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how do we create 
and evaluate 
knowledge-action 
systems for effective 
environmental 
decision making?  



specifically, how do we 

create and evaluate 

knowledge-action 

systems for water 

sustainability and urban 

climate adaptation in 

Phoenix?  



main 
points 

knowledge-action-systems are 

networks of actors involved in 

the production, sharing and 

use of policy-relevant 

knowledge  

 

success of knowledge-action 

systems depends in part on 

active boundary work 

 

how stakeholders‘ perceive, 

frame and reframe knowledge 

and action affects outcomes 

 

institutions and networks can 

be (re)designed to support 

knowledge exchange 
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central Arizona has a 

robust and resilient 

physical water system 

engineered to manage 

uncertainty and variability... 

“The conclusion: there are tough choices ahead, but the water systems of 

the Sun Corridor were created to deal with uncertainty and change, are 

remarkably resilient, and can likely handle several million more people even 

without new supplies.”  

          – Grady Gammage Jr., 2012 

http://www.state.gov/video/?videoid=60761567001














central Arizona has a 

robust and resilient 

physical water system 

engineered to manage 

uncertainty and 

variability... 



...within the historic range of 

variability shown by gage records…  
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Colorado River at Lees Ferry, 1906-1930 

Credit: Connie Woodhouse & Dan Griffin 
School of Geography and Development & Laboratory of 
Tree-Ring Research, University of Arizona  
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...within the historic range of 

variability shown by gage records…  

Colorado River at Lees Ferry, 1906-1960 

Credit: Connie Woodhouse & Dan Griffin 
School of Geography and Development & Laboratory of 
Tree-Ring Research, University of Arizona  
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...within the historic range of 

variability shown by gage records…  

Colorado River at Lees Ferry, 1906-2004 

Credit: Connie Woodhouse & Dan Griffin 
School of Geography and Development & Laboratory of 
Tree-Ring Research, University of Arizona  
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Tree-ring 
reconstruction 
of Colorado 
River, Lees 
Ferry, 
1490-1997 

Colorado 
River at Lees 
Ferry,      
1906-2004 

...but how 

representative is 

the recent historic 

record… 

Credit: Connie Woodhouse & Dan Griffin 
School of Geography and Development & Laboratory of 
Tree-Ring Research, University of Arizona  



...and the system is designed 

to operate under assumptions 

of a stationary climate with a 

known and predictable range 

of variability… 

A 2010 issue of the Proceedings of the National Academy of Sciences devoted to the 

future of the Colorado River Basin (CRB) pointed to increasing aridity, more intense 

and frequent droughts, and increased forest and woodland mortality due to fires and 

pathogenic outbreaks (MacDonald, 2010)          

http://www.state.gov/video/?videoid=60761567001


...and with a large 

hydrologic reach and 

little to no (deliberate) 

provisioning of water to 

ecosystem services…  



...and a fragmented 

governance system with 

priorities and incentives 

perhaps not suited to 

future challenges  

Metropolitan Phoenix is not governed by a single regional water 

authority but by 40 large water providers and 80 smaller ones; each 

maintains its own supply portfolio and responds to customers in its 

service area (Gober 2007).  

http://www.state.gov/video/?videoid=60761567001


again: how do we create 

and evaluate knowledge-

action systems for water 

sustainability and urban 

climate adaptation in 

Phoenix?  



boundary work 
refers to activities of 
those seeking to 
mediate between 
knowledge and 
action 



boundary 
work 

knowledge co-

production 
 

governance 

arrangements w/ 

accountability 
 

boundary objects 
 



meaningful co-
production of 
knowledge by 
multiple stakeholders 

“Co-production of science and policy… requires substantial commitment to the three 

components we have identified: interdisciplinarity, stakeholder participation, and 

production of knowledge that is demonstrably usable.”  

          – Lemos and Moorehouse, 2005 

http://www.state.gov/video/?videoid=60761567001


governance 

arrangement such as 

boundary organizations 

provide accountability to 

relevant stakeholders 



creation of boundary 
objects such as 
models, maps and 
scenarios that 
structure knowledge-
action negotiation 



how do key 
stakeholders perceive 
the dynamics of 
science-policy 
interactions within the 
knowledge-action 
system? 



two understandings 

of the science-policy 

interface among 

Arizona water 

managers: one is a 

traditional, linear 

model with sharp 

conceptual 

distinctions between 

the two spheres; the 

other is a recursive 

model recognizing 

fluid boundaries 



what are the most 

effective and efficient 

ways to initiate and run 

boundary organizations 

that link science and 

policy?  





how do social 
networks affect 
knowledge utilization 
in a knowledge-
action system?  



“Policy makers with greater numbers of contacts with 

academics participating in the bridging organization 

were more likely to utilize information produced within 

DCDC to govern water resources.”  

http://www.state.gov/video/?videoid=60761567001


how do social groups in 

the knowledge-action 

system differ in terms 

of environmental 

concern, risk 

perceptions and policy 

preferences?  



 









which techniques are 
most conducive to 
eliciting feedback 
from stakeholders on 
sensitive topics?  



Interactive focus 
groups allow for 
collaborative 
deliberation on 
very sensitive 
topics if there is a 
clear problem-
solving focus 



how does framing 
affect the 
development of 
boundary objects 
such as model-based 
decision support 
systems?  



model developers’ 

decisions produced 

an embedded framing 

that diagnosed water 

sustainability 

problems in narrow 

and conventional 

terms and implied a 

solution set that that 

reproduced the 

current trajectory 



how do stakeholders 
perceive the salience, 
credibility, and 
legitimacy of 
boundary objects 
such as simulation 
models?  



http://dcdc.asu.edu/watersim/ 
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“It appears that the data was collected from a variety of 

sources, which would add to the accuracy of the model 

in determining water levels available in Salt River 

Project, CAP, and groundwater..”   
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http://www.state.gov/video/?videoid=60761567001
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“the model suffers from its lack of specificity, in the 

sense that it is difficult to tell how groundwater 

shortages or surpluses would affect a given water 

company” 
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http://www.state.gov/video/?videoid=60761567001
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“by providing the stakeholders the opportunity to view the models 

and to receive explanation( s) of the assumptions going into the 

models, the stakeholders have the opportunity to express questions 

regarding the assumptions.” 
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http://www.state.gov/video/?videoid=60761567001


boundary work 

requires 

integration of 

scientific and 

policy concerns 

to construct, 

deconstruct, 

and reframe 

models 



 



what lessons have 
we learned? 



main 
points 

knowledge-action-systems are 

networks of actors involved in 

the production, sharing and 

use of policy-relevant 

knowledge  

 

success of knowledge-action 

systems depends in part on 

active boundary work 

 

how stakeholders‘ perceive, 

frame and reframe knowledge 

and action affects outcomes 

 

institutions and networks can 

be (re)designed to support 

knowledge exchange 



what challenges 
remain?  



reflexivity 

stakeholder fatigue 

heterogeneity in 

social groups  

operationalization 

multiple 

boundaries 

integrating multiple 

knowledges 

measurement 

asymmetric power 

distribution 
effects on 

decisions 

generalizability 

challenges 



boundary work for water sustainability 

and urban climate adaptation 
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for more information see: dcdc.asu.edu   

 

This material is based upon work supported by the National Science Foundation under Grant No. SES-0951366 
Decision Center for a Desert City II: Urban Climate Adaptation (DCDC). Any opinions, findings and conclusions 
or recommendation expressed in this material are those of the author(s) and do not necessarily reflect the 
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