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This interim report covers activities on the project from May 2014 through April 2015. Section I provides background on the project and recaps activities through April 2014. Section II contains a synopsis of activities during the reporting period.
SECTION I: Background and Recap of Activities
Background
The University of Arizona (UA) Water Resources Research Center (WRRC) and the Hydrologic Research Center (HRC) of San Diego are conducting research funded by the National Oceanic and Atmospheric Administration (NOAA) Climate and Societal Interactions Sectoral Applications Research Program.  The project, Incorporating Climate Information and Stakeholder Engagement in Groundwater Resources Planning and Management, was initiated in August 2012. For ease of reference, the project was given the acronym GCASE, which stands for Groundwater, Climate And Stakeholder Engagement.  The acronym GCASE is used to designate the project in all communications, including the website created for the project.
 GCASE combines an innovative modeling framework with extensive stakeholder engagement designed to help water managers deal with climate change uncertainties through a process of collaborative model development. 
The project’s objectives are three-fold:
(1) Enhance the probabilistic coupled surface-groundwater modeling scheme by incorporating projected future climate change patterns into the modeling framework; 
(2) Engage stakeholders to develop a full understanding of the relevance of the modeling efforts to practical water management problems when future conditions are highly uncertain; and 
(3) Establish the transferability of the innovative modeling framework and stakeholder engagement approach to other areas. 
Climate change challenges communities in semi-arid regions to adapt their water planning to greater uncertainty. Communities that depend on aquifers replenished by intermittent streamflow events may be particularly vulnerable to changing climate conditions that affect locally important groundwater recharge. Predictive models based on historical data are no longer adequate to support such planning.  
The project employed the data outputs of dynamically downscaled regional models from carefully selected global circulation models to incorporate the additional uncertainties of climate change.  By incorporating climate change in scenario analyses, comparisons were developed between historic conditions and likely future conditions.
A series of workshops were held to engage stakeholders in developing scenarios relevant to their water resource planning.  Additional stakeholder workshops investigated the transferability of the project methodology to regions beyond the initial case study.
The case study developed to demonstrate the potential of the modeling framework focused on the Santa Cruz River basin near Nogales, Arizona, located near the border with Sonora, Mexico (Figure 1). The city of Nogales, Arizona, and other water users rely on highly variable seasonal flow events on the Upper Santa Cruz River for recharge to shallow regional aquifers. The modeling framework captures the behavior and uncertainty of the area’s precipitation-streamflow-groundwater relations.
 The modeling framework is based on a groundwater model developed by the Arizona Department of Water Resources (ADWR) for the Santa Cruz Active Management Area (SCAMA), depicting local and regional hydrologic conditions. HRC’s prior work with ADWR focused on the region’s highly variable precipitation and led to incorporation of uncertainty into modeling of the groundwater response to surface water flows. An hourly rainfall-generator represents various climatological features of precipitation, including seasonal, intra- and inter-annual variability, and low frequency cycles of wet and dry years. The rainfall generator produces ensembles of rainfall simulations input into a continuous process-based hydrologic model that transforms the hourly precipitation into simulated mean hourly streamflow. This capability enables integration of probabilistic analysis rather than relying on traditional deterministic methods and yields a better characterization of the uncertainty of natural system. The modeling framework renders streamflow scenarios that can drive a simplified model, based on the ADWR groundwater model, to produce more analyses quickly and inexpensively, although full integration with the ADWR model is possible.  
Activities in Previous Reporting Periods
Modeling Framework Enhancement
	The existing modeling framework was enhanced with climate information produced from eight dynamically downscaled regional models nested within selected IPCC Global Circulation Models (GCMs). Six simulations produced by the North American Regional Climate Change Assessment Program (NARCCAP) were used along with two produced by the University of Arizona Atmospheric Sciences Department. Projections from these eight dynamically downscaled models were analyzed to extract information affecting the operation of the modeling framework’s precipitation generator. The analysis indicated that there would be higher frequency of dry summers and lower frequency of wet summers in the future. Inter-annual variability of winter rainfall is projected to increase, meaning there are likely to be more frequent wet winters and dry winters. No other precipitation features (magnitude, number of storms, storm duration, inter-arrival time, etc.) showed clear differences between historic and projected simulations. The wetness categories in the precipitation generator were modified to reflect the climate analysis results. This enabled comparisons to be made between observed and likely future projection scenarios by the modeling framework.
Stakeholder Engagement
The project proceeded in close communication with stakeholders. Multiple modes of stakeholder communication have been used.  The primary mechanism was a series of workshops aimed at engaging stakeholders in developing scenarios and connecting results produced by the modeling framework with local groundwater management issues. Other mechanisms have included a project web site (http://wrrc.arizona.edu/GCASE), occasional emailed updates, and established points of contact for more traditional communications (e.g., telephone). The website hosts workshop materials, other project materials and products.
Project Advisory Committee
A Project Advisory Committee (PAC) was formed, consisting of: Mike Lacey, formerly ADWR; Greg Kornrumph, Salt River Project; James Leenhouts, U.S. Geological Survey; and Alejandro Barcenas, City of Nogales, Arizona. PAC participation was a key to successful implementation of the project. The PAC provided salient advice on translating between the technical-scientific perspective and the water management perspective.  In addition, the PAC provided guidance on potential transferability of the project methodology to other regions in Arizona. 
Kick-off Workshop
The Kick-off Workshop was held on October 18, 2012, at the WRRC Sol Resnick Conference Room. Twenty-four people attended.  Participants included the main state water management and regulatory agencies, federal partners, municipal and county water planners and managers, environmental NGOs, and other active water planning organizations.  The workshop described the project in detail, explaining the modeling framework and climate inputs, as well as the ADWR groundwater model for the SCAMA.  It provided essential background information on groundwater management in the SCAMA and presented stakeholder viewpoints on their major water management concerns. A workshop summary was produced and distributed to participants. The workshop agenda and presentations are available on the GCASE website at http://wrrc.arizona.edu/GCASE/Workshops.
Milestone Workshop 1
A first Milestone Workshop was hosted by the City of Nogales, Arizona on April 11, 2013 in the City Hall City Council Chambers, in Nogales, Arizona.  Twenty-eight people participated.  An agenda of the workshop and the workshop presentation are available on the project’s website (http://wrrc.arizona.edu/GCASE).  The Milestone Workshop engaged interested stakeholders in discussions about the model enhancements that incorporated climate factors into the modeling framework.  The results of a hypothetical case study based on information about projected water demand from ADWR were presented. A presentation explained natural causes of uncertainty and probabilistic techniques used by the modeling framework to capture uncertainty. Another presented the development and results for regional climate projections. In the next phase of the project, the modeling framework and the scenarios were revised to account for comments and concerns received from stakeholders at the first Milestone Workshop and through additional stakeholder communication.  
The presentations were developed in close collaboration among UA and HRC with the guidance from the PAC.  The team went through a process of critique and revision of presentations to ensure that the material, which can be highly technical, was presented in a manner that is comprehensible to the stakeholders.
Milestone Workshop 2
The final SCAMA case study scenario results were presented at a second Milestone Workshop.  Because it was important to emphasize that the process of water management discussion, scenario development, and modeling framework scenario analysis is iterative in nature, the workshop was designated a Milestone rather than a Capstone. The second Milestone Workshop took place on November 20, 2013, in the Sol Resnick Conference Room at the Water Resources Research Center (WRRC) at the University of Arizona.  There were 28 participants. The project website (www.wrrc.arizona.edu/GCASE) contains workshop presentations and project documents that have been used to communicate with the stakeholders.  
The central part of the workshop was a recap of the modeling framework and presentation of new case study results.  Results were illustrated in a variety of ways in order to answer stakeholder questions from the previous Milestone Workshop. Results showed a clear loss of reliability under future projected climate and greater uncertainty. The particular management scheme (pumping goal and threshold) also affected reliability. Results indicated that the management scheme could be optimized for increased recharge.
The workshop concluded by discussing next steps for the transferability phase of GCASE.  These included documentation of the SCAMA case study and conduct of four transferability workshops. The potential location of those workshops was discussed and suggestions were solicited from the stakeholders present.
Transferability Workshops
In accordance with the project scope of work, the project team organized four Transferability Workshops. Organizations in each of the transferability workshop locations were engaged to co-host the workshop. Their mailing lists augmented existing contacts with local stakeholders. The transferability workshops were held in cooperation with co-hosts at the following dates and locations:
· Prescott Workshop, April 22, 1:30pm – 3:30pm, Yavapai County Cooperative Extension, 840 Rodeo Drive, Prescott, AZ 86305. Sixteen people attended.
· Phoenix Workshop, April 23, 9:00am – 11:00am, Arizona Department of Water Resources, 3550 North Central Avenue, 2nd Floor, Phoenix, AZ 85012. Twenty-five people attended. 
· Tucson Workshop, April 29, 1:30pm – 3:30pm, Pima Association of Governments, 1 East Broadway Boulevard, Tucson, AZ 85701. Fourteen people attended
· Upper San Pedro Workshop, April 30, 10:00am – 12:00pm, Upper San Pedro Partnership, 4115 East Foothills Drive, Sierra Vista, AZ 85635. Thirteen people attended.
The four workshops employed similar formats: presentations and discussion.  The first half-hour was devoted to a presentation of the case study and its results by Dr. Karletta Chief.  Questions of clarification were answered at that time, often leading to discussion of the modeling framework and climate projections. The presentation was revised following each workshop based on the participants’ questions and comments. The final presentation is posted on the project web site at http://wrrc.arizona.edu/GCASE/Workshops. 
Transferability criteria were presented along with a preliminary introduction to some local factors relevant to transferability.  Criteria, as presented in the four transferability workshops were
1. The local climate is a major factor in the state of the local water resources   
2. Rainfall-Streamflow are highly variable and difficult to predict   
3. Future climate  projections indicate increase variability and uncertainty  
4. Informative datasets are available for the region    
5. Collaboration from local agencies and stakeholders
A discussion of potential uses of the methodology followed. 
Stakeholders were interested in the capability of the modeling framework to link climate projections with hydrological system responses. It was acknowledged that hydrologic projections based on historical data were not likely to reflect future conditions. Concerns were expressed about the large uncertainty associated with future climate, but the capability of the framework to capture the range of uncertainty was considered a useful advance in support of water resource planning. Several suggestions were made of locations where the methodology might apply and a number of different kinds of questions that might be answered.
Other Activities
Presentations on the GCASE project, its case study and results have been made in several venues. These include:
· Arizona Hydrological Society, Tucson, Arizona, September 20, 2013  (Shamir);
· Arizona Hydrological Society, Tucson, Arizona, September 20, 2013 (Eden);
· NOAA-SARP hosted Webinar, November 21, 2013, Incorporating Climate Information and Stakeholder Engagement in Groundwater Resources Planning and Management (Megdal & Shamir);   
· US International Boundary and Water Commission - Southeast Arizona Citizens Forum, Tucson, Arizona, December 19, 2013 (Eden);  
· Environment and Water Committee of the Arizona-Sonora Commission, Hermosillo Mexico, February 7, 2014 (Shamir).

SECTION II: Activities during the Reporting Period
Transferability workshops and presentations generated a great deal of interest in the potential of the GCASE methodology, in particular on applying the methodology in Mexico. Shamir’s presentation on the project at the meeting of the Environment and Water Committee of the Arizona-Mexico Commission in Hermosillo, Mexico on February 7, 2014 raised the prospects for a workshop exploring the transferability of the GCASE methodology to locations in Sonora, Mexico. 
Workshop on Transferability to Mexico
A transferability workshop on exploring the transferability of the GCASE methodology to locations in Sonora, Mexico took place on November 13, 2014, at the Esplendor Hotel in Rio Rico, Arizona. Representatives from Mexican and U.S. agencies attended the event. Mexican agencies included the Mexican section of the International Boundary and Water Commission/Comisión Internacional de Límites de Agua (IBWC/CILA), Comisión Nacional del Agua (CONAGUA), Comisión Estatal del Agua (CEA), Organismo Operador Municipal del Agua Potable Alcantarillado y Saneamiento de Nogales (OOMAPAS), Universidad de Sonora (Unison), and Instituto Municipal de Investigación y Planeación, Nogales Sonora. U.S. agencies included the U.S. section of the IBWC/CILA, Arizona Department of Environmental Quality, Office of Border Environmental Protection (ADEQ-OBEP), and City of Nogales. 
Sharon B. Megdal introduced the GCASE project and displayed a locator map showing the Santa Cruz Active Management Area (SCAMA) and a series of shallow aquifers along the reach of the Upper Santa Cruz River from the U.S.-Mexico international border to the Nogales International Wastewater Treatment Plant (NIWTP) (Figure 1). 
Eylon Shamir presented a review of the modeling framework, followed by a description of the case study. The modeling framework is capable of generating ensembles of likely scenarios that represent the variability of rainfall, streamflow, and groundwater recharge. Dynamical downscaling of global climate models was used to produce information on regional climate projections. Issues regarding some widely used climate projection procedures were discussed during the presentation and gave rise to questions from the audience about Statistically Downscaled CMIP 3 & 5 Climate and Hydrology Projections vs. the Dynamically Downscaled regional climate models used by the GCASE. It was concluded that statistically downscaled models do well for average precipitation and runoff, but dynamical downscaling captures better their variability and uncertainty.
The Case Study description, also presented by Eylon Shamir, showed more detailed information about the study area, including the relationship of rainfall scenarios, stream flow, and groundwater recharge of the aquifers. Summary study conclusions were presented as follows: 1) for any given management scheme, future projections indicate a decline in reliability, decreased groundwater recharge, and increased long-term water deficit; 2) climate projections indicate greater uncertainty and spread of groundwater recharge; 3) the groundwater recharge is highly dependent on the water management scheme; and 4) management of water withdrawal can increase water supply reliability, reduce long term water deficit, and increase recharge in the channel. 
Susanna Eden reviewed the transferability criteria for the GCASE project and invited comments and questions regarding transferability from the audience. Questions focused on data, information, and software needs for transferring the methodology. There was a major concern regarding information sources and formats, which might be different between countries and could make the transferability process harder. As a response to the question: “What would be needed in the way of data and information in order to implement the GCASE project in a location in Mexico,” it was stated that the more information exists about precipitation, streamflow, and groundwater, the more accurate the result will be. 
It was noted that there are fewer automatic meteorological stations in Sonora that could register hourly precipitation. Participants asked what options there are for replacing or acquiring that information. Shamir answered that stochastic models can generate realizations from which daily data can be desegregated into hourly data and that the details of how the process works could be shared with the audience. 
The objective of the workshop was to first understand the project and its benefits in order to start to think about transferring methodologies to Mexican settings. As a takeaway for both countries, it was said that the GCASE is a very good project that can be linked to studies that already exist in Mexico. The first step was to bring the group together, which this workshop accomplished. To assist in the necessary evaluation of how to apply the methodology and assimilate the data, support documents were distributed by email following the workshop.
Other Activities
Presentations were made by project personnel at the following venues:
· International Environmental Modeling and Software Society (iEMSs) 7th Intl. Congress on Env. Modeling and Software, San Diego, California, June 15-19, 2014 (Shamir); 
· 14th Biennial Symposium on Managed Aquifer Recharge, Orange, California, July 31, 2014, Connecting Climate Change and Surface Water Flows to Aquifer Recharge and Groundwater Management (Shamir); 
· US International Boundary and Water Commission - Southeast Arizona Citizens Forum, Nogales, Arizona, September 18, 2014 (Eden);
· Drylands, Deserts and Desertification Conference, Ben Gurion University of the Negev, November 17, 2014, Connecting Climate Change and Surface Water Flows to Aquifer Recharge and Groundwater Management (Megdal (Presenter) and Shamir); 
· Santa Cruz AMA ADWR Workshop, Nogales, Arizona, April 22, 2015 (Shamir).
An abstract of the iEMS Congress presentation was published in the proceedings, an article on the project was published in the Journal of Hydrology, and a summary of the project in the form of a 4-page Fact Sheet was published in the WRRC’s Arizona Water Resource quarterly newsletter (attached): 
Shamir, Eylon, Carlos Carrillo, Christopher L. Castro, Hsin-I Chang, Sharon Megdal, Susanna Eden, Jacob Prietto, 2013, Water resources vulnerability to climate change in the Upper Santa Cruz River, Arizona International Environmental Modelling and Software Society (iEMSs) 7th Intl. Congress on Env. Modelling and Software, San Diego, CA, USA, Daniel P. Ames, Nigel W.T. Quinn and Andrea E. Rizzoli (Eds.) http://www.iemss.org/society/index.php/iemss-2014-proceedings.
Climate change and water resources management in the Upper Santa Cruz River, Arizona, Shamir, E., S.B. Megdal, C. Carrillo, C.L. Castro, H-I Chang, K. Chief, F.E. Corkhill, S. Eden, K.P. Georgakakos, K.M. Nelson, and  J. Prietto, 2014, Journal of Hydrology 521, February 2015, pp 18–33. http://www.sciencedirect.com/science/article/pii/S0022169414009846 
A Framework for Informing Groundwater Management, 4-page Fact Sheet insert, Arizona Water Resource Spring 2015, vol. 23 no 2, University of Arizona Water Resources Research Center, Tucson. https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/276571%20UA%20Water%20Res%20Spring%20Ins.pdf 
A story submitted by the WRRC on the Groundwater Climate and Stakeholder Engagement (GCASE) project was included as one of 17 Taking Action stories in the Water Resources theme added March 10 to the national online Climate Resilience Toolkit. The story features GCASE research supporting climate resilience for water management in Nogales, AZ. 
GCASE was also featured among case studies (p.58) in Stakeholder Engagement for Inclusive Water Governance, OECD Studies on Water, OECD Publishing. http://dx.doi.org/10.1787/9789264231122-en.
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Figure 1. Map of the case study area
1

image1.png
LOCATIO

A

[ santacruzama
[~ Study Area Boundary

[ | Ambos Nogales

4 USGS Gauges and Rain Gauge

+
.
.

Climate Model Grid Centroid

CONAGUA Rain Gauges
WWTP

Towns

'} Binational Subwatershed Boundary

0 325 65 13 Miles

0o 5 10 20 Kilometers

Data Sources: USGS, AZDWR, CONAGUA
Projection: Universal Tranverse Mercator Zone 12N
North American Datum 1883, HARN

Cartographic Composttion: Nato Dolano and Efa Tapia
Water Resources Research Center, November 2014

OF STUDY ARE

Study Area
Boundary™

1}’,‘WRRC





