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1 Acronyms 
 
CDSS  Colorado’s Decision Support Systems 
CDWR  Colorado Division of Water Resources 
CVP  Central Valley Project 
CWCB  Colorado Water Conservation Board 
DeltaEFT The EFT tool developed for the San Joaquin-Sacramento Bay Delta (Delta)  
DFW  California Department of Fish and Wildlife  
DSS  Decision Support System 
DST  Decision Support Tool 
EFT  Ecological Flows Tool 
ESSA  ESSA Technologies Ltd. 
GRAT  Groundwater Recharge Assessment Tool  
GSA  Groundwater Sustainability Agency 
GSP  Groundwater Sustainability Plan 
IDs  Irrigation district 
MAR  Managed Aquifer Recharge 
MID  Madera Irrigation District 
NMFS  National Marine Fisheries Service 
NOAA  National Oceanic and Atmospheric Administration 
SacEFT  The EFT tool developed for the Sacramento River 
SGMA  Sustainable Groundwater Management Act 
SHOWR Shasta Operations for Winter Run 
SRSC  Sacramento River Settlement Contractors 
TC  Technical Committee 
TID  Tulare Irrigation District 
TMP  Temperature Management Plan 
TNC  The Nature Conservancy 
USBR  U.S. Bureau of Reclamation 
USFWS  U.S. Fish and Wildlife Service 
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2 Introduction 
California has a long history of fragmented water management, which is mirrored by the 
fragmented state of water data and water-related ecological data, particularly outside of state 
and federal agencies.  There is increasing recognition that this fragmentation hinders effective 
and timely water management decisions at all levels and that there is strong potential for open 
water data1 and decision support tools (DSTs or tools) to improve water management 
outcomes.2,3  This recognition is exemplified by a number of recent open water data portals and 
initiatives, including the following: the U.S. Department of the Interior’s Open Water Data 
Initiative;4 the Bureau of Reclamation’s Reclamation Information Sharing Environment;5 open 
data actions taken by the states of Texas,6 Utah,7, and Arizona;8 the Water Data Exchange;9 
OpenET;10 and numerous others.11  In 2017 the California legislature passed the Open and 
Transparent Water Data Act (A.B. 1755) to “create, operate, and maintain a statewide 
integrated water data platform; and to develop protocols for data sharing, documentation, 
quality control, public access, and promotion of open-source platforms and decision support 
tools related to water data.”12 
	

 
1 Open data is “data that can be freely used, re-used and redistributed by anyone – subject only, at most, to the 
requirement to attribute and share alike.” Additionally, the data should be (1) available and accessible in a 
convenient and modifiable format, (2) provided in a manner that enables reuse and sharing, and (3) equally 
accessible to all users. Open Data Handbook. (n.d.) Open Knowledge International. Available at: 
http://opendatahandbook.org/guide/en/  
2 The Aspen Institute. (2017). Internet of Water: Sharing and Integrating Water Data for Sustainability. 
Washington, D.C., The Aspen Institute. Available at: 
https://assets.aspeninstitute.org/content/uploads/2017/05/Internet-of-Water-Report-May-2017.pdf. 
3 Water Funder Initiative. (2016). Toward Water Sustainability: A Blueprint for Philanthropy.  Water Funder 
Initiative. Available at:. http://waterfunder.org/wp-content/uploads/2016/03/Water-Funder-Initiative-Blueprint-
March-15-2016.pdf. 
4 U.S. Department of the Interior. OWDI Drought. Accessed May 12, 2019. 
https://www.doi.gov/water/owdi.cr.drought/en. 
5 U.S. Bureau of Reclamation. Reclamation Water Information System. Accessed May 2, 2018. 
https://water.usbr.gov/. 
6 Texas Water Development Board. Water Data For Texas. Accessed May 12, 2019. 
https://waterdatafortexas.org/reservoirs/statewide. 
7 Utah Division of Water Resources. Utah Open Water Data. Accessed May 12, 2019. http://dwre-
utahdnr.opendata.arcgis.com/.  
8 Arizona Department of Water Resources. Arizona Department of Water Resources Open Data. Accessed May 12, 
2019. https://gisdata2016-11-18t150447874z-azwater.opendata.arcgis.com/. 
9 Western States Water Council. Water Data Exchange (WaDE) Central Portal (Beta). Accessed May 12, 2019. 
http://www.westernstateswater.org/wade/map-app/. 
10 OpenET. Accessed May 12, 2019. https://etdata.org/. 
11 Blodgett, D., E. Read, J. Lucido, T. Slawecki, and D. Young. (2016). An Analysis of Water Data Systems to Inform 
the Open Water Data Initiative. Journal of the American Water Resources Association, 52(4): 845–58. 
https://doi.org/10.1111/1752-1688.12417. 
12 California Department of Water Resources. AB 1755: Open and Transparent Water Data Platform for California. 
Accessed May 31, 2018. http://water.ca.gov/Programs/All-Programs/AB-1755.		
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At the same time, the burgeoning literature on the implementation and use of open data for 
improving governance13, 14, 15, 16 and on decision support systems for environmental17 and water 
management,18 demonstrates the difficulties encountered in efforts to apply these tools to 
influence management decisions.  Indeed, some of the literature suggests that arguments for 
open data and related projects are often based on ideas and social norms rather than on 
substantial research.19  There is still relatively little empirical evidence to shed light on whether, 
when, and how open data can be used to improve decision-making in measurable ways. 

 
In 2016, with funding from the S.D. Bechtel, Jr. Foundation, the Water Data Initiative was 
established to explore and evaluate the role of data and information water management 
decisions in California. The Water Data Initiative, with support and guidance from the S.D. 
Bechtel, Jr. Foundation, formed a Project Advisory Committee that included water and data 
experts and invited project proposals to develop decision support tools for water management 
from a handful of water managers across the state. The Project Advisory Committee considered 
eligibility for funding projects based on several criteria, including clearly stated project 
objectives, the level of engagement of project partners and stakeholders, the perceived ability 
of the water management tools to impact decision-making, and the types of sources of existing 
and new data to be used in project implementation.  
 
Ultimately, the Project Advisory Committee recommended funding for the development and 
implementation of two pilot projects:  

(1) a data integration and visualization platform supporting temperature management 
decisions along the mainstem of the Sacramento River in northern California, and 
(2) a decision support tool to aid in groundwater recharge planning and on-farm 
recharge in California’s Central Valley.  

 
13 Janssen, M., Y. Charalabidis, and A. Zuiderwijk. (2012). Benefits, Adoption Barriers and Myths of Open Data and 
Open Government. Information Systems Management, 29(4): 258–68. 
https://doi.org/10.1080/10580530.2012.716740. 
14 Peled, A. (2011). When Transparency and Collaboration Collide: The USA Open Data Program. Journal of the 
Association for Information Science and Technology, 62(11): 2085–2094. 
15 Zuiderwijk, A., and M. Janssen. (2014). Barriers and Development Directions for the Publication and Usage of 
Open Data: A Socio-Technical View. In Open Government, 115–135. Springer, 2014. 
16 Zuiderwijk, A., M. Janssen, S. Choenni, R. Meijer, and R. Sheikh Alibaks. (2012). Socio-Technical Impediments of 
Open Data. Electronic Journal of E-Government, 10(2) 156-172. 
17 McIntosh, B. S., J. C. Ascough, M. Twery, J. Chew, A. Elmahdi, D. Haase, J. J. Harou, et al. (2011). Environmental 
Decision Support Systems (EDSS) Development – Challenges and Best Practices. Environmental Modelling & 
Software, 26(2): 1389–1402. https://doi.org/10.1016/j.envsoft.2011.09.009. 
18 Junier, S., and E. Mostert. (2014). A Decision Support System for the Implementation of the Water Framework 
Directive in the Netherlands: Process, Validity and Useful Information. Environmental Science & Policy 40: 49–56. 
https://doi.org/10.1016/j.envsci.2014.04.004. 
19 A review article by Hossain et al. (2016) observes that “[d]espite high expectations developed in theory, the 
benefits of open data (projects) are yet to be realized to a reasonable level.” See: Hossain, M. A., Y. K. Dwivedi, and 
N. P. Rana. (2016). State-of-the-Art in Open Data Research: Insights from Existing Literature and a Research 
Agenda. Journal of Organizational Computing and Electronic Commerce, 26(1–2): 14–40. 
https://doi.org/10.1080/10919392.2015.1124007. 
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These tools came to be called the Shasta Operations for Winter Run (SHOWR) and the 
Groundwater Recharge Assessment Tool (GRAT), respectively.  We refer to the SHOWR and 
GRAT projects throughout the report collectively as the “pilot projects”. 

 
The Water Data Initiative and the S.D. Bechtel, Jr. Foundation also provided support to Stanford 
University’s Water in the West to evaluate what, if any, impact these tools might have on local 
or regional water management decisions. Recognizing the limitations associated with the 
evaluation of only two pilot projects, funding also supported the retrospective analysis of two 
additional case studies.  These were: 

(1) Colorado’s Decision Support Systems (CDSS), an online water data and modeling 
platform developed by the state of Colorado beginning in the early 1990’s, and the 

(2) Ecological Flows Tool (EFT), developed by The Nature Conservancy (TNC) and a 
Canadian consulting company, ESSA Technologies Ltd. (ESSA), to enable a more 
holistic approach to ecological management in the Sacramento River basin and 
Sacramento-San Joaquin Bay-Delta.   

We refer to the CDSS and EFT throughout the report collectively as the “case studies”. 
 
This summary report draws on information and conclusions presented in a more 
comprehensive analyses of the pilot projects and case studies.  These analyses are available in 
the supplemental material accompanying this report.   
 
Finally, throughout this report and the supplemental material we use the following terms as 
outlined below.  “Developer” or “tool developer” refers to the individuals or teams who created 
the tools.  In both pilot projects these teams included both technical developers and project 
managers who worked with irrigation districts and agency representatives to understand their 
needs.  Typically, though not always, developers are the staff of consulting firms.  By 
“development team” we mean both the developers and the larger group of participants in the 
development process who provided input and advice, and generally helped guide the process of 
developing the tools.  Development teams can and do include end users, agency 
representatives, facilitators, and others.  We use the terms “tool” and “data platform” as 
generic shorthand for any of the different kinds of applications that we analyzed for this study.  
These included dashboard-style web applications, desktop or cloud-based data integration and 
visualization programs, and multi-purpose online portals with a variety of web-based tools and 
downloadable software, data, and models.  

3 Data and Methods 
Evaluation of the pilot projects was conducted in two phases.  Phase 1 focused on (1) 
understanding how management decisions were made prior to tool implementation (baseline 
decision-making process) and (2) observing the tool development process.20  Our analysis of the 
baseline decision-making process would serve as the basis for evaluating changes to the 

 
20  The groundwater recharge assessment tool had been substantially developed before our evaluation began, as a 
result, the process-related assessment of the tool was conducted retrospectively through interviews with district 
staff and tool developers. 
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decision-making process resulting from tool implementation.  Baseline reports for both the 
GRAT and SHOWR are available in Appendix A and B of the supplemental material, respectively. 
 
Phase 2 of our pilot project analysis focused on evaluating the implementation and use of the 
data platforms for decision-making purposes, as well as tool use by non-decision-makers, and 
other indirect benefits of tool development and implementation.  
 
Pilot project analysis included extensive document review and two rounds of interviews with 
agency decision-makers, tool developers, and stakeholders.  The first round of interviews 
(referred to as baseline interviews) took place during phase 1 of the project and focused on 
understanding how water management decisions were made prior to tool development.  Phase 
2 (or follow up) interviews focused on the tool development process and tool use.  A total of 62 
interviews were conducted over both phases of pilot project evaluation (Table 1).  In addition to 
interviews and document review, researchers attended technical committee (TC) meetings held 
monthly during SHOWR development and more sporadically during tool implementation.  In 
total we attended 19 SHOWR TC meetings either in person or via videoconferencing.  GRAT had 
been substantially developed before our evaluation began.  As a result, we did not attend any 
technical committee meetings during GRAT development.  We did attend a webinar on GRAT 
hosted by the Association of California Water Agencies (ACWA).21  Notes from the webinar and 
accompanying discussion were an additional data source for our analysis of GRAT. 
 
The case study analysis included a retrospective analysis of the motivation for tool 
development, the development process, governance, funding, uses and challenges.  This 
analysis included document review and interviews with individuals involved in tool 
development.  Researchers conducted 16 interviews during the case study analysis (Table 1).  

 
Table 1. Number of interviews conducted during pilot project and case study analyses.  

Project Phase 1 Phase 2 Total 

Pilot projects 
SHOWR 27 15 42 
GRAT 14 6 20 
    Subtotals  41 21 62 
Case studies  
CDSS 5 N/A 5 
EFT 11 N/A 11 
    Subtotals  16 N/A 16 
Totals 57 21 78 

 
21 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
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4 Overview of Pilot Projects and Case Studies 
Table 2 provides a brief description of each tool included in our evaluation, the motivation for 
tool development and several key tool attributes.  While the CDSS is the only data platform 
included in our analysis that has a long-term home and been used extensively by a variety of 
agencies for water management decisions, it is unique among the tools included in our analysis 
in several other key respects as well.  First, development of the CDSS began in 1992.  As such, 
the CDSS has had the longest time to develop and therefore to be adopted and used.  Second, it 
is the only tool developed and funded by state agencies with the explicit goal of providing 
“state officials and water users [with] …. an effective system with which to plan, develop, and 
manage their water resources.”22  Finally, it provides access to open-source data, software and 
models to support water management decisions.   
 
Table 2. Key tool development and use attributes for each pilot project and case study.  

Attribute SHOWR GRAT CDSS EFT 
Tool description A publicly available 

online data 
platform that 
integrates data 
relevant for 
temperature 
management 
decisions along the 
Sacramento River, 
including flow 
conditions, river 
temperature, 
fisheries data, and 
reservoir 
conditions. 

A decision support 
tool to evaluate 
recharge scenarios 
for groundwater 
recharge planning 
and operations 
decisions.  

A publicly available 
water management 
system developed 
by the Colorado 
Water Conservation 
Board and the 
Colorado Division of 
Water Resources to 
support interstate 
compact policy, 
water resource 
planning, and water 
rights 
administration. 

A proprietary tool 
that incorporates 
the physical and 
habitat needs of 13 
representative 
species across the 
Sacramento River 
and Delta 
ecoregions to 
provide a broader 
ecological approach 
to management. 

Tool objective To develop an 
online tool to 
“integrate diverse 
flow, water 
operations, fishery, 
and water quality 
data into a single, 
open data platform 
that facilitates more 

To develop a DST to 
“to identify and 
prioritize  
potential 
groundwater 
replenishment 
options to achieve 
sustainable 
groundwater 
supplies.”24 

To develop a 
system for 
collecting and 
hosting “credible 
information on 
which to base 
informed decisions 
concerning 
management of 

To develop “a more 
complete 
understanding of 
multi-species’ flow 
regime needs and 
how water 
management 
operations across 
the San Joaquin-
Sacramento Delta 

 
22 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (1998). Rio Grande 
Decision Support System Feasibility Study, p. 1-1. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125352&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1;Colorado Division of Water Resources and Colorado Division Water Conservation 
Board. (2001). South Platte Decision Support System Feasibility Study, pg. E-8. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125353&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1. 
24 Sustainable Conservation. (2016). Proposal to the S.D. Bechtel, Jr. Foundation Water Data Demonstration 
Projects: Groundwater Recharge Assessment Tool (GRAT). September 23, 2016.  
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Attribute SHOWR GRAT CDSS EFT 
timely decision-
making.”23 

Colorado's water 
resources.”25 

and the Sacramento 
River can better 
meet these 
needs.”26 

Tool initiated 2016 2015 1992 2004 
Tool funding S.D. Bechtel, Jr. 

Foundation 
S.D. Bechtel, Jr. 
Foundation and 
others  

• Colorado 
Water 
Conservation 
Board 

• The Nature 
Conservancy 

• CALFED 

Primary project 
proponent(s) 

• Sacramento 
River 
Settlement 
Contractors 
(see footnote 
31 for more 
details) 

• FlowWest  

• Sustainable 
Conservation 

• Earth Genome  

• Colorado 
Water 
Conservation 
Board 

• Colorado 
Division of 
Water 
Resources 

• The Nature 
Conservancy 

• ESSA 
Consulting  

Key decision-
makers 

USBR in conjunction 
with NMFS, USFWS, 
DFW, State Water 
Board 

Local water 
management 
agencies 

State agencies Depends on tool 
application 

Tool and data are 
open?  

Yes No Yes No 

End users  • SRSC • Irrigation 
districts 

• State agencies 
• Water users 
• Consultants 
• Researchers  
• Others 

• State agencies  

 
The following section provides an overview of both pilot projects and the case studies.  Both 
pilot projects (SHOWR and GRAT) were developed in direct or indirect response to impacts of 
the 2012 to 2016 drought.  This historic drought was the most severe drought in the past 1200 
years in California27 and had widespread negative impacts on both surface water and 
groundwater systems throughout the state. 

 

 
23 Sacramento River Settlement Contractors. (2016). Sacramento River Settlement Contractors Proposal to S.D. 
Bechtel, Jr. Foundation Regarding Data-Driven Decision Platform for Sacramento River Real-Time Water and 
Fishery Coordination. June 7, 2016. 
25 Colorado’s Decision Support System. Accessed July 20, 2018: http://cdss.state.co.us/Pages/WhatisCDSS.aspx. 
26 Alexander, C., D. Robinson, and F. Poulsen. (2014). Application of the Ecological Flows Tool to Complement 
Water Planning Efforts in the Delta and Sacramento River: Multi-Species effects analysis & Ecological Flow Criteria. 
Final Report to The Nature Conservancy. Chico, California. 228 p + appendices. Pg. 2. Available at: 
https://essa.com/wp-content/uploads/2013/10/EFT-FINAL-REPORT-Apr-30-2014-r2-PDF1.pdf. 
27 Griffin, D., and K.J. Anchukaitis. (2014). How Unusual Is the 2012–2014 California Drought? Geophysical Research 
Letters, 41(24): 9017–9023. https://doi.org/10.1002/2014GL062433. 
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4.1 Pilot Projects 
4.1.1 Pilot Project 1: The Groundwater Recharge Assessment Tool 
In 2014, the California Legislature passed the Sustainable Groundwater Management Act 
(SGMA), which requires local groundwater sustainability agencies (GSAs) to develop and 
implement groundwater sustainability plans (GSPs, Plans) to achieve sustainable groundwater 
management within 20 years of Plan implementation.  Some deadlines important under SGMA 
have passed and others are looming.  Specifically, June 2017 was the deadline for GSA 
formation.  GSAs in critically overdrafted basins28 must submit their GSPs to DWR for review by 
January 31, 2020.  Plans that are deemed unlikely to achieve sustainability are subject to state 
intervention.29 
 
Achieving sustainable groundwater management, defined in the legislation as the avoidance of 
“undesirable results,”30,31 will require many GSAs to, through their Plans, increase groundwater 
supply through managed aquifer recharge (MAR) or other mechanisms and reduce 
groundwater pumping.  Many GSAs are currently focusing on increasing MAR as a means of 
minimizing necessary groundwater pumping reductions.   
 
While MAR has great potential to assist GSAs in achieving sustainable groundwater 
management, there are implementation and management challenges associated with 
conducting MAR.  These challenges stem from a variety of sources, including a lack of 
infrastructure; the long timelines associated with acquiring and permitting land for new 
dedicated recharge basins; a lack of experience in conducting recharge, particularly on-farm 
recharge; incomplete hydrologic information for determining excess water available for 
recharge; and insufficient geologic information on infiltration rates and subsurface conditions. 
 
Sustainable Conservation and Earth Genome developed GRAT to help agencies address the 
technical and logistical challenges associated with optimization of MAR and, in particular, on-

 
28 DWR has designated 21 groundwater basins in California as critically overdrafted. Many of these basins are 
located in California’s Central Valley. See: https://water.ca.gov/Programs/Groundwater-Management/Bulletin-
118/Critically-Overdrafted-Basins. 
29 CWC § 10735.2. 
30 CWC § 10721(v)  
31 SGMA defines undesirable result as “one or more of the following effects caused by groundwater conditions 
occurring throughout the basin: 

(1) Chronic lowering of groundwater levels indicating a significant and unreasonable depletion of supply if 
continued over the planning and implementation horizon….  

(2) Significant and unreasonable reduction of groundwater storage.  
(3) Significant and unreasonable seawater intrusion.  
(4) Significant and unreasonable degraded water quality, including the migration of contaminant plumes that 

impair water supplies.  
(5) Significant and unreasonable land subsidence that substantially interferes with surface land uses.  
(6) Depletions of interconnected surface water that have significant and unreasonable adverse impacts on 

beneficial uses of the surface water.” CWC § 10721(x).  
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farm recharge – a burgeoning subcategory of MAR that involves flooding fields to recharge 
groundwater basins.32   
 
GRAT is a decision support tool that integrates information about water available for recharge, 
existing recharge infrastructure and conveyance, land use, subsurface geology, and economics, 
enabling water managers to create and assess recharge scenarios in their management areas.33  
GRAT incorporates local-level information about water conveyance and land use that is often 
considered proprietary.   
 
GRAT was developed in partnership with two irrigation districts (IDs) in California’s Central 
Valley: Tulare Irrigation District (TID) and Madera Irrigation District (MID).  Both TID and MID 
are located in critically overdrafted basins – where GSPs are required to be completed and 
submitted to the California Department of Water Resources (DWR) by January 31, 2020.  A 
customized, password-protected version of GRAT was developed for each district.34  Thus, 
GRAT is not a publicly accessible decision support tool.  
 
Originally GRAT was envisioned as a long-term planning tool for SGMA implementation.  
However, during tool development, both IDs indicated the value of the tool as a seasonal 
recharge planning tool.  In light of this feedback, the tool was modified to enable agencies to 
make decisions about where to conduct recharge during periods of excess surface water.   
 
While groundwater recharge was not a priority in either ID prior to passage of SGMA, both 
districts saw the potential to increase groundwater recharge using GRAT.  Indeed, GRAT has 
assisted both MID and TID in transitioning to a more data-centric approach to groundwater 
recharge.  Specifically, the tool has been used in both districts to evaluate site suitability for 
potential new recharge basins and to estimate past recharge volumes.  It was also used in MID 
to identify and prioritize sites for an on-farm recharge program and to present information on 
recharge activities to Board members and the public.35 
 
At the time of our evaluation, GRAT had not been used explicitly for SGMA planning.  While 
both IDs intend to use GRAT for long-term SGMA planning in the future, they indicated a need 
to better understand their basins’ water balance before they could evaluate the potential role 
of groundwater recharge in offsetting groundwater overdraft in their basins.   
 
GRAT has been used to inform recharge decisions in both IDs, although challenges for GRAT’s 
use long-term remain.  These challenges include developing a better understanding of the 

 
32 Sustainable Conservation defines on-farm recharge as “the practice of taking surface water supplies that are 
more transient in availability and applying these waters to actively farmed lands for the purpose of recharging 
groundwater systems.”  See: https://suscon.org/wp-content/uploads/2016/08/On-farm-Recharge-Guidance-
Sheet.pdf. 
33 See: https://suscon.org/wp-content/uploads/2016/08/GRAT-Summary-8-2017.pdf. 
34 See: https://grat.earthgenome.org/. 
35 Association of California Water Agencies. (2018). Groundwater Recharge Assessment Tool (GRAT) Workshop. 
Online workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
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amount and timing of water available for recharge; addressing growers’ concerns about the 
potential impacts of on-farm recharge on crop productivity; understanding and mitigating the 
potential impacts to groundwater quality resulting from on-farm recharge; ensuring agencies 
are willing to support the cost of using GRAT; and addressing potential water rights issues.  
Additional details on these constraints are outlined in Section 4.4.2 of the supplemental 
materials.   
 
Finally, both IDs indicated that a substantial effort was required to find, compile, organize, and 
format their data to make it suitable for inclusion in GRAT.  While both IDs acknowledged in 
retrospect the value of undertaking this task, the experience was difficult enough that one 
district considered hiring a consultant to help complete the job.36  Finally, it is important to note 
that GRAT is not a publicly available decision support tool.  Rather, it is a subscription-based, 
customized decision support tool developed for individual management agencies using a mix of 
public and local (often viewed as proprietary) data. 
 
4.1.2 Pilot Project 2: The Shasta Operations for Winter-Run (SHOWR) 
The SHOWR pilot project focuses on the mainstem of the Sacramento River, which is managed 
as part of the U.S. Bureau of Reclamation’s (USBR) Central Valley Project (CVP), a complex 
system of reservoirs, dams, and other water infrastructure projects in California’s Central 
Valley.  This portion of the river is managed to meet the requirements of a federal Endangered 
Species Act Biological Opinion developed by the National Marine Fisheries Service (NMFS)37 in 
2009 and implemented through California’s State Water Resources Control Board’s (SWRCB) 
Water Right Orders 90-05 and 91-01. 
 
These orders require USBR to manage releases from CVP’s Shasta Reservoir in a manner that 
meets downstream temperature and flow standards intended to protect winter-run Chinook 
salmon populations in the Sacramento River basin.  As a practical matter, management is 
governed primarily by a temperature management plan (TMP) developed annually by USBR in 
consultation with NMFS, California Department of Fish and Wildlife (DFW), U.S. Fish and 
Wildlife Service (USFWS), and approved by the SWRCB. 
 
The 2012-2016 drought highlighted the magnitude of the challenges facing federal water 
managers in meeting the many, and often competing, management objectives on the CVP 
system.  During 2014 and 2015, at the height of the drought, many CVP irrigators suffered 
historically severe reductions in water allocations (0% in some cases).38  Despite these 
curtailments, juvenile winter-run Chinook salmon mortality rates exceeded 90% in the upper 
Sacramento River in those same years.39  These severe outcomes prompted increased calls for 

 
36 Interviewee 20003: Baseline Interview - GRAT Pilot Project, March 2017. 
37 NMFS is part of the National Ocean and Atmosphere Administration (NOAA).   
38 https://www.usbr.gov/mp/cvo/vungvari/water_allocations_historical.pdf  
39 Mount, J., B. Gray, C. Chapelle, G. Gartrell, T. Grantham, P. Moyle, N. Seavy, L. Szeptycki, and B. Thompson. 
(2017). Managing California’s Freshwater Ecosystems: Lessons from the 2012-16 Drought. In: Technical Appendix: 
Eight Case Studies of Environmental Water Management during the 2012-2016 Drought. PPIC, San Francisco, CA. 
pg. 13. Available at: https://www.ppic.org/wp-content/uploads/1117ccr_appendix.pdf. 
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improvements to our understanding of the science and models underlying the temperature 
management decisions along the Sacramento River, as well as for increased transparency into 
the decision-making process itself.40 
 
To address these concerns, the Sacramento River Settlement Contractors (SRSC)41 obtained a 
grant for the development of a data integration and visualization platform (SHOWR) that had 
two primary objectives:  

1. To integrate diverse flow, water operations, fishery, and water quality data into a single, 
open data platform that facilitates more timely decision-making, and  

2. To provide real-time tracking and accounting of operations based on those decisions, 
and a database of historical operations and decision data that will provide critical 
information for ongoing decision making.42  

 
The SHOWR application is a publicly accessible Web application,43 developed by FlowWest, that 
displays data and information used in temperature management decisions on the Sacramento 
River.   SHOWR was largely developed between October 2016 and August 2017 with 
approximately monthly feedback from TC members.  The technical tool development was led 
by FlowWest, in partnership with the SRSC,44 using facilitation services from Kearns and West.  
The TC was composed mainly of federal and state agencies involved in temperature 
management along the Sacramento River, including USBR, NMFS, DFW, SWRCB, and USFWS.  
The SRSC, as the project proponent, was also a TC member. 45 
 
During tool development, TC members identified several key categories of data and information 
useful for understanding temperature management along the Sacramento River, including: (1) 
conditions in the Shasta Reservoir, including reservoir storage and the reservoir cold water 
storage volume; (2) river temperature; (3) flows into Shasta Reservoir, as well as flow rates out 
of the reservoir and at various points along the river; and (4) winter-run Chinook salmon activity 
along the river.  These and other data are integrated into a dashboard-style app available at 
https://flowwest.shinyapps.io/showr/. 
 

 
40 Id., pg. 17. 
41 The Sacramento River Settlement Contractors are a group of irrigation districts, reclamation districts, mutual 
water companies, corporations, and others situated in the Sacramento Valley and formed under California Law. 
They divert water upstream of the San Francisco Bay Delta under area-of-origin water rights vested under 
California Law prior to CVP construction.  
42 Sacramento River Settlement Contractors. (2016). Sacramento River Settlement Contractors Proposal to S.D. 
Bechtel, Jr. Foundation Regarding Data-Driven Decision Platform for Sacramento River Real-Time Water and 
Fishery Coordination. June 7, 2016. 
43 See: https://flowwest.shinyapps.io/showr/. 
44 There were 18 members listed in Attachment 1 of the SRSC proposal to the S.D. Bechtel, Jr. Foundation.  These 
members represent all of the major diverters on the Sacramento River.  However, the Glenn-Colusa Irrigation 
District was the most active member of the SRSC.  Two other members of the SRSC, the Natomas Central Mutual 
Water Company and Reclamation District 108 attended one and two project meetings over the course of tool 
development, respectively. 
45 Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, Draft 
Meeting Summary Notes, Oct. 28, 2016, pg. 2. 
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Despite state and federal agencies seeing value in the SHOWR tool,46 it has not yet been used 
for decision-making purposes.  There are numerous reasons for this.  First, USBR, the primary 
decision-maker, is required under the Biological Opinion to make decisions using the best 
available science.  As a result, the agency believes it already has access to all of the data that it 
needs to make the necessary management decisions and that improved access to real-time 
data via a publicly accessible tool would not result in meaningful changes to management 
outcomes.47 
 
Second, USBR expressed concerns about having external stakeholders drawing conclusions 
about management decisions based on conditions and data from only a portion of a larger, 
more complex range of information contributing to USBR’s management system.48  Third, 
USBR’s operations on the Sacramento River have major effects on both water users and the 
river ecosystem, and are therefore highly contentious.  Disputes over management of the 
Sacramento River has, in some cases, prompted litigation.49  As a result USBR is understandably 
risk averse.  This risk aversion was exacerbated by the severe management outcomes in 2014 
and 2015 affecting both water users and fish, and likely made the agency especially reluctant to 
release any data absent a legal requirement to do so.	50 
 
Fourth, the drought continues to be considered an “extreme” event, so while decision-making 
agencies, like USBR, are taking steps to learn from it, the wetter conditions in recent years have 
shifted some of the stakeholder interest from temperature management on the Sacramento 
River to other more pressing management concerns.  For example, several stakeholder groups 
indicated that work on the voluntary settlements on the Sacramento and San Joaquin basins 
had been taking a large portion of their time and resources over the past two years.51  Finally, 
many of the agencies involved in tool development expressed concern about their capacity 
(financial, technical and personnel) to support tool development and tool hosting and 
maintenance over the long term.52 
 
4.2 Case Studies 
4.2.1 Case Study 1: The Ecological Flows Tool 
The EFT was developed by TNC in partnership with ESSA to provide “a more complete 
understanding of multi-species’ flow regime needs and how water management operations 
across the San Joaquin-Sacramento Delta and the Sacramento River can better meet these 

 
46 Id. 
47 Shasta Operations for Winter Run Application (SHOWR app) August Workshop, Workshop Summary, Aug. 29, 
2017, p. 2. 
48 Id., p. 2 and 7. 
49 See for example: http://earthjustice.org/sites/default/files/files/987-1%204th%20Supp%20%20Compl%20.pdf. 
50 Shasta Operations for Winter Run Application (SHOWR app) August Workshop., supra note 48, p. 2 and 7.  
51 Interviewee 5. Phase 2 Interview - SHOWR Pilot Project, November 2018. 
52 Interviewee 7. Phase 2 Interview - SHOWR Pilot Project, October 2018.; Interviewee 12. Phase 2 Interview - 
SHOWR Pilot Project, October 2018.; Interviewee 30. Phase 2 Interview - SHOWR Pilot Project, November 2018. 
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needs.”53,54  Tool development proceeded in two phases.  Phase 1 began in 2004 and focused 
on the Sacramento River.  After a prototype was developed for the Sacramento River (SacEFT) 
in 2008, the same tool framework was used to extend the EFT to the San Joaquin-Sacramento 
Bay Delta (DeltaEFT), which was completed in 2014.  
 
EFT was originally envisioned as plug-in for CalSim, such that if CalSim were being run as part of 
the planning process for a large-scale water project it would include at least one ecosystem 
model run through the EFT plug-in.55  While technically possible,56 integration with CalSim 
never happened.  Thus, EFT continues to be run as an independent tool owned by TNC, but 
currently housed with ESSA.  Because EFT has been developed using existing models for 
integrated cross-disciplinary modelling, using either the SacEFT or DeltaEFT requires expertise 
to run both the EFT and its associated submodels (depending on the analytical questions).57   
 
Over the course of EFT development, TNC and ESSA hosted several multi-disciplinary workshops 
to elicit advice from scientists, agency representatives, water managers, and other experts on 
representative species being considered in tool development and the physical models being 
used.58  Tool developers emphasized their desire to make the EFT development process as 
transparent as possible; thus all design documents, document review cycles, meeting agendas 
and project presentations were publicly available.59   
 

 
53 Alexander, supra note 27. 
54 The EFT project designates four more explicit project main goals. These are:  

“1. Complete expert peer review and refine SacEFT, to further increase the robustness of analyses and 
technical credibility for application to relevant water management planning and effects analysis efforts evaluating 
Sacramento River targets.  

2. Facilitate the incorporation of the most robust and defensible findings from various Delta planning 
efforts and on-going studies, and incorporate them into a DeltaEFT branch of the existing decision analysis tool, 
thereby integrating the strongly linked Sacramento River and San Joaquin-Sacramento Delta ecoregions.  

3. Apply both SacEFT and DeltaEFT (collectively referred to as EFT) to relevant water management 
planning efforts to highlight the ecological trade-offs in both ecoregions. Work with relevant water management 
agencies to identify and evaluate notable water operation scenarios that have been proposed (e.g., North-of-the-
Delta Offstream Storage (NODOS), Bay Delta Conservation Plan (BDCP), Shasta Lake Resource Investigation, Bureau 
of Reclamation’s Operating Criteria and Plan (OCAP) Review/Remand, DWR’s System Re-Operation Program). 

4. Effectively communicate the knowledge gained to agency managers and stakeholders, as well as to the 
public.”  See: Alexander, supra note 27, p. 5.  
55 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019. 
56 Alexander, C.A.D., F. Poulsen, D.C.E. Robinson, B.O. Ma, and R.A. Luster. (2018). Improving Multi-Objective 
Ecological Flow Management with Flexible Priorities and Turn-Taking: A Case Study from the Sacramento River	and	
Sacramento-San Joaquin Delta. San Francisco Estuary & Watershed Science, 16(1). 
https://escholarship.org/uc/item/43q0d3c0. 
57 Interviewee 4001: EFT case study, February 2019.	
58 The Sacramento River Ecological Flows Tool (SacEFT v.2.0) Record of Design, pg. 1-4 of Appendix B in: Alexander, 
C., D. Robinson, and F. Poulsen. (2014). Application of the Ecological Flows Tool to Complement Water Planning 
Efforts in the Delta and Sacramento River: Multi-Species effects analysis & Ecological Flow Criteria. Final Report to 
The Nature Conservancy. Chico, California. 228 p + appendices. Available at: https://essa.com/wp-
content/uploads/2013/10/EFT-FINAL-REPORT-Apr-30-2014-r2-PDF1.pdf. 
59 Interviewee 4003. EFT case study, February 2019; Interviewee 4005. EFT case study, March 2019. 
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There were three primary funding sources for EFT development: (1) funds from two CALFED 
grants valued at approximately $2.2 million,60 (2) private funding solicited by TNC to support 
tool development, and (3) internal funding from both TNC and ESSA.61   
 
The EFT represents the culmination of years of research, literature review, tool development, 
and expert and agency outreach to develop an innovative tool capable of providing a more 
complete understanding of multi-species’ flow needs and how water management operations 
across the San Joaquin-Sacramento Delta and the Sacramento River can better meet these 
needs.  The EFT has been used to inform important water management decisions in California, 
including large-scale infrastructure projects and BDCP alternatives.  Despite these successes 
and the innovative nature of the tool and the science behind it, the EFT is not currently being 
used for water management decisions in California.  Some factors potentially limiting its use 
and adoption include: (1) a failure to secure high-level buy-in for long-term tool ownership; (2) 
concerns over model accessibility; (3) a lack of agency capacity for tool development and 
adoption; (4) a lack of clarity in agencies’ jurisdiction and decision-making authority; and (5) 
agency concerns about committing to a single model.  
 
4.2.2 Case Study 2: The Colorado Decision Support System 
After longstanding litigation with the state of Kansas over allocation of the Arkansas River62 and 
an eventual court ruling in favor of Kansas,63 leadership at the State of Colorado decided that a 
water data management system was necessary to protect against future legal challenges.  The 
Colorado Water Conservation Board (CWCB) and the Colorado Division of Water Resources 
(CDWR) began developing CDSS in 1992 with the goal of collecting “credible information on 
which to base informed decisions concerning management of Colorado's water resources.”64  
These two state agencies continue to jointly manage the CDSS tools and models, providing 
ongoing technical support and funding for operations and maintenance.65   
	
CDSS is a composed of three main components: (1) a database, including groundwater data, 
streamflow data, climate station data, water rights data, and other information, (2) web tools 
and data management interfaces, and (3) modeling platforms/software.  All data, tool and 
models are publicly available on the CDSS website.66   
 
CDSS did not start out as a statewide resource; rather, the system developed largely on a basin-
by-basin basis, over time.  CDSS development began in the Colorado River basin in 1992.67  In 
1998 a decision support system (DSS) for the Rio Grande basin was initiated.  A DSS was 

 
60 Grant ERP-07D-P06, P. 2. See:  
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=90959. 
61 Interviewee 4005. EFT case study, March 2019. 
62 Kansas v. Colorado, 185 U.S. 125. See: https://supreme.justia.com/cases/federal/us/185/125/. 
63 Kansas v. Colorado, 543 U.S. 86. See: https://www.courtlistener.com/opinion/137730/kansas-v-colorado/. 
64 Colorado’s Decision Support System. Accessed July 20, 2018: http://cdss.state.co.us/Pages/WhatisCDSS.aspx. 
65 Id.	
66 See: https://www.colorado.gov/pacific/cdss/ 
67 Interviewee 3005. EFT case study, August 2018. 
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developed for the South Platte and North Platte basins beginning in 2001, and finally, in 2009, a 
DSS was developed for the Arkansas basin.  Today, CDSS covers ten out of the eleven basins in 
Colorado.  There are not currently plans to develop CDSS for the one remaining basin, the 
Republican Basin.68  

 
Although decision support systems were developed separately for each river basin in the state, 
they all shared a similar development process and all DSSs share a central database and 
website.  In each river basin, a feasibility study was conducted prior to tool development to 
determine “purposes for, uses and users of, components of, data requirements for, and costs 
and schedule for developing such a system.”69  Funding for CDSS development and ongoing 
operation and maintenance has come from the CWCB Construction Fund.70  
 
CDSS is now used for a variety of decision-making purposes, including reservoir operation 
decisions by water commissioners, water availability assessments, decisions about water rights 
transfers, and long-term water planning by the state and others.  Additional details on CDSS 
uses are outlined in Section 6.4.5 of the supplemental materials. 
 
CDSS is largely considered to be a successful decision support system.  The State of Colorado 
tackled several challenges during tool development and implementation, including (1) 
development of robust data protocols and standards; (2) concerns over the collection, use and 
public reporting of data; (3) state agency capacity and staffing issues; (4) model code 
maintenance; and (5) concerns about intellectual property.  Some of these challenges remain 
ongoing issues. 

5 Key Findings and Recommendations 
Our evaluation of the two pilot projects described above, as well as our case study analysis, 
highlight the complexity of developing tools to support water management decisions.  The 
following key findings and recommendations summarize our analysis.   
 
The recommendations outlined below are intended for tools targeting a specific decision-
making process or set of water management decisions.  In some cases, decision-makers will be 
different from other end users (e.g., stakeholder groups).  For example, the CDSS was 
developed to support water management decisions by state agencies in Colorado; however, the 
CDSS has a variety of other end users, including consultants, water users and researchers.  

 
68 See: http://cdss.state.co.us/basins/Pages/BasinsHome.aspx. 
69 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (1998). Rio Grande 
Decision Support System Feasibility Study, p.1-2.  Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125352&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1x. 
70 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (2001). South Platte 
Decision Support System Feasibility Study, pg. E-8. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125353&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0. 
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Focusing initially on the water management decisions being targeted will help to ensure that 
the tool meets its primary objectives related to management decisions. 
   

1. Finding 1: The social and political complexities surrounding water data should not be 
underestimated.  In complex water management situations involving many different 
organizations it can be difficult to discern who the “key” decision-makers are, how (or if) 
they will use the tool, and what factors may hinder tool adoption. 

Recommendation 1: The first phase of tool development, prior to any technology 
development, should include research to understand the decision-making process being 
targeted.  Specifically, the following questions should be sufficiently understood before 
committing to development of a specific water management data tool: (i) who are the 
key decision-makers and how do they intend to use the tool; (ii) are the key decision-
makers invested in and support tool development; (iii) what are the legal, regulatory, and 
policy requirements for data transparency and decision-making; (v) what is the potential 
for litigation or other legal, political, economic, or negative repercussions that may result 
from making data or decisions more accessible or transparent; and (vi) what is the plan to 
mitigate the any negative repercussions resulting from making data or decisions more 
accessible and are these acceptable to the decision-makers?   

 
2. Finding 2: Defining tool objectives and the boundaries of the physical system necessary to 

meet those objectives can be challenging, particularly when there are many agencies and 
stakeholders involved in tool development.  Clear objectives, planning and metrics are 
necessary to ensure successful tool development.  

Recommendation 2: Prior to building a tool, the tool development team should work 
with decision-makers and other potential end users71 to establish clear objectives for the 
tool, including the tool’s purpose, intended use and users (and their associated priorities), 
the boundaries of the physical system (tool scale and components), and the data 
necessary to meet those objectives.  This process should be accompanied by a tool 
development plan outlining tool governance, metrics, estimated costs, timeline, and 
funding sources.  
 

3. Finding 3: It is important to ensure short- and long-term agency commitment to tool 
development prior to initiating tool construction.   

Recommendation 3: The tool development team should ensure meaningful buy-in (in the 
form of financial, in-kind support, contractual agreements or other mechanisms) from 
intended key decision-makers prior to initiating tool development.  Doing so will to 
ensure long-term investment in the tool and its development process.   
 

 
71 Where the tool is being developed for specific decision-making purposes or set of purposes, including other 
potential end users should only be done where their goals and purposes do not contradict or conflict with the 
decision-making purposes. 
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4. Finding 4: Securing support for ongoing tool maintenance and hosting can be challenging 
in retrospect. 

Recommendation 4: Discussions about who will house and support ongoing tool 
maintenance should be resolved prior to initiating tool development.  These discussions 
should include who will fund the tool long-term.  If agencies or entities are unwilling to 
commit to these obligations, tool development should be reconsidered.  

 
5. Finding 5: Agencies may be reluctant to make data publicly available for a variety of 

reasons, including concerns that increased data transparency may lead to greater scrutiny 
or the risk of misinterpretation by parties external to the decision making processes; 
protection of proprietary data; and a lack of capacity to adequately QA/QC data in a 
timely manner (see Finding 6). 

Recommendation 5: The tool development team will need to work with agencies to (1) 
understand any potential concerns related to increasing data transparency and (2) 
consider the pros and cons of developing an open and transparent decision support tool.  
Where open and transparent decision support tools are deemed necessary, tool 
developers and funders may need to allow additional time to navigate the politics of open 
data and decision-making.  Finding a data “champion” who can advocate for this process 
is essential.  

 
6. Finding 6: Agencies commonly lack resources (technical, financial and capacity) to make 

data publicly available.   

Recommendation 6: When scoping tool development, the tool development team should 
consider the technical and financial resources necessary to develop or expand agency 
capacity to support the data quality control and assurance, formatting, etc. necessary for 
tool development.  They should also consider the agency’s capacity to support long-term 
tool maintenance and upkeep.  Additional funding may be necessary to support the use 
of external consultants or other experts on an as-needed or regular basis.  

 

7. Finding 7: Agencies are often more willing to release primary data than higher-value 
processed data or model outputs.  Legal or regulatory steps may need to be taken to 
make certain types of data publicly available. 

Recommendation 7:  Where open and transparent data and decisions are critical for tool 
development, legal or regulatory steps may need to be taken to make all data or 
decisions publicly available.  Where legislation or regulatory measures are considered, 
legislators or regulators should be specific about the types of data to be disclosed to 
ensure that agencies provide all relevant data.  Where multiple entities, consultants, 
individuals or others have been involved in data collection or model development, legal 
or regulatory requirements may need to consider intellectual property rights to ensure 
access, use and full disclosure of data or models. 
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