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Building towards sustainable water 
resource futures 

  

    Increased efficiency and conservation? 
         

  

    Improved quality? 
         

  

Ecosystem resilience? 
         



Building towards sustainable water 
resource futures 

     

How far can engineering take us? 
 

 
 

What role does individual and 
institutional behavior play? 

 

 



Coordinate 

Integrated Water Resource Management 
an ongoing adaptive process 

Recognize 

Conceptualize 

USACE IWR 



Collaborative Modeling in Water 
Planning and Management 

 
 Potomac River Basin 
 Lake Ontario – St. 

Lawrence River Study 
 Roanoke River Basin 

Hydropower Re-License 
 Solomon’s Harbor 

Watershed 
 St. Albans Bay Watershed 
 Upper Mississippi River 
 ACT-ACF Basin 
 Cedar and Green Rivers 
 Gila River 
 James River 
 Kanawha River 

 

 
 Pacific Northwest Climate 

Change 
 Rappahannock River 
 Snake Plan Aquifer 
 Lake Powell/Lake Mead 
 Los Angeles 
Marais des Cygnes – 

Osage 
Middle Rio Grande 
Mississippi Headwaters 
 Susquehanna River 
 Upper Rio Grande River 
Willamette River 

 
 
 



 
 
 

Professional                  
Science 

Experiential 
Knowledge 

Social concerns 

Collaborative  
modeling 

Problem 
solving 
space 



Collaborative Modeling  
in support of IWRM 

 
Builds a shared language across disciplines, entities 

and users 
Clarifies assumptions and facts 
Embraces whole system analysis 
Objectively addresses uncertainty  
Moves us away from extremes/polarization 

Evaluate cumulative impacts & mitigation measures 



Collaborative Modeling tools for IWRM 

 

Multiple types of hydrologic models 

MODFLOW, Riverware, OASIS, etc…. 

Facilitation  

Systems Thinking 

System Dynamics Modeling 

Transparent 

Embraces scientific and social uncertainty 

Captures dynamic complexity - feedback and delay 



System Dynamics 

 

System Dynamics is a computer-aided approach       
to policy analysis and design.  It applies   

to dynamic problems arising in complex social, 
managerial, economic, or ecological systems—
literally any dynamic systems characterized by 

interdependence, mutual interaction, 
information feedback, and circular causality. 

https://www.systemdynamics.org/what-is-sd 



System Dynamics 
Icon based stock and flow modeling 





Causal 
Loop 

Diagrams 

System 
thinking 
exercises 

Model 
iteration 

Qualitative 
model Identifying 

system 
archetypes 

Quantitative 
model 

Let the tools and processes  
fit the needs 



Need basic science? 
Hydrologic process models 

OASIS Hydrologics 



Need problem identification? 
System thinking exercises 

Problem

Familiarization

Problem

Definition

Model

Conceptualization

Model

Formulation 	



Need to integrate with social systems? 
System Dynamics simulation 

Problem

Familiarization

Problem

Definition

Model

Conceptualization

Sensitivity

Analysis

Policy Analysis

Model

Formulation

Parameter

Estimation

Simulate the

Reference Mode

	



Ford 1999 

Physical laws 

Controlled physical 
experiments 

Uncontrolled physical 
experiments 

Social system data 

Social system cases 

Personal intuition 

Expert judgment 



Management models 

Scoping models 

Research models 



Management models 

Scoping models 

Research models 
Models built by experts       
with input from participant 
 

Software used in workshops to 
assist with problem mapping 

Well defined problems 
simulation helps evaluate  
alternatives 
 
 

Poorly defined problem, 
model development facilitates 

problem definition 

Empirical data essential 
 to policy decisions 
 

Qualitative data indicative of 
social concerns or poorly 

understood variables  



How can you model that? 

If you don’t understand this? 



How can you manage that? 

If you don’t understand this? 



Collaborative modeling for water 
resources management benefits from 

long term engagement 

Water resource issues are never “fixed” but 
rather managed in their current state until the 
state changes. 

Long-term engagement is an iterative process 
of education and empowerment that builds 
relationships, engenders trust, and facilitates 
collaboration and institutional change. 

 



The Palouse and Spokane Basins 

• Staying the Course: Collaborative Modeling to Support Adaptive and Resilient Water Resource Management. Water: Special Issue "Water 
Governance, Stakeholder Engagement, and Sustainable Water Resources Management". Beall King and Thornton. Water 2016, 8, 232; 
doi:10.3390/w8060232  

 



Douglas et al., 2007, referencing 

J. Bush  

Courtesy of 
http://commons.wikimedia.org/wiki/Ima
ge:US_map_-_states-fr.png 

Surface water 

Palouse Basin Bi-State Aquifer 

Surface water 





Loess 

Basalt 
layers 

Palouse Basin  
sole source, confined, fossil water, 

significant public concern 



Palouse Basin Challenges: 
sole source, confined, fossil water, 
recharge has not been determined 

http://palousebasin.org/wp-content/uploads/2018/10/101718_PBAC_2017AnnualReport_Final.pdf 



http://palousebasin.org/wp-content/uploads/2018/10/101718_PBAC_2017AnnualReport_Final.pdf 

Palouse Basin successes:  
Collaboration and engineering has 

resulted in reduced pumping 





 
The Palouse Basin 

Participatory Model  
 

Palouse Basin 
Aquifer Committee 

PBAC Citizens 
Advisory Group 



 





 
The Palouse Basin 

Participatory Model  
 

Palouse Basin 
Aquifer Committee 

Next steps on the Palouse 

Completed Alternative 
supply study  

 

Education and 
outreach campaign 

 



Spokane Valley Rathdrum Prairie  
bi-state Aquifer and Spokane River  





Spokane Valley Rathdrum Prairie Aquifer 
sole source – unconfined 

perception that area is “water rich” 

SVRP Atlas 2009 



Spokane River - SVRP Aquifer 
Challenges 

Phosphorous – Dissolved Oxygen TMDL  

Low flows in river      Climate Change! 
Collaborative SD modeling, MODFLOW, and others 

Spokane River Toxics 
PCB plan or TMDL? 

Fish advisories 

NPDES permit challenges 

Lake Coeur d’Alene mine waste (CERCLA) and 
phosphorous loading 
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Defining “the problem” with 
systems thinking exercises 
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Spokane basin successes:  
Basin wide Public Service Videos 



K-6 Education opportunities 





Education and Outreach is critical 

 

Spokane Basin 
 
“Water rich” basin with 

~600,000 residents 
 
“An educated public will 

increase political will for 
collaboration, 
conservation and 
mitigation”   

 

Palouse Basin 
 
Varying levels of 

perceived crisis 
 

“Public outreach 
necessary to secure 
funding for supply 
augmentation projects” 



How do we determine success? 

Long term?  

Sustainable resource use and 
resilient ecosystems  

To get there?  

Enduring relationships that create a 
culture of collaboration that 

supports innovative management 



Thank you! 

Many thanks to Spokane River Forum, Idaho Washington Aquifer Committee, Palouse 
Basin Water Summit, Palouse Basin Aquifer Committee and all of the people in the 
Palouse and Spokane Basins from whom we have learned so much!  


