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DCDC is a 
transdisciplinary 
research center 
advancing 
knowledge, 
education, and 
community 
outreach about 
water 
sustainability and 
urban climate 
adaptation 



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 
central Arizona?  



main 
points 

success of knowledge-action-
systems depends in part on 
active boundary work 
 
how stakeholders frame and 
reframe knowledge and action 
affects process and outcomes 
 
models, scenarios, and other 
integrative tools can help 
structure knowledge-action-
systems 
 
institutions and networks can 
be (re)designed to support 
knowledge-action-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
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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


Bureau of Reclamation. (2012). Colorado River Basin Water Supply and Demand Study: Study 
Report (pp. 89). Boulder City, NV: U. S. Department of Interior, Bureau of Reclamation. 



...and with a large 
hydrologic reach and 

little (deliberate) 
provisioning of water to 
environmental in-stream 

flows…  



...and a complex 
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 
central Arizona?  



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 

“Model-based decision-support tools are one type of boundary 
object that has become increasingly popular for linking 
environmental science and policy in coupled human-
ecological systems.” White, 2013 

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


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?  



“One implication of 
this study is that a 
sustainability frame in 
and of itself is not 
necessarily a 
mechanism for 
recasting policy 
discourse in novel 
ways, unless 
sustainability itself is 
defined in 
comprehensive 
terms.” 

 



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



http://dcdc.asu.edu/watersim/ 



boundary work 
requires 
integration of 
scientific and 
policy concerns 
to construct, 
deconstruct, 
and reframe 
models 



how can simulation 
models be used to 
explore future 
scenarios, anticipate 
and adapt?  





WaterSim Logical Flow 



Water Network 



WaterSim Modeling for  
Policy Analysis 

• Goal: analyze effect of 1980 GMA assured 
water supply (AWS) rule 
– No new policy interventions to manage demand 

or supplies 
• Seventy five year simulations of normal 

surface water conditions (replication of past 
conditions) using WaterSim 5.0 

• Revealed four patterns of groundwater 
management exemplified by the communities 
of Buckeye, Paradise Valley, Scottsdale, and 
Phoenix 





WaterSim Modeling for  
Policy Analysis 

• Analysis extended to explore effects of reduced 
surface water allocation on geographical 
consequences of enforcing AWS rule to disallow 
development if community lacks 100-year supply 

• Total of 72 scenarios tested varying patterns of flow in 
the Colorado and Salt Verde systems over 75 years 
including 
– Different types of Inter-annual wet and dry periods 
– Possible impact of climate change 

• Ran WaterSim for each scenario and recorded net 
shift in population for each city (potential population 
growth lost or gained) 
– Net change across 72 scenarios averaged for each city 





what lessons have 
we learned? 



main 
points 

success of knowledge-action-
systems depends in part on 
active boundary work 
 
how stakeholders frame and 
reframe knowledge and action 
affects process and outcomes 
 
models, scenarios, and other 
integrative tools can help 
structure knowledge-action-
systems 
 
institutions and networks can 
be (re)designed to support 
knowledge-action-exchange 



what challenges 
remain?  



reflexivity 

stakeholder fatigue 

institutional 
analysis and 
design 

operationalization 

exploring 
multiple 
boundaries 

visualization(s) 
measurement 

knowledge 
integration 

effects on 
decisions 

generalizability / 
transferability 

challenges 
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