAS researcher the key determinant in whether or not they ultimately partner or 

collaborate with CLIMAS? Metrics that capture that temporal dimension—now a component of 

ongoing CLIMAS evaluation activities—will help support or refute the theoretical claim that 

engaged climate stakeholder work takes sustained, long-term interactions, a key theme in 

ongoing science policy conversations about best practices for participatory, problem-oriented 

climate research.  

Metrics and Learning from Self-Evaluation Plans 

Despite their different approaches to conceptualizing how change occurs, both Pacific RISA and 

CLIMAS have developed self-evaluation plans to track their roles in the process of change. 

These plans include metrics that incorporate, but go beyond, our funder's annual reporting 

requirements. This information is useful at the scale of our regional programs for assessing and 

prioritizing current and future research needs, but is also useful for NOAA at the national level 

because it provides on-the-ground indications of progress that can help them better understand 

how their investments are (or are not) meeting program goals. Robust self evaluation can 
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therefore provide a wealth of useful information to guide science policy decision making at the 

scale of a funder or even across a range of federal agencies.  

To illustrate, at the beginning of the current funding cycle, the Pacific RISA leadership (with 

assistance from the program's external evaluator) developed a comprehensive self-evaluation 

plan, which included: (1) a set of potential qualitative and quantitative metrics to evaluate 

program objectives in the near, mid, and long term; (2) three areas of research and assessment to 

quantitatively evaluate; (3) a project progress tracking sheet for team members to complete on an 

annual basis; (4) a commitment to evaluating each workshop that Pacific RISA organizes; and 

(5) an internal website to track internal and external factors that may impact the program 

objectives. Guided by the report of the National Research Council’s Committee on Metrics for 

Global Change Research (2005), the goal in choosing the final set of  Pacific RISA evaluation 

metrics was that they address the quality of program leadership and strategic planning, foster 

future progress, and be useful for independent, transparent peer review (see Table 1 for 

examples).  

[Table 1 near here] 

Over the last several years, CLIMAS has undertaken a similar process of internal tracking. The 

current CLIMAS tracking system is now tied directly to four key areas central to the ongoing 

program evaluation: outreach; graduate student education and training; decision support; and 

creation of new knowledge. Utilizing a series of metrics tied to these broad categories, CLIMAS 

is gathering data and information from each member of the CLIMAS team several times a year. 

This information is annually synthesized for annual reporting to NOAA and also provides input 

to team leadership for setting research priorities. 
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By tracking project progress through annual reporting, monitoring internal and external impacts 

to the program, and measuring project progress as part of a normal review and planning process, 

both Pacific RISA and CLIMAS continually evaluate our evolving programs. When combined 

with our externally-focused evaluation efforts, both of our programs are providing—annually as 

well as at the end of each 5 year funding cycle—specific information to demonstrate how our 

programs have met our objectives. In this way, policy for science is enhanced through state-of-

the-art knowledge about what set of factors is most effectively increasing the production and use 

of climate science to address complex societal challenges. 

Science for Policy 
The RISA program is designed to "help expand and build the nation's capacity to prepare for and 

adapt to climate variability and change" (NOAA Climate Program Office, 2014). Following that 

mission, each of the RISA teams carries out research and outreach relevant to regional decision 

making. The nature of RISA projects, therefore, provides an opportunity to assess the extent to 

which research is, in fact, supporting public policy as well as understanding how these decision 

contexts are influencing the research we carry out. By developing processes and projects that are 

designed to gather data and information about how research is being incorporated into decision 

making, RISA evaluations shed light on the complex ways that science and public policy interact. 

This knowledge is critical for policy makers who must make difficult decisions about how to 

address societal needs effectively.  

Both Pacific RISA and CLIMAS evaluation projects include efforts to analyze interactions 

between the research we conduct and its use in decision making. Ideally, by better understanding 

how our research is being utilized, we become more adept at generating "knowledge that [is] 
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useful and valuable for the broad set of institutions that…find themselves in the position of 

confronting various aspects of the climate problem" (Sarewitz 2011, 344). Thus RISA 

evaluations become a mechanism for more integrated and refined science for policy—at least at 

the scale of our individual programs—that is responsive to the decision-making needs in our 

regions. In the examples below we highlight how evaluation efforts demonstrate the ways our 

research is directly used in policy making. 

Informing Policy: Analysis of the Hawai‘i Water Code 
Evaluation of a completed Pacific RISA project done in conjunction with partners at the 

University of Hawai‘i Center for Island Climate Adaptation and Policy (ICAP) demonstrates one 

way in which research has led to ongoing policy-relevant outcomes. In the ALM’s context of 

“evaluating adaptation plans and policies,” a Pacific RISA legal scholar analyzed Hawai‘i’s law 

and policy framework to identify ways of enhancing climate adaptation for Hawai‘i’s freshwater 

resources without introducing new legislation. 

Methods included a review of recent case studies and peer-reviewed literature on adaptive 

governance. The work resulted in a white paper (Wallsgrove and Penn 2012) which: describes 

climate change risks to Hawai‘i water resources and principles of adaptation; analyzes Hawai‘i’s 

existing water law and policy framework based on four criteria that define the “adaptive capacity” 

of freshwater laws and policies (e.g., forward looking, flexible, integrative, iterative); and 

provides twelve tools (recommendations) to better adapt to climate change. The State of Hawai‘i 

Commission on Water Resource Management (CWRM) has started implementing several of the 

white paper’s tools: enforcing regular updates to the Hawai‘i Water Plan and including climate 

change impacts; tying water use permitting fees more closely to costs; and adopting climate-
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conscious and forward looking groundwater sustainable yields (SY)—the theoretical rate at 

which groundwater may be pumped from an well without impairing the ability of that aquifer to 

provide enough water of the desired quality. Specifically, CWRM has hired a contractor to 

update the state Water Resources Protection Plan2; is working with Pacific RISA to create future 

climate and water management scenarios on Maui; and has drafted administrative rules that will 

allow fee flexibility (July 2013, personal communication, CWRM).  

In May 2012, at the same meeting that CWRM Commissioners were briefed on the white paper, 

Monsanto applied for a water use permit allocating additional potable groundwater3 as a “Future 

Emergency Back-up.” Although a review of existing allocations indicated that this was under the 

SY, CWRM denied Monsanto’s request, evidently incorporating concepts from the white paper 

into the arguments. Commission staff recommended that providing two allocations for the same 

use was an “unsupportable approach to scarce natural water resources”4 amounting to “banking” 

water, and that CWRM deny the water use permit, but approve the well and pump permit subject 

to Monsanto submitting an emergency plan that would outline the conditions under which they 

would need it. In December 2012, the Commission adopted the staff’s recommendation. 

CWRM’s approach in assessing Monsanto’s request illustrates three adaptive principles from the 

white paper. First, rather than engaging in a rote review of SY, the analysis considered forward-

                                                
 
 
2 See Minutes, December 19, 2012 Meeting of the Commission on Water Resource Management, available at 
http://hawaii.gov/dlnr/cwrm/minute/2012/mn20121219.pdf (emphasis added). 
3 Monsanto is a large player in Hawai‘i’s seed crop industry.  The State Water Code includes a policy preference for 
agricultural water use.  See Haw. Rev. Stat.  174(c)(2). 
4 See Commission on Water Resource Management Staff Submittal, Monsanto Company Applications for: 1) 
Ground Water Use Permit; 2) Well Construction Permit; and 3) Pump Installation Permit, 6, 9 (August 15, 2012), 
available at http://hawaii.gov/dlnr/cwrm/submittal/2012/sb201208D1.pdf 
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looking impacts.  Second, the decision incorporated flexibility for CWRM to address climate and 

future issues as they arise, in contrast to Monsanto’s request, which would have resulted in a 

fixed allocation into the indefinite future.  Finally, the decision illustrates an integrated approach.  

Although Monsanto’s request was for allocations from two separate sources, the decision 

considered those allocations in the aggregate. These decisions are examples of short-term 

impacts  (increased awareness of climate risks) and medium-term impacts (informed decision 

making, integrated strategies) of Pacific RISA on public policy and decision processes. 

Expanding Capacity: Needs, Applications, and Effective Means for Delivering Climate 
Information  

Another way in which RISA evaluation activities help to expand the nation’s ability to address 

the impacts of the changing climate is to systematically examine the mechanisms by which RISA 

teams effectively deliver climate information.  Below we describe qualitative and quantitative 

data that offer insight into how RISA programs have developed a reputation as reliable source of 

regional climate research and information and contextualized information based on 

characteristics of users and climatic events specific to their region. 

Building CLIMAS as a Reliable Source of Information. In 2008 CLIMAS researchers carried out 

an evaluation of the monthly Southwest Climate Outlook (SWCO) regional climate summary, 

which aimed to improve the publication by ensuring the information was relevant, useful, and 

presented in a way that met readers’ needs. Through an online survey of readers and follow-up 

interviews with a subset of respondents, the evaluation revealed that SWCO often provided 

respondents' first interaction with CLIMAS and served as a way to build the program’s 

reputation as a reliable source of climate information. Even though this evaluation was geared 

toward simple improvement of the product, it helped the team conceptualize SWCO as: a critical 
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gateway to the larger CLIMAS program; a platform to deliver current and forecast conditions 

and short essays on state-of-the-art developments in climate research; and a "boundary object" 

(Michaels 2009; Cash et al. 2003) that is meaningful for both CLIMAS team members and 

regional stakeholders. 

Contextualizing Information. In 2011, CLIMAS evaluated the experimental periodic Web 

publication called La Niña Drought Tracker, which interpreted drought and climate information 

for Arizona and New Mexico during the back-to-back La Niña years of 2010-2011. The Tracker 

evaluation tested the hypothesis that synthesizing regionally specific climate information would 

be useful during the extreme conditions that often accompany La Niña in the Southwest. Of 117 

respondents to an online survey, more than 90% reported that their understanding of climate and 

drought improved by reading the Tracker. Approximately 67% of respondents said they used the 

Tracker to make a drought-related decision; of these, 21% reported that the Tracker played a 

significant role and 36% said it played a moderate role (for full results, see Guido et al. 2012). 

The Tracker evaluation showed the utility of brief, synthesized information focused on a single 

climate hazard (drought) that came from a trusted source. 

Refining Information Delivery Methods. Between 2009 and 2011, CLIMAS collaborated with 

RISA colleagues from the California Nevada Applications program and the Alaska Center for 

Climate Assessment and Policy to investigate how seasonal climate and monthly fire potential 

outlooks impacted decision making in wildfire management. In the Southwest, we conducted 

semi-structured interviews with 37 wildfire management professionals and an abbreviated online 

survey with 40 members of the wildfire community. Some questions provided data for a social 

network analysis, which demonstrated that person-to-person communication with meteorologists 
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was central to the use and spread of climate information throughout the wildfire management 

network in Arizona and New Mexico. This evaluation showed how different types of fire 

management information were used and how seasonal climate forecasts fit into the suite of 

available information (for full results, see Owen et al. 2012). The study revealed that the method 

of information delivery (e.g., person-to-person communication, an email list-serv, or a forecast 

downloaded from the Web), as well as the relationships between people who deliver and receive 

that information, influence how that information is understood, used, and applied.    

Understanding Why Information is Not Used. Evaluating the Arizona DroughtWatch drought 

impact reporting tool offered CLIMAS an opportunity to study a climate product that appeared to 

be well-designed and executed, but failed to achieve the intended goal of becoming an 

operational component of the state of Arizona's Drought Preparedness Plan. DroughtWatch 

sought to provide local drought impacts data through an online drought impacts reporting system 

by employing volunteers around Arizona to report drought impacts in their local area. Although 

it was co-developed with intended users, participation rates were far lower than expected, 

severely limiting the usefulness of the tool for drought planning. The DroughtWatch evaluation 

clearly revealed the limits of a model built on volunteer observers and suggested the need for 

professional observers to provide the core data that could then be bolstered by volunteers (for 

full results, see Meadow, Crimmins, and Ferguson 2013). The DroughtWatch evaluation also 

tackled a central assumption made by CLIMAS researchers over nearly the entire history of the 

program: a tool or product iteratively specified and built with direct participation by intended 

users has a high probability of success. By revealing the limits of that assumption, the 

DroughtWatch evaluation provided crucial insight into some of the nuances of the CLIMAS 

approach to transdisciplinary research.  
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Tracing the Use and Impact of Climate Information in Policy Making. Our final example of how 

evaluation activities offer insights into the mechanisms by which RISA programs build capacity 

comes from external evaluation of the role of Pacific RISA in progressing adaptation planning. 

The external evaluation aims to examine whether appropriate stakeholders are involved, identify 

how progress in adaptation planning can be operationalized, examine how adaptation plans have 

changed over time regarding climate-change risks, and establish causal process-outcome links 

where possible. The wider set of motivations and obstacles to integration of information in 

adaptation plans is assessed also, as is Pacific RISA team functioning (e.g., quality of team 

communication, leadership, productivity). 

Most recently, external evaluation activities focused on the role of Pacific RISA in coordinating, 

writing, editing, and publishing a report called the Pacific Islands Regional Climate Assessment 

(PIRCA) (Keener et al., 2012), which was prepared in support of the Third U.S. National 

Climate Assessment (NCA). Evaluation of the PIRCA process involved a multi-method, event-

driven evaluation with a focus on the report’s development and dissemination (Moser 2013). The 

purpose was to determine how broadly and in what ways the PIRCA report has reached and 

influenced different audiences both inside of and external to the Pacific Islands region. In 

addition to providing quantitative data about the PIRCA’s high perceived credibility, use in 

decision making and as a regional climate “consensus” document, media dissemination, and the 

leading role of the Pacific RISA, the external evaluation provides data on the traceable use and 

impact of the PIRCA in state and federal policy making, in state agency planning, and as a 

reference document in speeches and backing for policy initiatives by political leaders. The 

external evaluation also provides suggestions about how Pacific RISA can extend the reach and 

impact of the PIRCA process, including increasing its online availability on relevant regional 
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websites, producing value-added report derivatives to reach more diverse audiences, and 

continuing to work with identified policy makers at the regional and national level to sustain the 

assessment process.  

Summary of Lessons Learned from Evaluating RISA Regional Programs 
The evaluation activities by Pacific RISA and CLIMAS described above highlight several 

lessons regarding the opportunities afforded. First, diverse approaches are available to evaluate 

the effectiveness of RISA efforts to translate climate information into action in society; 

conceptualizations of how change occurs may be developed in multiple ways (e.g., developing 

an action-logic model, understanding stakeholder perspectives). Second, the development and 

use of a programmatic theory of action to describe explicitly the proposed mechanisms of change 

provides the opportunity to articulate and pre-define measures of successful outcomes at 

different future times. This approach also highlights expectations (and potentially hypotheses) 

about how key sets of variables (e.g., context, inputs, outputs, outcomes, assumptions, external 

factors) work independently or in combination to determine the effectiveness of the translation 

process. Third, collecting qualitative and quantitative metrics at multiple points in time 

encourages incremental learning and refinement of science strategies. When done well, theories 

of action can provide useful science policy information. For example, rather than have policy for 

science (e.g., as expressed in calls for proposals) reflect simple assumptions about the value of 

RISA research and the outcomes of that research, a well-developed theory of action—and the 

evaluation data that support it—can provide a more sophisticated expression of what can be 

expected from the investment.  
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In addition, we have learned several lessons about the challenges of evaluating RISA programs. 

Importantly, causality may be hard to establish because of the multiple factors changing 

simultaneously in a set of activities designed to address real-world climate-society challenges. 

Tightly controlled experimental designs are often impossible to implement and therefore 

unraveling the complex mechanisms by which change occurs is difficult. In addition, identifying 

a manageable set of valid and reliable variables to measure—without placing undue burden on 

stakeholders or researchers—may be challenging.  

Together, the evaluation experiences of Pacific RISA and CLIMAS have offered important 

insights for funding priorities and decision processes at multiple levels (federal, regional, 

program). The lessons learned to date suggest that we can use evidence and analysis to develop 

science policy that effectively address the climate information needs of societal decision makers. 
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Figure 2: Four Primary Roles for CLIMAS Perceived by Stakeholders 
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Table 1: Examples of short-term, long-term, qualitative and quantitative metrics used in the Pacific RISA program evaluation process. 
Component of Action-

Logic Model 
Variable or Indicator Metric 

Context/Rationale   
Assessing Climate risks -Scientific Understanding 

-Practical Experience 
- Model outputs 
- Qualitative observation 
- Quantitative change in knowledge via survey response 

Inputs   
Financial support as 
planned from NOAA 

-Level and continuity of support from funding agency -Funding amount requested and received 
-Expected date and actual date of funding 

Outputs   
Workshop research 
activities 

-Interest among stakeholders 
-Learning and change in knowledge 

- Attendance & feedback from post-workshop evaluations 
- Expressed feedback on learning impacts 

Research & Assessments -Research conducted 
-Key findings and novel insights 
-Presentation of findings 

-Peer-reviewed publications and other reports 
-Downloads of publications or website visits 
-Media coverage generated 

Partnerships and 
collaborations 

-Degree, type, and quality of partnership -Lists of partners and stakeholders 
-Description of roles and involvement 

External Factors   
Progress of State or 
County adaptation 
planning  

-Type of and/or change in adaptation planning activity -Existing or planned adaptation plans 
-Executive or Gubernatorial orders 
-Regulatory changes 

Environmental Factors -Climate-related extreme events and disasters 
-Non-climatic environmental problems 

-Disaster impacts 
-Other event impacts (financial, change in public support) 

Outcomes   
Short-Term (1-2 yrs) -Changes in stakeholder knowledge or awareness 

-Level of trust between scientists, stakeholders, and 
among partners 

-Self reported perceptions of climate change importance 
-Change in reported attitudes 
-Quality of interactions and self-reported trust 
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During the time I was pursuing the PhD represented by this dissertation, I also co-authored 

several other peer-reviewed articles. The three articles collected here further demonstrate the 

scope of my research and are also included because each of these articles is also closely related 

to the work in the manuscripts I led for this dissertation.  

My role in each of these studies is as follows: 

For the study presented in Appendix 4a (Guido et al, 2013) I helped conceive of the original 

research idea; contributed funding to the project through my role as director of the Climate 

Assessment of the Southwest program; oversaw the research design, data collection, and data 

analysis; and co-authored the final manuscript. 

For the study presented in Appendix 4b (Meadow, Crimmins, Ferguson 2013) I helped conceive 

of the original research idea; contributed funding to the project through my role as director of the 

Climate Assessment of the Southwest program; contributed to the research design and data 

analysis; and co-authored the final manuscript. 

For the review paper presented in Appendix 4c (Meadow et al 2015) I helped conceive of and 

frame the review and co-authored the final manuscript. 
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Informing Decisions with a Climate Synthesis Product:  

Implications for Regional Climate Services 

Guido, Z., D. Hill, M. Crimmins, and D. Ferguson. 2013. Informing Decisions with a Climate 
Synthesis Product: Implications for Regional Climate Services. Weather, Climate, and 
Society 5 (1):83-92. 10.1175/WCAS-D-12-00012.1 © American Meteorological 
Society.  Used with permission.  
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ABSTRACT

The demand for regional climate information is increasing and spurring efforts to provide a broad slate of

climate services that inform policy and resource management and elevate general knowledge. Routine syn-

theses of existing climate-related information may be an effective strategy for connecting climate information

to decision making, but few studies have formally assessed their contribution to informing decisions. During

the 2010–11 winter, drought conditions expanded and intensified in Arizona and New Mexico, creating an

opportunity to develop and evaluate a monthly regional climate communication product—La Ni~na Drought

Tracker—that synthesized and interpreted drought and climate information. Six issues were published and

subsequently evaluated through an online survey. On average, 417 people consulted the publication each

month. Many of the survey respondents indicated that they made at least one drought-related decision, and

the product at least moderately influenced the majority of those decisions, some of which helped mitigate

economic losses. More than 90% of the respondents also indicated that the product improved their un-

derstanding of climate and drought, and that it helped the majority of them better prepare for drought. The

results demonstrate that routine interpretation and synthesis of existing climate information can help enhance

access to and understanding and use of climate information in decisionmaking, fulfilling themain goals for the

provision of climate services.

1. Introduction

The impacts of climate change and variability are well

documented. In the western United States, increasing

temperatures (USGCRP 2009) and changing precipita-

tion patterns (Knowles et al. 2006; McAfee and Russell

2008) are influencing the size and frequency of wild-

land fires (Westerling et al. 2006), the timing of peak

streamflows (Stewart et al. 2005; Hidalgo et al. 2009), the

water content inApril snowpacks (Mote et al. 2005), and

the severity of drought (Weiss et al. 2009), among other

impacts. These changes directly impact resource man-

agement and can be costly, underscoring the need for

a steady and accurate flow of climate-related informa-

tion to help decision makers prepare for and adapt to

evolving conditions (Miles et al. 2006). Although con-

necting emerging science to decision makers does not

always lead to better outcomes (Moser 2010), climate

information has little chance of being incorporated into

the decision process when it is communicated poorly or

not at all (e.g., Vogel et al. 2007).
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Weather and climate information can influence eco-

nomic and social activity across broad spectrums of

society. While the National Weather Service (NWS)

primarily focuses on providing information to con-

sumers on time scales germane to weather issues (i.e.,

hours to weeks), the creation and delivery of longer-

term climate information relevant to decision making

(i.e., seasons to decades) has received less attention

and organization. Over the past few decades, however,

the skill of seasonal climate forecasts has increased,

knowledge of the social and environmental impacts of

climate variability and change has expanded, and cli-

mate models have become capable of generating useful

information over seasonal to century time scales. These

advances have stimulated the use of climate infor-

mation and are escalating its demand (Solomon and

Dole 2009; NRC 2009; DeGaetano et al. 2010). As a

result, many academic and federal programs are emerg-

ing in the United States to help satisfy this demand, in-

cluding the Department of the Interior’s Climate Science

Centers and Landscape Conservation Cooperatives, the

National Oceanic and Atmospheric Administration’s

(NOAA) creation of regional climate service directors

and climate service focal points within the NWS, and

a proposed new office in charge of coordinating U.S.

federal climate services (Solomon and Dole 2009; NRC

2009).

The goals of climate services articulated by the World

Meteorological Organization (WMO 2009, p. 162) are to

‘‘enable climate adaptation and climate risk manage-

ment through the incorporation of science-based cli-

mate information and prediction into policy and practice

at all levels’’. To accomplish this, a broad array of ac-

tivities is needed, including data stewardship and anal-

ysis, provision of seasonal climate outlooks, and

downscaling global climate models (e.g., Miles et al.

2006). Aside from these more well-known climate ser-

vices, the creation and dissemination of synthesized and

translated climate information is also necessary—a par-

ticularly acute need since climate outlook products are

frequently misinterpreted (Steinemann 2006; Hartmann

et al. 2002)—as is research on effective information

delivery mechanisms (NRC 2009). However, in the

emerging literature on climate services, synthesis and

translation of climate information in routine summaries

are often overlooked as useful activities, perhaps be-

cause of a lack of empirical evidence that documents

their contributions to decision making.

This paper presents results from the evaluation of

a monthly climate summary—La Ni~na Drought Tracker

(hereafter Tracker)—that amalgamated and interpreted

existing information focused on climate and drought

for decision makers in Arizona and New Mexico. The

Tracker was developed as an experimental climate ser-

vice to understand if and how it helped the region pre-

pare for and respond to widespread and extreme drought

conditions. Results from this study demonstrate that

theTracker contributed tomany drought-related decisions

and helped the respondents better understand and prepare

for climate changes and drought, suggesting that climate

summaries can be effective services to improve under-

standing of, access to, and use of climate information.

In this paper we present evidence, for the first time to

our knowledge, that value-added syntheses fulfill main

goals of the provision of climate services, bolstering our

contention that efforts like the Tracker should be part of

a diverse portfolio of climate service activities. While we

recognize that our evaluation reveals more about the

process of information transfer than the outcomes spur-

red by reading the Tracker, certain qualities of the

Tracker appear to favor improved understanding and

decision quality. Therefore, we also present the char-

acteristics of the Tracker that facilitated its use, pro-

viding general guidance for future efforts that synthesize

existing climate-related information for decision makers.

2. Tracker

In June 2010, a La Ni~na event rapidly developed.

Historical statistics and seasonal outlooks produced by

the NOAA Climate Prediction Center (CPC) suggested

the U.S. Southwest would likely experience below-

average precipitation during the ensuing winter. An-

ticipating expanding and intensifying drought conditions

in Arizona and New Mexico, and based on increases in

demand for climate information during past drought

events in the West (Lowrey et al. 2009), the Climate

Assessment for the Southwest (CLIMAS) developed

the Tracker with the dual purpose of helping regional

stakeholders better prepare for drought and testing the

efficacy of a climate service. CLIMAS is one of 11

NOAA-funded Regional Integrated Sciences and As-

sessments (RISA) programs charged with connecting

climate science to regional decision making. Between

December 2010 and May 2011, CLIMAS published six

issues of the Tracker, a period when precipitation in

Arizona and New Mexico was 65% and 39% of the

1971–2000 average, respectively, and drought expanded

and intensified widely across both states (Fig. 1). The

success of the Tracker led to six more publications

during the ensuing winter when La Ni~na returned.

The Tracker was a two-page document focused on

Arizona and New Mexico and published in portable

document format (PDF) and hypertext markup lan-

guage (HTML) format (http://www.climas.arizona.

edu/outlooks/drought-tracker). It contained five sections:
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a 350-word summary of current drought conditions, an

explanation of snowpack conditions, an explanation of

the current 3-month seasonal precipitation outlook is-

sued by the CPC, a list of take-home messages, and

supplemental figures (published only online). The sup-

plemental figures bolstered written statements, pro-

vidingmore detailswithout compromising the document’s

brevity. Contributing authors consulted numerous data

sources and routinely talked to regional experts, in-

cluding state climatologists, university scientists, NWS

meteorologists, and Cooperative Extension System spe-

cialists. These conversations provided insights for the

writtenmaterial that otherwise were not easily accessible.

CLIMAS disseminated the Tracker to its listserv of

about 1400 active e-mail addresses; the listserv grew by

56 during the time of the six publications. Monthly

e-mails briefly highlighted each section (excluding sup-

plemental figures) and included links to the document’s

full PDF and HTML versions. E-mail tracking docu-

mented that, on average, 417 people opened the sum-

mary e-mails and an average of 160 people clicked on

the PDF or HTML links. This represents a minimum

estimate of the number of Tracker users; we did not

track visits to the webpages or downloads of the PDF

from the webpages. The survey also revealed that some

respondents forwarded the e-mails or broadcasted the

publications via their social network channels, metrics

that we were also unable to quantify.

3. Evaluation method

We conducted an online survey that contained 36

questions: 13 Likert-scaled questions (5 points), 12

fixed-item questions, and 11 open-ended questions. All

fixed-item and Likert-scaled questions were mandatory.

We sent three solicitation e-mails to the listserv during

a 3-week span that began in June 2011 about six weeks

after the final publication for the 2010/11 winter. The

initial solicitation was sent to 1432 active e-mail ad-

dresses that had been assembled from the monthly dis-

semination, a climate newsletter called the Southwest

Climate Outlook (SWCO, first published in 2002). A

total of 140 people responded to the survey (10% re-

sponse rate), and 117 people completed all mandatory

questions. Only one respondent had not read the Tracker

at least once.

The results presented here are based on the 14 ques-

tions listed in Table 1. The questions helped determine

1) whether the respondents perceived the Tracker to

have improved their understanding of drought and cli-

mate, 2) if and how they perceived the Tracker to have

helped inform their decisions, and 3) the characteristics

TABLE 1. These 14 questions provided quantitative and quali-

tative data predominantly used in the analysis. The type of question

and number of respondents who answered the question are in-

dicated; contingent analysis reduced these numbers for some of the

analysis presented.

Survey question Format No.

1. Did the Tracker help you be more prepared

for drought conditions?

Likert 140

2. Did your understanding of drought conditions

improve by reading the Tracker?

Likert 140

3. Did the Tracker improve your understanding

of climate?

Likert 140

4. Through the course of last winter, did you

make a decision(s) based on drought

conditions or expectations?

Fixed 120

5. In the absence of the Tracker, would you get

the information presented in the Tracker

from another source or sources?

Fixed 120

6. Of all the things you used to influence your

job-related decision(s), the Tracker was

of ____ importance.

Fixed 120

7. Can you provide an example of how you

used the Tracker?

Fixed 120

8. Did reading the Tracker lead you to

investigate/consult other climate or

drought-related sources?

Fixed 121

9. During La Ni~na winters, would you prefer the

Tracker be available______?

Fixed 121

10. What decisions (if any) did you make based

on drought conditions or drought

expectations?

Open 51

11. What was most useful about the Tracker? Open 100

12. Why did you read the Tracker? Open 107

13. In what positive and negative ways was the

Tracker different from other drought

summaries?

Open 81

14. What useful information was missing? Open 81

FIG. 1. Change in the U.S. Drought Monitor class between

30 Nov 2010 and 26 Apr 2011. Deterioration in drought conditions

moves from left to right between classes, following the arrows at

the top of the figure; improvements move in the opposite direction.

Regions colored in white where not classified with drought on

30 Nov 2010 and 26 Apr 2011. Figure is modified from NOAA’s

Climate Prediction Center.
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respondents liked about the publication. Table 1 also

reports the corresponding response frequency because

the number of respondents for the open-ended, non-

mandatory questions differed. For clarity, we present

only the response rates in the text and refer the reader to

Table 1 for further details. In some cases, contingent

analysis partitioned the data we analyzed. For these

results, we note in the text the number of responses

analyzed.

The survey sampled diverse users. The 117 respon-

dents who answered the mandatory questions self-

identified themselves in 19 different specified sectors.

Many respondents represented government (18%),

academia/research (14%), and water management (13%).

Three respondents also identified themselves as working

in the media.

Quantitative analysis of the fixed-item and Likert-

scaled questions was predominantly based on descriptive

statistics and, where appropriate, was combined with

contingent analysis to a subset of the data. For non-

mandatory, open-ended questions, two authors inde-

pendently performed content analysis coded by key

themes. Coding consistency was very high, and the au-

thors subsequently reconciled the few differences.

4. Results

a. Improved understanding of drought and climate

Survey results show that most respondents self-

reported an improved understanding of both climate

and drought by reading the Tracker (Fig. 2). The Tracker

at least ‘‘slightly’’ improved understanding of climate

for 94% of the respondents, while 44% indicated it

‘‘definitely’’ improved their understanding. For drought,

the Tracker improved understanding at least ‘‘slightly’’

for 96% of the respondents and ‘‘definitely’’ for 54%.

During the 2010–11 winter, 58% of the respondents

reported making at least one drought-related decision.

Of this group of 67 respondents, only three stated the

Tracker either did not improve their understanding of

drought or they did not know if it improved their un-

derstanding. With respect to climate, four respondents

in the group stated the Tracker either did not improve

their understanding of climate or they did not know if

it did.

b. Informing decisions

Respondents ranked the importance of the in-

formation in the Tracker relative to all other sources

that influenced their decision(s). Of the 67 people who

made a drought-related decision, 84% stated the Tracker

was at least ‘‘slightly’’ important for the decision. It

played a ‘‘moderate’’ and ‘‘significant’’ role for 36% and

21% of the respondents, respectively. Only 16% said

it was not influential. Moreover, 98% of the decision-

making respondents stated the Tracker was at least

‘‘slightly’’ important in helping them be more prepared

for drought, and 54% indicated the Tracker ‘‘definitely’’

helped them be more prepared.

The Tracker also improved respondent’s access to

information. For example, of the 67 respondents who

made a drought-related decision, 31% stated they would

not have had time to search for the information pre-

sented in the Tracker in its absence. Another 58% in-

dicated they would obtain elsewhere only some of the

information presented in the Tracker.

The respondents used the Tracker in different ways.

In a fixed-response question, more than 60% of the

survey respondents stated they used the Tracker to

monitor the evolving drought, learn about seasonal

precipitation forecasts, and/or stay abreast of current

weather conditions (Table 2). These uses helped inform

many drought-related decisions. While we are unable to

assess the impact of these decisions on welfare and re-

source management, Table 3 summarizes notable de-

cisions that appear to have important outcomes and/or

economic implications and highlights the diversity of

decisions this climate synthesis informed. Table 3 also

lists the qualitative measure of influence the Tracker

had on the corresponding decision relative to all other

sources of information consulted and documents whether

the respondent would have obtained the information

presented in the Tracker had it not been published.

For the 67 respondents whomade a least one drought-

related decision during the winter, reading the Tracker

prompted 61% of them to seek more information. For

58%of these people, reading theTracker increased their

FIG. 2. The percentage of respondents whose understanding of

drought and climate changed by reading the Tracker, out of 140

total responses. Questions 2 and 3 in Table 1 present the language

of the corresponding survey questions.
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concern for drought. This suggests theTrackermay have

acted as a siren that instigated additional inquiry to aid

their decision making.

c. Beneficial characteristics of the Tracker

In a fixed-response question, 69% of the respondents

said they preferred that the Tracker be published

monthly, while 21% stated bimonthly, 7% stated weekly,

and 3% noted that one ‘‘summary’’ per season was

preferred. This conformed to the frequency in which

respondents consulted the Tracker—77% stated they

viewed it almost every month or once a month. Also,

23% indicated seasonal precipitation forecasts were the

most useful (respondents often indicated numerous

‘‘most useful’’ qualities). Survey respondents also high-

lighted the usefulness of the graphics (22%); the clarity,

translation, and explanation of the text (22%); and the

concise and summary nature of the publication (16%).

In a separate question, respondents identified charac-

teristics of the Tracker that differentiate it from other

drought summaries they consulted. Table 4 summarizes

the results for that question.

5. Discussion

a. Information brokers

Dilling and Lemos (2011) summarize traditional

models of the creation and application of science that

have been developed from a long history of scholarship.

On one end is ‘‘science push,’’ which occurs when ques-

tions are defined and pursued by scientists who are

driven by the pursuit of knowledge and not explicitly

by the application of the information. The other end is

characterized as ‘‘demand pull,’’ which occurs when

research is commissioned by stakeholders so that results

can inform particular problems. A third mode, referred

to as the coproduction of science, resides in the middle

and incorporates concepts of each. Its ideal form is an

iterative collaboration between the producers and users

of science.

TABLE 2. Frequencies and response rates corresponding to uses

of the Tracker identified to the fixed-response question, ‘‘Can you

provide an example of how you used the Tracker?’’ The language

of the survey question is presented in the first row. One hundred

twenty respondents answered the survey question, and the re-

spondents could select multiple uses. Response rate corresponds to

the percentage of respondents who selected the corresponding use.

Fixed-response options Frequency

Response

rate (%)

To keep track of evolving drought

conditions

98 81.0

To learn about seasonal precipitation

forecasts

85 70.2

To stay abreast of weather conditions 73 60.3

To aid in teaching and communicating

climate and weather to others

53 43.8

To assess water supply 49 40.5

To assess fire hazard 38 31.4

To assess impacts on agriculture 26 21.5

Other 23 19.0

To anticipate groundwater recharge 19 15.7

To properly tend my garden 13 10.7

TABLE 3. Select survey responses to the question, ‘‘What decisions (if any) did you make based on drought conditions or drought

expectations?’’ combined with the importance the respondents assigned to the information presented in the Tracker (survey question 6,

Table 1) and whether the information in the Tracker would be obtained had it not been published (survey question 5, Table 1).

Survey responses Tracker importance

Obtain information

elsewhere

Drafting a [tribal] nation drought affirmation and submitting proposal to Bureau of

Reclamation drought authority

Significant Yes, some

Provide recommendations on moving cattle to [healthier] areas Significant Yes, some

Preparations for assisting local farmers and ranchers in Farm Bill disaster programs Significant Yes, some

Adjusting ranch stocking rates for anticipated drought Significant Yes, some

Education program for ranchers; delayed irrigation as long as possible Significant Yes, some

Prepare emergency response plans and vulnerability assessments with rural utilities;

plan conservation measures for rural utilities

Significant No, no time

We correctly cancelled our rafting season even though some of our competitors opened

for a miserable low water season.

Significant Yes, some

Water system operations and budget planning Significant Yes, some

Drought status for the [city’s water utility] is, in part, dependent on drought conditions

reported in the Tracker

Moderate Yes, some

Prescribed fire go or no-go decisions Moderate Yes, all

Postponed some large capital expenditures; moved others forward Moderate Yes, some

Reservoir operation decisions based on expected worsening drought conditions Moderate Yes, some

Selling cattle; watering crops Moderate Yes, some

Fire restrictions Slight Yes, some
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It is generally acknowledged that climate information

is less useful for decision making if it follows the science

push mode (Dilling and Lemos 2011; Lemos and

Morehouse 2005; McNie 2007; NRC 2009; Sarewitz and

Pielke 2007) because it can create a mismatch in the

spatial and temporal scales of the information produced

by scientists and needed by decision makers (Srinivasan

et al. 2011) and generate inaccessible information

(Steinemann 2006), among other reasons. However,

potentially useful information has been, and will con-

tinue to be, created in the science push mode. It is a role

of climate services to make this information more use-

able by traversing the middle ground between science

push and demand pull. This interaction can take many

different forms. The Tracker, for example, was not ex-

plicitly coproduced with end users. Rather, it leveraged

CLIMAS’s institutional knowledge of regional issues,

information needs, and decision-support tools culti-

vated from more than 12 years of applied research and

stakeholder engagement. This includes drawing insight

from experience with the publication of the Southwest

ClimateOutlook (http://www.climas.arizona.edu/outlooks/

swco) as well as an unpublished, internal assessment of

it. The regional utility of the Tracker, revealed through

the evaluation presented here, demonstrates that bound-

ary organizations like CLIMAS can apply their con-

textual knowledge to develop useful products without

engaging in the ideal version of coproduction, which can

be time consuming and costly (Lemos and Morehouse

2005).

b. Utility of synthesized and interpreted information

Useful climate services often are those that develop

and deliver timely, relevant, and credible information at

spatial and temporal scales that mesh with different

decision contexts and that convey meaning and signifi-

cance of climate information (e.g., NRC 2001, 2009;

Miles et al. 2006). Our results demonstrate that the

synthesis and translation of climate information in rou-

tine summaries can provide relevant information that

informs decisions. Specifically, the Tracker improved

understanding of climate and drought for nearly all of

the people who responded to the survey. Although we

did not quantify how this enhanced understanding trans-

lated into actions, increasing the climate knowledge of

decision makers can help advance climate adaptation

(Howden et al. 2007) and foster successful climate policy

and planning (Solomon and Dole 2009; Moser 2010).

In addition, the Tracker helped respondents better pre-

pare for drought conditions by contributing, sometimes

‘‘significantly,’’ to many decisions (Table 2). Some of

these decisions improved resource management and miti-

gated economic losses, such as preparing emergency

response plans for rural utilities; informing mediators

who helped farmers take advantage of economic assis-

tance programs during drought; and influencing the early

termination of a rafting company’s seasonal operations,

which likely saved labor and other costs.

Climate summaries can also improve the accessibility

of information. The Tracker, for example, provided in-

formation that would otherwise not be obtained for

91% of the respondents who made at least one drought-

related decision. Many respondents also stated they

would not have time to obtain the information in the

Tracker had it not been published. This suggests an

important role of climate summaries is to amalgamate

information from disparate sources, which reduces the

burden on the information consumers. The NRC (2009)

notes that inaccessible information is often not incor-

porated into the decision-making process, which can

potentially leading to less desired outcomes. Lowrey

et al. (2009) inferred from the experience of providing

climate information to water managers during a pro-

tracted dry period that increasing the availability of climate

information can help water managers better compre-

hend and use climate information. Also, the Tracker

prompted many people—including those who made a

drought-related decision—to seek additional informa-

tion that potentially could have enhanced decision quality.

c. Developing climate summaries

Many climate summary products are produced and

disseminated, and a typology of their characteristics is

TABLE 4. Characteristics identified in an open-ended question

that differentiated the Tracker from other drought summaries and

their attendant frequency and response rate. Eighty-one re-

spondents answered the survey question, ‘‘In what positive and

negative ways was the Tracker different from other drought sum-

maries?’’ Content analysis determined the themes (see methods).

Response rate corresponds to the percentage of respondents who

identified the corresponding theme. Responses could relate to

multiple themes.

Survey response themes Frequency

Response

rate (%)

Regionally specific 26 32.1

Easy to understand 20 24.7

Combined information frommultiple

sources

17 21.0

Concise 12 14.8

Other 12 14.8

Visually aesthetic 10 12.3

Do not know 10 12.3

Synthesized and analyzed

information

8 9.9

Comprehensive 7 8.6

Relevant and timely 6 7.4
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beyond the scope of this paper. However, because

these efforts have either not been evaluated or the

evaluations are unpublished, it is unknown to what

extent users value the characteristics unique to each.

Our results provide evidence of the qualities respon-

dents deemed useful about the Tracker. Caution, how-

ever, should be exercised when generalizing these results

because different users and uses will require different

characteristics.

The Tracker likely informed many decisions because

of a combination of factors, some of which were more

important than others depending on the individual and

decision context. Characteristics identified as ‘‘most

useful’’ included the translation of information, clear

explanations, and its concise format. However, only 6%

of the respondents stated they found the Southwest fo-

cus most useful and in a separate, open-ended question,

only 19% stated they read the Tracker because it fo-

cused on the Southwest. These results were surprising,

given that 32% of the respondents identified ‘‘regionally

specific’’ as a quality that differentiated the Tracker

from other drought summaries, and other researchers

have noted that decision makers often desire infor-

mation placed within regional contexts (Dow et al.

2009) and want decision-support tools that focus on

specific areas (e.g., Miles et al. 2006; NRC 2001, 2009).

We suspect the lower-than-expected percentage of

people who expressed the regional value of the Tracker

(6%) stemmed from the fact that the information in it

was too coarse to be considered the ‘‘most useful’’

characteristic. In a separate, open-ended question, for

example, some respondents articulated the need for

more site-specific information (see next section). Also,

the low response rate of 19% may have resulted be-

cause we did not explicitly ask about the appropriate-

ness of the scale of information presented, a more

specific question that might have provided different

results. Nonetheless, respondents did not identify the

regional scale (i.e., too large a scale) as a reason for

disregarding the Tracker.

Publication of the Tracker required approximately

15–20 h of labor each month; substantially more effort

was needed to develop the template and produce the

first issue. The bulk of the work involved researching

current and future conditions, obtaining and modifying

graphics, writing and editing text, and producing HTML

and PDF versions. A key element to adding value to

these synthesis efforts is identifying and leveraging

local expertise, a task that boundary organizations like

CLIMAS are well positioned to achieve.We believe this

is a relatively small investment given the number of

people who consulted the Tracker and some of the de-

cisions informed by it.

The Tracker also provided other benefits. These

included spurring dialog (readers often contacted

CLIMAS following publications), building relationships

(the Tracker inspired a collaborative project between

CLIMAS and two federal organizations), developing

CLIMAS capacity in climate services, and increasing

media exposure (authors routinely provided interviews

related to the content of the Tracker).

d. Challenges and opportunities with synthesis
products

Climate synthesis products are not as easy to pro-

duce as they might appear to be. Although they do not

require creating new information, for most audiences

they should artfully translate scientific jargon and

concepts into less technical language while retaining

sufficient detail. Vogel et al. (2007), for example, stated

that if information is difficult to understand and in-

terpret, then even the most valuable information might

not be noticed. Hartmann et al. (2002) also noted that

even the best forecasts can be useless if users mis-

interpret them. A main objective of the Tracker was to

avoid recapitulating technical language, and many sur-

vey respondents stated the Tracker was useful because

it was clearly and concisely written, devoid of jargon,

and included explanations and interpretations of the

information presented. These characteristics required

blending capacity in climate science (to understand the

source information), knowledge of regional needs (to

know what information to present), and skills in science

communication.

Climate summaries also require committed time and

financial resources and present outputs and rewards

that often do not mesh with traditional academic in-

centives. Climate synthesis products, for example, of-

ten do not lead to peer-reviewed publications on which

academic tenure is primarily based. The mismatch

between incentives and outputs is also a challenge for

other climate services activities (Jacobs et al. 2005).

While peer-review publications about climate sum-

maries are scant, they do involve the systematic col-

lection of information, interpretation, reflection, and

production of knowledge, all of which meet academic

criteria necessary for publishing. There are also many

examples of meshing service and research, including

evaluating decision-support tools (i.e., Hartmann et al.

2002), testing effective dissemination strategies, quan-

tifying outcomes, and communicating science (i.e.,

Moser 2010).

Additionally, most academic research occurs on

master’s degree and doctoral degree time scales, which

require planned timelines and projects to secure funding

and graduate students. This can inhibit responding to
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unanticipated events, such as the rapid transition to La

Ni~na that instigated the publication of the Tracker.

While academic incentives can impede some climate

services, associations with universities have advantages.

Importantly, climate services (including climate sum-

maries) are most effective when the information is

perceived as salient, credible, and legitimate (Cash et al.

2003). Universities can help boost the credibility of the

services provided (Sprecker 2002) because scientists are

often the most trusted sources of climate information

(Leiserowitz et al. 2010).

Finally, climate summaries are likely to be only one of

many sources of information decision makers utilize,

and it is difficult with a diverse audience to meet ev-

eryone’s needs. Many survey respondents, for example,

stated a desire for more site-specific information than

what was presented in the Tracker, including the fol-

lowing comments: ‘‘I would like to see more data for

specific watersheds,’’ ‘‘more information on Colorado

Plateau (Colorado River watershed) would be helpful,’’

and ‘‘runoff/snowmelt predictions for the Salt River.’’

This underscores a trade-off between the breadth and

depth of information presented in pithy summaries, and

highlights a need for information products to be tailored

to specific users.

e. Climate services

Creating flexible approaches that enable service pro-

viders to evolve with changing user needs and environ-

mental situations is a desired characteristic of climate

service programs (NRC 2009). For organizations tied to

academic incentives—and their associated challenges

noted above—CLIMAS offers one example of a model

that has been effective at meeting the demand for some

climate services. CLIMAS, like other RISA programs,

has tenured (or tenure track) faculty, graduate students,

and postdoctoral researchers. While these groups pre-

dominantly focus on stakeholder-relevant research,

CLIMAS also employs professional ‘‘core office’’ per-

sonnel who are not tied to the tenure system. The core

office has the flexibility and expertise required to ad-

dress emerging needs, like the Tracker, that would

otherwise be neglected.

This model, however, is not without restraints.

CLIMAS has limited capacity to turn successful, ex-

perimental services into operational activities because

these efforts would consume finite resources that would

inhibit its ability to address emergent research and ser-

vice needs. Moreover, CLIMAS’s mission is more in-

line with research and development than operations,

like many other organizations within university systems.

The U.S. Cooperative Extension System, for example,

has been mentioned as an ideal entity to assess and

deliver climate-related decision-support services (NRC

2009; McNie 2007). However, the Extension is primarily

charged with conducting applied research and outreach,

not operations. While transitioning research into oper-

ations is often an objective, the Extension does this by

training resource managers and producers to adopt best

practices. Protracted climate services, such as an en-

during climate summary, require data processing and

interpretation tasks that cannot be ‘‘handed off’’ to the

end user. Ideally, CLIMAS, the Extension, and other

programs housed at universities would develop and test

experimental climate services. The most successful ef-

forts would then be passed on to operational organiza-

tions that would continue the activities. It has been

noted, however, that the swift transfer of outcomes into

enduring decision-support tools has been challenging

(Overpeck et al. 2009).

Climate services should also be designed for learning

and engaging in the continual evaluation of the use and

effectiveness of the services (NRC 2009). Evaluations

help refine services to better meet user needs, which

ultimately can lead to desired outcomes (Moser 2009)

and, in turn, help move the service away from supply

push. Evaluations also can help develop a clear un-

derstanding of purpose, audience, and messaging, which

can help information reach intended audiences (e.g.,

Moser 2010). Moreover, evaluations become increas-

ingly valuable in environments in which demand for

climate services outpaces supply. Knowing what does

and does not work can foster efficient allocation of

limited resources, enabling programs to better maxi-

mize the return on investment. Our evaluation, for

example, revealed that many people used the Tracker,

justifying the production of a second round of monthly

publications during the 2011/12 winter when La Ni~na

returned.

6. Conclusions

As the supply of and demand for climate information

increases, services that connect information to end users

also will need to expand. Part of this climate service

portfolio should include activities that broker infor-

mation created in the science push mode. In these cases,

region-specific, contextual knowledge can facilitate the

development of services that enhance understanding

of, access to, and use of climate information without

necessarily engaging in time-consuming collaborative

processes that could prevent the timely production of

the services.

The Tracker was an example of an experimental, re-

gional climate service developed by CLIMAS to re-

spond to a rapidly intensifying drought. A formal
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evaluation of the product and process of disseminating

information demonstrates that the synthesis and trans-

lation of existing climate and related information in

routine summaries can inform decisions. Because the

main goals of providing climate services are to help di-

verse users prepare for and respond to climate changes,

efforts like the Tracker should be part of a broad as-

sortment of activities. The collective effort of these

services should be flexible in order to respond to op-

portunities created by climate events as well as shifting

information needs instigated by economic, social, and

policy changes. Evaluations, like the one presented

here, can also help organizations engaged in climate

services stay abreast of these changes. Documenting

the efficacy of activities will not only help ensure that

resources are efficiently allocated and benefits are

maximized but also provide key insights that will in-

form how climate information can be effectively con-

nected to decision making. Moreover, the usefulness

of summarized information likely extends to many

decision-making spheres, not just those in need of

climate information. For projects and programs with

outreach and service components, evaluating and de-

veloping ‘‘best practices’’ on the routine synthesis

and interpretation of information can support other

knowledge transfer activities.
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Overcommitment and time constraints hinder the effectiveness of volunteers  

reporting drought impacts, whereas agency personnel can provide useable,  

consistent reports on a long-term basis.
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FIELD OF DREAMS OR DREAM TEAM?
Assessing Two Models for Drought Impact Reporting  

in the Semiarid Southwest

by alison M. Meadow, MiChael a. CriMMins, and daniel b. Ferguson

I n the 1989 film Field of Dreams, the main character,  
 Ray Kinsella, is assured by a ghostly presence that,  
 if he builds a baseball diamond in his cornfield, 

“people will come,” thus saving him from financial 
and personal ruin. Drought impacts reporting in the 
United States is currently based on a Field of Dreams 
model that assumes that, if websites and portals are 
built, people will freely contribute their impact obser-
vations to bolster hydroclimatic data, thus generating 
information on which to base decisions about drought 
conditions. In the movie, of course, the baseball field 
does attract both players and spectators, thus saving 
the farm and family. The question for the climate 
science and drought response communities, however, 

arises: are voluntary reporting portals effective for 
compiling critical information necessary to track 
the complex, multisectoral aspects of drought and to 
support policy responses and planning efforts?

In contrast to the Field of Dreams model, when the 
International Olympic Committee first allowed pro-
fessional athletes to compete in the Olympic Games 
beginning in 1992, the United States assembled a 
basketball team made up of, arguably, the 12 best 
players in the world at the time. Opposing teams 
lost by an average of 44 points per game and the 
U.S. “Dream Team” took home the gold medal. They 
not only produced results for their team and their 
country, but they engaged whole new audiences, 
thereby broadening basketball’s impact across the 
world. Would drought impacts reporting efforts be 
improved if—at least as a preliminary step—they 
were focused on compiling information from trained 
professionals, intimately familiar with their regions, 
who can commit to consistent reporting? The results 
from a case study of one drought impacts reporting 
system point toward this conclusion.

OvERvIEw OF ARIzONA DROUGHT-
wATCH. Arizona DroughtWatch (AZDW) is a 
web-based data collection system designed to gather 
drought impacts reports from across the state to 
inform decisions about drought status and response 
options in Arizona (Fig. 1). AZDW grew out of a 
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monitoring and reporting framework within the 
2003 Arizona drought preparedness plan that uses a 
series of committees to coordinate the state’s drought 
monitoring and responses.

An extensive and persistent drought has gripped 
much of the southwestern United States with few 
breaks over the past 10 years. Arizona has been 
especially hard hit by ongoing drought conditions 
that have set in motion record-setting fire seasons, 
declining base f lows in perennial streams, declin-
ing rangeland conditions, and large-scale forest 
mortality. Accompanying economic impacts have 
emerged as well with losses close to $400 million in 
the livestock industry during the peak drought year 
of 2002 and a reduction in tourism revenue as forest 
closures and low water levels limited recreational 
activities at times over the past decade (McKinnon 
2006; Wagner 2007).

These conditions highlighted the need for local plan-
ning and responses to drought by the state of Arizona. 
In 2003, then Arizona governor Janet Napolitano issued 
Executive Order 2003–12, establishing the Governor’s 
Drought Task Force to address drought issues in the 

state. The Arizona Department of Water Resources 
(ADWR) was tasked with providing leadership in this 
effort through their drought program. A drought plan 
was developed with the goals of identifying the impacts 
of drought to the various sectors, defining the sources 
of drought vulnerability and outlining a monitoring 
program, and preparing drought response options and 
drought mitigation strategies (Governor’s Drought 
Task Force 2004).

Three groups were created to achieve these goals:

Local drought impact groups (LDIG): county-level ad 
hoc volunteer groups of local stakeholders led by 
Arizona Cooperative Extension and county emer-
gency management with a mission to inform the 
public about drought, provide impact information, 
and develop and implement local mitigation and 
response options;

Monitoring technical committee (MTC): statewide 
group of experts who use qualitative drought impact 
observations and quantitative drought monitoring 
metrics (e.g., standardized precipitation index) to 

Fig. 1. AzDw is designed to collect qualitative information about drought impacts in six categories: 
water, agriculture, livestock, society, tourism, and ecology. The summary map above shows the total 
number of categories in which reports were made for the study period (March 2009–August 2010) and 
where the reports came from. Gray areas indicate no drought impacts were reported.
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track drought conditions and develop drought status 
maps for the state of Arizona; and

Interagency coordinating group (ICG): an advisory 
board of state, federal, and nongovernmental resource 
management agencies and organizations that meets 
twice a year to evaluate drought conditions presented 
by the monitoring technical committee and make 
recommendations to the governor that ultimately 
supports the declaration, stay, or lifting of a state 
drought emergency.

Although various federal and state agencies con-
duct their own drought monitoring in Arizona, the 
drought preparedness plan assigns LDIGs this role 
within the official decision-making structure. LDIGs 
are intended to include representatives of federal and 
state resource management agencies, tribes, local 
government, and water providers, among others. 
The intention may have been that agency representa-
tives would feed their drought observations through 
the LDIG channel, but this does not appear to be 
happening regularly. Instead, drought monitoring 
is happening in two channels: within and outside 
of agencies. It is not within the scope of this paper 
to assess the efficacy of agency monitoring or to 
compare the quality of agency and LDIG monitoring 
efforts. We focus our assessment on the system put in 
place via the drought plan: monitoring by the LDIGs 
through the vehicle of AZDW.

Implementation of the LDIGs began in 2006. As of 
2012, only two counties have fully active LDIGs “due 
to resource constraints at the state and local level” 
(Arizona Department of Water Resources 2012).

Discussions with representatives from all of the 
existing LDIGs, beginning in 2006, on how to improve 
the collection and flow of drought impacts informa-
tion led to the creation of the AZDW program. 
AZDW is a collaboration between researchers at the 
University of Arizona, specialists and agents with 
Arizona Cooperative Extension, and drought plan-
ners at the Arizona Department of Water Resources. 
The web-based data collection and reporting system 
is centered on a drought impact survey customized 
to sectors and natural resources specific to Arizona. 
The program is designed to collect an updated survey 
from each observer each month in order to track 
changes over time in drought impacts for a location(s) 
specified by the observer. An important element of 
the survey is the option for reporters to submit quali-
tative information on the trend of the impact (i.e., 
improving, status quo, and deteriorating). Related to 
trend observations is the expectation that observers 

also submit “all clear” reports once a drought impact 
has abated in the judgment of the observer. The site 
was officially launched in March 2009 in “beta” form 
to engage users in operational use and testing. Since 
launch, the site has been continually refined based on 
feedback from users.

Despite extensive collaboration with LDIG 
members during the development of AZDW, few of 
these target program participants are filing impact 
reports with any regularity and few members of the 
public have joined the ranks of impact reporters. In 
late 2009, AZDW developers embarked on a formal 
evaluation of the program to determine the following:

• factors that have inhibited volunteer impacts 
reporters’ use of AZDW and

• approaches that would help more effectively 
bring qualitative data into the drought response 
decision-making process.

Our evaluation of AZDW found that the model em-
ployed by the Arizona drought preparedness plan to 
use volunteer LDIG members as drought impacts re-
porters (via AZDW) should have been effective, given 
that the scale of the effort and engagement process 
was designed to fit regional decision-making needs 
(Pulwarty et al. 2009); however, a lack of support for 
the efforts of volunteer LDIG members (and other 
members of the public) has hindered participation in 
drought impacts monitoring. With no funds allocated 
to the LDIGs, they remained an entirely volunteer or-
ganization made up of good-intentioned but overcom-
mitted regional stakeholders who have been unable 
to provide consistent drought impacts reports in the 
manner necessary for sound policy decision making.

A second factor that has hindered the success of 
drought impacts reporting through AZDW is the very 
nature of drought itself. Drought can be difficult to 
definitively characterize for at least two reasons that 
have a bearing on the AZDW program. First, the 
time lag between precipitation deficits and impacts 
to social and ecological systems can be substantial, 
particularly in semiarid and arid regions, making it 
difficult for observers to confidently attribute con-
ditions to drought. We also found intended users 
of AZDW were reluctant to report observations 
when they did not perceive drought impacts in their 
region. The challenge of deciding whether a specific 
location is in or out of drought and the complexity 
and uncertainty of identifying drought impacts seem 
to have contributed to the relatively low numbers of 
impact observers who were willing to report regional 
conditions to AZDW.
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Based on our evaluation of the development and 
implementation of the AZDW program, we conclude 
that is has been hindered by its reliance on volunteer 
reporters and on a system divorced from the drought 
monitoring already taking place within resource 
management agencies. We suggest that the approach 
most likely to succeed will involve engaging with 
and gaining institutional support from resource 
management agencies with personnel who have field 
monitoring expertise and who can commit these 
staff to providing consistent and regular drought 
impacts reports. Utilizing a drought impacts moni-
toring dream team is a critical first step in creating 
a functional drought impacts monitoring program 
with the potential for long-term stability. By building 
a system that has a backbone of experts, we believe 
the odds will be substantially increased that other 
drought impact observers will follow their lead and 
make routine contributions. Furthermore, entraining 
these experts in the process of interpreting impacts 
and linking them to quantitative drought monitor-
ing metrics enhances and supports the difficult task 
of determining drought status using a complex mix 
of data types and sources. We essentially suggest a 
model that has a dream team playing on a field of 
dreams. After all, the reason people showed up on the 
field of dreams was the presence of baseball legends 
in the form of a ghostly dream team.

ENGAGING A bROAD NETwORk OF 
IMPACT ObSERvERS IN DROUGHT 
MONITORING. The last two decades have seen 
a substantial movement away from drought policies 
that are reactive and crisis oriented to responses that 
are more proactive and focused on risk management 
(Hayes et al. 2004; Wilhite et al. 2000). A primary 
objective of the risk-management stance is to recog-
nize drought as an inherent part of a dynamic climate 
system and therefore plan for drought rather than 
be surprised and devastated by its onset. A central 
tenet of the risk-management approach is the need 
for consistent quality monitoring of environmental 
conditions so that decision makers are attuned to 
worsening conditions in real time, thus allowing 
them the chance to implement drought response 
protocols and policies to mitigate the worst impacts 
before they occur.

While an improvement over the crisis-response 
mode of dealing with drought, the risk-manage-
ment approach contains an intrinsic challenge: 
monitoring drought is much more complex than 
simply measuring precipitation (Wilhite et al. 
2000). As has been observed many times, drought 

is notoriously difficult to define much less charac-
terize as it is happening (Redmond 2002; Western 
Governors Association 2004; World Meteorological 
Organization 2006). Since at its most fundamental 
level drought is simply “insufficient water to meet 
needs” (Redmond 2002), robust drought monitoring 
should be multisector and regionally specific (World 
Meteorological Organization 2006). The innate 
complexity of characterizing drought has resulted 
in a wide range of drought indices (Heim 2002), 
all derived from physical measures of drought and 
each with strengths and weaknesses (Keyantash 
and Dracup 2002). In turn, state drought policies 
across the United States have adopted diverse sets of 
drought indicators and triggers; nearly all of which 
are tied back to a particular drought index or set of 
indices (Quiring 2009; Robine 2011). When drought 
is monitored purely based on indices derived from 
climate variables or from socioeconomic data that 
are readily available (e.g., commodity prices), prob-
lems can arise if the true impacts of dry conditions 
are not captured because of insufficient data, lags in 
data availability, poor data quality, or data collected 
at the wrong scale.

One solution to these problems is to develop 
methods that allow qualitative drought impact 
reporting to become a central element of drought 
monitoring (Hayes et al. 2011; Western Governors 
Association 2004; Wilhite et a l. 2007; World 
Meteorological Organization, 2006). There is a 
growing realization that it is important to devise 
robust approaches to collect, quantify, and aggre-
gate drought impact reports and to develop fully 
functional drought early warning systems. To date, 
however, efforts to address this gap in drought 
monitoring have been sparse. Existing efforts, such 
as AZDW, tend to focus on input from volunteer 
participants to amass a range of impacts from people 
experiencing them in real time. As we discovered 
with AZDW, however, entraining volunteers in this 
complex task has its own set of challenges.

Public participation in environmental monitoring 
and decision making. Given the need to determine 
how drought is impacting a range of people and 
places, proactive drought monitoring must engage 
people from a broad cross section of a region: for 
example, people from different geographic areas 
and representing different economic sectors such as 
agriculture, tourism, or water management. AZDW 
relies on participation of volunteers—most of them 
LDIG members, but some have also been recruited 
(sometimes through LDIG members) from the 
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general population—for its impact reports. While 
LDIG members tend to be professional resource 
managers, their participation in LDIGs and AZDW 
has been voluntary and unpaid. Thus, the literature 
on public participation in policy decisions can help to 
elucidate some of the issues faced by LDIG members 
and AZDW developers in engaging and retaining 
drought impacts reporters.

Although scientists and decision makers have 
been urged for several years to engage with the 
public and incorporate public knowledge and opin-
ions into plans and policies (Dietz and Stern 2008; 
Lemos and Morehouse 2005), there are in fact few 
clear pathways to achieving effective public engage-
ment (PytlikZillig and Tomkins 2011; Talwar et al. 
2011). However, studies of past public engagement 
attempts give us clues to effective approaches and 
barriers to engaging the public in environmental 
decision making. Arnstein’s (1969) “ladder of citizen 
participation” outlines a continuum of participa-
tory practices that range from manipulation of the 
citizenry, in which people are used simply to rubber-
stamp projects, through full citizen control of the 
process. Arnstein demonstrated that not all public 
engagement processes are equal, although they may 
all satisfy an “engagement” requirement. As Olson 
(1965) stressed, people tend to require adequate and 
appropriate incentives to contribute to group actions 
or movements.

Based on the foundation laid out by Arnstein 
(1969) and Olson (1965), several general principles 
have emerged to help guide the process of engaging 
the public in scientific and policy decisions. Dietz and 
Stern (2008) recommend that government agencies 
attempting to engage the public in decision making 
do so with the following: clarity of purpose; a com-
mitment to use the process to inform their decisions; 
adequate funding and staff; appropriate timing in 
relation to decisions; a focus on implementation; and 
a commitment to self-assessment and learning from 
experience.

However, even with a well-intentioned public-
participation plan, scientists or government agencies 
may find participation weak. Several recent studies 
provide us with insights into public nonparticipa-
tion in environmental decision making. Diduck 
and Sinclair (2002) examined the barriers to public 
participation in an environmental assessment (EA) 
process that required public input. They found a 
range of structural and individual barriers that 
reduced participation rates including the following: 

participants’ overcommitment; participants not 
perceiving that they have a voice in the process; 
lack of skills (e.g., public speaking or computer or 
technology literacy); and lack of funding for public 
participation. Lack of interest was not a key factor 
in lack of participation: members of the public were 
interested and invested in the outcome of the deci-
sion but were unable or unwilling to participate for 
the reasons cited above. Cheng and Mattor (2006) 
studied participants and nonparticipants in U.S. 
Forest Service collaborative planning processes and 
found that time constraints were a primary inhibi-
tor of public participation in the process. They also 
found that people were less likely to participate when 
they perceived that the process would not confer 
shared power over decisions or that the government 
representatives were not fair or competent. Ensuring 
the critical sense of “agency” for stakeholders—an 
understanding of how their input will be used in the 
decision-making process—can be aided by providing 
regular, clear feedback to process participants that 
demonstrates how their input is being applied to 
the decision-making process (Newman et al. 2010).

ARIzONA DROUGHTwATCH PROGRAM 
EvALUATION. In the fall of 2009, we undertook 
a formal evaluation of the AZDW program. Our 
evaluation team consisted of a social scientist who 
was previously uninvolved with AZDW (Meadow), 
who carried out all of the data collection for the 
evaluation; a climatologist and one of the principal 
developers of the program (Crimmins); and a social 
scientist with limited involvement in AZDW devel-
opment (Ferguson). A total of 14 individual inter-
views were conducted with 4 program developers, 9 
LDIG members, and 1 resource agency representa-
tive who was involved in funding AZDW. We made 
efforts to interview 2 members of each LDIG, but 
we were only successful in reaching representatives 
of 5 of the 15 total LDIGs (as noted above, only 2 
LDIGs are considered currently active). An online 
survey, sent to all AZDW users in the monthly 
e-mail newsletter, was used to collect information 
from AZDW users who were not necessarily LDIG 
members. There are 97 registered AZDW users; we 
received surveys back from 13. Individual interviews 
consisted of 20–25 questions, depending on each 
participant’s level of involvement with AZDW, and 
lasted between 40 and 60 min. Both the interviews 
and online survey asked participants about their 
perception of drought conditions and drought 

1 Please see electronic supplement for details of the survey and interview tools used in the evaluation process.
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risk, specific involvement with the development of 
AZDW, current use of the tool, and suggestions for 
improving the tool.1

FINDINGS :  INCON SISTE NCy AND 
RETENTION ISSUES IN THE FIELD OF 
DREAMS. In many ways the AZDW developers 
followed model public-participation strategies. They 
targeted what appeared to be the right group of 
stakeholders, those already engaged in drought moni-
toring and response (LDIG members). They met with 
their intended audience up to 12 times, according to 
interview participants, to discuss both content and 
design issues, and they incorporated participant 
feedback into the design of the AZDW tool.

Yet, despite this lengthy collaborative process, 
few impact observers are using the tool. Over the 
18 months considered in the evaluation (March 
2009–August 2010), AZDW received 8.3 reports 
per month, with a high of 19 in June 2010 and a low 
of 2 in both April and June 2009. Only 40 of the 97 
registered users submitted an impact report. Out of 
the reports, 54% came from only four users, and 5 
of the 10 LDIG members interviewed as part of the 
evaluation reported that they do not use AZDW at all.

Our evaluation revealed several f laws in the 
execution of the Arizona drought preparedness plan 
and, by extension, AZDW that can be useful in both 
redesigning AZDW and in designing future drought 
impacts reporting systems. Some f laws are stan-
dard barriers to public engagement outlined above. 
Additional barriers emerged because of the complexi-
ties of drought impact monitoring. In particular, the 
inscrutability of drought impacts makes observing 
and recording them more difficult than developers 
expected; observers struggled with the distinction 
between quantitative and qualitative data and the 
role of each in drought monitoring.

bA R R I E R S TO PARTIC IPATION I N 
ARIzONA DROUGHTwATCH. Overusing 
volunteers. The time commitment (Cheng and Mattor 
2006) required to produce detailed drought impacts 
reports—or the sense of overcommitment (Diduck 
and Sinclair 2002) on the part of AZDW targeted 
users—was one of the most common reasons given 
by study participants for not making regular reports 
to AZDW. While reporting drought impacts was not 
intended to be time consuming, participants perceive 
that it is. Several people told us “[It’s] another level 
of obligation” or “I just don’t have time. I’m over-
whelmed and it just doesn’t rise to the top of the list 
of importance.”

As discussed above, both the need and methods to 
monitor drought impacts are not well understood or 
developed, even within the drought community. No 
standard model exists, nor is it likely to be possible to 
develop one monitoring model that would be useful 
in diverse socioecological contexts. The AZDW 
developers attempted to address this complexity by 
creating a detailed list of all possible drought impacts 
in Arizona. However, this detailed survey in fact 
has contributed to lower participation because users 
perceived the survey as too long, confusing, and time 
consuming. Of the seven people who responded to 
the interview question about the impacts survey 
used by AZDW, five expressed concerns about its 
length and complexity (one person had not looked at 
it and only one respondent said it was a “good fit”). 
One respondent said that his community members 
found the survey “a little intimidating.” Another 
replied that his reports to other agencies took “three 
minutes. [While] AZDW is a 20–25 minute task—it is 
too much time!” Two people reported that modifying 
and shortening the survey had helped them to collect 
impacts from their constituent groups. However, this 
raises the question of whether a shorter, less detailed 
survey provides the kind of information required to 
accurately diagnose drought conditions (see Table 1).

Consultation fatigue also arose. One participant 
reported that he was already filing reports with 
another agency and felt that AZDW was a duplication 
of his effort. Another suggested that her constituents 
were not interested in participating because “people 
are tired of giving data to everyone.” Some potential 
AZDW participants were content to leave participa-
tion to others, to use Diduck and Sinclair’s (2002) 
framing, particularly when they were aware that the 
information was being collected by other agencies. 
“NRCS has incredible range data that should be 
tapped into. The [agricultural] producers just want 
to rely on the range cons [conservationists] and soil 
scientists’ data,” noted one person when asked why 
producers in her county were reluctant to contribute 
reports to AZDW.

Lack of transparency. Dietz and Stern (2008) note the 
importance of “clarity of purpose” when engaging in 
a public-participation process. In the case of AZDW, 
we found that many potential impact observers were 
unclear about the purpose of the tool or how the data 
they submit to AZDW would be used. Although the 
respondents tended to be clear that AZDW compiles 
reports about local drought conditions (about 40% 
specifically mentioned this function), only about 40% 
specifically mentioned AZDW’s role in the drought 
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response process, such as providing officials with 
information on which to base decisions about drought 
declarations and aid. Several respondents could not 
identify any way in which AZDW information is used. 
It does not appear that respondents see that informa-
tion entered into AZDW can be and is used by decision 
makers, nor does the AZDW website provide examples 
of how the information is used. Cheng and Mattor 
(2006) refer to this situation as a lack of “self-efficacy.” 
When people feel they are having an effect—self-
efficacy—they are more likely to cooperate. In a policy 
process, it is even more important that volunteers 
understand exactly how their information is used so 
that they trust the process and the decisions. One way 
to demonstrate how information is used is to send 
regular, lucid reports (Cooper et al. 2007) to par-
ticipants. AZDW sends subscribers a monthly e-mail 
summarizing climate and weather data and drought 
conditions for the state. Several evaluation partici-
pants noted that they liked the newsletter but would 
like more details and more description of conditions.

Perception and immediacy of drought impacts. We 
identified the individual perception of drought as 
a potential barrier to participation in AZDW, what 
Diduck and Sinclair (2002) referred to as “not feeling 
directly affected.” Whether a person perceives that 
drought is a problem in their area seems to affect 
whether they participate in an impacts reporting 
system. AZDW relies on consistent reporting of both 

good and poor conditions in the state. However, we 
found evidence of disengagement from reporting as 
soon as drought conditions appeared to improve. 
Therefore, AZDW ended up collecting spot reports 
of impacts, rather than status reports that capture 
a fuller picture of conditions in a given region. 
For example, the period of May–August 2009 was 
particularly dry in Arizona, with precipitation totals 
50% below average. Most people we interviewed 
considered that period to be a severe drought (81%). 
AZDW received 26 reports during that period. In 
contrast, after a winter with 70% higher than average 
precipitation, few participants (only 29%) felt their 
region was still in severe drought (although most were 
also careful to note that one rainy season is unlikely to 
fully alleviate a drought). Reports to AZDW fell to 18 
between December 2009 and March 2010. In addition 
to the number of reports falling off when conditions 
appeared to improve, the type of reports provides 
insights into participants’ interest in reporting. Of 
all of the drought impact reports collected in AZDW, 
97% were of deteriorating conditions.2 Only 1% of 
reports cited improving conditions, and 2% reported 
steady conditions or no change since the previous 
report. Finally, several participants directly indicated 
that they were not interested in providing ecologi-
cal status reports but would only report perceived 
drought. One person explained why she does not use 
AZDW: “I don’t see it as a way to report the lack of 
drought. It’s in the name—DroughtWatch. If I’m not 

Table 1. AzDw was designed to collect a wide range of drought impacts that are otherwise difficult to 
gather, such as these high-quality observations collected in the spring of 2010 and 2011.

Location Date of report Drought impact

Lower Colorado River watershed April 2010

The annuals are vigorously growing. We have the start of a good 
spring; All water tanks are full to the max at this time. Rain was 
perfect timing to continue plant growth, and range looks the best 
it has in 5 years.

Rio Bavispe watershed April 2011
Many ponds that normally have water at this time are dry. Little to 
no green forage exists in the grasses or forbs.

Santa Cruz River watershed April 2011

For the first time (in the period 1984–2011) I have seen browsing 
(probably by white-tailed deer) on Agave schottii (shindagger) and 
Yucca schottii (Schott yucca). On agaves, leaves are eaten down to 
about 4 inches; on yuccas, younger growth in center of plants has 
been eaten.

Santa Cruz River watershed April 2011
Drought impact is present and severe. The flow is less than last 
year and about half the average flow seen within drought years: 
rising severity.

2 Reporters are given the option of assigning a trend to their reports. We assume that new reports or those with an “unknown” 
trend assignment are reporting on deteriorating conditions because questions on the impacts survey are phrased assuming 
poor conditions.
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seeing drought impacts, I’m not going to report it.” 
Another noted, when asked why he is not using the 
reporting tool, that “he hasn’t seen a lot of impact in 
the area [he’s] most familiar with.”

At this point, we do not have enough long-term 
data to discern a direct link between precipitation 
rates and a drop off in AZDW reports. Without con-
sistent reports, we are not able to say whether higher 
rates of precipitation did alleviate drought impacts in 
any particular areas of the state. The apparent link 
between perception of drought and engagement (or 
disengagement) with impacts reporting points to a 
challenge for designing monitoring systems intended 
to engage the public over the long term.

The lack of interest in reporting steady or 
improving conditions may also relate back to the 
issue of confusion about the purpose of AZDW and 
use of information in AZDW discussed above. If par-
ticipants do not understand how AZDW information 
is used by decision makers to make determinations 
about drought status they may not see the importance 
of long-term status reports, as opposed to erratic 
reports of poor or worsening conditions.

Funding public participation. We also found evidence 
that a lack of funding for public participation, as 
warned against by both Dietz and Stern (2008) and 
Diduck and Sinclair (2002), was a hindrance. Perhaps, 
more accurately, we found that the availability of 
funds to support drought impacts reporting boosted 
participation. A contrast to the generally low rates of 
participation in AZDW is the example of the LDIG 
in Mohave County. The Mohave County LDIG was 
able to leverage funds for a staff person to collect 
and submit reports on behalf of county residents. 
As a result, the LDIG was able to design a simplified 
survey, distribute and collect it regularly, and enter all 
the reports into AZDW. We noted a jump in reporting 
rates when this arrangement began in May 2010. Prior 
to May 2010, no reports came from Mohave County 
but between May and August 2010 an average of 8 
reports each month, containing up to 67 individual 
impacts, were submitted from Mohave County. The 
county continues to file regular reports.

Challenges of online tools. A web-based system, like 
AZDW, has certain specific requirements to ensure 
success. The website design must facilitate its use, 
information on the site should be easily accessible and 
up to date (Newman et al. 2010), and the site should 
fit the skill level of the intended user group. AZDW 
has some weaknesses in all these areas. When the site 
was reviewed by a group of students at Arizona State 

University (we considered them a pool of potential 
users), they provided detailed critiques of the site 
structure and function. They raised concerns about 
site design, available information, the search function, 
and the inclusion of out-of-date information. Their 
assessments concluded that there was little on the 
site to entice new users to explore or participate in 
drought impacts reporting through AZDW.

Diduck and Sinclair (2002) note that participants 
in their research cited inaccessibility of information 
as a barrier to participation. In the case of AZDW, 
participants expected more information to be avail-
able on the website and, when the available informa-
tion did not meet their needs or interests, they tended 
to drift away from participation. One evaluation 
participant explained, “[T]here doesn’t seem to be 
enough information to catch peoples’ eyes and have 
them come back to the website.” This, of course, 
presents a paradox for AZDW administrators: people 
want more information fed back to them, but not 
enough impact reporters are contributing informa-
tion to make the feedback worthwhile.

A final potential barrier is the intersection of the 
use of an online system with participants’ skill level. 
We found that, while few people noted problems with 
the website, several impact observers and one AZDW 
developer questioned whether the intended users, in 
fact, had the skills necessary to use the technology 
on their own. One study participant felt that mem-
bers of his LDIG were “polite” in the meetings when 
the online format was discussed and did not raise 
concerns but were not necessarily able to use the site 
comfortably.

Complexities of drought monitoring. Overlying all the 
issues of public participation are the inherent com-
plexities of monitoring drought. We saw evidence of 
this when participants indicated that their percep-
tion of drought influenced their willingness to file 
reports in AZDW. An additional area of confusion 
lies in the unique role qualitative drought impacts 
reports play in monitoring. AZDW developers had 
a very clear vision of how data collected by AZDW 
would be different but complementary to quantitative 
drought data. The developers expressed a desire to 
link the quantitative measures of drought to what is 
observed and experienced “on the ground” by those 
most impacted:

[W]e get lots of numbers and we don’t really know 
what they mean. One year you can have a 4 inch 
deficit of precipitation and have no problem and 
another year you can have a 4 inch deficit and have 
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lots of problems…[I]f we could connect those num-
bers with impacts…we could say to people “when 
you get a 4 inch deficit, that’s when you’re likely to 
see your crops dying . . .”

In contrast, participants in our evaluation were 
not clear about the differences between quantita-
tive and qualitative monitoring or about the relative 
importance of both types of monitoring informa-
tion. We asked participants why they thought it was 
important to monitor drought impacts in Arizona, 
in an attempt to differentiate between hydroclimatic 
monitoring, such as rain gauges, and qualitative 
monitoring. Although their answers demonstrated 
a deep understanding of how drought monitoring in 
general can benefit state residents by raising aware-
ness of water issues and understanding long-term 
climate trends, none of the respondents articulated a 
difference between quantitative data and qualitative 
data. One person made the distinction in a later ques-
tion about the goals of AZDW by hypothesizing that 
AZDW would help researchers “corroborate data with 
ground observations.” This finding echoes Hayes 
et al.’s (2011, p. 487) observation that “there appears to 
be a fundamental lack of knowledge or understanding 
about 1) the importance of monitoring impacts, 2) the 
usefulness of impact information, and 3) the type of 
information that is worthwhile to collect.”

DISCUSSION AND RECOMMENDATIONS. 
Some of the challenges we have identified, such as 
website design, are specific to AZDW. Some speak 
to the challenges of engaging volunteers in long-term 
monitoring efforts. Some reflect the inherent com-
plexity of monitoring drought. However, all of these 
observations can provide guideposts for development 
of future drought monitoring systems.

The Arizona drought preparedness plan, through 
the vehicle of the LDIGs and by extension AZDW, is 
based on volunteer reporters. While this distributed 
model of monitoring promises to collect drought 
impacts from a broad cross section of the state, there 
are some inherent challenges in relying on volunteers 
to provide the detailed, consistent information policy 
makers need. Public participants need to see a clear 
link between their actions (contributing observa-
tions) and an outcome (how those observations are 
used). This link is not clear to the intended users 
of AZDW. Efforts should be made to demonstrate 
to drought impacts reporters how and when their 
work is being used in decision making to ensure that 
participants recognize their agency in the decision-
making process.

Our case study also revealed a gulf between 
developers’ and stakeholders’ understanding of the 
role of qualitative drought impact observations in 
a drought monitoring system. Despite numerous 
training and development sessions with the primary 
AZDW users, stakeholders were unsure about the 
difference between qualitative impacts monitoring 
and more conventional qualitative hydroclimatic 
monitoring. This confusion might also be alleviated 
with improved feedback to volunteers. If they regu-
larly saw examples of impact reports and how those 
were being linked with hydroclimatic data they might 
better understand both the difference between and 
the role of each type of monitoring data.

The observers’ time commitment should be con-
sidered by monitoring program developers. Although 
LDIG members had volunteered to participate, they 
often found that regular impacts reporting was one 
commitment too many. Without a direct incentive, 
such as seeing how their efforts contribute to decision 
making, volunteers tend to disengage from public 
processes. The commitment may constrain qualita-
tive data collection more than quantitative participa-
tory processes, like collecting rain gauge data, because 
providing written descriptions requires more time. 
The detailed nature of the AZDW survey, which 
was intended to capture the complexity of drought 
impacts, may have hindered reporting instead.

Funding for drought impacts monitoring appears 
to alleviate some of these issues, however. In one 
county, a person was paid to collect and submit 
impacts reports, and responses increased and have 
stayed consistent over time.

The nature of drought also appears to hinder 
participation in impacts monitoring. We found that 
participants were unlikely to report when they did not 
perceive drought impacts. Because drought means 
different things to different people, this tendency to 
disengage from reporting when not directly affected 
by drought impacts has led to spotty and inconsistent 
reports that do not provide information on stable or 
improving conditions.

Many of the challenges that arose in attracting 
and retaining volunteer impacts reporters could 
be avoided by having a formal, institutionalized, 
and supported data collection effort centered on an 
existing agency or agencies with professional field 
personnel. Professional observers in Arizona can—
and in many cases already—collect drought impact 
data as part of their regular duties. They are trained 
observers who can report on unusual as well as 
normal conditions in a consistent manner, providing 
decision makers with the data required to understand 
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conditions and adjust policy accordingly. Agency 
personnel do not require additional incentives, as do 
volunteers, if the reporting process is integrated into 
their work. They may also be closer to the drought 
response decision-making processes of their own 
agencies, thus making them aware of the role drought 
monitoring plays in the process. Overcommitment 
could still be an issue if this task is simply added onto 
existing duties without consideration of workloads 
or priorities. However, the issue of disengagement 
due to drought perception is likely to be eliminated 
if drought monitoring is institutionalized as status 
reporting, rather than impacts spot reporting.

At this stage of developing effective qualitative 
assessment and decision support tools, it would help 
to have a core group of trained professionals who have 
a mandate to collect data, can discern the most likely 
drought-caused impacts, understand the current state 
of monitoring science, and can actively participate 
in the process of linking qualitative and quantitative 
data. Finding agency partners who can support and 
sustain monitoring efforts should be a top priority in 
developing drought impacts monitoring programs.

Finally, participation by professional observers 
seems likely to have an additional long-term benefit. 
Although some participants reported that, because 
agency personnel were engaged in drought monitoring 
efforts, they would not participate themselves, others 
noted that, if AZDW became a source of high-quality 
information, they would be more interested in visiting 
and using the site. Channeling agency-based drought 
monitoring information through a public reporting 
system would resolve this apparent conflict. Rather 
than creating a sense of duplicative efforts, professional 
observers can help attract volunteers who consider 
access to such data an incentive to visit the AZDW site 
and who may be more likely to participate in impacts 
monitoring if they see examples of how information 
is being used. Much like the Dream Team’s effect on 
basketball popularity, professional observers can raise 
the profile of and interest in drought impact reporting.

Maintaining an open, web-based collection system 
like AZDW that contains observations from agency 
personnel keeps the door open for public participa-
tion, which will likely vary over time given the ebb 
and flow of drought conditions and the associated 
interest and capacity to participate. Volunteer impact 
observations contributed by the public then become 
a complementary data stream that greatly enhances 
the consistent core observations made by agency 
personnel. This then relieves volunteers of the burden 
of shouldering a critical monitoring data stream but 
does not shut them out of the process.

While the science of qualitative drought impacts 
assessments is still in its infancy, it needs to be 
shepherded along to fulfill its promise of improved 
characterization of drought. The dream team of 
professional experts is likely to be the most effec-
tive approach. When volunteer stakeholders can 
enter a more mature process, clear about their role 
and expectations, and confident that their time and 
contributions are making a difference to their com-
munities, the Field of Dreams model can become a 
rich component of drought impact monitoring by 
providing additional support for the dream team.
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Abstract 22 

Co-production of knowledge is believed to be an effective way to produce usable climate science 23 

knowledge through a process of collaboration between scientists and decision makers. While the 24 

general principles of co-production – establishing long-term relationships between scientists and 25 

stakeholders, ensuring two-way communication between both groups, and keeping the focus on 26 

the production of usable science – are well understood, the mechanisms for achieving those goals 27 

have been discussed less. We propose that a more deliberate approach to building the 28 

relationships and communication channels between scientists and stakeholders will yield better 29 

outcomes. We present five approaches to collaborative research that can be used to structure a 30 

co-production process that each suit different types of research or management questions, 31 

decision-making contexts, and resources and skills available to contribute to the process of 32 

engagement. By using established collaborative research approaches scientists can be more 33 

effective in learning from stakeholders, they can be more confident when engaging with 34 

stakeholders because there are guideposts to follow, and they can assess both the process and 35 

outcomes of collaborative projects, which will help the whole community of stakeholder-36 

engaged-climate-scientists learn about co-production of knowledge. 37 

  38 
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1. Introduction 39 

As we come to grips with the impacts of climate change on our natural and cultural resources, 40 

our cities and towns, and our personal health and well-being, the production of “usable” climate 41 

knowledge – information that can help inform management, planning, and governance – has 42 

become a goal for many scientists, agencies, and governments. One promising way to develop 43 

usable climate knowledge is to co-produce it. Co-production of knowledge is the process of 44 

producing usable, or actionable, science through collaboration between scientists and those who 45 

use science to make policy and management decisions. Co-production involves collaborations 46 

between scientists and decision makers frame research questions, decide how to answer the 47 

questions, and analyze the findings (Lemos and Morehouse 2005). Research on the outcomes of 48 

collaborations between scientists and decision makers has shown that when knowledge is co-49 

produced it is more likely to be accepted and used by decision makers. By participating in its 50 

production, the information becomes more transparent to end-users (Jasanoff and Wynne 1998); 51 

the process by which the information is produced is perceived to be more legitimate (Cash et al. 52 

2006); the information is more likely to be at spatial and temporal scales useful to decision 53 

makers (Dilling and Lemos 2011); the knowledge is easier to integrate with existing information  54 

because it fits into the decision framework of the agency or organization (Carbone and Dow 55 

2005; Lemos et al. 2012); and the end-user gains a greater sense of ownership over the final 56 

product because they have contributed to it (Robinson and Tansey 2006). Because co-production 57 

of knowledge takes time and resources to do well and is a process that is not well-understood 58 

there are currently a limited numbers of scientists who undertake it (Cvitanovic et al. 2015; 59 

Shanley and López 2009), contributing to a gap between the number of people producing usable 60 
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climate science and the demand from users for that information (Dilling and Lemos 2011; Lemos 61 

et al. 2014).  62 

 63 

This paper aims to help close that gap by presenting several examples of modes of engagement 64 

and collaborative research approaches that can be used to structure a process of co-production of 65 

climate science. Mode of engagement refers to the basic character of the interactions between 66 

scientists and decision makers. Research approaches mean a set of guidelines and activities 67 

designed to guide collaborative processes and data collection methods in order to achieve the 68 

overall research goals. We hope to lower the barriers to co-production of knowledge by framing 69 

these approaches – Action Research (AR), Transdisciplinarity, Rapid Assessment Process (RAP), 70 

Participatory Integrated Assessment (PIA), and Boundary Organizations – as tools to help guide 71 

and support researchers undertaking this challenging, yet rewarding, research. Several of these 72 

approaches have been used in climate science knowledge production (transdisciplinarity, PIA, 73 

and boundary organizations) and two (AR and RAP) are more generally associated with social 74 

science or development work. All of these approaches have been tested over time and in various 75 

contexts and been shown to be effective in engaging community members and decision makers 76 

in research processes. 77 

 78 

The key elements in a successful co-production process have been identified generally as: 79 

building ongoing relationships between scientists and stakeholders; ensuring two-way 80 

communication between the groups; and maintaining a focus on the production of usable science 81 

(Dilling and Lemos 2011; Lemos and Morehouse 2005; National Research Council 2009). The 82 

factors required to support these activities are typically: ensuring that the science team has the 83 
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technical and disciplinary capabilities to answer the question; ensuring that both groups have the 84 

ability to facilitate the relationship; and ensuring that the science team has the resources (money, 85 

time, people) to complete the work in a timely and effective manner (Cvitanovic et al. 2015; 86 

Shanley and López 2009). However, confusion remains about exactly what should occur in a co-87 

production process to yield actionable science – what co-production actually “looks like” – and 88 

why seemingly actionable science is not always used by decision makers. Although many factors 89 

may influence the use, or lack of use, of climate science in decision-making, we propose that one 90 

factor inhibiting its use is that the knowledge is not genuinely being co-produced. Rather, 91 

researchers and decision makers may be interacting to some degree, but that interaction may be 92 

fairly superficial and may not be sufficient to result in co-production of knowledge (Pergernig 93 

2006). In other words, there has been too little attention given to planning for and execution of 94 

intensive and effective collaborative research activities that can lead to the co-production of 95 

usable climate science.  96 

 97 

Research on public participation in policy making has demonstrated that the ways in which 98 

participatory processes occur matters to the outcomes.  More extensive engagement, such as 99 

through negotiation and mediation activities, tends to lead to higher quality policy decisions, 100 

while cursory public or management input at meetings does not (Beierle 2002; Rowe and Frewer 101 

2005).  However, inexperience among researchers, insufficient resources, or a lack of clear 102 

guidance on best practices in collaborative knowledge production – or a combination of these 103 

and other factors – may hinder efforts to co-produce usable climate science. We argue that one 104 

way to improve the process of co-production is to follow an established collaboration protocol, 105 

grounded in participatory research literature, because it can provide guidance on how to plan and 106 
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manage collaborative activities, frameworks in which to examine stakeholders’ decision contexts 107 

and concerns, guidance on resources required to undertake collaborative research, and it can 108 

create better opportunities to evaluate the effectiveness of co-produced knowledge through 109 

comparative analysis. Using an established approach can help ensure that we “get the right 110 

participation and get the participation right” (Stern and Fireberg 1996). We present a small 111 

sample of approaches that can be applied to collaborative climate research. This is not an 112 

exhaustive list, but the approaches have been selected to present a range of possible ways to 113 

structure a co-production process, depending on the research question, strengths of the research 114 

team, available resources, and the needs of the stakeholders.  115 

 116 

2. An evolution in thinking about the dialogue between science and policy: How did we get 117 

to the idea of co-production? 118 

In the decades following World War II, US science policy was heavily influenced by Vannevar 119 

Bush's report Science, the Endless Frontier (Bush 1960). Bush articulated a vision for the 120 

contribution of scientific knowledge to society wherein "basic" research generated new 121 

knowledge and "applied" research found practical applications for that knowledge. This 122 

reasoning resulted in a linear model of science policy through which knowledge was generated in 123 

one domain (science) and then handed off to a recipient domain (society). The two sectors were 124 

intentionally isolated (Byerly and Pielke 1995; Pielke 1997; Stokes 1997) in order to insulate 125 

science from the value-laden world of applications.  126 

 127 

By the early 1970s this linear model of science was critiqued as insufficient for dealing with 128 

complex, “wicked”, problems that require scientific knowledge but also "rely upon elusive 129 
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political judgment for resolution" (Rittel and Webber 1973: 160). Environmental issues, 130 

including climate change, are often cited as the epitome of wicked problems because they 131 

involve differing values that result in conflicts that cannot be solved by the simple application of 132 

scientific knowledge. As Ludwig (2001: 763) noted, "[t]here are no experts on these problems, 133 

nor can there be.” Instead, the new reasoning goes, we should establish and maintain a dialogue 134 

among the various interested parties, creating a process “in which scientific expertise takes its 135 

place at the table with local and environmental concerns” in order to achieve creative solutions to 136 

complicated problems (Funtowicz and Ravetz 1993)
1
. When the need for more inclusive science 137 

production processes was recognized, the door was opened for a more integrated approach to 138 

addressing complex problems: intentionally bringing together science and other knowledge 139 

systems (Cornell et al. 2013). 140 

 141 

2.a. Application of co-production to climate science knowledge 142 

In an attempt to understand the roles of science in society and society in science, Jasanoff and 143 

Wynne (1998) examined several developments in science and technology to demonstrate the 144 

ways in which those developments were the product of an “interplay of scientific discovery and 145 

description with other political, economic, and social forces" (4). They noted that this process, 146 

which they called “co-production” of knowledge, did not represent a tainting of pure scientific 147 

discovery by external influences, but rather was a more accurate representation of the ways in 148 

which knowledge – particularly knowledge useful for policy action – is simultaneously 149 

                                                
1 The perception that scientific knowledge is being pushed aside in co-production 
processes may also reduce some scientists’ willingness to participate in these efforts.  
However, as Jasanoff and Wynne (1998) pointed out the science/society dichotomy is false; 
the two have always intermingled and the more they do, the greater the opportunities to 
produce usable science. 
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constructed and influenced by the society and culture in which it is developed. Lovbrand (2011) 150 

labeled this “descriptive co-production” because it described an existing phenomenon. Jasanoff 151 

and Wynne suggested that more generally accepted scientific explanations about the world, in 152 

particular about climate change, would emerge “through inclusion rather than exclusion, through 153 

participation rather than mystification, and through transparency rather than black boxing” 154 

(1998: 77). 155 

 156 

The descriptive framework created by Jasanoff and Wynne was reframed as a model for 157 

improved science and policy development by, among others, Lemos and Morehouse (2005), 158 

Dilling and Lemos (2011), and Lemos, Kirchhoff, and Ramprasad (2012). Lovbrand named this 159 

new model “prescriptive co-production” – “a normative framework for improved science-society 160 

relations” (2011: 226). An early example of this new model of co-production was articulated by 161 

Lemos and Morehouse (2005) who identify iterativity in the scientist-stakeholder partnership as 162 

the key component in successful co-production of climate knowledge. Iterativity depends on 163 

three components: (1) repeated interaction with stakeholders, including during problem 164 

definition, research, analysis, and testing results; (2) production of usable science, including 165 

making the science understandable, available, and accessible to users; and (3) interdisciplinarity, 166 

ensuring that the research integrates all the necessary disciplinary knowledge.  167 

 168 

Later, Lemos et al. (2012) refined this prescriptive co-production model to more narrowly focus 169 

on the issue of information usability. They noted that the usability of science depends on users’ 170 

perception of their information need, how well new knowledge interplays with existing 171 

knowledge within the user group, and the level of interaction between knowledge producers and 172 
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knowledge users. Other factors identified by Lemos et al. (2012) that improve the usability of 173 

climate science are two-way communication between the groups and establishment of an 174 

ongoing relationship between the groups, both of which increase the information users’ 175 

perception of information salience, credibility, and legitimacy, and can address users’ concerns 176 

about scientific uncertainty.  177 

 178 

While the newer prescriptive models outline basic goals or tenets of how to conduct 179 

collaborative and usable research the actual processes by which these activities are undertaken is 180 

not well documented. The ways in which collaboration is conducted, decision-makers are 181 

identified, questions are articulated, and iterativity is achieved are important to the ultimate goal 182 

of the production of usable knowledge. Research on public participation in policy- and decision-183 

making has demonstrated that the structure and implementation of participatory activities 184 

impacts the outcome of the collaboration (Beierle 2002; Rowe and Frewer 2005; Stern and 185 

Fireberg 1996). Good integration of decision makers’ knowledge into science and the scientists’ 186 

knowledge into policy or management requires a strong process designed around specific 187 

collaborative goals that is executed effectively. We describe this process as deliberate co-188 

production, which involves explicitly planning co-production into research processes and 189 

applying the best practices in collaborative research to achieve usable science. 190 

 191 

3. Modes and Approaches to Deliberately Co-Produce Climate Science Knowledge 192 

We present four overarching modes of engagement, as defined by Biggs (1989), that outline 193 

types of relationships between researchers and stakeholders: contractual, consultative, 194 

collaborative, and collegial. Different modes can accomplish different research objectives and 195 
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each has different resource and project management requirements, according to Biggs (1989) 196 

[Table 1]. Understanding first how different types of engagement can support different research 197 

objectives (i.e. which research questions require end-user perspectives to find a solution and 198 

which can rest on a linear-science model) and second how to plan the required engagement are 199 

both critical to the goal of developing usable climate science. Biggs’ (1989) modes of 200 

engagement are somewhat oversimplified characterizations of the ways in which scientists and 201 

stakeholders work together. In reality, the lines between the modes are fuzzy, which allows for 202 

engagement activities and outcomes to apply to more than one mode
2
. Nonetheless, the 203 

simplified form helps distinguish some general principles for engagement.  204 

 205 

We also present five approaches to collaborative research – AR, transdisciplinarity, RAP, PIA, 206 

and boundary organizations – that can help researchers and stakeholders work together to 207 

achieve the tenets of co-production and produce the knowledge needed by the stakeholders. The 208 

context in which a collaborative effort takes place is critical in the selection of an approach. The 209 

type of research question determines the general mode of engagement required; then the people 210 

involved, the resources available, the capacities of the scientists and stakeholders to engage in 211 

the process, and the political context in which the work takes place all influence the specific 212 

research approach best suited to the inquiry. These factors can change during a research project, 213 

and flexibility and willingness to course-correct is essential to the process of co-production of 214 

knowledge (McNie 2007). 215 

                                                
2 We also recognize that the terms used by Biggs are not necessarily clear in the context in which 

we apply them. For example, Biggs applies the term “collaborative mode” to a specific type of 

engagement, while we use the term “collaborative” to mean engaged science research more 

broadly. However, we present Biggs’ terms to provide the reader with the direct link to the 

history of research on stakeholder-driven research. 
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 216 

3.a. Modes of Engagement  217 

Mode of engagement refers to the basic character of the interactions between scientists and 218 

decision makers: Is the engagement egalitarian? Is the communication two-way? In which 219 

aspects of the research are the stakeholders involved? Who will make the final decisions about 220 

research methods and/or policy outcomes? Although Biggs (1989) wrote in the context of 221 

agricultural research, his modes of engagement are more broadly applicable because of the 222 

general principles he highlighted. He stressed that the modes are distinguished by “differences in 223 

objectives and the organizational and managerial arrangements they require for implementation” 224 

(Biggs 1989: 3), not by their ability to solve problems. Each can solve problems effectively when 225 

the mode is appropriate to the particular question, context, and resources available.  226 

 227 

In “contractual mode,” the research emphasis is on testing or verifying technology. Biggs’ 228 

(1989) term “contractual” refers to contracts between scientists and farmers for the use of land, 229 

services, and resources to test experimental technology under real world conditions. It does not 230 

refer to situations in which stakeholders contract with scientists to answer stakeholder-driven 231 

questions. We liken Biggs' "contractual mode" to standard academic research wholly conducted 232 

by scientists, albeit with the intension of developing real-world applications. 233 

 234 

The “consultative mode” involves “diagnosis, design, technology development, testing, 235 

verification, and diffusion” in order to solve a problem pertinent to the community (Biggs 1989: 236 

6). In this mode there is interaction between the scientists and stakeholders at specific stages of 237 

the research, such as initial problem definition, verification of results, and diffusion of findings. 238 
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However, the interaction is not necessarily ongoing throughout the process. Stakeholder input 239 

may be facilitated or filtered through a social scientist or other research team member who may 240 

act as a science translator somewhat reducing the opportunity for direct interaction and mutual 241 

learning between the science team and the stakeholders. 242 

 243 

The “collaborative mode” involves continuous interaction between scientists and stakeholders, 244 

who are seen as partners in the research process (Biggs 1989). This mode focuses on questions 245 

that require stakeholder input, such as their local knowledge related to resource use, to answer 246 

the broader scientific question. Stakeholders are directly involved in the research and, unlike 247 

consultative mode, are more likely to speak for themselves in the process. In this mode, the 248 

stakeholders are brought into the Western science processes, perhaps even receiving formal 249 

training as part of their involvement.  250 

 251 

Biggs’ fourth mode is “collegial”, which he defined as the formal research system actively 252 

strengthening the informal (stakeholder-driven) research and knowledge development system. In 253 

other words, not only are researchers pursuing a standard scientific research project, they are 254 

helping to increase the stakeholders’ capacity to design and conduct their own research and 255 

problem solve. The collegial mode recognizes that the knowledge gained through local 256 

epistemologies is valuable and can support scientist-driven research.  257 

 258 

While any of these modes can be used to effectively answer a stakeholder-driven question, we 259 

note that the engagement required to call a process co-production of knowledge – to provide 260 

enough engagement for stakeholders to feel that the process has been legitimate (using Cash’s 261 
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(2006) definition) – is more likely to come from collaborative or collegial modes because these 262 

modes include the kind of long-term, two-way relationships that lead to co-production of 263 

knowledge.  264 

 265 

Once a researcher and stakeholder have determined the research question and general mode of 266 

engagement most suited to the question and context, the next step is to identify a specific 267 

research approach that will help them understand each others’ concerns, languages, and 268 

collaboratively develop usable knowledge. For each general mode of engagement, there are a 269 

number of specific research approaches that can help to achieve these goals. 270 

 271 

3.b. Approaches to Collaboration 272 

While Biggs’ modes of engagement provide general guidance on how different levels of 273 

engagement support different research objectives, the approaches discussed below provide more 274 

detail about how to accomplish the necessary level of engagement. Each approach lays out 275 

specific activities and actions that researchers can take to reach both the research and 276 

collaboration goals of a given project [Table 2]. The importance of process also leads us to stress 277 

the importance of interdisciplinary research teams, as suggested by Lemos and Morehouse 278 

(2005). In addition to all the scientific disciplines involved in producing climate knowledge, 279 

social scientists on the team can be instrumental in framing the collaborative approaches, 280 

interviewing stakeholders, elucidating the perspectives of stakeholders (Cvitanovic et al. 2014), 281 

and encouraging scientists to challenge their own assumptions and biases as they interact with 282 

stakeholders and the knowledge the stakeholders bring to the table. 283 

 284 
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Action Research 285 

Action research (AR) is the approach that laid the foundation for collaborative research in the 286 

social sciences. As defined by Lewin (1946), AR is a qualitative research approach designed to 287 

both solve practical problems and further our generalizable knowledge of societal structures and 288 

processes. Lewin directed the method toward communities facing challenging social and 289 

economic situations for which no immediate solution was apparent. Lewin recognized that 290 

solutions must be meaningful within the context of the community and developed the AR 291 

approach to collaborate with community members to frame the inquiry, undertake the research, 292 

analyze the findings, and take action. “Together, the professional researcher and the stakeholders 293 

define the problems to be examined, cogenerate knowledge about them, learn and execute social 294 

research techniques, take actions, and interpret the results of actions based on what they have 295 

learned" (Greenwood and Levin 2007:3). The transparency of the AR approach is intended to 296 

ensure that stakeholders view the process and outcomes as legitimate and beneficial.  While 297 

much AR focuses on social issues, some foundational work has occurred in the context of 298 

organizational studies (Greenwood et al. 1993; Whyte and Whyte 1991) (see box), which may be 299 

more pertinent to those working in the context of management agencies and policy-making. The 300 

role of the academic researcher in AR may be better described as facilitator and teacher, 301 

providing technical guidance to community members while allowing for full community control 302 

of the information and resulting actions (Greenwood and Levin 2007). 303 

 304 

A key tenet of AR is that once the problem has been diagnosed, action must be taken to change 305 

the situation and alleviate the problem (Greenwood and Levin 2007) and those actions should be 306 

assessed to determine their effectiveness. In the context of co-production, this can mean taking 307 
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policy or management action based on research findings then monitoring the outcomes. The 308 

interplay between action and reflection defines AR. The roots of AR are as a tool in effecting 309 

social change and, as such, it has been called “openly ideological research” (Lather 1986), which 310 

some researchers may find problematic because it implies a lack of objectivity. However, AR has 311 

been modified over the years for use in less political contexts although the ultimate goal of AR 312 

remains that stakeholders take action to address a problem.  Researchers can modify their role to 313 

support research, reflection, and analysis necessary to this problem-solving. Because AR requires 314 

that stakeholders drive the entire process from the framing of the problem to research, analysis, 315 

and decision-making, it fits only the collegial mode of engagement. 316 

 317 

ACTION RESEARCH CASE STUDY 318 

In 1980, Xerox and its union workers launched an innovative experiment in participatory action 319 

research. The experiment grew out of recognition at Xerox that the market and manufacturing 320 

practices were shifting rapidly and that, to remain competitive, they would need to update their 321 

practices. Union and management representatives, as well as other employees, were trained as 322 

Problem Solving Teams (PST) that identified problems within the organization and 323 

experimented with solutions. When Xerox considered outsourcing the manufacturing of wire 324 

harnesses found in some of their products, which was projected to save more than US$3 million 325 

dollars per year but would cost 150-180 union jobs, the union asked management for an 326 

opportunity to save their jobs by studying the wire harness assembly operation to identify 327 

potential cost savings. The employee PST research team was able to identify surplus costs and 328 

make recommendations about cutting them. In the end, the jobs stayed at Xerox and the 329 
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company saved more than US$4.2 million per year (Pace and Argona 1991). Both management 330 

and the union saw this transparent process as legitimate and the outcomes as mutually beneficial.  331 

 332 

Transdisciplinarity 333 

Transdisciplinarity is a research approach that integrates multi-disciplinary academic and 334 

practitioner knowledge through specific processes to produce a unified product (Jahn et al. 2012). 335 

The term has also been used as a broad theoretical concept to explain how knowledge can be 336 

produced and how to make science more interdisciplinary and democratic (Jahn et al. 2012). The 337 

goals of transdisciplinary research are to address complex, socially relevant problems (Hirsch 338 

Hadorn et al. 2006), reconcile social demand for and academic production of knowledge 339 

(Hoffmann-Riem et al. 2008), and build upon and use disciplinary knowledge (Klein 2004) while 340 

integrating disciplinary and "extra-scientific" knowledge (Jahn et al. 2012). 341 

 342 

Jahn et al. (2012) proposed a conceptual model of transdisciplinary research, identifying three 343 

phases. Phase one is problem transformation, during which the societal problem is framed then 344 

related to scientific knowledge. The social and scientific problems are then linked to form a 345 

boundary object
3
 and finally transformed from a boundary object into epistemic objects, or 346 

research questions. In phase two, interdisciplinary integration, the disciplinary science teams 347 

interact with each other in several stages to produce new knowledge related to the research 348 

questions. Transdisciplinary integration occurs in phase three when the results of the knowledge 349 

production are assessed and products are assembled for both science and society. Mauser et al. 350 

                                                
3 Boundary objects are defined by Star and Greisemer (1989) as scientific objects or other 

materials that are meaningful to and can be understood by the various participants in a 

transdisciplinary (or other collaborative) research process. 
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(2013) developed a similar framework for the use of a transdisciplinary approach in 351 

sustainability research identifying the phases as co-design of the research (phase 1), co-352 

production of knowledge (phase 2), and co-dissemination of the results (phase 3). In both models, 353 

knowledge production is integrated and researchers and practitioners are engaged in each phase. 354 

The commitment to integrating science and other forms of knowledge in the transdisciplinary 355 

approach, and the sustained interactions it requires, makes transdisciplinarity an example of a 356 

research approach in the collegial mode of engagement. However, it differs from AR in that it 357 

brings the various participants together to accomplish specific tasks, while AR allows for a more 358 

immersive experience in which researchers interact with stakeholders within the stakeholders’ 359 

social context, which may allow researchers to develop a deeper understanding of stakeholder 360 

needs and knowledge systems. 361 

 362 

TRANSDISCIPLINARITY CASE STUDY 363 

A transdisciplinary project was undertaken to address the issue of the level of active ingredients 364 

in pharmaceuticals for human use (API) in water in Germany (Jahn et al. 2012). The project 365 

began by asking a group of stakeholders including medical and pharmaceutical professionals, 366 

public health professionals, and water managers to frame the issue as a societal problem. Next, 367 

subject matter experts provided a scientific framing of the issue and decisions about the focus of 368 

the project, which was to identify strategies to reduce API in waters but which were also 369 

sensitive to the conflicting values inherent in the issue. The project team worked with scientists 370 

and stakeholders to create a boundary object, which became the statement: The occurrence of 371 

APIs in communal water cycles is an undesirable side effect of the normal mode of operation in 372 
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the health care system. Research questions related to risk governance, risk perception, and risk 373 

communication were then developed based on the statement. After designing a process by which 374 

interdisciplinary integration could occur three project sub-groups each developed a strategy to 375 

reduce APIs, which were then compiled into a formal document. Project outcomes included 376 

adoption of one of the reduction measures by a municipality.  The strategic combination of 377 

scientists and industry stakeholders resulted in specific strategies to address an immediate 378 

environmental harm. 379 

 380 

Rapid Assessment Process 381 

Rapid Assessment Process, or RAP (Beebe 2001), is a structured approach to the use of 382 

qualitative research methods to identify the “most important elements of the local situation from 383 

the perspective of the local participants” (Beebe 2001: xvii; emphasis added) and the key terms 384 

and categories used by the participants so that problems can be solved in ways that fit within 385 

local knowledge frameworks. For example, Cvitanovic et al. (2014) found that natural resource 386 

managers do not necessarily consider scientific information to be more important than other 387 

knowledge, highlighting the importance of understanding how those managers frame the issues 388 

and which knowledge systems they rely on before attempting to develop usable knowledge for 389 

them. RAP was designed for use when there is an urgent need for intervention and/or when the 390 

resources (time, money, and people) are not available for long-term ethnographic research, in 391 

contrast to AR, which relies on long-term immersion in stakeholder communities. 392 

 393 
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RAP requires multi-person, mutli-disciplinary teams to enact its two main tenets: triangulation of 394 

data and iterative analysis. Teams should also include members of the local community 395 

whenever possible. Research teams should draw information from two groups of participants: a 396 

convenience sample to gain a broad overview of the issue and key informants selected for their 397 

particular knowledge of the situation. Multi-person data collection teams help researchers gain 398 

multiple perspectives on the situation and help them avoid missing key details during interviews 399 

and observations. Iterative data analysis requires the research team to spend significant amounts 400 

of time discussing among themselves what they heard and observed during fieldwork. Beebe 401 

(2001) stressed that at least one member of the research team should have training in social 402 

science research methods to ensure that inquiries are structured appropriately. 403 

 404 

Using a RAP approach can be helpful for climate science research teams seeking to understand 405 

the management context in which climate science will be applied. By better understanding 406 

organizational functions, information flows within the agency, how decisions are made, and 407 

previous experiences with climate information, scientists may be better able to produce climate 408 

knowledge more readily usable by resource managers. RAP best represents either the 409 

consultative or collaborative modes because while it integrates stakeholder knowledge into the 410 

research process, the research team most often performs the analysis and interventions; the local 411 

community members or stakeholders are not necessarily part of these tasks. Researchers may 412 

find that they still need an approach with more opportunities for in-depth engagement in order to 413 

support knowledge co-production. However, RAP can help lay a strong foundation for a 414 

relationship to be built between scientists and stakeholders. 415 

 416 
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RAP CASE STUDY 417 

Westphal and Hirsch (2010) used a RAP approach to better understand the attitudes and 418 

behaviors of Chicago residents toward climate change as part of the city’s climate action 419 

planning process. They found that by deploying a team of researchers to work in a number of 420 

Chicago communities, they were able to collect a large amount of data from residents in a short 421 

amount of time. They paid community members a stipend to help with research activities such as 422 

connecting researchers with key community organizations, facilitating focus groups, and 423 

informing study design, and data analysis. The research team (including community members) 424 

used interviews, focus groups, participant observation, and other more novel methods such as 425 

drawing exercises to gather information from community members about climate change 426 

concerns. Westphal and Hirsch (2010) reported a key outcome of the RAP approach was that 427 

neighborhood concerns were placed at the center of discussions so that actions resulting from 428 

this project could balance local concerns and broader climate change concerns, reinforcing the 429 

sense that local voices had been heard. 430 

 431 

Participatory Integrated Assessment 432 

Participatory Integrated Assessment (PIA) is a multi-disciplinary approach that seeks to develop 433 

policy- or decision-relevant knowledge about environmental problems through the integration of 434 

stakeholder knowledge into modeling and scenario-planning efforts (Salter et al. 2010; Toth and 435 

Hizsnyik 1998). PIA facilitates the integration of stakeholder knowledge and values into models 436 

and scenarios of climate change that can then be used to inform decision-making processes 437 

(Salter et al. 2010; van Asselt Marjolein and Rijkens-Klomp 2002). Stakeholders in PIA are can 438 

range from policy makers to the affected general public. 439 

 440 
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PIA frameworks rely on a set of primary disciplinary elements and primary integration tools 441 

(Toth and Hizsnyik 1998). Primary disciplinary elements are methods, theories, and models that 442 

address the issue of interest such as general circulation models, demographic models, opinion 443 

surveys, and participatory models (Toth and Hizsnyik 1998; van Asselt Marjolein and Rijkens-444 

Klomp 2002). Primary integration tools can range from simple flow diagrams to complex 445 

network charts, or from plain checklists to impact matrices (Toth and Hizsnyik 1998). 446 

Participation mechanisms vary depending on the context and questions but can include 447 

workshops for larger, more public groups or focus groups for smaller, more targeted groups of 448 

stakeholders. PIA’s focus on integrating a variety of forms of stakeholder knowledge with more 449 

standard scientific knowledge and its flexible approach in selecting participants means that it has 450 

the potential to be used in consultative, collaborative, or collegial modes. However, there are 451 

some limits on the ways in which stakeholder knowledge is likely to be used, due to the focus on 452 

technical models and scenarios, which could constrain the ways some stakeholders are able to 453 

participate. 454 

 455 

PARTICIPATORY INTEGRATED ASSESSMENT CASE STUDY 456 

Climate OptiOns for the Long-term (COOL) was a PIA project that was part of the development 457 

of long-term climate policy at the Dutch, European, and global scales (Berk et al., 2002). The 458 

project was designed as a series of workshops with the objectives of (1) exploring long-term 459 

targets for stabilizing green house gas emissions; (2) exploring the most promising options for 460 

long-term international climate policy and their implications for the medium term; (3) enhancing 461 

the understanding between countries with different positions and interests in climate change; (4) 462 

broadening the understanding of scientific aspects of climate issues; and (5) developing common 463 

frameworks for analyzing and evaluating policy options (Berk et al., 2002). Utilizing a back-464 
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casting methodology, participants developed a potential future scenario based both on models 465 

and stakeholder input and reasoned backwards to the present to identify policy goals consistent 466 

with achieving the future scenario (Salter et al., 2010). Workshop participants included policy 467 

makers from both developed and developing countries, stakeholders involved in international 468 

climate change policy negotiations, and climate scientists. Stakeholders were mainly involved in 469 

option assessment, goal setting, and strategy formulation (Kloprogge & van der Sluijs, 2006). 470 

The project resulted in the development of strategies and policy goals for technological 471 

adaptations to meet an 80% reduction in green house gas emissions for the Netherlands (Salter et 472 

al., 2010).  Targeted stakeholder input helped the participants agree on a future scenario goal and 473 

created buy-in on strategies to achieve the mutual goal. 474 

 475 

Boundary Organizations 476 

A boundary organization is a group or institution that takes on the challenging tasks of both 477 

working at and managing the science-policy boundary (Guston 2001). The role of a boundary 478 

organization is to facilitate the process of co-production by allowing scientists and decision-479 

makers to maintain their independence and objectivity while also creating some permeability of 480 

the boundary to allow for co-production of knowledge (Clark et al. 2011). In order to be 481 

successful in managing the boundary, these organizations take on four key functions (Cash et al. 482 

2006): 483 

1. Convening – the process of bringing parties together for face-to-face contact; this forms 484 

the foundation for relationships of trust and mutual respect. 485 

2. Translation – either literally, as from one language to another, or figuratively, as from 486 

one side of the boundary to the other. 487 
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3. Collaboration – bringing the actors together in an effort to coproduce knowledge. 488 

4. Mediation – representing and evaluating different interests so that mutual gains can be 489 

created and the process is perceived as fair and just. 490 

 491 

These functions can appear in different mixes in different organizations (Cash et al. 2006). 492 

Boundary organizations act as “an intermediary between the users and the scientists, and [are] 493 

fluent in both worlds” (Dilling and Lemos 2011: 685). Knowledge brokers are individuals who 494 

fulfill many of the same functions as boundary organizations, acting as intermediaries between 495 

researchers and decision-makers (Meyer 2010; Michaels 2009). They may work within boundary 496 

organizations or become members of the research team with the specific task of mediating the 497 

science-policy boundary. 498 

 499 

There are several ways to approach creating or using a boundary organization in the process of 500 

knowledge co-production. A research or policy team can create a new boundary organization to 501 

suit a particular project or purpose, which can ensure that information is customized for the 502 

intended user (Dilling and Lemos 2011). See the case study (below) for an example of a 503 

boundary organization created to facilitate one specific project. A second approach is to use an 504 

existing boundary organization to mediate a co-production process. For example, the NOAA 505 

Regional Integrated Sciences and Assessments (RISA) program, established in 1995 with one 506 

organization to address a specific regional problem (Pulwarty et al. 2009), now consists of 10 507 

programs, which have the capacity to work with new stakeholders and scientists on a range of 508 

projects. Science shops, a European model in which universities support small research groups 509 

whose goal is to democratize science by making scientists available to answer community groups’ 510 
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research questions either free-of-charge or at reduced rates (Fischer et al. 2004; Gnaiger and 511 

Martin 2001), are another type of existing boundary organization. Finally, an existing 512 

organization can take on the role of a boundary organization, although Dilling and Lemos (2011) 513 

caution that this can require large-scale mission change and is, therefore, not always practical.  514 

 515 

Boundary organizations or knowledge brokers do not all work in the same way nor do individual 516 

boundary organizations work the same way on each project (Michaels 2009); they have training 517 

and experience that helps them select appropriate modes and approaches based on the specific 518 

questions and contexts of each individual project. Using a boundary organization, particularly 519 

one that is established, allows researchers to connect with experts who can help guide the 520 

collaborations and who may be able to use their existing connections to lay the foundation for a 521 

new collaboration between researchers and decision-makers. Because the goal of a boundary 522 

organization is to facilitate collaboration between scientists and stakeholders, they regularly 523 

work within the consultative, collaborative, and collegial modes. 524 

 525 

BOUNDARY ORGANIZATIONS CASE STUDY  526 

As part of a project to address the combined risks of sea level rise, population growth, and 527 

development of economic assets along the Dutch coast, the Dutch government appointed a 528 

committee on Sustainable Coastal Development, which functioned as a boundary organization 529 

(Boezeman et al. 2013). The committee was made up of both scientists and politicians –members 530 

from both sides of the boundary. Within each of these domains, a number of disciplines were 531 

represented such as climate science, water engineering, agriculture, politicians, and business 532 

representatives, which kept either domain from being “overhomogenised” (Boezeman, Vink et al. 533 
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2013). The committee members and staff were also well connected outside of the group, which 534 

helped them to act as boundary agents with the broader Dutch community. The committee 535 

routinely sought opinions and ideas from regional stakeholders, which enabled them to gain the 536 

trust of the stakeholders and to refine their recommendations based on stakeholder experiences. 537 

Finally, the committee created a boundary object—in this case a report—which was used as a 538 

formative tool to vet and debate scientific and other policy-relevant information as well as 539 

translate technical information to reach multiple audiences. By working at the intersection of 540 

several boundaries (science/policy and general public/policy makers), the committee was able to 541 

craft recommendations for a “worst-case” sea level projection that went beyond the then-current 542 

IPCC sea level projections - reaching beyond the current scientific consensus to address, through 543 

policy, a potentially much more significant threat to the Dutch people. 544 

 545 

4. Evaluating Co-production of Climate Science Knowledge 546 

A consistent refrain in the literature on co-production of knowledge within the climate sciences 547 

is the need to assess the impact of the science as well as to understand why and under what 548 

conditions the science is or is not used as expected (Bellamy et al. 2001; Fazey et al. 2014). The 549 

complexities of evaluating impacts on natural resource management or attributing outcomes 550 

directly to any one particular action make it tempting to rely on more easily tracked metrics, such 551 

as number of peer-reviewed articles or other research outputs (Bell et al. 2011; Roux et al. 2010). 552 

While the scientific credibility afforded by peer review is important to ensure the quality of the 553 

science developed through co-production, usability, which is the intended outcome of co-554 

production, must be evaluated in new ways more suitable to its unique role in both advancing 555 

science and societal outcomes (Bell et al. 2011; Fazey et al. 2014). As Fazey et al. (2014) noted, 556 
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different types of knowledge exchange (modes of engagement in our terms) require different 557 

evaluative approaches. Since engagement and co-production are processes, we note the 558 

importance of evaluation approaches that address process as well as outcomes. In order to 559 

evaluate process, one must understand how and why a particular collaborative approach and 560 

mode of engagement are intended to work, which is made easier by using an existing and tested 561 

collaborative research approach.  562 

 563 

There have been some preliminary steps taken toward evaluating co-production as a process as 564 

well as the desired outcome of that process – usable science. The National Research Council 565 

(NRC) developed a set of metrics to evaluate usable science and the processes used to produce it 566 

in the U.S. Climate Change Science Program (CCSP) (National Research Council 2005). The 567 

NRC metrics consist of: process metrics, which include variables such as leadership, priority 568 

setting, and promotion of partnerships; input metrics such as sufficient intellectual and 569 

technological foundation to support the research and sufficient resources to complete the 570 

program; output metrics, which include peer-reviewed results that are also broadly accessible to 571 

users; outcome metrics such as improved scientific understanding and operational use of the 572 

results; and impact metrics, which measure long-term impacts such as an increase in the public 573 

understanding of climate issues. While the NRC metrics can be helpful in framing the kinds of 574 

questions that are necessary to assess the success of a co-production of knowledge process, they 575 

fall short in terms of closely examining the process by which new knowledge is produced or co-576 

produced. The process metrics focus on the presence or absence of various resources or activities 577 

(a leader with sufficient authority, development of a multi-year plan, a strategy for setting 578 
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priorities and allocating resources, for example) but do not address how those resources are used 579 

or activities are undertaken. 580 

 581 

Dilling and Lemos (2011) provided more detailed suggestions such as focusing the scientist-582 

stakeholder relationship, the accessibility of the science knowledge produced, and progress on 583 

specific societal outcomes. As discussed above, Lemos et al. (2012) posited that the three key 584 

variables in the successful production of usable science are users’ perception of the information’s 585 

fit to their needs, how well the new information fits within their existing knowledge frameworks 586 

(interplay), and the level and quality of interaction between science producers and science users. 587 

Kirchhoff et al. (2013) identified two-way communication and long-term relationships as keys to 588 

successful co-production because they allow for trust building and accountability, which 589 

increases users’ perceptions of information salience, credibility, and legitimacy.  590 

 591 

Reed et al. (2014) distilled a set of five principles for effective knowledge exchange from a 592 

broad review of literature and expert interviews. They found that effective knowledge exchange 593 

requires that the process be designed into the research project, that stakeholders should be 594 

systematically selected to ensure accurate representation, that long-term relationships should be 595 

built on two-way communication and co-generation of knowledge; that the focus should be on 596 

tangible, timely results; and that researchers should reflect on their work and refine their practice. 597 

 598 

One example of an effort to apply these kinds of evaluation measures to a specific boundary 599 

organization comes from the Pacific RISA [Table 3]. The program has identified indicators and 600 

metrics similar to those suggested in the literature above. They track partnerships and 601 
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collaborations to gauge both the reach of their partnerships by counting how many stakeholders 602 

they work with and who they are missing in their collaborations as well as tracking the level and 603 

quality of those relations through qualitative descriptions of stakeholder roles and involvement.  604 

 605 

5. Conclusions 606 

The research on co-production of knowledge has found that greater engagement between 607 

scientists and stakeholders tends to produce more usable science because engagement engenders 608 

trust in both the science and the science producers (Dilling and Lemos 2011; Lemos et al. 2012). 609 

The crucial next step in making co-production of knowledge a more widely accepted and used 610 

approach to creating usable (and used) science is to refine our understanding, through empirical 611 

study, of what specific actions and activities most effectively produce the trusting, long-term 612 

relationships necessary to the co-production of usable science. In other words, if we are more 613 

deliberate in how we co-produce knowledge and in how we assess the processes and outcomes 614 

involved, we can speed the process of learning and be more effective in co-producing climate 615 

science. We believe that by using established approaches, such as those described above, we 616 

stand a better chance of creating processes in which we can effectively establish working 617 

partnerships between scientists and stakeholders. Using and evaluating existing approaches may 618 

also help us develop new approaches, through iterative testing, that prove particularly effective 619 

in the climate science community.  620 

 621 

The approaches discussed here provide frameworks to help both scientists and decision makers 622 

better understand the needs of and challenges facing their partners. It is crucial, however, that 623 

attention be given to how the approaches are undertaken. Researchers interested in co-production 624 
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of knowledge or other forms of collaborative research should reflect upon the questions being 625 

raised by decision makers, the context in which those questions arise, and the resources available 626 

to answer the questions. The answers to these questions will determine which mode of 627 

engagement and research approach will be most effective in any given project. 628 

 629 

In much the same way that descriptive co-production was noting the interplay between science 630 

and society, deliberate co-production should be an interplay between social science and physical 631 

or natural science. Social science can help structure and guide the ways in which the physical or 632 

natural science is deployed in search of policy or resource management answers. The social 633 

science practice of researcher reflection can also be considered an integral part of co-production 634 

of knowledge, encouraging researchers to reflect upon their experiences, their challenges and 635 

their successes. Lessons learned from one project can then be consciously applied to another co-636 

production process.  637 

 638 

More research focused on the outcomes of collaborative knowledge production can also help 639 

move the field forward. Case studies describing how particular projects were structured, detailing 640 

both challenges and successes, and describing whether or how new climate science has been 641 

integrated into management decision-making can help future researchers and stakeholders better 642 

understand the dynamics of collaboration and set reasonable goals for the use of new knowledge. 643 

Broader investigations of collaborative approaches using common evaluative frameworks will 644 

allow us to be rigorous in the ways we identify the specific elements that contribute most directly 645 

to co-production of knowledge and usable science.  646 

 647 
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The context in which scientists and stakeholder collaborate, the questions being asked, the 648 

approach taken to build the partnership, and the specific actions and activities used to further the 649 

collaboration will all impact the outcome of the production of usable science. By being 650 

deliberate about our approaches to collaboration and reflecting upon on our practices we can 651 

advance the practice of knowledge co-production, better integrate science and decision-making, 652 

and address some of the most urgent environmental challenges of our time. 653 

  654 
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Tables 845 

 846 

Table 1: Modes of stakeholder engagement, adapted from Biggs (1989:3-4) 847 

Mode Objective Origin of 

Research Question 

Type of 

Relationship 

Stakeholder 

Involvement 

Stakeholder 

Representation 

Contractual Test applicability of 

new technology or 

knowledge 

Researchers Unidirectional flow 

of information from 

researchers to 

stakeholders 

Primarily as passive 

recipient of new 

knowledge or 

technology 

Views and opinions 

of stakeholders are 

not emphasized 

Consultative Use research to solve 

real-world problems 

Stakeholders or 

Researchers 

Researchers consult 

with stakeholders, 

diagnose the 

problem, and try to 

find a solution 

At specific stages of 

research such as 

problem definition, 

research design, 

diffusion of findings. 

Stakeholder views 

primarily filtered 

through third party 

(e.g., social scientists) 

Collaborative Learn from 

stakeholders to guide 

applied research 

Stakeholders Stakeholders and 

researchers are 

partners 

Continuous with 

emphasis on specific 

activities, depending 

on joint diagnosis of 

the problem 

Stakeholders 

themselves, local 

representatives, 

trained research team 

members 

Collegial Understand and 

strengthen local 

research and 

development capacity 

Stakeholders Researchers actively 

encourage local 

research and 

development 

capacity 

Variable, but ongoing Stakeholders 

themselves 

 848 

 849 

 850 
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Table 2: Approaches to collaboration categorized by the mode(s) of engagement they fulfill 851 

 852 
Approach to 

Deliberate Co-

production 

Mode(s) 

 

Type of Question Role of Research Team Resources Required 

Action Research Collegial  Stakeholder defined 

 Effecting change for stakeholder 

 Social/environmental justice focus 

 Facilitators, teachers, 

technical guidance 

 Support the research 

of the stakeholder 
community. 

 Sufficient time to spend in 

stakeholder community. 

 Financial (or other) support 

for stakeholder participants. 

Transdisciplinarity Collegial  Technical question that also has 

complex political or social impacts 

 Equal partners with 

stakeholders. 

 Facilitators of the 

process. 

 Sufficient time to spend on 

participatory activities. 

Rapid Assessment 
Process 

Consultative 
Collaborative 

 Understanding how stakeholders frame 

an issue; what terms and knowledge 
systems they use to understand the 

issue 

 Ethnographers – 

learning about 
stakeholders’ context 

 Proposing solutions 

to address issue of 

concern. 

 Social science research 

training. 

 Travel funds to go to 

stakeholder 

community/organization. 

Participatory 
Integrated Assessment 

Consultative 
Collaborative 

Collegial 

 Scenario planning 

 Development of integrated models 

 Facilitators of 

participatory 
processes 

 Provide technical 

input 

 Sufficient time to spend on 

participatory activities. 

 Sufficient funds to engage in 

participatory activities. 

Boundary 
Organizations 

Consultative 
Collaborative 

Collegial 

 Any of the above  Purveyors of salient, 

credible, legitimate 
science. 

 Sufficient time to spend on 

participatory activities. 

 Sufficient funds support 

boundary organization work 

 

 853 

 854 

 855 

199



Moving Toward the Deliberate Co-Production of Climate Science Knowledge 
 

 38 

Table 3: Example of metrics developed to assess scientist-stakeholder collaboration, adapted 856 

from Ferguson, Finucane et al. (in press). 857 

Outputs Variable or Indicator Metric 

Workshop 

research activities 
 Interest among 

stakeholders 

 Learning and change in 

knowledge 

 Attendance and feedback from post-

workshop evaluations 

 Expressed feedback on learning impacts 

Partnerships and 

collaborations 
 Degree, type, and quality 

of partnership 

 Lists of partners and stakeholders 

 Description of roles and involvement 

 858 
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