[bookmark: _GoBack]NOAA SECTORAL APPLICATIONS RESEARCH PROGRAM (SARP)
PROJECT ANNUAL REPORT

PROJECT TITLE
Balancing Severe Decision Conflicts under Climate Extremes in Water Resource Management

INVESTIGATORS 
(Research team and full contact information)
Lisa Dilling, Kristen Averyt, Imtiaz Rangwala, Eric Gordon (CIRES, University of Colorado, Boulder CO 80301; ldilling@colorado.edu; kristen.averyt@colorado.edu, imtiaz.rangwala@noaa.gov, eric.s.gordon@colorado.edu);
Joseph Kaspryzyk (Civil, Environmental and Architectural Engineering, University of Colorado, Joseph.Kasprzyk@Colorado.edu)
Laurna Kaatz (Denver Water, Laurna.Kaatz@denverwater.org)
Leon Basdekas (Colorado Springs Utility, lbasdekas@csu.org)

NOAA GRANT NUMBER NA14OAR4310251

PROJECT YEARS	08/01/2014 - 07/31/2016

TIME PERIOD ADDRESSED BY REPORT (e.g., August 2002-March 2003)
08/01/2014 - 05/30/2015


I.	PRELIMINARY MATERIALS
A	Project Abstract (Limit to one page)
Over the past several years there have been increasing calls for decision support tools in the area of climate (e.g. NRC 2009a, NRC 2009b) and acknowledgement that changing extremes add to an already challenging decision environment for water managers (e.g. IPCC 2012). Recurring droughts, flood events, and concerns over extreme events in the future have created a strong interest among water managers in the Front Range of Colorado about how to plan in the face of these extremes (Lowrey et al. 2009, Woodbury et al. 2012). Traditional methods of identifying alternatives for water supply management may not fully capture the range of existing preferred alternatives, meaning that utilities may miss some of the solutions that appropriately balance among tradeoffs. In this project we seek to co-produce and test a newly developed multi-objective decision tool as a Testbed to aid this process, balancing conflicting management objectives for water planning under climate extremes and determining how policy alternatives perform under severe climate uncertainty. By combining innovative search algorithms, simulation models, and interactive visualizations, the proposed decision tool helps generate and evaluate new alternatives, as well as promotes managers’ learning about the tradeoffs and vulnerabilities of their systems.


B	Objective of Research Project (Limit to one paragraph)
Our project team represents an interdisciplinary collaboration (policy, social science, engineering, operations research, climatology) between academics and water utility practitioners from 6 water providers in Colorado's Front Range. Water managers and researchers will work together from the start to define the problem formulation (policy levers, objectives and constraints) that will inform multiobjective evolutionary algorithms (MOEAs) and be combined with a representative water resources simulation model for a range of extreme climate scenarios. This Testbed approach will result in a visualization of the decision space that, we argue, may in fact expand the alternatives that still meet managers' decision criteria and allow managers to be able to visualize these more clearly than traditional tools. In our final step we will query managers about the tool, its results, and the process involved in incorporating such a tool into practice for helping to make decisions in anticipation of future extreme events. We will analyze these results and make some inferences about the viability of MOEAs and the larger issue of incorporating new tools into practice for urban water utilities.

C	Approach (including methodological framework, models used, theory developed and tested, project monitoring and evaluation criteria) include a description of the key beneficiaries of the anticipated findings of this project (e.g., decision makers in a particular sector/level of government, researchers, private sector, science and resource management agencies)  (Limit to one page)

1.	Initial focus group:  The initial focus group will have the goal of co-producing the MOEA Testbed for use in the subsequent steps.  The research team will conduct a focus group and surveys with the FRCCG to ascertain information from managers about what drought response policies are in place and how current decisions are made.  
2.	Develop problem formulation:  PI Kasprzyk will lead a graduate researcher in analyzing the results of step 1 and developing a multiobjective problem formulation.  Within this task, the team will build the representative water infrastructure simulation and link it to the MOEA  (i.e. coding the inputs and outputs of the simulation model to match the problem formulation).  Following prior research, multiple problem formulations can illuminate the marginal benefit of adding decisions, objectives, or constraints (see Kasprzyk et al. 2009). 
3.	Select appropriate climate scenarios:  In conjunction with discussion with the FRCCG at focus group 1, and informed by previous research in the region, PI Rangwala will select scenarios to represent some of the recent extreme hydrological drought periods (e.g. 2002, 2002-2012) as well as some of the climate projections for the 21st century for the region.  As explained in the previous section, climate scenarios will use the CMIP3 and CMIP5 climate projections, of modified rainfall and temperature patterns.  Multiple scenarios will be used to both capture recent historic droughts in the memory of managers (e.g. 2002) and also a series of unique temporal drought patterns (for example, deep single year drought, multi-year drought and increased frequency of drought).
4.	Perform optimization:  Run the multiobjective problem formulation using the MOEA and representative water resources systems simulation under a range of the climate extreme scenarios generated in step 3.  Using multiple scenarios will allow us to compare and contrast portfolios’ performance under multiple extreme conditions. The project will leverage extensive experience with running MOEAs and evaluating their performance for difficult water resources problems (see Reed et al. 2013).  Optimization using MOEAs is very flexible, and problems can be solved using existing desktop computers.  Larger runs can utilize CU’s extensive Research Computing infrastructure including the Janus supercomputer.  The output of optimization is a non-dominated set of tradeoff solutions to the managers’ problem formulation.  Solutions are non-dominated if it is impossible to improve their performance in one objective without sacrificing their performance in another.  For example, a two-objective non-dominated set balancing cost and reliability will provide the highest reliability at each level of cost.
5.	Final focus group:  The purpose of the second focus group is for the researchers to meet again with the utilities and share the results.  Using the interactive visual software AeroVis (software from DecisionVis, LLC, as documented in the letter of support), managers will be able to interact with the set of tradeoff solutions (e.g. figure 2), and compare the results to what managers might decide in a real decision making context.  A key goal will be to evaluate how the different climate scenarios influence the possible decisions and tradeoffs to be made.  We also intend to assess motivation for specific decisions, and determine external variables that may be in play that cannot be defined in the MOEA framework. The result will help foster understanding of where the opportunities are for deployment and what might still need to be improved to make an effective decision support tool.
6.	Key Beneficiaries: Municipalities seeking to understand options for tools to manage their water systems for future change, including climate change.  


D	Description of any matching funds/activities used in this project (Limit to one paragraph)
None


II.	ACCOMPLISHMENTS

A.	Brief discussion of project timeline and tasks accomplished.  Include a discussion of data collected, models developed or augmented, fieldwork undertaken, or analysis and/or evaluation undertaken, workshops held, training or other capacity building activities implemented. (This can be submitted in bullet form – limit to two pages)
· Background research
· Gathered basic system information about all participating utilities
· Researched and evaluated potential of several modeling platforms for use in the testbed
· RiverWare (chosen)
· StateMod
· WEAP
· Excel
· Initial workshop
· Introductory document to inform participants about the function and role of MOEAs in multiobjective optimization for water management
· Workshop format/program
· Workshop held on February 3, 2015
· 13 attendees, at least 1 participant from each of 6 utilities
· All project PIs in attendance as well as student researcher
· Facilitated by the very experienced Elizabeth McNie
· Workshop summary sent to all participants in early April 2015
· Hypothetical network (for testbed) development
· Conceptual model created and approved by two Front Range utility employees/PIs
· Inquiry into Front Range and West Slope hydrologic data availability
· Combination of USGS gaged data, natural flows from previous WWA study (JFRCCVS), and regressions will be used to develop hydrologic forcings for hypothetical network
· Modeling
· Basic structure of hypothetical network has been modeled
· Development of reservoir storage volumes and demands is in progress

B.	Summary of findings, including their potential or actual implications for efforts to develop applications, methods, and science-based decision support capacity/systems and to foster sustainable resource management and vulnerability reduction. (Limit to two pages)
· Workshop Findings: 
· The interactive workshop with Front Range water managers was highly successful at identifying objectives that measure performance, management options that decision makers can change, and constraints that represent acceptable limits for performance. From that we built a hypothetical water supply network in consultation with utilities; embedded our problem formulation structure into the model; and chosen climate scenarios to stress the network. The hypothetical network is based on feedback from our group of participating utilities which includes Boulder, Denver, and Colorado Springs, and is representative of the water management context along the Front Range of Colorado. By having managers from our participating utilities interact with multiobjective optimization results in a second workshop and documenting their responses, our study ultimately will help inform a set of best practices for how an MOEA-based decision tool may be incorporated into the decision making processes of utilities, both on the Front Range and elsewhere, to support water supply operations and systems that can adequately respond to a range of uncertain futures.


C.	List of any reports, papers, publications or presentations arising from this project; please send any reprints of journal articles as they appear in the literature. Indicate whether a paper is formally reviewed and published. (No text limit)
· Conference presentation
· Smith, R., Kasprzyk, J., Dilling, L., Gordon, E. Co-Producing a Many Objective Problem Formulation to Support Water Management in the Front Range. World Environmental and Water Resources Congress, Austin, TX, May 17-21, 2015.
· Journal article
· An article describing the initial workshop, its structure, and insights is in development; targeting Journal of the American Water Resources Association for publication


D.	Discussion of any significant deviations from proposed workplan (e.g., shift in priorities following consultation with program manager, delayed fieldwork due to late arrival of funds, obstacles encountered during the course of the project that have impacted outcome delivery).  (Limit to one paragraph)
     

E.	Where appropriate, describe the climate information products and forecasts considered in your project (both NOAA and non-NOAA); identify any specific feedback on the NOAA products that might be helpful for improvement. (bulleted response)

     

III.	GRAPHICS: PLEASE INCLUDE THE FOLLOWING GRAPHICS AS ATTACHMENTS TO YOUR REPORT

A.	One Power point slide depicting the overall project framework/approach/results to date
B.	If appropriate, additional graphic(s) or presentation(s) depicting any key research results thus far
C.	Photographs (if easy to obtain) from fieldwork to depict study information (if applicable).


http://sciencepolicy.colorado.edu/idca/index.html
IV.	WEBSITE ADDRESS FOR FURTHER INFORMATION (IF APPLICABLE)


V.	ADDITIONAL RELEVANT INFORMATION NOT COVERED UNDER THE ABOVE CATEGORIES.
     






