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1 Acronyms 

 
AB 1755  Open and Transparent Water Data Act  
ACWA  Association of California Water Agencies 
BDCP  Bay Delta Conservancy Plan 
CALFED CALFED Bay-Delta Program 
CDEC  California Data Exchange Center 
CDSS  Colorado Decision Support System 
CDWR  Colorado Division of Water Rights 
CVO  Central Valley Operations 
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 
DSM2  Delta Simulation Model Version 2 
DSS  Decision Support System 
DST  Decision Support Tool  
DWR  Department of Water Resources 
EDF  Environmental Defense Fund  
EFT  Ecological Flows Tool 
ERP  CALFED Ecosystem Restoration Program 
ESA  Endangered Species Act 
ESSA  ESSA Technologies Ltd. 
GCID  Glenn-Colusa Irrigation District 
GRAT  Groundwater Recharge Assessment Tool 
GSA  Sustainable Groundwater Agency 
GSP, Plans Sustainable Groundwater Plan 
L3MTO  Local 3-Month Temperature Outlook 
MAR  Managed Aquifer Recharge 
MID   Madera Irrigation District 
NGO  Nongovernmental organization 
NMFS  National Marine Fisheries Service 
NODOS North-of-the-Delta Offstream Storage 
NOAA  National Oceanic and Atmospheric Administration 
OCAP  USBR’s Operating Criteria and Plan 
QA  Quality Assurance  
QC  Quality Control 
RPA  Reasonable and Prudent Alternative 
SacEFT  The EFT tool developed for the Sacramento River 
SacPas  Central Valley Prediction and Assessment of Salmon 
SGMA  Sustainable Groundwater Management Act 
SHOWR Shasta Operations for Winter Run 
SRSC  Sacramento River Settlement Contractors 
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SRTMP  Sacramento River Temperature Management Plan 
SRTTG  Sacrament River Temperature Task Group 
SWFSC  Southwest Fisheries Science Center 
SWIM  Shasta Water Interagency Management 
SWP   State Water Project 
SWRCB  State Water Resources Control Board 
TC  Technical Committee 
TCP   Temperature Compliance Point 
TID  Tulare Irrigation District 
TNC  The Nature Conservancy 
TUGS  The Unified Gravel-Sand sediment transport model 
USRDOM US Reclamation’s Daily Operations Model 
USBR  United State Bureau of Reclamation 
USFWS  U.S. Fish and Wildlife Service 
USGS  U.S. Geological Survey 
SRWQM Sacramento River Water Quality Model 
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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 U.S. Bureau of Reclamation’s (USBR) 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 governance,13, 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, in an effort to better understand the role of data and information on water 
management decisions, the S.D. Bechtel, Jr. Foundation funded the development of two water 
management tools in California to test the hypothesis that improved access to data leads to 
better water management decisions (e.g., decisions that are more timely, efficient, effective, 
transparent).  Specifically, S.D. Bechtel, Jr. Foundation focused on making data more accessible 
to decision-makers, as well as to key stakeholders outside of the process through the 
development of data visualization tools.  It also supported the development of open-source 
tools, where possible.  The two pilot projects20 were: (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.  These tools came to be 
called the Shasta Operations for Winter Run (SHOWR) and the Groundwater Recharge 
Assessment Tool (GRAT), respectively.  
 

 
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. https://doi.org/10.1002/asi.21622. 
15 Zuiderwijk, A., and M. Janssen. (2014). Barriers and Development Directions for the Publication and Usage of 
Open Data: A Socio-Technical View. In: Gascó-Hernández M. (eds) Open Government. Public Administration and 
Information Technology, vol 4. Springer, New York, NY: 115–135. https://doi.org/10.1007/978-1-4614-9563-5_8. 
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. 
20 The two pilot projects were selected by an Advisory Committee based on several criteria, including clearly stated 
project objectives, the level of engagement of project partners and stakeholders, the perceived ability of the tool 
to impact decision-making, and the types and sources of existing and new data to be used in project 
implementation.  
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In addition to funding the development and implementation of two data platforms to test its 
hypothesis that improved access to data leads to better decision-making and outcomes, the 
S.D. Bechtel, Jr. Foundation also funded Stanford University’s Water in the West to evaluate the 
development and implementation of these data platforms and their impact on local or regional 
water management decisions.  Indirect benefits of tool development and implementation were 
also assessed.  
 
Recognizing the limitations associated with the evaluation of only two pilot projects, tool 
evaluation was supplemented with a retrospective analysis of two case studies.  These were 
Colorado’s Decision Support Systems (CDSS), an online water data and modeling platform 
developed for the state of Colorado beginning in the early 1990’s, and the Ecological Flows Tool 
(EFT), developed by The Nature Conservancy (TNC) and a Canadian consulting company, ESSA, 
to enable a more holistic approach to ecological management in the Sacramento River and 
Sacramento-San Joaquin Bay-Delta.  

 
The research presented in this report was designed to answer the following four research 
questions: 

1) How are water management decisions (in each pilot project) currently made?  
2) Does access to an integrated data visualization and analysis platform result in better 

(i.e., more timely, science-based) management decisions?  
3) What role does the process used to develop the platforms play in their success?  
4) What components do other “successful” data integration and analysis platforms include, 

and under what conditions do they appear to be successful?  
 
Question 1 was answered in baseline reports developed for the GRAT and SHOWR, available in 
Appendix A and B, respectively.  Questions 2 and 3 will be discussed in our analysis of the two 
pilot projects presented in Chapters 4 and 5 of this report.  These chapters also include an 
overview of the key decision-making processes described in more detail in the baseline reports.  
We answer question 4 by exploring additional case studies in Chapter 6 of this report.   
 
Finally, throughout 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.  
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3 Data and Methods 

Data and methods for both the pilot projects and case studies are described broadly below; 
additional specific information on data and methods for each pilot project and the case studies 
jointly are described in specific project chapters.  Importantly, while many of the data and 
methods used were similar between the pilot projects and case studies, the pilot project 
involved a “real-time” evaluation of tool development and implementation that included 
document analysis; two rounds of semi-structured interviews, supplemented with additional 
interviews or correspondence, where necessary; and meeting observation.  By contrast, the 
case studies were retrospective analyses of tool that had already been developed and 
implemented.  Case study analyses involved document review and interviews with individuals 
involved in tool development.  
 
3.1 Pilot Project Evaluation 

Our pilot project evaluation is based upon a mixture of data types and sources.  Our analysis 
began with extensive reviews of all relevant literature.  Textual evidence was compiled via 
Internet research from a variety of types and sources, including peer-reviewed journal articles, 
government agency reports, formal interagency correspondence, state and federal laws, gray 
literature, and websites.  Altogether more than 300 documents were compiled and reviewed.  
We also conducted a broader supplemental literature review of peer-reviewed articles on open 
data, open water data initiatives, and water management decision support tools.  
 
Document review formed the basis of the baseline reports developed for the GRAT and SHOWR 
pilot projects (attached as Appendices A and B of this report, respectively).  For the GRAT pilot 
project we relied primarily on reports released by the Madera and Tulare Irrigation Districts.  In 
the case of the SHOWR pilot project, our insights into how decisions have been made in recent 
years were informed especially by: 

• agendas and notes from meetings of the Sacramento River Temperature Task Group 
(SRTTG) since 2014;  

• SRTTG annual reports;  
• publicly available formal correspondence between USBR and National Marine Fisheries 

Service (NMFS); and  
• the 2009 NMFS Biological Opinion and Reasonable and Prudent Alternative (RPA) (with 

2011 amendments) on the 2008 operations plan for the Central Valley Project (CVP) and 
State Water Project (SWP).   
 

Drawing from a variety of sources -- especially key state and federal laws and policies since 
approximately 1990 -- we compiled a timeline for temperature management decisions for the 
Sacramento River which is set forth in Appendix B and summarized in Table 2 of the SHOWR 
baseline report.   
 
Documentary sources for the pilot projects were supplemented with semi-structured key 
informant interviews (N = 62) to fill in information gaps and elicit stakeholders’ views on various 
key questions (interview frequencies are shown in Table 3.1).  Interviews were recorded and 
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transcribed whenever interviewees gave consent.  All interviewees are kept anonymous per the 
terms of the consent agreement they signed, which was approved by Stanford University’s 
Institutional Review Board.  We did not use the exact same interview protocol for all 
interviewees.  Questions were varied, based on factors such as individuals’ roles in the project, 
vocation, and their experience or knowledge of the given pilot project.   
 
In the case of the SHOWR pilot project, we also recorded qualitative observations of regular 
stakeholder project development meetings, which were held roughly on a monthly basis over 
the course of the SHOWR project.  These meetings were attended in-person or by phone or via 
videoconferencing.  We also tabulated meeting attendance by various participants over time 
based on meeting summary notes provided by meeting facilitators. 
 
Research for the two pilot projects was conducted in two phases.  Phase 1 focused on 
understanding how management decisions were made prior to tool implementation.  We refer 
to this phase as the “baseline” condition, which served as the basis for comparison with the 
“after” condition, i.e., after substantial completion and implementation of the tools by the 
target decision-makers.  Phase 1 for both projects began in late 2016 or early 2017 and 
continued through the end of 2017 (Table 3.1).  Phase 2 interviews began in April 2018 for the 
GRAT project and in September 2018 for the SHOWR project (Table 3.1).  As described above, 
the first phase of data collection for both pilot projects consisted primarily of (a) document 
collection and review and (b) interviews prior to implementation of the tools (and meeting 
observation, in the case of SHOWR project).  Phase 2 data collection consisted largely of 
interviews conducted after the tools were substantially completed and had been implemented.  
In total, there were roughly twice as many interviews conducted for the SHOWR case as the 
GRAT project.  This is largely a function of the number of agency representatives involved in 
development of the SHOWR tool.  
 

Table 3.1. Timeline and number of interviews for all pilot projects and case studies. Pilot project 
interviews are designated as baseline or Phase 2.  
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3.2 Case Study Analyses 

Data collection and analysis for the two additional case studies occurred from June 2018 
through April 2019.  In both cases we conducted a literature review and conducted interviews 
(N = 16) with agency representatives, consultants, or other individuals involved in tool 
development (Table 3.1).  Documents for the case studies came from websites, journal articles, 
consultants or interviewees familiar with the tools, websites, and internet searches. 
 
Like the pilot project interviews, interviews were recorded and transcribed whenever 
interviewees gave consent.  All interviewees are kept anonymous per the terms of the consent 
agreement they signed, which was approved by Stanford University’s Institutional Review 
Board.  We did not use the exact same interview protocol for all interviewees.  Questions were 
varied, based on factors such as individuals’ roles in the project, vocation, and their experience 
or knowledge of the case study   
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4 Evaluation of the Groundwater Recharge Assessment Tool in Madera 

and Tulare Irrigation Districts 

 

4.1 Introduction  

The first pilot project used to test the hypothesis that improved access to data leads to better 
water management decisions involved the development and implementation of a web 
application called GRAT.21  This project focuses on groundwater recharge management 
decisions in two irrigation districts, Madera Irrigation District (MID) and Tulare Irrigation District 
(TID), in California’s Central Valley.   
 
In 2014, California 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 for local 
agencies responsible for managing groundwater under the Act have passed and others are 
looming.  Specifically, June 2017 was the deadline for GSA formation, and GSAs in critically 
overdrafted basins22 must submit their GSPs to the California Department of Water Resources 
(DWR) for review by January 31, 2020.  Plans that are deemed unlikely to achieve sustainability 
are subject to state intervention.23 
 
In many basins throughout the state achieving sustainable groundwater management, defined 
in the legislation as the avoidance of “undesirable results,”24,25 will require local agencies to 
increase groundwater supply through managed aquifer recharge (MAR) or other mechanisms, 
and/or reduce groundwater pumping.  Many local agencies are currently focusing on increasing 
MAR.  This new prioritization for MAR has caused irrigation districts and other water 
management agencies to pay more attention to issues associated with maximizing MAR, such 
as infrastructure available for recharge, and up to date information on water balances and long-
term groundwater deficits.  While MAR has great potential to assist GSAs in attaining 

 
21 See: https://grat.earthgenome.org/. 
22 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. 
23 CWC § 10735.2. 
24 CWC § 10721(v).  
25 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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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; lack of decision-making experience in conducting recharge; incomplete 
hydrologic data for water budgets; and lack of administrative experience running district-level 
programs, particularly for on-farm recharge26 – a burgeoning subcategory of MAR. 
 
It is in this context that the S.D. Bechtel, Jr. Foundation funded a pilot project to develop the 
GRAT.  GRAT is a web-based geospatial software tool developed by Sustainable Conservation 
and Earth Genome that includes information about water conveyance infrastructure, land use, 
water supply and soil recharge potential to support agencies’ recharge planning decisions.27  
The tool was developed in partnership with MID28 and TID,29 two Central Valley irrigation 
districts.  In recent years, these two districts have shifted from the more ad hoc approaches to 
groundwater recharge used in the past to more proactive, systematic programs in order to 
maximize the benefits of recharge.   

 
While GRAT focuses on on-farm recharge – the flooding of permanent crops – it also includes 
local recharge infrastructure information, which allows agencies to make decisions about how 
to optimize recharge using existing facilities.  GRAT also includes scenario planning and 
economic components.   

 
The two irrigation districts began using GRAT to help with groundwater recharge-related 
management decisions.  The goal was to use GRAT for two main functions: (1) helping with 
short-term on-farm recharge decisions (e.g., where to distribute excess water available for on-
farm recharge) and (2) long-range planning for MAR under SGMA – specifically, estimating and 
optimizing recharge potential over the 20-year SGMA implementation timeframe.   
 
The development and tailoring of GRAT to the specific needs of the two irrigation districts 
occurred primarily in 2017, transitioning to use and implementation during late 2017 and early 
2018, coinciding with California’s winter rainy season when floodwaters could be available for 
capture and recharge.  
 
As discussed in the Introduction of this report, the broad goal of the S.D. Bechtel, Jr. Foundation 
in funding this pilot project was to test the hypothesis that improved access to data and 
visualization tools leads to better water management decisions.  Water in the West received a 
grant to evaluate the development and implementation of GRAT in the two irrigation districts 

 
26 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. 
27 Additional information from Earth Genome and Sustainable Conservation on GRAT is available at 
http://groundwaterrecharge.org/. 
28 See:  http://www.madera-id.org/. 
29 See:  https://www.tulareid.org/. 
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to test this hypothesis.  Our analysis of the GRAT pilot project was structured around three 
primary research questions: 
 

1. How are key decisions about groundwater recharge currently made (i.e., who makes the 
decisions, what criteria are incorporated, etc.)?  

2. To what extent is on-farm recharge currently being used and what has constrained its 
use in the past?  

3. Does access to an integrated data visualization and analysis platform result in better 
(i.e., more timely, science-based) management decisions?  

 
Data collection and analysis proceeded in two phases: the baseline phase (Phase 1) and Phase 
2.  The baseline phase occurred during calendar year 2017 with the primary aim of 
characterizing decision-making about recharge prior to the development and adoption of GRAT 
by MID and TID (baseline decision-making).  Evidence collected during this phase was used to 
answer research questions 1 and 2.  We provide a brief overview of the baseline decision-
making process in Section 4.2 below.  More details on the irrigation districts and their baseline 
decision-making processes, are provided in the GRAT baseline report included in Appendix A of 
this supplemental material.  The remainder of this chapter focuses on Phase 2 of the project or 
research question 3. 
 
4.2 Overview of the Madera and Tulare Irrigation Districts 

MID and TID are both long-time contractors with USBR for surface water from the Friant 
Division of the CVP, which is delivered from Millerton Lake to MID via the Madera Canal and to 
TID via the Friant-Kern Canal.30  This federal water supplements both districts’ preexisting 
surface water rights and groundwater supplies.  A salient difference between the two districts is 
the predominant crop types.  Like much of California’s Central Valley, MID has seen a significant 
shift towards permanent crops (primarily various nut trees, but also grapevines) in recent 
decades.  By contrast, TID still retains a large proportion of traditionally grown annual field 
crops such as cotton, wheat, corn and alfalfa.  Consequently, flood irrigation remains more 
common in TID than in MID, where many growers have installed efficient micro-irrigation 
systems that are well-suited for trees and vines.  In the context of on-farm recharge, the 
transition to permanent crops and micro-irrigation systems has important implications.  
Specifically, as will be discussed later, many growers are reluctant to conduct on-farm recharge 
on permanent crops because of the potential long-term impacts to these valuable crops.  
Second, because on-farm recharge involves flooding the fields, the transition to micro-irrigation 
systems can make flooding infeasible unless growers have retained their older flood systems 
after installing drip systems. 

 

 
30 See:  https://www.usbr.gov/projects/index.php?id=341. 
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Although facilitating conjunctive use of groundwater and surface water was part of the design 
of the Friant Division,31 MAR has never been a high priority for either district, although their 
past experiences with groundwater recharge differ.  Evidence compiled for the baseline report 
indicated that recharge has not traditionally been a priority for MID, as exemplified by the 
previous managers allowing recharge basins to fall into a state of disrepair and disuse.32  TID 
has taken a different approach to recharge.  The district has just over 1300 acres in dedicated 
recharge basins.  Recharge in these basins is supplemented by approximately 300 miles of 
unlined canals.33  While TID has never formally measured recharge via its recharge basins and 
canals, district staff estimates recharge volumes ranging from around 100,000 to 150,000 acre-
feet in a wet year to minimal recharge during dry years (occurring largely via losses from 
unlined canals).34  
 
While TID has some recharge infrastructure, its approach to groundwater recharge could be 
characterized as opportunistic. 35  For example, the district has taken extra water for recharging 
at times when available, but not to the extent that groundwater recharge was considered an 
important component of the district’s overall groundwater management plan or philosophy.  In 
other words, recharge was not avoided, but it was typically subordinate to other district 
activities and priorities.  Part of what has limited expansion of TID’s recharge program is the 
lack of a formal funding program.36  In the past, recharge in the district has been funded out of 
its central operating budget. 37   
 
Both TID and MID are located in critically overdrafted basins – where GSPs are required to be 
completed and submitted to the State by January 31, 2020.  MID opted to form its own GSA,38 
while TID joined with the cities of Tulare and Visalia to form the Mid-Kaweah GSA.39  In light of 
SGMA’s legislative requirements, attitudes about prioritization of groundwater recharge have 
changed substantially in both MID and TID. 
 
4.2.1 Timing of Groundwater Recharge 

The recharge season – the period when excess water may be available for groundwater 
recharge - in California typically extends from roughly October through April.  In particularly wet 
years, groundwater recharge can extend much later than April.  However, because of the time 
required in late fall and early spring to prepare fields for planting and for general maintenance, 

 
31 Leu, M. R. (2001). Economics-Driven Simulation of the Friant Division of the Central Valley Project, California. 
Master’s thesis, University of California, Davis, p. 3. Available at: 
https://watershed.ucdavis.edu/shed/lund/students/LeuThesis.pdf.	
32 Interviewee 20003: Baseline Interview – GRAT Pilot Project, March 2017; Interviewee 20004: Baseline Interview– 
GRAT Pilot Project, April 2017. 
33 Tulare Irrigation District. (2012). 2012 Agricultural Water Management Plan.  Available at: 
https://tulareid.org/tulare-id-2012-ag-water-management-planpdf. 
34 Interviewee 20001: Baseline interview- GRAT Pilot Project, March 2017. 
35 Id. 
36 Id. 
37 Id. 
38 See:  http://www.madera-id.org/public-information/mid-groundwater-sustainability-agency/ 
39 See:  https://www.midkaweah.org/ 
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many growers identify a shorter season for on-farm recharge.  One water manager suggested 
that December through February as a good rule-of-thumb for the timing of the on-farm 
recharge season.40  However, it should be noted that water managers may however choose to 
extend the recharge season (at either end) depending on the timing of precipitation, using 
dedicated recharge basins and/or unlined canals.   
 
4.3 Data and Methods 

As noted in the Data and Methods section, data collection activities occurred in two phases.  
Baseline data collection took place in 2017 and consisted primarily of document collection 
(primarily irrigation district reports) and semi-structured interviews with two GRAT developers, 
four irrigation district administrative and managerial staff (2 each from MID and TID)41 and one 
representative from DWR.42  These interviews all took place during the spring and summer of 
2017.  We also interviewed six growers from TID in the fall of 2017.  Interviews with the 
growers focused on understanding growers’ willingness to participate in on-farm recharge and 
any barriers or constraints in doing so. 
 
Phase 2 data collection took place in 2018, after the GRAT implementation season.  Because 
GRAT focuses on recharge, the implementation season is considered to be between November 
and March of each year.  Phase 2 data collection consisted primarily of follow-up interviews 
conducted with district staff and tool developers.  We also had the opportunity during Phase 2 
to interview two growers in MID during fall 2018.43  Although these interviews occurred during 
the second phase of the project, the questions and topics of those interviews were the same as 
for the earlier baseline interviews with TID growers; thus we include them in the baseline 
interview count in Table 4.1 below.   
 
Table 4.1. Interview frequencies per study phase and interviewee category for the GRAT 
evaluation project.  

Interviewee category Baseline Phase 2 Total 
Irrigation district staff 4 4 8 
Developers 2 2 4 
DWR representative 1 0 1 
Growers 8 0 8 
Total 15 6 21 

 

 
40 Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, May 2018.	
41 One individual’s role and affiliation shifted between baseline and phase 2 interview periods. 
42 DWR has been watching GRAT’s development with interest to gauge its potential value for GSAs developing GSPs 
under SGMA.  
43 Sustainable Conservation was working with growers in MID to better understand growers’ attitudes to farm 
recharge.  Our interviews were coordinated with their effort and were limited by their willingness to share contact 
information and the like.   
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In addition to the data sources provided above, in March 2018 the Association of California 
Water Agencies (ACWA) hosted an online workshop about GRAT for their members.44  This 
webinar-style event included discussions by GRAT developers and members of both MID and 
TID about various aspects of the tool, including aspects of on-farm recharge, information needs 
and how GRAT was being used by the districts.  Notes from the webinar and accompanying 
discussion are an additional data source for our analysis.  

 
As discussed in the Introduction to this report, we were also interested in the process of tool 
development and its potential role in tool adoption.  However, unlike the SHOWR pilot project 
(Chapter 5), we were not able to observe the GRAT development process first-hand, largely 
because GRAT had been substantially customized for the two districts before baseline analysis 
began.  This meant that we could not obtain primary (first-hand) observations of GRAT 
development.  During our baseline interviews, tool developers and agency representatives 
were asked questions about the tool development process.  Because our evidence was limited 
to their reflections, our analysis is necessarily retrospective. 
 
Table 4.2 provides an overview of research questions broken out by corresponding research 
phases for this pilot project, along with sample interview questions for irrigation district staff.  
Phase 2 questions for water district staff covered the following topics: 

• recharge activities since the spring 2017 baseline interviews (i.e., from summer 2017 to 
spring 2018); 

• whether and how GRAT was used for recharge planning/management during this time; 
• assessment of the current status of GRAT development and personal reflections on the 

process of platform development; and 
• updates on the impediments to on-farm recharge adoption by farmers (as perceived by 

district staff). 
 

Conversations with GRAT developers in Phase 2 were limited to a narrower set of topics, 
including:  

• characterizing the current status of GRAT development; and  
• reflections on the development process, to assess change over the preceding 

development period.   
 
 
 
 
 

 
44 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
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Table 4.2 Research questions and sample of corresponding interview questions for irrigation 
district managers. 

 
 
As was done for the baseline report, all audio recordings of interviews were transcribed by a 
third-party professional transcription service for qualitative analysis.  Phase 2 interviewees 
consisted of a small number of knowledgeable key informants (N = 6). A simple coding scheme 
was used to extract and analyze excerpts from the interview transcripts.  Due to the small 
sample size, our analysis of the interviews consisted primarily of qualitative evaluation of the 
content of responses, including points of general agreement or disagreement.  Although the 
sample size is small, we believe it is adequate to generate answers to our particular research 
questions, which are narrowly focused on the behavior and opinions of those few individuals 
who were involved in the development and implementation of GRAT in the two irrigation 
districts that were part of the pilot project.  In other words, only these few individuals 
possessed the specialized experiential knowledge to inform our analysis.   
 
4.4 Results 

Our baseline analysis of the two irrigation districts found that groundwater recharge was not a 
central management objective in either district prior to SGMA or the development of GRAT.  

Research	questions:	GRAT	pilot	
project	evaluation	

Research	
phase Corresponding	sample	interview	questions

How	are	decisions	on	groundwater	recharge	are	currently	made	in	your	jurisdictional	
area?	
Do	you	have	a	formal	decision-making	process	for	determining	when	and	where	to	
recharge	groundwater	in	your	jurisdictional	area	on	an	annual	basis?	Why	or	why	
not?	
What	have	the	main	goals	in	developing	groundwater	recharge	in	your	basin	been	to	
this	point	in	time?	
	What	are	the	three	biggest	constraints	in	recharging	groundwater	in	your	
jurisdictional	area?	
How	is	recharge	currently	done	in	your	area	(i.e.,	dedicated	recharge	basins,	on-farm,	
fallow	fields,	unlined	canals)?	
How	much	groundwater	recharge	does	your	agency	perform	on	average	in	a	wet	or	
dry	year?	
	What	are	the	three	biggest	constraints	in	recharging	groundwater	in	your	
jurisdictional	area?	
Did	you	use	GRAT	to	help	with	recharge	planning	this	past	season?
·		If	not,	why?
·		If	yes,	describe	how	it	was	used.
What	concerns	and	considerations	do	growers	have	that	might	limit	the	
implementation	of	on-farm	recharge	in	these	two	districts?
Are	there	additional	(non-data-related)	factors	or	criteria	used	in	making	
groundwater	recharge	decisions?	
·		What	do	you	think	are	the	barriers	or	disincentives	for	adoption	of	on-farm	recharge	
by	growers	in	your	district?
·			How	might	GRAT	help	address	them?
Please	describe	the	process	for	developing	the	GRAT.	What	was	your	role	in	the	
process?
In	your	opinion,	how	did	the	process	go?	Please	describe	any	changes	that	you	would	
make	in	retrospect.	
Did	you	discover	any	new	needs	this	year	in	terms	of	GRAT's	functionality,	data	sets,	
etc.?
Do	you	feel	that	once	this	process	is	complete	that	GRAT	will	meet	your	need	recharge-
related	decision	needs?

(3)	Does	access	to	an	integrated	data	
visualization	and	analysis	platform	
result	better	(i.e.,	more	timely,	science-
based)	management	decisions?	

What	role	does	the	process	used	to	
develop	the	platforms	play	in	their	
success?

Phase	2

Baseline

(1)	How	are	key	decisions	on	
groundwater	recharge	currently	made	
(i.e,	who	makes	the	decisions,	what	
criteria	are	incorporated,	etc.)?	

Baseline
(2)	To	what	extent	is	on-farm	recharge	
currently	being	used	and	what	has	
constrained	its	use	in	the	past?	

Baseline

Phase	2
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However, TID had more experience and interest in groundwater recharge in the past than MID.  
In TID, decisions concerning when and where to do groundwater recharge were largely 
opportunistic.45  As one TID staff member noted, “Our number of [recharge] basins, 1300 acres, 
is limited, and often times…we turn water away because we’re already full.  We can’t take 
anymore.”  The interviewee went on to explain that SGMA changed the prioritization of 
recharge and that TID expected to address the agency’s limited recharge capacity through on-
farm recharge and/or dedicated recharge basins. 46  TID leadership was hoping that GRAT could 
help inform these decisions.  
 
The low priority previously given to groundwater recharge in both irrigation districts was not 
due to a total lack of infrastructure.  Both districts had access to spreading basins, whether 
owned by the district or shared with neighboring entities.  In fact, MID’s current management 
lamented the fact that the previous management had allowed the district’s basins to lapse into 
disrepair.47  Thus we attribute the previous lack of emphasis on groundwater recharge by both 
irrigation districts to be a result of two related factors: the lack of incentive and a general lack 
of willingness by both the districts and their water users to fund formal groundwater recharge 
programs.  
 
The enactment of SGMA, with its requirement to develop GSPs that must be approved by the 
state and achieve groundwater sustainability within twenty years, prompted a major shift in 
groundwater management priorities in these two irrigation districts.  Baseline interviews 
provided evidence of this reprioritization in both districts.  For example, after SGMA became 
law, MID began rehabilitating its recharge facilities,48 and both districts expressed interest in 
implementing on-farm recharge programs and were exploring options for siting new recharge 
facilities to expand their respective recharge capacities.49  Both districts viewed GRAT as a 
means of optimizing their ability to achieve these goals.  
 
4.4.1 Uses of GRAT for Decision-making Purposes 

The central questions in our evaluation of GRAT focus on (1) whether GRAT was used to 
support decision-making concerning recharge in MID and TID during the study period, 
especially during tool implementation; and (2) if used, the purposes for which it was used and 
the extent to which its use led to better recharge management decisions.  In this section we 
draw from interviews and a recorded webinar/workshop on GRAT implementation to 
understand how the tool was used during the evaluation period.  An overview of the uses of 
GRAT (including intended uses, discussed below) identified in this study is shown in Table 4.3.   
 
 

 
45 Interviewee 20001: Baseline interview - GRAT Pilot Project, March 2017. 
46 Id.  
47 Interviewee 20003: Baseline interview - GRAT Pilot Project, March 2017. 
48 Interviewee 20004: Baseline interview - GRAT Pilot Project, April 2017. 
49 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017; Interviewee 20003: Baseline interview - 
GRAT Pilot Project, March 2017. 
	



   
 

18 
 

Table 4.3  GRAT uses in MID and TID as of Fall 2018.  

 
  
4.4.1.1 Use of GRAT in Tulare Irrigation District 

GRAT was used in two main ways by TID during our evaluation.  First, GRAT was used to 
retroactively simulate the hydrologic effects (e.g., recharge rates) from TID’s water year 2017 
(October 1, 2016, to September 30, 2017) recharge activities, including the on-farm recharge 
program administered that year.  This was done primarily to validate GRAT’s recharge 
capabilities.  District staff indicated that GRAT estimates compared well to the district’s own 
recharge estimates.50   

 
Second, GRAT was used to assess the capacity of different available recharge methods (on-
farm, dedicated basins, and conveyance channels) and better understand where to devote 
future recharge management efforts.  Besides assessing existing options, this effort also 
included a GRAT-assisted evaluation of potential sites for constructing new dedicated recharge 
facilities (infiltration basins) to expand the district’s capacity.51  
 

 
50	Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
51 Interviewee 20002: Phase 2 interview - GRAT Pilot Project, May 2018; Association of California Water Agencies. 
Groundwater Recharge Assessment Tool (GRAT) Workshop. Online workshop, 2018. 
https://vimeo.com/260810548/131eaff1e3. 

MID TID

Evaluating	site	suitability	for	new	recharge	facilities	
and/or	improvements	to	existing	facilities ü ü

Analyze	results	of	past	recharge	efforts ü ü

Evaluating	suitability	of	parcels	for	on-farm	recharge ü Intended

Short-term	allocation	of	water	available	for	recharge	(on-	
and/or	off-farm) Intended Intended

Designing	and	implementing	Groundwater	Sustainability	
Plans Intended Intended

Designing	on-farm	recharge	programs	(e.g.,	setting	
volumetric	targets	and	then	determining	how	to	achieve	
them)

Intended Intended

Irrigation	DistrictApplications	and	Uses	of	GRAT
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TID did not use GRAT to support short-term or real-time decisions about how to allocate water 
available for recharge.52  We discuss some of the reasons for this in Section 4.4.2.1 below.  
 
4.4.1.2 Use of GRAT in Madera Irrigation District 

MID used GRAT for a variety of functions.  First, MID used GRAT to prioritize different recharge 
activities and potential facility investments, including running scenarios in GRAT for existing 
recharge basin use and potential basin acquisitions.53  When asked if MID could identify any 
particular recharge management decisions that would have been different than if GRAT had 
been available, one participant provided the following example:  

“It’s unique in that last year [2017], we had such an abundance of water it wasn’t as 
critical, but I think what last year provided is an opportunity for us to test-drive the tool 
and really gain confidence in it. As an example, we have a site that, basically, we’re in 
the process of acquiring to put a basin in. It’s a rare scenario where it happens to be a 
low-cost investment, and it’s ready to go, and we know it has a practice of taking water 
well. We were able to run it in the model, have it spit out its results and see where it 
ranked it, and lo and behold, it put it right up at the top of the list. It confirmed what 
we thought. It also worked in the other direction, that it confirmed that GRAT does a 
good job at predicting your best areas...to buy land for recharge”.54  

 
Second, MID staff used GRAT to identify parcels and corresponding landowners to cooperate 
with on future on-farm recharge programs.  As one interviewee explained, “[l]ast year, [the 
Board of Directors] made water available free to a few growers.  We could plug it into the 
system, and rank them, and see which growers who applied for the program should be ranked, 
and which ones are highest priority to receive it [water for recharge].”55   
 
Both of the above examples of GRAT use occurred during water year 2017 (October 2016 
through to September 2017), which was a particularly wet year.  As discussed later, the 2018 
water year (approximate recharge season Oct. 2017 or Apr. 2018) was.   
 
Although MID staff used GRAT to prioritize grower parcels for on-farm recharge, the number of 
participants relative to the water made available by the MID Board of Directors was such that 
“whoever would sign up, we were able to accommodate them.”56  Thus, in practice, the amount 
of available recharge relative to the number of growers willing to take water meant that 
allocation decisions for growers were not based on GRAT analysis per se.  As one staff member 
explained, “…when we did the on-farm recharge program in the fall [2017]... we didn’t base our 
decisions for on-farm recharge on GRAT. We did more of an after-the-fact analysis of who 
participated and their on-farm recharge and essentially more of a calibration tool…”.57  Based 
on this information it is likely that the prioritization of growers’ parcels based on GRAT analysis 

 
52 Interviewee 20002: Phase 2 interview - GRAT Pilot Project, May 2018. 
53 Interviewee 20003: Phase 2 interview - GRAT Pilot Project, April 2018. 
54 Id. 
55 Id.. 
56 Id. 
57 Interviewee 20004: Phase 2 Interview - GRAT Pilot Project, April 2018.	
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would have been more important had there been less recharge water available, forcing more 
difficult allocation decisions.  In the future, as the willingness of growers to conduct on-farm 
recharge grows, MID staff are more likely to use GRAT to prioritize land parcels most suitable 
for recharge.   
 
Third, MID also used GRAT to analyze the results of its recently initiated recharge program.  
Similar to TID, this use served to validate GRAT.  Finally, district staff used GRAT outputs to 
present recharge information to both the MID Board and the public.58 
 
As occurred with TID, the full range of GRAT’s functionality was not utilized during the 
evaluation period.  Nevertheless, all of the end users expressed a great deal of satisfaction with 
the value and utility of the tool, and clearly anticipate using it in the future.  They feel it will 
meet their needs, especially given ongoing staffing and resource constraints for implementing 
recharge programs.  For example, one district manager stated that part of the value of GRAT is 
simply combining a great deal of disparate information in a single system.  This has particular 
value for MID because the district has a lot of data but a small staff.59  This individual stated 
that “we believe we have a pretty dynamic and flexible tool that we'll be using in the future."60 

 
4.4.1.3 Summary of GRAT Use During the Evaluation Period 

To briefly summarize, during our evaluation, both districts used GRAT in some of the same ways 
(Table 4.3), though it is evident that MID has used it more extensively and frequently to date 
than TID for reasons that we discuss in the next section.  Both districts used GRAT to evaluate 
site suitability for potential new recharge basins.  This use helped district managers to make 
more informed decisions about where and how best to expand their recharge infrastructures.61  
Both districts also used GRAT to quantitatively validate previous recharge activities. 62,63  MID 
staff also reported using GRAT outputs to report the outcomes of recharge activities to Board 
members and the public.64 
 
MID used GRAT to develop a trial on-farm recharge program, although specific allocation 
decisions ultimately were not based on this GRAT analysis.  In this circumstance, testing of 
GRAT was used to “pre-prioritize” the suitability (from the perspective of management) of 
various parcels for recharge,65 including growers’ lands.  It was also used retrospectively to 

 
58	Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
59  Id. 
60 Id. 
61 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3; Interviewee 20004: Phase 2 Interview - GRAT Pilot 
Project, April 2018;. 
62 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
63 Interviewee 20004: Phase 2 Interview - GRAT Pilot Project, April 2018. 
64 Id. 
65 Interviewee 20003: Phase 2 Interview - GRAT Pilot Project, April 2018. 
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quantify recharge volumes from the program.66  This new capability of quickly identifying 
growers for recruitment in on-farm recharge programs well in advance of the onset of wet 
conditions can help reduce the time and labor involved with starting up such programs.  These 
improvements in decision-making capacity stand in marked contrast to the recharge 
management decisions established in our baseline evaluation, especially in MID.  
 
4.4.2 Constraints and Challenges Related to the Development and Implementation of GRAT  

As noted above, while both districts used GRAT for particular purposes and derived some 
identifiable benefits and value from it, neither utilized the full range of tool functionality during 
our evaluation.  A number of issues and constraints limiting implementation of GRAT were 
identified during our evaluation, including a lack of ability to use it as a real-time decision 
support tool, unfavorable hydrologic conditions, farmers’ concerns about conducting on-farm 
recharge, and others.  Below, we discuss factors that demonstrably affected GRAT 
implementation during our evaluation period, as well as some factors that may limit GRAT’s use 
in the future.  
 
4.4.2.1 Temporary Lack of Ability to Use GRAT as a Seasonal Decision-making Tool  

GRAT was ready for testing beginning in the spring of 2017.  However, because GRAT was 
initially developed with only permanent crop types, it was initially of limited value for TID 
(which is predominantly planted with annual crops).  By contrast, MID, which has 
predominantly permanent tree and vine crops, had a usable version of the tool in spring 2017, 
in time to use it for recharge activity in the very wet spring of 2017.  
 
As it turned out, hydrologic conditions during the 2017-2018 recharge season (discussed in the 
next section), meant that the 2016-2017 recharge season was the only real opportunity TID 
would have had to use GRAT for on-farm recharge.  Unfortunately, TID’s version of the tool at 
that time did not yet have the ability to analyze land uses that are particular to TID.  Specifically, 
TID wanted to be able to assess the recharge potential of land planted with annual field crops 
that are common in the district such as wheat, cotton and beans.67  A sample situation where 
GRAT could have been helpful would be a cotton and beans rotation where the farmer could 
apply water to a fallow field during the winter, in between fall cotton harvest and spring bean 
planting.  As one GRAT developer pointed out, the advantage of recharging between crop cycles 
is that much more water can be applied to ground that is fallow than on permanent crops; thus 
fewer farm sites are needed to recharge the same amount of water than would be needed in 
the case of permanent tree crops.68   
 
4.4.2.2 Unfavorable Hydrologic Conditions 

Use of GRAT was limited in part because of unfavorable hydrologic conditions for conducting 
recharge in the San Joaquin Valley during the 2017-2018 recharge season (roughly October 

 
66 Interviewee 20004: Phase 2 Interview - GRAT Pilot Project, April 2018. 
67 Interviewee 20005: Phase 2 Interview - GRAT Pilot Project, April 2018. 
68 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3. 
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2017 through April 2018) - specifically, the volume and timing of precipitation during the 2017-
2018 recharge season.  Madera, CA, where MID is located, received only one tenth of an inch of 
rainfall during November and December of the 2017-2018 water year.69  It was similarly dry in 
TID during that period, and remained so until a series of atmospheric rivers began bringing 
moisture to these regions beginning in the second half of March and continuing into early 
April.70  Precipitation was estimated at only 43% of average in the Tulare area prior to the 
March rainfall.71  

 
The dry conditions early in that water year led to concern from MID staff about meeting 
irrigation demands.72  However, the March rainfall was heavy enough that the district began 
conducting off-farm recharge in mid-April.73  These efforts began prior to our interviews with 
MID staff in mid-April 2018.  One staff member told us they were “putting water in everything 
that we have available to us right now,” but that they were limited to using dedicated basins 
only and not on-farm recharge.74  
 
TID began conducting recharge in April 2018 once Millerton Lake had filled.  As one agency 
representative explained, “From April, let’s just say April 10th to May 10th, we [delivered] 
about 33,000 acre-feet, and about 11,500 is being delivered to growers, and about 21,500 is 
going to recharge operations [in dedicated basins and canals].”75  Based on TID’s general 
priorities, a relatively large amount of water must be available for recharge before initiating an 
on-farm recharge program.  As one TID staff member put it “We fill up the recharge ponds, 
then we fill up the distribution system, and then if we need more, you would go to on-farm 
recharge. Our supplies are not large enough that we need to go to that, in a year like this [water 
year 2018].”76   
 
In both districts, the amount and timing of rainfall during the 2017-2018 recharge season 
hindered implementation of an on-farm recharge program.77  Essentially, the rain fell too late 
for on-farm recharge to be accommodated by growers who had already planted crops (TID) or 
where trees were no longer dormant (MID).  Even if there had been more water available, the 

 
69 California Nevada River Forecast Center. (2018). Monthly Precipitation Summary Water Year 2018. November 9, 
2018. Available at: https://www.cnrfc.noaa.gov/monthly_precip_2018.php.  
70 California Nevada River Forecast Center. (2018). Monthly Precipitation Summary Water Year 2018. November 9, 
2018. Available at: https://www.cnrfc.noaa.gov/monthly_precip_2018.php.; Ochs, B., J. Andersen, and WFO San 
Joaquin Valley-Hanford. (n.d.). 2017 Annual Weather Summary for Bakersfield, Fresno, Hanford, Madera, and 
Merced. National Weather Service. Available at: 
https://www.wrh.noaa.gov/hnx/FATcrb/ANNUAL%202017%20WEATHER%20SUMMARY.pdf.  
71 “‘March of Storms’ Hits Tulare County.” Visalia Times-Delta and Tulare Advance-Register. March 22, 2018. 
https://www.visaliatimesdelta.com/story/news/2018/03/22/march-storms-hits-tulare-county/445860002/.  
72 Interviewee 20003: Phase 2 Interview - GRAT Pilot Project, April 2018. 
73 Interviewee 20003: Phase 2 Interview - GRAT Pilot Project, April 2018.; Interviewee 20004: Phase 2 Interview - 
GRAT Pilot Project, April 2018. 
74 Interviewee 20003: Phase 2 Interview - GRAT Pilot Project, April 2018. 
75 Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, May 2018. 
76 Id. 
77 Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, May 2018; Interviewee 20003: Phase 2 Interview - 
GRAT Pilot Project, April 2018. 
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timing of the rainfall was such that it would have been too late to do on-farm recharge. As a TID 
staff member explained:  

“[I]f we were to do on-farm recharge during this time period, we would probably ruin 
the crops, because the wheat is getting ready to be harvested, and the other stuff is 
being planted, so there really was no availability at this time period, without buying 
out a crop.”78 

 
In both districts, the timing and volume of precipitation was such that it did not make sense to 
implement on-farm recharge during the 2017-2018 recharge season.  However, if conditions 
had been more conducive to on-farm recharge (i.e., rainfall arriving in the earlier part of 
recharge season), the two districts might have been able to use GRAT for that purpose. 
 
4.4.2.3 Farmers’ Concerns Conducting About O-farm Recharge 

On-farm recharge requires willing growers, sufficient incentives, and the tools necessary to 
make informed decisions about where best to conduct recharge.  Even with GRAT, which can 
help TID and MID optimize on-farm recharge, there are still challenges related to incentives and 
grower willingness to participate.  As one district staff member observed, “...step one is 
people’s willingness to participate.  With the [GRAT] tool you can analyze all you want, but if 
the people, if the landowners aren't willing to participate, then you don't have a program.”79   

 
Several factors can affect farmers’ willingness to participate in on-farm recharge efforts, 
including (1) the disruption of field operations (especially in winter); (2) uncertainty about risks 
of increased volumes of water application to plant health; (3) concerns about water quality and 
the loss of applied nutrients; (4) concerns about recharge and withdrawal would involve as it 
relates to non-contiguous land parcels; and (5) the potential need for compensation for 
foregone production or yield reductions for growers who produce annual crops that can be 
fallowed in winter.80   
 
First, many growers noted that groundwater recharge can be disruptive to routine farm 
operations.81  Importantly, concerns with on-farm recharge were reported by both annual crop 
producers (TID) and permanent crop growers (e.g., vines and nut trees) in MID.  Interviewee 14 
participated in the water year 2017 MID on-farm recharge program, taking water for roughly 7-
10 days.  In describing his experience trying to recruit others to participate, he echoed the 
sentiments we heard from several TID growers: that taking water for recharge can be disruptive 
to regular farm operations during winter.82  Some of the constraints included having insufficient 

 
78	Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, May 2018. 
79 Interviewee 20004: Phase 2 Interview - GRAT Pilot Project, April 2018. 
80 Interviewee 20008: Baseline Interview - GRAT Pilot Project, September 2017; Interviewee 20009: Baseline 
Interview - GRAT Pilot Project, October 2017; Interviewee 20010: Baseline Interview - GRAT Pilot Project, 
December 2017; Interviewee 20011: Baseline Interview - GRAT Pilot Project, December 2017; Interviewee 20012: 
Baseline Interview - GRAT Pilot Project, December 2017. 
81 Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, November 2018; Interviewee 20014: Phase 2 
Interview - GRAT Pilot Project, November 2018. 
82 Interviewee 20014: Phase 2 Interview - GRAT Pilot Project, November 2018. 
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time for tree pruning, spraying, field ploughing, or routine maintenance.83  All of these 
operations require a field to be sufficiently dried out, which on-farm recharge obviously can 
make problematic.  Additionally, one grower with annual crops indicated the potential loss of a 
crop rotation resulting from on-farm recharge during winter months.84   
 
Second, several growers expressed concerns that on-farm recharge might impact crop health or 
yields.  These concerns were largely related to the timing of the recharge water, the type of 
crop, and the risks of water pooling around the plant, which could lead to fungal or bacterial 
infections or insect damage.85  For example, as one grower stated, “I’m not really thrilled about 
flood irrigating almond trees for recharge.  The almond trees, in my book, they just aren’t 
tolerant enough of standing water. The walnuts, on the other hand, that’s a different story.  I 
wouldn’t mind over-irrigating the walnuts to recharge, and it could be done in the winter time, 
too.”86   
 
Third, three growers raised concerns about water quality degradation resulting from on-farm 
recharge.  These concerns were related both to loss of the nutrients after fertilization,87 and 
degradation of water quality from the leaching of nitrates and other nutrients into the 
groundwater.88 
 
Fourth, MID growers discussed issues related to the ownership of non-contiguous lands that 
are located close to one another but within and outside of an irrigation district.  This was not an 
issue raised by TID growers.  One grower described wanting credit to conduct on-farm recharge 
on one parcel inside one GSA (MID) and later withdraw the water to irrigate a different, 
disconnected parcel located in an adjacent GSA at some future date.89  Another grower 
explained how restrictions on the use of federal irrigation contracts for Friant water could 
preclude a grower from conducting recharge on disconnected lands just outside of a district, 
even if the ground was highly suitable for recharge and the surface water could be conveyed to 
it. 90   
 

 
83	Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017; Interviewee 20011: Baseline 
Interview - GRAT Pilot Project, November 2017; Interviewee 20012: Baseline Interview – GRAT Pilot Project, 
November 2017; Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, November 2018; Interviewee 20014: 
Phase 2 Interview - GRAT Pilot Project, November 2018. 
84 Interviewee 20008: Baseline Interview - GRAT Pilot Project, September 2017. 
85 Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017; Interviewee 20009: Baseline 
Interview – GRAT Pilot Project, October 2017; Interviewee 20011: Baseline Interview - GRAT Pilot Project, 
November 2017; Interviewee 20012: Baseline Interview – GRAT Pilot Project, November 2017; Interviewee 
200013: Phase 2 Interview - GRAT Pilot Project, November2018; Interviewee 20014: Phase 2 Interview - GRAT Pilot 
Project, November 2018. 
86 Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, November 2018. 
87 Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017. 
88 Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017; Interviewee 20010: Baseline 
Interview – GRAT Pilot Project, December 2017; Interviewee 20013: Phase 2 Interview – GRAT Pilot Project, 
November 2018. 
89 Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, November 2018. 
90 Interviewee 20014: Phase 2 Interview - GRAT Pilot Project, November 2018. 



   
 

25 
 

A similar issue was raised by growers in MID who expressed a desire to account for or “get 
credit” for the waters that they recharge.91  This issue is likely to arise as recharge programs 
expand under SGMA.  Specifically, given that groundwater flows across both political and 
subbasin boundaries, many GSAs and growers undertaking groundwater recharge efforts will 
look to other agencies both within and outside of their basins to incentivize their recharge 
efforts.  Identifying ways that agencies with surface water rights can recharge water to 
supplement groundwater pumping in the so-called “white areas” of the basin – the areas 
without access to surface water and the necessary incentive to doing so, is likely to be an 
important aspect of SGMA implementation.  
 
It is unclear how many growers in the Central Valley may experience the particular situation 
described above regarding non-contiguous but proximate land in adjacent administrative areas 
(or in unaffiliated “white spaces” on the map).  However, the fact that this issue was raised by 
both growers interviewed in MID suggests that it may be an issue in many Central Valley basins.  
Further, this finding suggests that on-farm recharge programs should consider the extent to 
which intra- and inter-basin coordination is necessary to maximize the utility of the program. 
 
Finally, all the growers interviewed as part of the pilot project participated in or were willing to 
participate in on-farm recharge programs with TID or MID without any economic incentives.  
However, most of the interviewees in both districts discussed the risks and potential economic 
costs associated with conducting on-farm recharge.  It is clear from our interviews with growers 
that on-farm recharge is currently not viewed as a risk- or cost-free practice.  Thus, the 
perceived benefits of doing recharge are not likely to outweigh the risks and costs if there is no 
financial compensation associated with a long-term on-farm recharge program, 
 
A complication in providing such compensation is that the cost-benefit calculation associated 
with on-farm recharge is highly individual.  For example, one grower was willing to pay $5-
10/AF for recharge water and sees on-farm recharge as absolutely necessary;92 another said as 
long as the water is free he would be willing to conduct on-farm recharge;93 and two others said 
that at least some compensation for lost crop revenue would be needed, up to and possibly 
including the full value of a foregone crop.94  Based on these interviews, it seems a potentially 
significant hurdle to expanding grower participation in recharge programs may be how to 
create a system of monetary incentives for those growers for whom the risks of recharge 
appear to be greater than the rewards.   
 
While the above section focused on growers’ concerns related to on-farm recharge, many of 
the growers that we interviewed during this research indicated a need and willingness to 

 
91 Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, November 2018; Interviewee 20014: Phase 2 
Interview - GRAT Pilot Project, November 2018. 
92 Interviewee 20010: Baseline Interview – GRAT Pilot Project, December 2017. 
93 Interviewee 20010: Phase 2 Interview – GRAT Pilot Project, November 2018.  
94 Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017; Interviewee 20012: Baseline 
Interview – GRAT Pilot Project, November 2017 



   
 

26 
 

participate in on-farm recharge as part of a larger social obligation to improve groundwater 
conditions in their basins.95 
 
4.4.2.4 District Constraints in Using GRAT 

It is important to note that while GRAT was originally designed as a long-term recharge 
planning tool to help GSAs meet their SGMA compliance goals, the tool has not yet been used 
in that capacity by either MID or TID.  While both districts intend to use it for this purpose over 
the long-term, SGMA deadlines for GSP submission and the related technical work required to 
develop GSPs limited GRAT’s function for GSP development at the time of implementation 
interviews. 96  More detail on GRAT’s use as a SGMA planning tool is discussed in Section 4.6. 
 
The effectiveness of GRAT as a long-range planning tool may also be limited by a lack of specific 
data about water supply vulnerability.  At present, GRAT allows water managers to vary the 
number of wet and dry years within a specific planning timeframe to estimate the amount of 
water available for recharge and thus the potential for recharge in the basin long-term (e.g., 
over the SGMA implementation horizon).  However, rather than running GRAT based on 
speculative or historically-based scenarios, TID is collecting information in to provide a better 
sense of how much water may be available for recharge in the future.  These include better 
estimates of San Joaquin River flows in wet and dry years, and a combined study of the 
hydrologic outlook for San Joaquin River and the Kaweah River and how the two supplies relate 
in terms of the district’s future surplus supplies.97   
 
Challenges that irrigation districts and GSAs may face in using GRAT and implementing on-farm 
recharge programs fall under four main categories: (1) timing and on-farm program logistics; (2) 
data challenges and related capacity issues; (3) the cost of GRAT; and (4) potential water rights 
issues.   
 
First, growers and district staff discussed the challenges related to timing of water deliveries for 
on-farm recharge.  From the perspective of the irrigation districts, it is a trade-off: districts are 
reticent to devote significant amount to negotiating water delivery agreement (for on-farm 
recharge) with growers if the likelihood of water for on-farm recharge is low (i.e. in dry or 
potentially even in average precipitation years, depending on the timing and volume of 
precipitation).  However, if these agreements are not in place in advance, a district risks missing 
the relatively narrow on-farm recharge window (roughly December – February).98  This need for 
advance contracts has to be balanced against the risk of insufficient excess water during the 
recharge window to justify the upfront time spent drawing up and executing contracts, and 
potentially the costs of paying growers not to plant a crop.99  Contracts and timing pose 

 
95	Interviewee 20008: Baseline Interview – GRAT Pilot Project, September 2017; Interviewee 20010: Baseline 
Interview – GRAT Pilot Project, December 2017; Interviewee 20013: Phase 2 Interview - GRAT Pilot Project, 
November 2018; Interviewee 20014: Phase 2 Interview - GRAT Pilot Project, November 2018. 
96 Interviewee 20001: Phase 2 Interview - GRAT Pilot Project, August 2018. 
97 Interviewee 20001: Baseline Interview - GRAT Pilot Project, March 2017. 
98 Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, May 2018. 
99 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017. 
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potential challenges to maximizing the use of on-farm recharge, and by implication, the value of 
GRAT for that purpose.  
 
Second, a lack of information about growers can constrain on-farm recharge program 
implementation, even with the availability of GRAT.  Districts may have insufficient information 
about, for example, which growers are willing to take water, when and on which fields; which 
growers have particular kinds of maintenance or crop-related constraints; or economic data 
related to the prices of both crops and land. 100  Economic data in particular are useful for 
determining what kinds of additional incentives are necessary to incentivize on-farm recharge.   
 
TID intends to supplement GRAT with better data on infiltration rates within the district: better 
information on land values and acquisition costs; and a better database on the growers in the 
district. 101  MID staff did not point to any particular kinds of data that would be needed to fully 
implement GRAT in their district.102  
 
Another data-related issue we observed in both districts was the substantial effort required by 
the end users to compile, organize, reconcile, and transmit their own data to developers for 
inclusion in GRAT.  MID staff described how being involved in the GRAT development process 
forced them to address problems with their own historical water data, which had not been 
effectively archived or consistently formatted.103  The experience was difficult enough that the 
district was considering hiring a consultant to help complete the task.104  
 
TID similarly struggled with data provision.  One interviewee said “[w]e have a lot of data, it's 
just old-fashioned spreadsheets.  A lot of it's on paper, things like that. We just don't have the 
staff to get it into a usable format. It's been hard work…”105  This participant recognized the 
value of having a formal data management protocol but felt that it was unlikely TID would have 
had the capacity to develop one in the absence of GRAT development.  This same individual 
was appreciative of the developers’ flexibility in addressing data issues: “I give them a lot of 
credit for being patient with us and working with what we had.  I know it wasn't in the format 
that they wanted it in or that they're used to, but they got it and they turned it into usable 
formats.” 106 
 
We raise this as a challenge because it affects both the end users (in this case the irrigation 
districts), who must devote, potentially, a great deal of time and effort formatting their own 
data to make it accessible to developers, and developers, who must make sense of the data 
they receive and ensure that it is suitable for a cloud-based application like GRAT.  It is unclear 

 
100	Interviewee 20001: Baseline Interview - GRAT Pilot Project, March 2017. 
101 Id. 
102 Interviewee 20003: Baseline Interview - GRAT Pilot Project, March 2017. 
103 Interviewee 20003: Baseline Interview - GRAT Pilot Project, March 2017; Interviewee 20004: Baseline Interview 
- GRAT Pilot Project, April 2017. 
104 Interviewee 20003: Baseline Interview - GRAT Pilot Project, March 2017. 
105 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017. 
106 Id. 
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so far whether the data from the districts contain crucial gaps that may limit GRAT analyses.  
We raise these data issues as considerations for other agencies or districts considering using 
GRAT or other decision support tools in the future. 
 
Third, GRAT was initially provided to both MID and TID free of charge.  However, interviews 
with developers and district staff, during our evaluation, indicated that there were ongoing 
discussions about GRAT costs long-term.107  GRAT developers indicated that there were likely to 
be two sets of costs associated with using GRAT long-term: (1) cost associated with local GRAT 
customization (i.e., importing local data etc.) and (2) a subscription-based cost.108  While co-
developers of GRAT MID and TID will not be subject to local customization costs, they will likely 
need to pay subscription costs in the future. 109 

 
Last, the issue of water rights was raised by both GRAT developers and the DWR representative 
that we interviewed.110  When GRAT developers began the process of envisioning GRAT, they 
interviewed 16 different irrigation districts, including MID and TID, all of whom had either pre-
1914 water rights or an appropriation right allowing them to divert more water than they 
typically can use.111  Because of all of these water rights, uncertainty about the agencies’ ability 
to divert floodwater for recharge was not an issue.  However, one could easily envision a 
scenario in which an organization without such rights could find its benefits from GRAT limited 
when it cannot obtain the water for recharge that it planned for.  Specifically, junior surface 
water rights holders wishing to conduct recharge of floodwater may encounter issues related to 
water rights.  In California, an entity wishing to conduct recharge that does not have a pre-1914 
appropriative right must obtain a permit from the state.112  These permits may be vulnerable to 
senior appropriators who may also want to divert that same floodwater for the same purpose.  
While this was not an issue raised by any participants in the pilot project, we feel it is worth at 
least mentioning, as GRAT’s functionality may be limited where water districts and other users 
lack the necessary senior water rights.   
 
4.4.3 The Role of the Development Process in Adoption and Implementation Outcomes 

4.4.3.1 Connecting the Development Process and End User Satisfaction 

As discussed in the Data and Methods Section of this chapter, we did not observe first-hand the 
process of developing and customizing GRAT for MID and TID.  Nonetheless, during our baseline 

 
107 Interviewee 20005: Baseline Interview - GRAT Pilot Project, June 2017; Interviewee 20006: Baseline Interview - 
GRAT Pilot Project, June 2017; Interviewee 20002: Phase 2 Interview - GRAT Pilot Project, March 2018; Interviewee 
20006: Phase 2 Interview - GRAT Pilot Project, April 2018.  
108 Interviewee 20006: Phase 2 Interview - GRAT Pilot Project, April 2018. 
109 Id. 
110 Interviewee 20005: Baseline Interview - GRAT Pilot Project, April 2017; Interviewee 20007: Baseline Interview - 
GRAT Pilot Project, June 2017 
111 Interviewee 20005: Phase 2 Interview - GRAT Pilot Project, April 2018. 
112 California State Water Resources Control Board. (2019). Water Rights for Groundwater Recharge. California 
Water Boards, April 22, 2019. Available at: 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/groundwater_recharge/; 
California State Water Resources Control Board. (2018). Fiscal Year 2018-19 Fee Schedule Summary. Available at: 
https://www.waterboards.ca.gov/resources/fees/water_rights/docs/fy1819_finalfeeschedulesummary.pdf.  
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interviews with developers and district staff we asked several process-related questions about 
GRAT development that provide some insight into the role of process on tool development, 
retrospectively.  Interviews included questions about tool development timeline and logistics, 
individuals’ role in the process and their opinions of it.   
 
While neither MID nor TID used GRAT extensively during our evaluation, all of the end users 
expressed a great deal of satisfaction with the value and utility of the tool and anticipated using 
it in the future.  They felt that it would meet their needs, especially given staffing and resource 
constraints.  For example, one district manager stated that part of the value of GRAT is simply 
combining a great deal of disparate information in a single system.  This is because the district 
has a lot of data but minimal staff to analyze it.113  This staff member stated that “we believe 
we have a pretty dynamic and flexible tool that we'll be using in the future."114  A participant 
with MID said “[i]t's been a great process.  It's not only assisted in development of this tool, but 
it's also assisted the district in getting some of our information and data organized.”115 
 
Factors that may have contributed to the high level of satisfaction with GRAT include (1) the 
small number of people involved in tool development, (2) early involvement of end-users and 
(3) frequent but productive contact.  
 
First, from a process standpoint, the GRAT project seems to benefit from having a small group 
of people involved in development.  There were two main developers who worked closely with 
district staff throughout tool development.  Project goals were relatively simple and defined by 
just a few individuals, as opposed to having to reconcile the needs of several different types of 
end users or a variety of management objectives.  Additionally, end users understood GRAT 
function and saw the value of that functionality in supporting their management objectives.  

 
Second, GRAT developers involved the end users early on in the tool development process.  Not 
only did this allow users to shape the tool to meet their needs, it also helped ensure that both 
district staff and their boards felt invested in the tool by the end of the development process.116  
At the time of baseline interviews in spring 2017, MID had already been working with the 
developers for nearly two years.  Recounting the genesis of the project, one MID interviewee 
said: “I think the whole process has been great. They really worked with us. They came to us 
and said, ‘This is the idea we're thinking of. How can this assist MID?’ As I told them, one of the 
first things—if the tool was available and existed today, we would be utilizing it today.”117   
 

 
113 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3.  
114Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3.  
115 Interviewee 20004: Baseline Interview - GRAT Pilot Project, April 2017. 
116 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017; Interviewee 20004: Baseline Interview 
- GRAT Pilot Project, April 2017. 
117 Interviewee 20004: Baseline Interview - GRAT Pilot Project, April 2017.	
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The partnership with MID began with multiple kick-off meetings for brainstorming tool 
development and to learn more about how GRAT could help the district.118  This was similar to 
the process described by staff at TID, who said “I think Sustainable Conservation and Earth 
Genome have done a fantastic job (…).  They came in with ideas but allowed us to discuss how 
we would use the tool.  Then they kind of blossomed it out into what we see today…”119  A 
GRAT developer recalled how the districts guided the functionality of the tool:  “They so clearly 
saw the value, and they quickly steered it from being not just the long-term feasibility and 
potential to, wow, it'd be really cool if this could also tell us what to do each year, and it would 
be really [good] if we could use it as a tracking tool to measure how much water we've applied 
already and what it's cost us.”120 
 
Participants in both districts were very happy with the nature of the dialogue and collaboration 
during tool development.121  Staff from both districts reported many email exchanges, periodic 
conference calls or in-person meetings, and informational presentations to district boards of 
directors.  Tool development also included assisting the district staff in converting their data 
into web-friendly formats.   
 
In the case of GRAT, the users’ high satisfaction with the process was in large part because they 
were involved as co-developers throughout and were viewed as collaborators rather than just 
customers.  For example, a TID staff member stated that every change they asked the 
developers for ended up in the tool.122  Based on our interviews with developers and staff at 
TID and MID, the co-development of GRAT played an important role in developing a tool that 
both districts intend to use for recharge decisions long-term.  
 
4.4.3.2 The Process Did Not Produce an Open Tool  

While giving end users a prominent role in tool development is an important condition for 
increasing the likelihood of long-term tool adoption, it is also important to recognize that this 
kind of process did not result in a tool that was “open and transparent.”  It is true that most of 
the base datasets that GRAT uses are public.  However, certain essential data – especially about 
the districts’ canal system, which even DWR does not have123 – are proprietary and privately 
held.  Somewhat paradoxically, then, the GRAT tool itself is not open; each tailored version of 
the tool is password protected and accessible only to specific customers, and not to the public.  
This means that data and the analysis used to support recharge decisions using GRAT are not 
public.  There is no new “opening” of any data by GRAT in a broader (more public) sense.   
 

 
118 Interviewee 20004: Baseline Interview - GRAT Pilot Project, April 2017. 
119 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017. 
120 Interviewee 20005: Baseline Interview - GRAT Pilot Project, June 2017. 
121 Interviewee 20002: Baseline Interview - GRAT Pilot Project, March 2017; Interviewee 20004: Baseline Interview 
- GRAT Pilot Project, April 2017. 
122 Association of California Water Agencies. Groundwater Recharge Assessment Tool (GRAT) Workshop. Online 
workshop, 2018. https://vimeo.com/260810548/131eaff1e3.  
123 Interviewee 20005: Baseline Interview - GRAT Pilot Project, June 2017. 



   
 

31 
 

The lack of public transparency in GRAT is very different from SHOWR, which is also based on 
open data sets but is a web-based application that allows anyone with an internet connection 
to access and use it.  We make this observation not as a criticism, but rather to point out that it 
does complicate the broader lessons from these pilot projects.  GRAT includes information on 
water conveyance infrastructure data and field-level farm data – two types of data that many 
irrigation districts in California collect and often consider to be proprietary.  Irrigation districts 
provided GRAT developers with private data necessary for GRAT development only with the 
assurance that these data would be protected.124  It is unlikely that MID or TID would have 
made that data publicly available.125  As one GRAT developer put it, “You know public data in 
itself is valuable, but it’s not sufficient.  It’s necessary, but not sufficient.  You actually have to 
add proprietary data.  The location of their conveyance facilities, capacity bandwidth. The 
location and percolation rates of their dedicated basins.”126  Thus, one potential lesson from 
this pilot project is that certain private data are a necessary component of effective water 
management tools.  While this raises a host of questions about whether these types of data 
should be proprietary or not, these are not research questions addressed as part of this 
research effort.  
 
4.5 Potential and Anticipated Uses of GRAT 

As noted above, neither district has utilized the full range of GRAT’s functionality yet, but all 
district interviewees were able to clearly articulate how they intend to use it to support 
decision making going forward.  Besides continuing to use GRAT for recharge planning at the 
seasonal scale, we described additional, though related, ways that staff at TID and MID intend 
to use GRAT moving forward. 
 
First, because annual crops represent a large percentage of crops being grown in TID, this crop 
typed needed to be included in GRAT in order to conduct TID’s on-farm recharge prioritization 
analysis.  Since that capacity has been added to its version of GRAT TID will likely utilize the tool 
for that purpose (similar to how MID has already used the tool) once hydrologic conditions are 
suitable.  
 
Second, Sustainable Conservation and Earth Genome originally envisioned GRAT as a long-term 
recharge planning tool to help GSAs meet their SGMA compliance goals.  While the tool has not 
yet been used in that capacity, both districts intend to use it for this purpose in the future.   
 
TID is part of the three-member Mid-Kaweah GSA and is a member of the Kaweah Subbasin 
Management Team along with two other GSAs whose job is to coordinate subbasin-wide 
planning pursuant to a memorandum of understanding.127  MID is its own GSA that jointly 

 
124 Interviewee 20005: Baseline Interview - GRAT Pilot Project, June 2017; Interviewee 20006: Baseline Interview - 
GRAT Pilot Project, June 2017; Interviewee 20005: Phase 2 Interview - GRAT Pilot Project, April 2018; Interviewee 
20006: Phase 2 Interview - GRAT Pilot Project, April 2018 
125 Interviewee 20005: Baseline Interview - GRAT Pilot Project, June 2017. 
126 Interviewee 20006: Baseline Interview - GRAT Pilot Project, June 2017. 
127 See: https://www.midkaweah.org/intrabasin. 
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shares one GSP with six other GSAs within the Madera subbasin.128  Both GSAs’ sustainability 
plans were in development at the time of our interviews, and both intended to incorporate 
GRAT into them.129  The Mid-Kaweah GSA’s main interest at the time of implementation 
interviews was in describing the GRAT development and implementation effort and how it will 
inform recharge planning and management in the GSP.130  More specifically, this description of 
GRAT would be slotted into a list of projects in a GSP after having reported the quantified 
estimated overdraft. 131  The ability to include GRAT and its intended use helps districts 
strengthen their GSPs and aid in SGMA compliance.   
 
Besides simply helping with SGMA compliance, both districts expect GRAT to assist with 
implementation of their respective GSPs over the long term.  Once managers know what their 
water balance and average annual overdraft are, they can then determine the volume and 
feasibility of the recharge required to offset overdraft.  A manager from TID used the 
hypothetical example of a desired average annual recharge of 5,000 AF.  Based on that long-
term goal, in a wet year a district might want to recharge 10,000 AF in order to maintain the 
average.  Once those kinds of numbers and targets are known (and written into a GSP), GRAT 
can then be used to determine, for example, just how much land would be necessary for an on-
farm recharge effort to help achieve that 10,000 AF target in a wet year, and to develop 
programs to support it.132  Importantly, at the time of our implementation interviews, both MID 
and TID (or the GSAs that that they are part of) were still developing water balances and 
updated overdraft estimates for their basins.  Thus, the GRAT use example provided above 
remains hypothetical at this time.  
 
Another interviewee from MID related a similar example use case:  

“If we need to fill a gap of, on average, I’m just going to make up numbers—10,000 
acre-feet, we can analyze dedicated basin costs through GRAT, or we can analyze an 
on-farm recharge program with different levels of incentives and what those costs may 
be, and optimize it through the GRAT program to see how that could take shape. We 
could run those scenarios and compare them, and maybe it’s a combination thereof.... 
I think that’s where this tool is really going to roll in, is analyzing those scenarios.”133  

 
The uses outlined above related to another potential use for GRAT: developing and 
implementing “buy-a-crop” programs to incentivize on-farm recharge.  Under this type of 
program, the irrigation district pays a grower not to grow a crop in wet years.  In exchange for 
this compensation, the irrigation district is able to conduct on-farm recharge on the bare 
ground.  While both districts have already conducted some trial runs of on-farm recharge 
programs, there are still some outstanding questions to work out related to implementation 

 
128 See: http://www.madera-id.org/public-information/mid-groundwater-sustainability-agency/ 
129 Interviewee 20001: Phase 2 Interview - GRAT Pilot Project, August 2018; Interviewee 20002: Phase 2 Interview - 
GRAT Pilot Project, May 2018; Interviewee 20004: Phase 2 Interview - GRAT Pilot Project, April 2018. 
130 Interviewee 20001: Phase 2 Interview - GRAT Pilot Project, August 2018. 
131 Id. 
132 Interviewee 20002. Phase 2 Interview - GRAT Pilot Project, May 2018. 
133 Interviewee 20003. Phase 2 Interview - GRAT Pilot Project, April 2018. 
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and logistics.  Both districts felt that GRAT is likely to help with fine-tuning these decisions.  The 
following exchange is illustrative of this point: 

Interviewer:   You can come up with different versions of different incentive programs 
and see what the outcomes of those might be? 

Interviewee 3:    Yeah. If we want X many acre feet of on average recharge, and these 
assumptions on the hydrologic cycle over these many years, you could just make all 
those adjustments with a quick slide of the tabs in GRAT, and see what the results are, 
and so then determine, well, we need X many acres and then this program of X many 
acre feet of on-farm recharge, which we can accomplish with these parcels, if we get 
this many parcels signed up and they’re willing to participate, then we’ve got our 
problem solved, and we’re good to go. We can formalize the program, roll it out, and 
then implement it.”134 

 
Finally, one district representative envisioned using GRAT as a means of controlling extractions.  
As he described it, “[t]hat’s a back-ended way to control extractions when minimum thresholds 
become threatened in the future. That might overlay in some fashion on top of limited pumping 
allocations that would get exercised as we start to get too close to minimum thresholds as well. 
It’s a usage of GRAT, not just in the wet years for recharge, but I think [TID] is looking at ways to 
use that tool on the dry side of the equation or for GSA implementation purposes.”135 
 
Finally, TID, which is a member of a GSA with adjacent urban areas, may look into expanding 
the use of GRAT to include the urban areas that are outside the boundaries of TID.  The 
rationale for this would be simply to allow urban GSA member agencies with recharge facilities 
to benefit from the same kind of strategic analysis GRAT already provides TID.136   
 
4.6 Summary of Uses, Constraints and Key Fndings  

4.6.1 GRAT Uses 

During our evaluation, GRAT was used in the following ways:  
a. Both MID and TID used GRAT to evaluate site suitability for potential new recharge 

basins.   
b. Both districts used GRAT to quantitatively estimate past recharge efforts. 
c. MID used GRAT to share recharge information with board members and the public. 
d. MID used GRAT to evaluate the suitability of irrigated parcels for on-farm recharge.   
e. Both MID and TID discussed the indirect benefit of organizing their agencies’ data and 

making it more accessible that GRAT development provided. 
f. GRAT has assisted both MID and TID in transitioning to a more data-centric approach to 

groundwater recharge.  Additionally, both districts are expanding their recharge 
portfolios to include both dedicated recharge basins and on-farm recharge.  This is a 

 
134 Interviewee 20003: Phase 2 Interview - GRAT Pilot Project, April 2018. 
135 Interviewee 20001: Phase 2 Interview - GRAT Pilot Project, August 2018. 
136 Id. 
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marked change in both districts relative to the historical pre-GRAT (and pre-SGMA) 
status quo, especially in MID. 

 
4.6.1.1 Potential Constraints to GRAT’s Use 

Several actual and potential constraints limited the use of GRAT’s full functionality, including:  
a. The amount and timing of rainfall during the 2017-2018 recharge season limited on-

farm recharge opportunities and GRAT’s use during our evaluation period.  
b. A temporary lack of input data constrained TID’s ability to use GRAT for on-farm 

recharge.  TID needed to have annual crops included in GRAT to be able to conduct 
its on-farm recharge prioritization analysis.  This data was not included in the tool 
during our evaluation period but has since been added.  Thus, we expect TID will 
utilize the tool for on-farm recharge planning when hydrologic conditions are 
suitable.  

c. The value of using GRAT for implementing on-farm recharge programs could be 
limited by (1) growers’ willingness to participate in on-farm programs, and (2) 
challenges in implementing on-farm recharge programs, including the timing of 
contracts and grower incentives.  These potential challenges are not currently 
addressed in GRAT and are likely to take dedicated district staff time and ongoing 
outreach to address.  

d. TID indicated a desire for additional data to support GRAT’s use long-term.  
Specifically, TID indicated a desire for estimates of future water availability, 
improved local-scale estimates of infiltration rates (both in fields and in recharge 
basins), and detailed information about growers’ willingness to participate in on-
farm recharge programs and incentives necessary for their participation.  These data 
may be provided by the district or by GRAT developers long-term. 

e. At the time of our evaluation, GRAT had not been used to directly support SGMA 
compliance.  However, it was being written into GSPs as one of the projects to 
support GSP implementation. 

f. MID and TID did not pay to use GRAT during our evaluation period.  While both MID 
and TID indicated value associated with the GRAT tool, the payment structure for 
using GRAT had not yet been finalized.  Thus, the districts’ willingness to pay for the 
tool moving forward was unclear. 
 

4.6.1.2 Additional Key Findings 

• MID and TID see value in GRAT at present and long-term.  While MID and TID did not 
use all of GRAT’s functionalities, district staff offered very positive assessments of its 
value and envision its use in their decision-making processes long-term.  They intend to 
use GRAT to make decisions about the allocation of water available for recharge, to 
design on-farm recharge programs and to aid in GSP planning and implementation. 
 

• Despite GRAT’s perceived value for TID and MID, there are many constraints that may 
hinder its use and adoption long-term.  These include addressing growers concerns 
about conducting on-farm recharge, including disruption to field operations; risks to 
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plant health; and groundwater quality degradation resulting and the loss of applied 
nutrients and reductions in crop yield.  Additionally, water management districts face 
challenges that may limit GRAT’s functionality long-term, including having sufficient staff 
time and resources to develop on-farm recharge agreements: having sufficient technical 
expertise and personnel to gather, prepare and format existing data for integration into 
GRAT; developing additional data to support GRAT; paying for GRAT and addressing 
water rights issues in regions with junior water rights.  
 

• Additionally, growers expressed a desire to account for the waters that they recharge, 
and in some cases use these waters on land that they farm outside of the district.  This 
issue is likely to arise as recharge programs expand under SGMA and suggests that on-
farm recharge programs should like consider the level of intra- and inter-basin 
coordination necessary to maximize the utility of the program. 

 
• Both MID and TID viewed the GRAT development process as successful and feel invested 

in GRAT.  The interaction between GRAT users and developers was viewed by both 
parties as mutual, with the end users acting as co-developers of the tool.  This process 
helped to shape the functionality of GRAT and largely ensure that the tool met decision-
makers’ needs. 
 

• Data privacy may be necessary for the adoption of some water resource decision 
support tools.  Irrigation districts provided GRAT developers with private data necessary 
for GRAT development only with the assurance that these data would be protected.  If 
fully open data and decisions are deemed to be a critical component of tool 
development, project proponents may need to provide additional time for tool 
developers and others to navigate the politics of “opening” up the data and enabling full 
transparency of the decision-making process.   

 
4.7 Conclusion  

GRAT has facilitated a transition in both irrigation districts to a more data-centric approach to 
groundwater recharge.  While this transition is likely to have occurred in response to the 
passage of SGMA, GRAT is thought to have helped this transition by helping districts organize 
their existing data into usable formats.  Additionally, GRAT has been used by both irrigation 
districts to conduct analyses to support recharge planning decisions, including evaluating the 
physical and financial suitability of sites for additional dedicated recharge capacity.  MID also 
used GRAT to identify and prioritize irrigated parcels of land for on-farm recharge programs.  
These decisions would have been more difficult or at minimum less-informed without the use 
of GRAT.   
 
However, as discussed above, GRAT is not an “open and transparent” data tool in the 
traditional sense (i.e., it is not open to anyone who would like to learn more about recharge 
decision-making in MID or TID).  If we limit the testing of the hypothesis to a small handful of 
users, specifically decision-makers within each irrigation district, then we can conclude that 
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access to data improves their decision-making capacity.  However, if we expand the scope of 
the GRAT evaluation to include a broader base of stakeholders or the general public, we would 
be unable to affirm the hypothesis (though others may benefit indirectly from a district’s 
decisions based on those data).   
 
The development of GRAT, and the lack of data transparency outside MID and TID, raises the 
question, “Does the requirement to have open and transparent data limit the adoption of 
decision support tools?”  In this pilot project, including water conveyance infrastructure data 
and field-level farm data – two types of data that many irrigation districts in California consider 
proprietary– was essential to GRAT development.  Without the ability to protect these data 
within the GRAT environment, it is unlikely that MID or TID would have provided these data to 
GRAT developers.   
 
Regions wishing to undertake large-scale recharge programs that include on-farm recharge 
should be cognizant of growers’ concerns in conducting on-farm recharge.  While of the 
growers that we spoke to were willing to participate in on-farm recharge programs and saw the 
value of doing so, the majority discussed the risks and potential economic costs associated with 
doing so. Thus, the perceived benefits of doing recharge are not likely to outweigh the risks and 
costs if there is no financial compensation associated with long-term on-farm recharge 
programs. 
 
Finally, we only observed GRAT over one recharge season.  Not surprisingly, during the 
implementation season, the full value of the GRAT was not realized.  While irrigation districts 
seem confident in the long-term value of GRAT for management decisions, we would need to 
evaluate GRAT implementation for a longer period to see if and how it would eventually be 
used.  
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5 Evaluation of the Shasta Operations for Winter Run Application 

5.1  Introduction 

The second pilot project used to test the hypothesis that improved access to data leads to 
better water management decisions involved the development and implementation of a web 
application called SHOWR.137  This project focuses on temperature management for winter run 
salmon on the mainstem of the Sacramento River, which is managed as part of California’s CVP 
system, a complex system of reservoirs, dams and other water infrastructure projects managed 
by USBR, in consultation with other federal and state agencies.   
 
Operations of the dams and diversions that comprise the CVP have, over the past several 
decades, exacted a massive toll on anadromous species.  This led to state and federal listings of 
winter-run Chinook salmon as endangered, which in turn led to the need for temperature 
management on the Sacramento River beginning in the 1990s.  Water Rights Orders 90-05 and 
91-01 issued by the State Water Resources Control Board (SWRCB) in 1990 and 1991, 
respectively, imposed the first major temperature requirements for the Sacramento River on 
federal CVP water managers.  In 2009, as part of Section 7 interagency consultation 
requirements of the federal Endangered Species Act, NMFS (also known as National Oceanic 
and Atmospheric Administration (NOAA) Fisheries) issued a new Biological Opinion on the 2008 
Central Valley Project/State Water Project operations plan which set forth additional 
requirements and criteria for protection of winter-run Chinook salmon.  Those requirements, 
combined with the previous Water Rights Orders, have led to the current temperature 
management decision-making process for the Sacramento River.138   
 
The requirements outlined above establish summer and early fall temperature and flow 
requirements for the protection of winter-run Chinook salmon (generally from May 15 through 
October 31).139  Temperature requirements are generally set at a maximum daily average 
temperature of 56°F at a temperature compliance point (TCP) downstream of the Keswick 
Dam.140  Location of the downstream TCP can vary depending on conditions.  For example, the 
2019 Sacramento River Temperature Management Plan (SRTMP) calls for a maximum daily 
average temperature of 56°F at Balls Ferry and an evaluation study targeting 53.5°F at the 
Sacramento River-Clear Creek gauging station.141 
 

 
137 See: https://flowwest.shinyapps.io/showr/  
138 This was NMFS’ second biological opinion on Sacramento River winter-run Chinook; the first was issued in 1992. 
139 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. p. 
13. Available at: https://www.ppic.org/wp-content/uploads/1117ccr_appendix.pdf. 
140 Id. 
141 See: 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/docs/2019/201
90515_sacriver_tmp.pdf. 
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The 2012-2016 drought was the most severe in California’s historical record and included the 
single driest year in the last 1,200 years.142  It highlighted the magnitude of the challenges faced 
by federal water managers in meeting numerous water allocation demands placed on the CVP 
system.  The complexity of ecological and hydrologic linkages are such that water demands, 
biological requirements and project management goals called for conflicting management 
strategies that were mutually exclusive under such poor hydrologic conditions.  During 2014 
and 2015 many CVP irrigators suffered historically severe reductions in water allocations (as 
low as 0% in some cases).143  Despite these major irrigation curtailments and other actions 
taken by USBR water managers to protect the endangered salmon, juvenile winter-run Chinook 
salmon mortality rates exceeded 90% in the upper Sacramento River in those same two years, 
largely due to fatally warm river temperatures.144 

 
The poor outcomes of CVP management of water flows and temperature during the drought 
prompted increased calls for improvements to our understanding of the science and models 
underlying the temperature management decisions on the Sacramento River and highlighted 
the need for increased transparency into the decision-making process itself.145   
 
Stanford’s evaluation of the SHOWR pilot project is structured around the following three 
research questions: 

1. How are key decisions on operations and fishery protection on the main stem 
Sacramento River currently made (i.e., who makes the decisions, what criteria are 
incorporated, etc.)?  

2. Does access to an integrated data visualization and analysis platform using real-time 
information result in better (i.e., more timely, science-based) decisions?  

3. What role does the process of tool development have in its success?  
 
Our analysis of these research questions proceeded in two phases.  Phase 1 (Oct. 2016 to Mar. 
2018) focused on observing tool development and establishing a baseline understanding of 
temperature management decisions on the Sacramento River.  Once established, this baseline 
was intended to serve as the basis for a comparison of changes to the decision-making process 
resulting from implementation of a data integration and visualization platform.  
 
Phase 1 of the research included 24 baseline interviews, document analysis and the attendance 
at 19 development team meetings to observe the process of tool development.  The baseline 
decision-making process (research question 1) is summarized in Box 5.1 below; additional 
details can be found in the baseline decision-making report entitled “Sacramento River 

 
142 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. 
143 U.S. Bureau of Reclamation.  Summary of Water Supply Allocations.  Available at: 
https://www.usbr.gov/mp/cvo/vungvari/water_allocations_historical.pdf  
144 Sabalow, R., D. Kasler, and P. Reese. (2015). Feds: Winter Salmon Run Nearly Extinguished in California Drought. 
The Sacramento Bee. October 28, 2015. https://www.sacbee.com/news/state/california/water-and-
drought/article41684160.html. 
145 Mount, supra note 139, p. 17. 
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Settlement Contractors Temperature Management Decision-Making Case Study” included in 
the supplemental material. 
 
The majority of this chapter focuses on Phase 2 of the project, which was directed at answering 
research questions 2 and 3.  Section 5.2 discusses the motivation for tool development.  Section 
5.3 provides an overview of research data and methods.  Section 5.4 outlines the process of 
tool development, including the number of tool development meetings, meeting attendance, 
analysis of specific tool development milestones and the types of data included in the tool.  
Section 5.5 evaluates the SHOWR development and implementation process, while Section 5.6  
sets forth results and analysis, including tool use and tool beneficiaries and benefits.  Section 
5.7 provides an overview of constraints and challenges that may have impacted tool use and 
adoption.  Finally, Sections 5.8 and 5.9 provide a summary of potential future use of SHOWR 
and concluding remarks, respectively.   
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Box 5.1. Summary of the Sacramento River Water Temperature Decision-making Process 

As outlined in the chapter introduction, The SHOWR pilot project was primarily intended to support 
the decision-making process for temperature management of the main stem of the Sacramento River 
to protect endangered winter-run Chinook salmon.146  Sacramento River water temperature 
management is divided roughly into two main phases (which are independent from our research 
phases described above), the timing of which corresponds with the typical timing of winter-run 
Chinook spawning.  Phase 1 tracks with the pre-spawning phase when the adult fish are migrating up 
the Sacramento River (i.e., December – May), while Phase 2 coincides with spawning, incubation and 
emergence of juvenile Chinook (May through October).  These migration phases are described in the 
2009 NMFS RPA, part of the NMFS Biological Opinion on the expected impacts of USBR’s planned CVP 
operations on Sacramento River winter-run Chinook salmon.   
 

In Phase 1, the primary decisions focus on SRTMP for that particular year.  The SRTMP can be thought 
of as a statement about what USBR, with input from the other agency members of SRTTG,147 thinks is 
an achievable, realistic temperature management goal, and how USBR anticipates operating CVP 
facilities to achieve that goal.  The SRTMP involves decisions about flow volumes and where exactly 
the TCP will be located (whether it is the RPA-directed default of Balls Ferry to Bend Bridge or a 
location further upstream when the drought exception procedure of RPA Action I.2.3.C applies), as 
that location then guides subsequent management decisions for the rest of the season. 
 

Decisions about how to use data in determining the location of the TCPs appears to be driven heavily 
(and necessarily, given that it is a plan for dealing with future uncertainties) by forecasting and 
modeling in general, with strong consideration also given to hydrologic pre-conditions, e.g., the 
carryover storage from the previous water year and the amount of winter precipitation and runoff 
inflow to the key reservoirs – primarily Shasta Lake.  USBR supplies the largest share of the 
information, primarily hydrometeorological data such as observed and forecasted air and water 
temperatures at various locations, and water volumes and isothermobaths behind Shasta Dam.  
However, these data are supplemented by information from other agencies, e.g., the results of river 
modeling work by the NOAA – Southwest Fisheries Science Center (SWFSC).  Discussions of relevant 
hydrological, biological, and meteorological observations and forecasts which occur at SRTTG 
meetings during the spring (Phase 1) are incorporated into that year’s SRTMP. 
 

All of these observed data and model outputs are pooled in the SRTTG, where the information 
supports key decisions made by USBR (in conjunction with the Shasta Water Interagency 
Management (SWIM) Team in 2016) pertaining to the timing of reservoir releases and the protection 
of the cold water pool at lower depths in Shasta Lake during Phase 2.  During Phase 2, USBR’s 
decisions are guided by the SRTMP, at least initially.  In wet years such as 2017, the SRTMP may be 
adequate to achieve deliveries to irrigators with CVP contracts while also meeting the RPA 
temperature targets.  In other years, such as the drought year 2015, actual conditions may become 
severe enough that substantial “deviations” from the SRTMP may be necessary. 
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5.2 Motivation for SHOWR Development 

As outlined in the Introduction of this chapter, the severe and unprecedented outcomes of the 
drought prompted increased calls for improvements to the science and models underlying the 
temperature management decisions on the Sacramento River and highlighted the need for 
increased transparency into the decision-making process itself.148 
 
To address these concerns, the Sacramento River Settlement Contractors (SRSC) obtained a 
grant from the S.D. Bechtel, Jr. Foundation to fund the development of a data integration and 
visualization platform.  The proposal listed two primary objectives for data platform 
development.  These were: 

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.149  
 

The technical tool development was led by FlowWest, in partnership with the SRSC,150 using 
facilitation services from Kearns and West.   
 
SHOWR was originally intended as a tool to help decision-makers along the Sacramento River.  
However, the proposal to develop SHOWR did not come from USBR or any other governmental 
entity involved in decision-making on the Sacramento River.  Rather, the proposal was written 
and submitted to the S.D. Bechtel, Jr. Foundation by the SRSC, a group of irrigation districts, 
reclamation districts, mutual water companies, partnerships, corporations and individuals with 
area-of-origin water rights that were vested under California law prior to construction of the 
CVP, and who divert water from the Sacramento upstream of the Delta.  The SRSC are not 
decision-makers within the formal temperature management process along the Sacramento 
River.  
 
Thus, while the tool was envisioned for decision-makers (i.e., USBR, NMFS, DFW, etc.), letters of 
interest from the decision-making agencies were not included in the project proposal as 
originally intended.  At the project kick-off meeting in October 2016, although USBR identified 

 
146 For a more in-depth description of how temperature management decisions for the Sacramento River are made 
pertaining to winter-run Chinook, see our supplemental baseline report.  
147 Members of the SRTTG include: USBR, NMFS, U.S. Fish and Wildlife Service (USFWS), Department of Fish and 
Wildlife (DFW), SWRCB and the Hoopa and Yurok Tribes.  See: 
http://www.westcoast.fisheries.noaa.gov/central_valley/water_operations/srttgmem.html. As outlined on page 
15 of the baseline report, the Yurok tribe has been listed as an on-again off-again member of the group since 2010.  
148 Mount, supra note 139,. p. 17. 
149 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. 
150 The Glenn-Colusa Irrigation District was the most active member of the SRSC. Other members of the SRSC 
attended 1-2 project meetings over the course of tool development. 
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the project as “potentially very helpful,” it and other agencies qualified their interest in the 
project with a list of concerns, including, but not limited to:  

• Agency discomfort with posting preliminary data on a public site 
• Long-term platform maintenance responsibilities 
• Agency requirements for making information/data public 
• Agency risk aversion and control inclination.151 

 
Ultimately, concerns voiced by the decision-making agencies were not resolved, and already by 
the time of the February 2017 meeting (the 4th project meeting), tool developers, in an attempt 
to improve buy-in from decision-making agencies, were describing the tool’s goal as being “to 
build transparency around decision-making but not to generate a final management 
decision.”152   
 
Additionally, when presenting the project motivation, SRSC representatives highlighted the 
multitude of websites that they must scour to gain a comprehensive understanding of 
management on the river.  The project was presented as an opportunity to streamline available 
data to help “fisheries agencies, NGOs, and settlement contractors alike.”153 
 
We note the distinction in interests between the project proponents and decision-makers not 
as a critique of the motivations for tool development; many of the stakeholders and agency 
representatives that we spoke to during baseline interviews cited a lack of transparency into 
the factors affecting temperature management decisions (particularly during the active 
temperature management phase - between May 15 through October 31) along the Sacramento 
River as motivation for tool development.  Rather, we point to it as a factor that likely 
contributed to some of the challenges and constraints that hindered tool adoption in this pilot 
project.  Thus, the project goals were only partially achieved, and the tool has, at this point in 
time, been used only a handful of times.  These and other challenges associated with tool 
development and adoption will be discussed in Section 5.7.   
 
5.3 Data and Methods  

As discussed in the Introduction, our analysis of this pilot project was broken into two phases.  
Phase 1 of the project ran from October 2016 to March 2018 and focused on (i) evaluation of 
the tool development process (research question 3) and (ii) understanding the decision-making 
process prior to implementation or use of the SHOWR app (research question 1).  Evaluation of 
the tool development process included baseline interviews with agency representatives, tool 
developers and others and observation of monthly technical committee meetings.  
 

 
151	Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, Draft 
Meeting Summary Notes, October 28, 2016, p. 3.  
152 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft Meeting Summary Notes, 
February 27, 2017, p. 3. 
153 Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, Draft 
Meeting Summary Notes, October 28, 2016, p. 2. 
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Phase 2 of the project ran from March 2018 to November 2018 and focused on evaluation of 
tool implementation – specifically tool use and benefits (research question 2).  During this 
research phase, we continued to attend and observe monthly technical development team 
meetings through spring 2019.  Technical tool development was led by FlowWest, in 
partnership with the SRSC, using facilitation services from Kearns and West.  The technical 
committee (TC) was composed mainly of federal and state agencies involved in temperature 
management along the Sacramento River, including USBR, NMFS, Department of Fish and 
Wildlife (DFW), SWRCB, and U.S. Fish and Wildlife Service (USFWS).  The SRSC, as the project 
proponent, was also a TC member. 154 
 
During phase 2 of the project, we attended eight development meetings, between March and 
September of 2018 and sporadically thereafter (December and April).  Attendance at these 
meetings provided ongoing insights into the tool development process and outreach efforts.   
 
As discussed above, in addition to attending tool development meetings, we conducted semi-
structured interviews with agency representatives, developers and other individuals involved in 
SHOWR development to understand individual and agency perspectives on the Sacramento 
River decision-making process, the tool development process, tool value and tool 
implementation (Table 5.1).  Whenever possible, follow up interviews were conducted with the 
same agency representative or individual interviewed during the baseline phase.  However, due 
to staffing changes and agency attrition this was not always possible.   
 
As shown in Table 5.1, the total number of participants and interviews declined between Phase 
1 and Phase 2 of the research.  There were several reasons for this.  First, during Phase 1 we 
conducted interviews with 11 observers and stakeholders not directly involved in the project 
(e.g., the Open Data Foundation) to gain background related to SHOWR app development.  
Once this information was collected it was not necessary to solicit follow-up interviews.  
Second, there was some attrition in agency attendance during tool development, which limited 
the total number of agency representatives available for implementation interviews.  Finally, 
although we interviewed USBR staff from both the Central Valley Operations and Bay-Delta 
offices during Phase 1 of the project, USBR staff were unwilling to meet with us for Phase 2 (or 
follow-up) interviews.155   
 
 
 
 

 
154 Id. 
155  After several attempts, we were able to secure an in-person meeting with a USBR employee on November 9, 
2018, at which we discussed the baseline report and the matter of USBR participation in Phase 2 interviews.  USBR 
representative expressed concern about participating in Phase 2 interviews, citing sensitivity to ongoing litigation 
against USBR.  USBR representative requested additional time to consider the matter.  Follow up requests were 
sent to USBR via email on November 15 and again on November 27, but we did not receive a response. 
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Table 5.1. Number of participants and interviews conducted by interviewee category during the 
SHOWR pilot project.  Note that more interviews than participants indicates multiples 
interviews with an individual.  

 
 
Phase 2 interviews focused on core members of the development team and agency staff, which 
is reflected in the interviewee frequencies reported in Table 5.1.  A sample of key interview 
questions and how they map to the research questions is shown in Table 5.2.  All interviewees 
were kept anonymous per the terms of the consent agreement they signed, which was 
approved by Stanford University’s Institutional Review Board.  We did not use the exact same 
interview protocol for all interviewees; questions were varied based on factors such as 
individuals’ roles in the project. 
 
Where permission was granted, interviews were recorded and transcribed by a professional 
third-party transcription service for qualitative analysis.  When permission to record an 
interview was not granted, interview notes were taken in lieu of a recording.  A coding scheme 
was used to extract and analyze excerpts from transcripts.  Due to the small sample size, our 
analysis of the interviews consisted primarily of qualitative evaluation of the content of 
responses with an emphasis on points of general agreement or disagreement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Participant	Category Interviewed	in	
Both	Phases

Total	(Phases	1	
and	2)

Participants Interviews Participants Interviews Participants Interviews
State	or	federal	agency 8 8 8 8 3 16
Technical	developer 2 3 2 3 1 6
Agriculture 2 3 2 2 2 5
Facilitator 1 1 1 1 1 2
Researcher 1 1 1 1 0 2
NGO 1 1 1 1 0 2
Uninvolved	observers	
and	stakeholders 10 10 0 0 0 10

Total	 25 27 15 16 7 43

Phase	1 Phase	2
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Table 5.2. Sample Phase 2 SHOWR app interview questions and the associated research 
questions being targeted. 

Research Question Sample Interview Questions 

Does access to an integrated 
data visualization and analysis 
platform result in better (i.e., 
more timely, science-based) 

management decisions?  

To what extent does SHOWR address the weaknesses you perceive 
in the decision-making process?  How, or why not? 

Have you (or others in your team, or at your organization) used 
SHOWR? 
-  If so, how often, in what way, and for what purpose? 

-  If not, why not? 
-  If yes, does use of the SHOWR affect your management 
decisions? Could you provide an example?  

Is there anything that you would change about SHOWR to make it 
more useful to you or your organization? 

Do you think your organization will use the tool in the future? long-
term? 

What do you see as the benefits of the tool more broadly, including 
any ancillary (e.g., technical) benefits? 

What role does the process of 
tool development play in its 

success?  

What was your understanding of the purpose and goal(s) of the 
SHOWR dashboard tool? Do you feel that those goals have been 
met?  

Is there anything about the process of development and 
implementation that you would change or do differently? 

The tool currently does not appear to be used to support decision-
making.  What do you think are the biggest explanatory factors for 
this?  

During data platform development, were you and your organization 
consulted too little, too much, or about the right amount? 

Evaluate this statement: The development and implementation 
process was transparent the entire way, meaning that the platform 
itself remained accessible and that questions and clarifications 
could be asked and addressed at any point. 

 
5.4 Overview of the SHOWR Application 

SHOWR is a publicly accessible web application, developed by FlowWest, in partnership with 
the tool development team, that displays data and information used in temperature 
management decisions on the Sacramento River.  During the tool development process, agency 
representatives and stakeholders 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 
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of Keswick Dam and at various points along the river; and (4) winter-run Chinook salmon 
activity along the river. 

A curated set of data outlined above are represented numerically and graphically on the main 
page of the SHOWR application (Figure 5.1a).  The dashboard-style approach to representing 
data was a deliberate choice aimed at creating a single webpage that could be used to check 
the status of key hydrometeorologic and ecological data along the river.  The dashboard allows 
users to see information about conditions along the river, i.e., reservoir conditions (volume and 
temperature), operations (dam releases), water temperature and winter-run Chinook status 
and attributes.  More in-depth information and functionalities for the different data categories 
are available for deeper dives via the other menus as shown in Figure 5.1b.  For example, 
temperature data from a variety of locations along the river can be plotted simultaneously over 
a chosen date range.  Temperature data from previous years can also be plotted.  Data can be 
downloaded and links to source data are provided.   

5.4.1 Incorporating Data into SHOWR 

During the initial phase of SHOWR development, the tool development team identified a list of 
data and information potentially relevant to the temperature management decisions on the 
Sacramento River.  These data along with metadata, information about data format, and other 
information are included in Table 5.3.  As noted in the table, many of these data were already 
publicly available prior to SHOWR development through agency sites and other platforms.  
However, the SHOWR application reflects the principles of open data.156  To be “open,” data 
must not only be publicly available, but be accessible, including availability in machine-readable 
formats.157  Based on the principles outlined above, most of the data sets that were eventually 
included in SHOWR were, prior to their inclusion in SHOWR, public but not open.  These data 
were not available in a single integrated platform but were instead widely dispersed across 
different websites and portals and in different formats of varying degrees of usability ranging 
from tabular machine-readable formats (spreadsheets) to pdf files (Table 5.3). 

 

 

 

 

 

 

 
156 Chief Information Officers Council. Principles. Project Open Data. Accessed May 5, 2019. https://project-open-
data.cio.gov/principles/. 
157 Id. 
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Figure 5.1.  Screenshots from the SHOWR app. (a) An image of the website’s main page, which 
displays key numerical data related to Sacramento River temperature management and (b) 
graphical representation of reservoir conditions for Shasta Lake.  

(a) 

 

 

(b) 
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Consequently, a great deal of work and coordination was necessary between agencies and the 
developers to address the technical challenges of making such a variety of data workable for a 
digital platform.  For example, there was considerable back and forth between developers and 
DFW regarding converting fish data to machine readable format.158 

The last column of Table 5.3 shows which data sets have been incorporated into SHOWR, 
several of which are worth singling out since they either were difficult to access or manipulate 
or were not readily available prior to SHOWR development.  These datasets include:  

• A key source for hydrometeorological data in California is the California Data Exchange 
Center (CDEC).159  Routinely querying CDEC can be tedious and laborious, and the 
platform can go offline several times a month for several hours without warning to 
users, resulting in data gaps.160  A new open software module called CDECRetrieve was 
developed for SHOWR, which makes accessing and integrating data from CDEC into 
other data platforms much easier.161  

• Several types of data that are otherwise only available in pdf form from USBR, 
including:  

o Mean daily water temperature for stations located at compliance points. 
o The 7-day average daily maximum water temperature at compliance points (a 

key metric for determining RPA compliance). 
o Temperature stratification of Shasta Lake (isothermobaths) and the volume of 

cold water in the reservoir below 52°F.  However, these data must still be 
transcribed from graphical depictions in USBR .pdf reports for inclusion in 
SHOWR.  

o Configuration of the shutters of the Temperature Control Device at Shasta Dam. 
• Predicted irrigation diversions for some SRSC growers.  This information was previously 

not publicly available anywhere but is now included in SHOWR via integration with a 
new portal developed by MBK Engineers.  

• Fish data that were not readily available online, including aerial salmon redd survey 
results.  
 

5.4.2 Data not Included in SHOWR 

As noted in Table 5.3, some data sets were considered but ultimately not incorporated into 
SHOWR.  Several were excluded based on feedback from the tool development team.  These 

 
158	Interviewee 34: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
159 California Department of Water Resources.  California Data Exchange Center.  Available at: 
https://cdec.water.ca.gov/.  
160 Interviewee 34: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
161 A description of CDECRetrieve along with the source code is available at github.com:  
https://github.com/FlowWest/CDECRetrieve  
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excluded datasets include the local 3-month temperature outlook (L3MTO), 10-day forecasted 
maximum and minimum daily air temperature, and several kinds of fish data, including winter-
run carcass survey results, genetic testing, Livingston Stone National Fish Hatchery winter-run 
broodstock and Sacramento River winter-run adult escapement.162  Juvenile winter-run counts 
at Red Bluff Diversion Dam and Winter-run adult escapement were not considered essential for 
SHOWR but are under consideration for future functionality.163  Spring-run spawning counts 
were deemed not applicable to the target audience for SHOWR, which is primarily focused on 
winter-run.164 
 
SHOWR receives data on projected SRSC diversions in aggregated form from a separate web 
portal developed by MBK Engineers, as part of a separate project.165  Actual diversion data for 
all CVP contract groups is reported by USBR in a non-machine readable format (pdf) and are not 
included in SHOWR, though there may be some overlap between diversion information 
contained in USBR reports and the data SHOWR receives from MBK via SRSC growers.166  
Modeled temperature profiles for the Sacramento River are also not included in SHOWR, in part 
because they were not available in a machine readable format.  USBR also expressed concerns 
about the prospect of mixing model outputs with empirical data.167  There was a lot of 
discussion in tool development meetings held between March and August of 2017 about 
whether to include modeled or forecast data in SHOWR.168  While other members of the SRTTG 
saw the value of providing modeled data, USBR was reluctant to share any predicted or 
modeled data and encouraged tool developers to focus the app on “real-time” operations 
data.169   
   
 

 
162 Personal communications, FlowWest, May 3, 2019. 
163 Personal communications, FlowWest, May 3, 2019. 
164 Id. 
165 Interviewee 10: Phase 2 Interview #3 - SHOWR Pilot Project, April 2019; Interviewee 34: Phase 2 Interview - 
SHOWR Pilot Project, April 2019. 
166 Personal communications, FlowWest, May 3, 2019.	
167 Id. 
168 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary Notes, March 27, 
2017, p. 3; Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary Notes, April 
24, 2017, p. 3; Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary Notes, 
May 22, 2017, p. 3; Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary 
Notes, July 19, 2017, . 3. 
169 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary Notes, March 27, 
2017, p. 3; Data Platform Pilot Project for Sacramento River: Technical Committee Meeting Summary Notes, April 
24, 2017, p. 3.  
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Table 5.3. Key data and metadata for Sacramento River temperature management, and which data are incorporated into the 
SHOWR application.  

 

Data	Type Measurement	
Frequency	

Update	or	
Reporting	
Frequency

Providing	or	
Hosting	

Organization*

Online	Location(s)	and	
Access	Portals**

Notes Data	
Format(s)

https://cdec.water.ca.gov/dy
namicapp/QueryF?s=SHA

Recent	/	current;	Shasta	Dam	station	(SHA)	is	operated	by	USBR;	CDEC	data	
are	provisional	and	subject	to	change .xlsx,	.csv,	.pdf

https://cdec.water.ca.gov/dy
namicapp/staMeta?station_id
=SHA

Historical .csv,	JSON,	
SHEF

http://cdec.water.ca.gov/staI
nfo.html Recent/current .xlsx,	.csv,	.pdf

http://cdec.water.ca.gov/dyn
amicapp/selectQuery Historical .csv,	JSON,	

SHEF
Hydrology	
and	
operations

Measured
Mean	daily	water	
temperature	(stations	located	
at	compliance	points)

Hourly Monthly USBR https://www.usbr.gov/mp/c
vo/	

USBR	monthly	temperature	reports	include	this	derived	metric	for	a	specific	
set	of	temperature	compliance	points. pdf

Hydrology	
and	
operations

Forecast
Local	3-month	Temperature	
Outlook	(L3MTO)	for	
Sacramento	area.

N/A Monthly NOAA	-	National	
Weather	Service

https://w2.weather.gov/clim
ate/calendar_outlook.php?wf
o=sto

L3MTOs	are	released	every	third	Thursday	of	each	month	in	conjunction	with	
the	national-scale	temperature	outlook.

webpage	
(graphical,	
tabular,	and	
text)

Daily DWR http://cdec.water.ca.gov/dyn
amicapp/selectQuery	

In	the	CDEC	station	data	query	tool,	select	Sensor	Number	30	for	daily	average	
air	temperature	for	a	given	station.	 .xlsx,	.csv,	.pdf

Monthly USBR https://www.usbr.gov/mp/c
vo/	

Included	in	USBR	monthly	temperature	reports	for	Redding	Airport	(RDD),	
Balls	Ferry	Bridge	(BSF),	Red	Bluff	Diversion	Dam	(RDB),	and	Lewiston	(LWS)	
stations.	

pdf

Hydrology	
and	
operations

Forecast 10-day	max/min	air	
temperature N/A Daily

NOAA	-	California	
Nevada	River	
Forecast	Center

https://www.cnrfc.noaa.gov/
awipsProducts/RNOHFSFTA.
php	

webpage,	text

Monthly USBR https://www.usbr.gov/mp/c
vo/	

USBR	includes	7DADM	for	the	SAC	(Sacramento	River	upstream	of	Highway	
44)	and	CCR	(Sacramento	River	upstream	of	Clear	Creek)	stations	in	monthly	
temperature	reports.	

pdf

Hourly DWR http://cdec.water.ca.gov/staI
nfo.html CDEC	provides	the	raw	data	the	7DADM	is	derived	from.	 .xlsx,	.csv,	.pdf

4-5	times	per	
month

Monthly	or	sub-
monthly USBR https://www.usbr.gov/mp/c

vo/vungvari/sactemprpt.pdf		

Present	(partial	report	for	current	month),	depicted	visually	in	isothermobath	
plots	(not	tabulated).	The	SHOWR	application	is	developing	capability	of	
calculating	volumes	of	Shasta	reservoir	water	broken	out	by	temperature	
ranges.	

pdf

4-5	times	per	
month Monthly USBR https://www.usbr.gov/mp/c

vo/temperature.html	

Archived	monthly	reports.	Depicted	visually	in	isothermobath	plots	(not	
tabulated).		Isothermobath	plots	for	Lake	Shasta	were	included	in	reports	
beginning	in	April	2016	and	for	Trinity	and	Whiskeytown	Lakes	in	March	
2018.	

pdf

Hydrology	
and	
operations

Forecast

Sacramento	River	modeled	
temperature	profile	(90%	
hydrology/exceedance	
forecast)

N/A Monthly USBR
http://www.westcoast.fisheri
es.noaa.gov/central_valley/w
ater_operations/srttg.html	

A	modeling	product	reported	in	SRTTG	meeting	handouts;	usually	monthly	
(April	or	May	through	October	or	November)	but	sometimes	more	frequently	
(e.g.,	weekly)	depending	on	conditions.

pdf

Hydrology	
and	
operations

N/A
Shasta	Dam	Temperature	
Control	Devise	(TCD)	
configuration

N/A Weekly USBR https://www.usbr.gov/mp/c
vo/temperature.html	

TCD	configuration	is	represented	diagramatically	in	weekly	updates	which	are	
appended	to	annual	reports. pdf ü

Reported in SHO-WR?

Shasta storage volume 
below 52° Fü

ü Redding station only

ü

ü

ü

No

No

ü

No

Category

Hydrology	
and	
operations

Measured
Shasta	Lake	conditions	
(inflow,	outflow,	water	
elevation,	storage)

DWRHourly,	daily,	
monthlyHourly

DWR

Mean	daily	air	temperatures	
(at	compliance	points)Measured

Hydrology	
and	
operations

7-day	average	daily	maximum	
(7DADM)	water	temperature	
(at	compliance	points)

Measured
Hydrology	
and	
operations

Hourly

Hourly

Hydrology	
and	
operations

Measured Water	temperature	(stations	
located	at	compliance	points) Hourly Hourly,	daily,	

monthly

Hydrology	
and	
operations

Measured
Isothermobaths	and	cold	
water	(49°	F	or	less)	volume	
in	Shasta	Lake
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Data	Type
Measurement	
Frequency	

Update/Rep
orting	

Frequency

Providing/Hosti
ng	

Organization*

Online	Location(s)	and	
Access	Portals**

Notes
Data	

Format(s)

SWRCB

https://www.waterboards.ca.
gov/waterrights/water_issues
/programs/drought/sacramen
to_river/

NOAA
https://www.westcoast.fisher
ies.noaa.gov/central_valley/w
ater_operations/	

Hydrology	
and	
operations

Measured Central	Valley	Project	water	
diversions

Monthly USBR https://www.usbr.gov/mp/c
vo/deliv.html

Actual	water	deliveries	from	USBR	to	contractors,	reported	monthly	by	user	
group.	 pdf

Fish	
abundance Measured

Winter-run	broodstock	
collection	for	Livingston	
Stone	National	Fish	Hatchery	
–	origin	and	count	of	collected	
adults,	spawning,	fry	counts,	
egg	to	fry	survival	rate,	
fecundity,	etc.	

Weekly	(Feb.	-	
June)

Weekly	or	
biweekly	(May	-	
Aug.)

USFWS
http://www.westcoast.fisheri
es.noaa.gov/central_valley/w
ater_operations/srttg.html	

Reported	in	SRTTG	meeting	handouts pdf

Fish	
abundance Measured Adult	winter-run	Chinook	

carcass	surveys
Daily	(late	April	-	
early	Sep.)

Weekly	-	
biweekly CDFW

http://www.calfish.org/Progr
amsData/ConservationandMa
nagement/CDFWUpperSacRiv
erBasinSalmonidMonitoring/t
abid/357/Agg2208_SelectTab
/4/Default.aspx

Released	in	both	document	and	spreadsheet	forms	when	available.	 pdf,	.xlsx

CDFW

http://www.calfish.org/Progr
amsData/ConservationandMa
nagement/CDFWUpperSacRiv
erBasinSalmonidMonitoring/t
abid/357/Agg2208_SelectTab
/4/Default.aspx

Released	in	both	document	and	spreadsheet	forms	when	available.	 pdf,	.xlsx

University	of	
Washington

http://www.cbr.washington.e
du/sacramento/data/query_a
dult_grandtab.html	

SacPas	provides	a	query	interface	for	CDFW's	"GrandTab"	fish	monitoring	
data	set.	 webpage,	.csv

Fish	
abundance Measured Genetic	testing	of	winter-run	

Chinook	carcasses
As	needed	(ad	hoc) As	needed	(ad	hoc) USFWS N/A

USFWS https://www.fws.gov/redbluf
f/rbdd_biweekly_final.html	 pdf

University	of	
Washington

http://www.cbr.washington.e
du/sacramento/data/juv_mon
itoring.html	

SacPas	provides	a	query	interface	for	CDFW	salmonid	monitoring	data. webpage,	.csv

CDFW

http://www.calfish.org/Progr
amsData/Species/CDFWAnad
romousResourceAssessment.a
spx	

pdf

University	of	
Washington

http://www.cbr.washington.e
du/sacramento/data/query_a
dult_grandtab.html

SacPas	provides	a	query	interface	for	CDFW	salmonid	monitoring	data. webpage,	.csv

CDFW

http://www.calfish.org/Progr
amsData/Species/CDFWAnad
romousResourceAssessment.a
spx	

pdf

University	of	
Washington

http://www.cbr.washington.e
du/sacramento/data/query_s
ampling_graph.html	

SacPas	provides	a	query	interface	for	CDFW	salmonid	monitoring	data. webpage,	.csv

Yes

No

No

No

Link to SacPas is 
included

Link to SacPas is 
included

Link to SacPas is 
included

Reported in SHO-WR?

No

No

No

ü

No

MeasuredFish	
abundance

Estimated	water	diversions	-	
Sacramento	River	Settlement	
Contractors	and	Tehama-
Colusa	Canal	Authority

Forecast
Hydrology	
and	
operations

Category

MeasuredFish	
abundance

Biweekly	(year-
round)Daily	(year-round)

Juvenile	winter-run	Chinook	
monitoring	at	Red	Bluff	
Diversion	Dam	counts

Fish	
abundance Measured

Fish	
abundance Measured Winter-run	Chinook	adult	

escapement

USBR's	projected	allocations	and	operations	for	both	North-	and	South-of-
Delta	contract	groups	are	available	in	correspondence	on	the	NMFS	and	
SWRCB's	Water	Rights	Order	90-5	activities	webpage	(though	not	to	the	level	
of	specific	irrigation	districts	or	users).	Planned	diversions	by	specific	
Sacramento	River	/	Central	Valley	Project	water	users	are	provided	directly	to	
USBR	and	are	not	publicly	available.	However,	a	tool	that	collates	SRSC	
diversion	data	has	been	developed	as	part	of	the	SHOWR	application	
development	project.		

pdf

Yearly	or	upon	
request

Daily	but	not	real	
time	(Feb.	20	-	
Nov.);	video	
monitoring	ends	
July;	redd	counts	
during	Oct.	-	Nov.

Adult	spring-run	Chinook	
counts	and	spawning	
monitoring

Reported	once	
yearly	in	Oct.	or	
Nov.

Yearly	in	Nov.

Weekly	-	
biweekly

Weekly	(May	-	
Aug.)

Aerial	winter-run	Chinook	
redd	surveys

Yearly	(early	
spring)N/A



   
 

   
 

52 

5.5  Evaluation of the SHOWR Development and Implementation Process 
Decision support tools are often developed to support environmental decisions, as they can 
support analysis of present or future management scenarios,170 facilitate discussions and joint 
decision-making, and increase participation in a planning process.171  However, these tools 
often experience low uptake.172  Junier and Mostert (2014) cite three vital technical elements 
for the success of a decision support tool: the usefulness of the tool, the ability of the model or 
tool to replicate reality and the data available for processing.  However, in addition to meeting 
the technical elements outlined above, recent studies also highlight the importance of an 
effective development process for successful implementation of information and decision 
support systems173 and open data platforms.174  One study stated that “…poor engagement of 
stakeholder and end-user communities in the development and design of systems” is one of the 
most common reasons why decision support systems fail.175  The literature suggests that a 
clear, effective, inclusive, efficient development process is necessary, if not sufficient, to 
achieving the adoption of any decision support tool.   
 
In light of these findings, our analysis focuses on both the technical and process-related 
elements of SHOWR (and GRAT) development.  The following section provides a brief overview 
of the SHOWR development process generally in advance of our more comprehensive 
evaluation of tool adoption.   
 

 
170 Gourbesville, P. (2008). Integrated river basin management, ICT and DSS: Challenges and needs. Physics and 
Chemistry of the Earth, 33: 312-321. https://doi.org/10.1016/j.pce.2008.02.007.  
171 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.  
172 Sandink, D., S. P. Simonovic, A. Schardong, and R. Srivastav. (2016). A Decision Support System for Updating and 
Incorporating Climate Change Impacts into Rainfall Intensity-Duration-Frequency Curves: Review of the 
Stakeholder Involvement Process. Environmental Modelling & Software, 84: 193–209. 
https://doi.org/10.1016/j.envsoft.2016.06.012. 
173 See, e.g., van Delden, H., R. Seppelt, R. White, and A.J. Jakeman. (2011). A Methodology for the Design and 
Development of Integrated Models for Policy Support. Environmental Modelling & Software, 26(3): 266–79. 
https://doi.org/10.1016/j.envsoft.2010.03.021; Díez, E., and B. S. McIntosh. (2009). A Review of the Factors Which 
Influence the Use and Usefulness of Information Systems. Environmental Modelling & Software, 24(5): 588–602. 
https://doi.org/10.1016/j.envsoft.2008.10.009; Gibson, F. L., A. A. Rogers, A. D.M. Smith, A. Roberts, H. 
Possingham, M. McCarthy, and D. J. Pannell. (2017). Factors Influencing the Use of Decision Support Tools in the 
Development and Design of Conservation Policy. Environmental Science & Policy, 70: 1-8. 
https://doi.org/10.1016/j.envsci.2017.01.002; Zulkafli, Z., K. Perez, C. Vitolo, W. Buytaert, T. Karpouzoglou, A. 
Dewulf, B. De Bièvre, J. Clark, D. M. Hannah, and S. Shaheed. (2017). User-Driven Design of Decision Support 
Systems for Polycentric Environmental Resources Management. Environmental Modelling & Software 88: 58–73. 
https://doi.org/10.1016/j.envsoft.2016.10.012. 
174 Zuiderwijk, A., M. Janssen, S. Choenni, and R. Meijer. (2014). Design Principles for Improving the Process of 
Publishing Open Data. Transforming Government: People, Process and Policy, 8(2): 185–204. 
https://doi.org/10.1108/TG-07-2013-0024. 
175 Sandink, D., S. P. Simonovic, A. Schardong, and R. Srivastav. (2016). A Decision Support System for Updating and 
Incorporating Climate Change Impacts into Rainfall Intensity-Duration-Frequency Curves: Review of the 
Stakeholder Involvement Process. Environmental Modelling & Software, 84: 193–209. 
https://doi.org/10.1016/j.envsoft.2016.06.012. 
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5.5.1 Overview of SHOWR Platform Development 
As described in the SHOWR project proposal, the tool development process followed a multi-
step “agile software development” approach, beginning with the prioritization of project 
objectives, functionality and work flow by stakeholders.176   
 
In the proposal, project participants were divided into two main groups: six project partners 
(SRSC, USBR, DFW, USFWS, NMFS and SWRCB) and eight stakeholder organizations comprised 
mainly of water user groups and environmental organizations (see Table 5.4 copied from the 
SRSC proposal for Bechtel).177  Most of the project partners would provide primary data, help 
make decisions about app functionality, and be engaged in tool development on a weekly to 
monthly basis. 178 
 
The several “stakeholder” groups mentioned in the proposal, including Trout Unlimited, The 
Nature Conservancy, the Golden Gate Salmon Association and others, would be “engaged less 
frequently” in tool development and would provide feedback on the types of analytical tools 
and visualizations necessary to make the data behind decisions as transparent as possible.179  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
176 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, p. 13.  
177 Id., p.3. 
178 Id. 
179 Id., p. 4. 
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Table 5.4.  A list of project partners and stakeholders provided in the project proposal 
submitted to the S.D. Bechtel, Jr. Foundation in June 2016.180 

 
 
The development process settled into a pattern of monthly TC meetings, which were jointly led 
by FlowWest and a SRSC representative, with facilitation services from Kearns and West.  The 
TC was largely composed 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.  TC meetings were supplemented with side meetings 
between developers and individual members of partner agencies, as necessary, to coordinate 
data transfer among TC members providing data and tool developers.  
 
Monthly meetings provided TC members with an opportunity to get updates on tool 
development, talk through data and management decisions, and provide agency 
representatives and others with an opportunity to comment and provide feedback on tool 
development.  Tool developers also circulated surveys to TC members on several occasions to 
ensure committee members had the opportunity to provide feedback on the tool.  
 

 
180 Id., p. 3. 
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Consistent with the agile software development style, FlowWest mocked up concepts quickly to 
allow people to respond to them.  Additionally, the developers maintained a strong emphasis 
on open source code and open and transparent data throughout the project. 
 
5.5.2 Participation in SHOWR Development  
The monthly engagement proposed for the core partner agencies was largely achieved during 
Phase 1 (the tool development phase) of the project.  From October 2016 to December 2017 
the technical committee met a total of 10 times, including one larger platform meeting 
discussed below.  However, many of the stakeholder groups listed in the proposal that we 
interviewed were unaware of the project during tool development until formal invitations were 
extended to some Central Valley Contractors and nongovernmental organizations (NGOs) in the 
summer of 2017.181 
 
Routine technical committee meetings occurred roughly monthly and were generally held so 
that developers could apprise the technical committee of progress and to solicit feedback on 
functionality and data.  The overall trend we observed in participation at project meetings was 
a gradual, modest decline in meeting attendance (Figure 5.2).  The agencies that attended the 
meetings most consistently were USBR (specifically the Central Valley Operations (CVO) 
division) and NMFS. 
 
In August 2017, FlowWest and the SRSC hosted a large meeting that was attended by nearly 30 
different stakeholder groups, including Environmental Defense Fund (EDF), the City of Redding, 
Placer County Water Agency, as well as many state and federal agency representatives.  The 
stated goals of the meeting were to: 

• Demonstrate SHOWR app value and expand SHOWR app audience 
• Understand how SHOWR app relates to current efforts/tools 
• Explore potential application of the SHOWR app to real-time decision making for winter-

run Chinook salmon management. 

While the project had been veering away from a decision support tool between February 
through July, the August 2017 meeting was a pivotal event in the project’s trajectory.  During 
this meeting, USBR expressed numerous concerns with SHOWR and indicated that “The SHOWR 
tool alone does not show Reclamation [USBR] all that is necessary to make decisions, and 
therefore, it does not represent to stakeholders the comprehensive picture of Reclamation’s 
trade-off evaluations and decision-making processes.”182  Additionally, USBR noted that its 
“data is often misused, and this is a core concern to the agency.”  It is important to note that 
these same issues had been raised by USBR and other decision-making agencies throughout the 

 
181 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft Meeting Summary 
Notes, May 22, 2017.  Meeting notes indicate that project proponents will extend invitations to CVP contractors 
and NGOs to attend the next technical committee meeting. Two CVP contractors and a representative from EDF 
attended the July 2017 Technical Committee Meeting.   
182 Shasta Operations for Winter Run Application (SHOWR app) August Workshop, Workshop Summary, August 29, 
2017, p. 7.	



   
 

 
 
 

56 

tool development process; however, it was at this meeting that it become clear that USBR – the 
primary decision-maker for temperature management decisions on the Sacramento River – 
would not be using SHOWR as a decision support tool. 

Thus, it was at this point that the tool transitioned from its original goal as a decision support 
tool to a platform for sharing curated data sets with a broader and arguably more vaguely 
defined target user community. 
 
Attendance at ongoing TC meetings declined after the August 2017 meeting from an average of 
17 attendees before the meeting (i.e., from October 2016 to July 2017) to 12 after the meeting.  
The average number of agencies attending the meetings also decreased from 12 to 9.  
 
Figure 5.2. Attendance at SHOWR technical committee meetings from October 2016 to 
December 2018.  

 
 
Interviews and email correspondence with technical committee members indicated that 
changes in participation occurred for a variety of reasons, including individuals’ organizations’ 
diminished role in the project, lack of time due to changes in other work duties, a change of 
agency priorities or change in job.   
 
One developer suggested that interest declined overall among the partner agencies during the 
later stages of SHOWR development.183  However, it should be noted that NMFS became more 
substantively involved later in the tool development process after a new staff member joined 
the team.  The new addition to the team was welcomed by one of the tool developers, who 

 
183	Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
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said that this individual provided “…really good and actionable guidance for us…That was really 
refreshing and actually what we had hoped for from everybody all the way along.”184  This 
change in staff may also be a sign that some agency representatives were experiencing “tool 
development fatigue” during the second phase of the project.  
 
In addition to supporting management decisions along the Sacramento River, one of the 
objectives of SHOWR was to make Sacramento River temperature management decisions more 
transparent for stakeholders, including the SRSC.  At the May 22, 2017 TC meeting, the decision 
was made to extend formal invitations to NGOs and south of delta water contractors.185  
 
Several of the stakeholder groups (Northern California Water Association, TNC, Tehama-Colusa 
Canal Authority, and other CVP water contractors (RD 108 and SLDMA) listed in the project 
proposal only attended 1-2 meetings.  Three stakeholders listed in the original proposal did not 
attend any TC meetings: these were Ducks Unlimited, Golden Gate Salmon Association and 
Feather River Water Users.   
 
A total of eleven interviews were conducted with stakeholder groups.  These interviews 
included six of the eight186 stakeholder groups listed in Table 5.4 and three entities not listed as 
stakeholders in the SHOWR development proposal, but with significant interest in temperature 
management along the Sacramento River.  These interviewees included the Natural Resources 
Defense Council, the Bay Institute and a retired fisheries ecologist.  These interviewees were 
skeptical of SHOWR’s long-term value for informing temperature management on the 
Sacramento River, as they felt that data was not a limiting factor in decision-making.187 
 
5.6 Use of the SHOWR Platform  
5.6.1 SHOWR Use by Partner Agencies and Decision-makers 
As discussed above, tool objectives evolved substantially over the course of SHOWR 
development, from a tool designed to support management decisions to a tool to provide 
insight into conditions influencing temperature management decisions along the Sacramento 
River.  Nevertheless, we have continued to keep our evaluation of SHOWR divided into two 
categories: (1) SHOWR use by agencies involved in the decision-making process, including 
USBR, NMFS, USFWS and the SWRCB; and (2) SHOWR use by stakeholders, including SRSC.  
 
Table 5.5 summarizes SHOWR use by agencies involved in temperature management decisions.  
While SHOWR was not used for decision-making purposes, two agency representatives 

 
184 Id.	
185 Discussion at the May 22, 2017 TC meeting included suggestions of south of delta contractors and NGOs to 
invite to join the TC meeting, including some San Luis and Delta Mendota Water Authority, EDF and American 
Rivers. It is unclear who received invitations. However, San Luis and Delta Mendota Water Authority and EDF were 
both in attendance at the next TC meeting on July 19, 2017.  
186 Interviews were not conducted with the Feather River Water Users and the Ducks Unlimited.   
187 Interviewee 19: Baseline Interview - SHOWR Pilot Project, July 2017; Interviewee 22: Baseline Interview - 
SHOWR Pilot Project, July 2017; Interviewee 24: Baseline Interview - SHOWR Pilot Project, August 2017.	
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indicated they had used the app to assist them in their work activities in some way during 
Phase 2 of the project.  We also found some indirect evidence that one USBR-CVO staff 
member is using diversion data accessed via SHOWR.  However, because this was not 
substantiated it was not included in the table.  This and other applications of SHOWR are 
discussed in more detail below.   

 
Table 5.5. Reported use of SHOWR by agencies involved in temperature management along the 
Sacramento River.  

Agency 
Used for 
management 
decisions?  

Used for other 
applications? Frequency of use 

DFW No 

Yes, used to obtain 
water temperature 
and flow and 
diversion rates. 

Weekly 

SWRCB No 

Yes, to retrieve 
hydrometeorological 
data from CDEC via 
CDECRetrieve 

Daily 
(CDECRetrieve) 

NMFS No 
General referencing 
of river conditions 
and fish. 

Occasionally  

USFWS No None reported None reported 
USBR188 No Unknown Unknown 

 
Two individuals from NMFS reported having explored SHOWR to some extent but not having 
integrated it into their workflows.  One of these individuals foresaw using SHOWR more in the 
future, saying “…once we all get more used to using it, then we can rely on it.”189  Additionally, 
this NMFS representative said (s)he had used it to obtain DFW’s fish data because even within 
the SRTTG, DFW fish data were not always shared with member agency staff in an efficient or 
easy way.190 
 
Another NMFS employee had explored the app but largely to provide input to developers about 
possible changes to the interface.  This interviewee reported relying on the Central Valley 
Prediction and Assessment of Salmon (SacPAS), a website developed by the University of 
Washington to provide “monitoring, evaluation and web-based data products and services for 
primary and associated activities funded by the USBR and mandated by the Endangered Species 

 
188	As noted in the Data and Methods section of this chapter.  USBR was unwilling to participate in Phase 2 
interviews.  As a result, we were unable to learn about SHOWR use by USBR.  
189 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
190 Id. 
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Act (ESA),” 191  for their work more than SHOWR, particularly for determining the status of 
temperature criteria compliance for fish.192  However, this same individual expected to use the 
app in the future for “getting a picture” of current and historical flow conditions and winter-run 
egg emergence.193  
 
One DFW employee indicated that (s)he had used SHOWR instead of CDEC to obtain certain 
kinds of data, including water temperature at Clear Creek and flow rates at Keswick Dam and 
Wilkins Slough.”194  This interviewee found it easier to use SHOWR for information needs 
specific to winter-run Chinook salmon.  The same interviewee had also used SHOWR to view 
SRSC irrigation diversion data, which (s)he indicated are an important component for 
estimating the river conditions that will be experienced by (a) winter-run Chinook at life stages 
beyond eggs (e.g., juveniles) and (b) other runs besides winter-run.195  
 
Despite the advantages of SHOWR outlined above, this same interviewee indicated that (s)he 
continued to access fish data necessary for management decisions from other data sites 
including the SacPAS website.  Not surprisingly, the interviewee also indicated that (s)he was 
able to access fish data from within his/her own agency necessary for management decisions 
faster in-person than through SHOWR: 

“I personally haven’t used it for any kind of management activity. I’m drawing on other 
data sources for that. (…) I use SacPAS and CDEC and the Red Bluff Diversion Dam 
Rotary Screw Trap Program, I get information from them. A lot of the information I’m 
using is generated at my office by various teams and duties we’re conducting and 
monitoring. (…) Basically all the fish data used in the app I can go down the hallway 
and get it. It’s quicker than what the [SHOWR] app’s going to see.”196 

 
This individual also indicated that SHOWR’s fish data are not high enough resolution for 
management decisions pertaining to winter-run Chinook salmon, which require more granular 
fieldwork-based data collected by agency colleagues.197   
 
None of the interviewees we asked knew of anyone using the app outside of the project TC 
members.  Thus, the uses outlined above represent all of the uses of SHOWR by decision-
making entities that we were able to identify during the course of our evaluation.  We report on 
stakeholder uses of SHOWR below. 
 

 
191 See: http://www.cbr.washington.edu/sacramento/contact.html. 
192 Interviewee 30: Phase 2 Interview - SHOWR Pilot Project, November 2018.	
193 Interviewee 30: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
194 Interviewee 31: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
195 Id. 
196 Id. 
197 Id.	
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5.6.2 SHOWR Use by Stakeholders 
In addition to supporting management decisions along the Sacramento River, one of the 
objectives of SHOWR was to make Sacramento River temperature management decisions more 
transparent to stakeholders, including the SRSC.  Of the six SRSC organizations listed as 
stakeholders in the project proposal, the Glenn-Colusa Irrigation District (GCID) was by far the 
most involved as a project proponent.   
 
A GCID representative reported using SHOWR on a nearly daily basis during SRTMP 
development and summer operations to obtain flow conditions, reservoir conditions and fish 
information.  This individual found it easier to access hydrologic information using SHOWR than 
CDEC: “it’s just got everything in one place to go look at versus having to go to multiple places 
to get the same data.”198  This interviewee did not use SHOWR to inform irrigation water 
management decisions during the evaluation period (calendar year 2018), which was a drier 
than average year,199 but suggested that it might be useful in an even drier year.  In such a year 
it may be useful to SRSC members for coordinating diversions, and learning where salmon 
redds are located, which could assist conversations with USBR related to flows and irrigation 
diversions, as was done in 2015.200, 201  Another SRSC member we contacted suggested that 
SHOWR could be useful, but had not used it and did not know of any other SRSC growers using 
SHOWR. 202   
 
No other stakeholders confirmed actively using SHOWR during our evaluation. 
 

5.6.3 Ancillary Benefits of SHOWR 
We also identified other benefits associated with the development and use of SHOWR, which 
we refer to as secondary or ancillary benefits.  Note that these are not direct uses of SHOWR.   
Rather, they are indirect uses or benefits not reported above.  Ancillary benefits of the SHOWR 
use are summarized in Table 5.6 and discussed below.   
 
 
 
 
 

 
198 Interviewee 4: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
199 Di Liberto, T. (2018). Dry 2018 Water Year Comes to an End in California | NOAA Climate.Gov. Climate.Gov, 
October 9, 2018, sec. News & Features. https://www.climate.gov/news-features/event-tracker/dry-2018-water-
year-comes-end-california.  
200 Interviewee 4: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
201 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. p. 
16. Available at: https://www.ppic.org/wp-content/uploads/r_1117jmr.pdf. 
202 Interviewee 5: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
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Table 5.6. Ancillary benefits of SHOWR use and the number of interviewees who mentioned the 
benefit.  

Ancillary benefit Number of interviewees 
CDECRetrieve 2 
Improved accessibility to winter-run 
Chinook salmon data 

2 

Diversion data available in SHOWR 3 
 
5.6.3.1 Use of CDECRetrieve  
An integral part of SHOWR is an open source backend component called CDECRetrieve that 
retrieves hydrometeorological data from CDEC for display in SHOWR.  Importantly, 
CDECRetrieve can be downloaded and the source code modified for different applications. 
According to SHOWR developers, CDECRetrieve had been downloaded over 2,000 times as of 
mid-November 2018 by a variety of users including DWR staff.203  

One SWRCB representative reported having downloaded and altered the CDECRetrieve code to 
customize it for his/her own purposes.204  This agency representative was not using SHOWR 
dashboard but rather the CDECRetrieve code separately from SHOWR.  This individual reported 
using CDECRetrieve on a daily basis to retrieve water quality data at compliance points.205  This 
use of CDECRetrieve supports and expedites this person’s work related to Sacramento River 
water quality compliance monitoring – specifically whether USBR is complying with water 
temperature requirements under the SWRCB’s Water Rights Order 90-5. 206   

This interviewee possesses advanced technical expertise using the R statistical programming 
language and had relatively little use for the visual dashboard interface of the main SHOWR app 
itself.  This individual reported having used the main SHOWR app only occasionally (less than 
monthly), but stated that (s)he could envision possibly manipulating the R source code behind it 
to customize viewing of some of the data included in SHOWR in the future.207 
 
5.6.3.2 Improved Accessibility of Winter-run Chinook Salmon Data   
Prior to SHOWR development, winter-run salmon data were available on the DFW website. 
However, these data were challenging to access, not updated regularly, and did not interface 
well with other web applications like SHOWR.  Thus, DFW fish data were not always shared with 
member agency staff in an efficient or easy way.208  
 
As part of SHOWR development, tool developers worked with DFW to make its winter-run data 
more accessible and useable.  Doing so included a multi-day site visit by SHOWR developers to 
DFW’s Red Bluff office and additional time on the phone to work out how to make fish data 

 
203 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
204 Interviewee 33: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
205 Id. 
206 Id. 
207 Id. 
208 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
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easier to “scrape” so that it could be more readily accessed and used.209  As a result of that 
collaboration, DFW has adopted a new format for its data.  DFW also became more aware of 
user needs, which were not necessarily met by simply posting the data as it had been doing. 210   
 
Improved accessibility to fish data housed on the DFW site ultimately enabled SHOWR and 
other applications (e.g., SacPAS) to access the data for their own applications.  As one SHOWR 
developer put it, “Going in, that CalFish [DFW] repository wasn’t really usable by anybody, and 
now SacPAS is dialing into it regularly, daily.  We are too, so I think that’s an improvement.”211  
 
In addition to making fish data more accessible for agency representatives, one stakeholder felt 
it was of substantial benefit to easily see basic winter-run information, such as the number and 
location of redds, because this information provides insight into management decisions along 
the river.212  
 
5.6.3.3  Access to Irrigation Diversion Data   
Another ancillary benefit of SHOWR was the integration of SRSC diversion data into SHOWR via 
connection to a portal that had been developed separately by MBK Engineers.213  MBK’s 
diversion portal was developed largely during April 2017 and beta tested in spring 2018.214  The 
portal was funded by the SRSC Policy Group and SRSC Corporation to improve sharing of 
diversion data between SRSC and USBR-CVO.215  Aggregated SRSC diversion data from the MBK 
platform is currently integrated into SHOWR in a semi-automated process,216 making it 
available to individuals who would not have access to diversion data through the MBK portal.217 

Several project participants noted that access to irrigation diversion data by growers along the 
Sacramento River specifically via SHOWR was of interest or benefit to them.218  One agency 
representative specifically discussed accessing diversion data via SHOWR.219  However, a 
different agency manager felt that the diversion data would be more helpful if they were 
disaggregated by location and entity.220  

 
209 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018; Interviewee 34: Phase 2 Interview 
- SHOWR Pilot Project, November 2018. 
210 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
211 Id. 
212	Interviewee 4: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
213 Personal communications, MBK Engineering, May 14, 2019.  
214 Id. 
215 Id. 
216 Interviewee 10: Phase 2 Interview #3 - SHOWR Pilot Project, April 2019. 
217 Interviewee 10: Phase 2 Interview #3 - SHOWR Pilot Project, April 2019; Interviewee 34: Phase 2 Interview - 
SHOWR Pilot Project, April 2019. 
218 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018; Interviewee 31: Phase 2 Interview - 
SHOWR Pilot Project, November 2018; Interviewee 33. Phase 2 Interview - SHOWR Pilot Project, October 2018. 
219 Interviewee 31: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
220 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018.	
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5.7 Constraints or Challenges that Limited the Use of SHOWR 
As described above, SHOWR was used by some of the individuals involved in the project for 
purposes other than those originally envisioned by project proponents (i.e., SHOWR was not 
used for temperature management decisions along the Sacramento River).  While a number of 
interviewees articulated the potential value of SHOWR for decision making purposes, none of 
our interviews indicate that USBR or any other organizations actually used SHOWR to inform or 
improve temperature management decisions.  Indeed, multiple interviewees confirmed that 
SHOWR was not even brought up within the context of SRTTG in 2018.  In practice, then, the 
benefits actually derived from SHOWR are best characterized as “ancillary” or secondary to the 
decision-making process for temperature management.  Potential constraints limiting SHOWR’s 
use during our evaluation are summarized in the discussion below.  
 
It is important to note that this research observed SHOWR implementation for only one 
implementation season.  Thus, the uses described above are not an indication of SHOWR’s 
potential use in the future.  Indeed, SHOWR developers and project proponents have been 
continuing to work with the SHOWR technical committee to maximize its functionality and use 
long-term.  Additionally, they have been actively working with other agencies, including USBR’s 
Reclamation Information Sharing Environment program to find other applications and a home 
for SHOWR.  Potential future uses for SHOWR are discussed in Section 5.8 of this report.  
 
5.7.1.1 Lack of Clarity about Partner Agency Roles in Tool Development 
As discussed in Section 5.5, the project proposal listed several agencies (Table 5.4) as “primary 
data and decision partner[s]” for tool development.  These agencies include USBR, DFW, 
USFWS, NMFS and the SWRCB (all of the agencies critical to temperature management 
decisions along the Sacramento River).  However, during the kick-off meeting for the project it 
was clear that these agencies had been only minimally consulted about the proposal or the 
goals for SHOWR development.  The summary notes from that meeting indicated that “CDFW 
[DFW], USBR, USFWS, and NOAA all indicated a willingness to participate in the project.  NOAA 
cautioned that objectivity in the display of data will be important.  CDFW [DFW] and USFWS 
cautioned that project scope could influence their agencies’ ability to participate, noting that 
the agencies could commit to participate within the confines of Region 1.”221  These notes 
suggest that the key project partners did not have a clear vision for the project prior to the 
project kick-off and did not see an immediate need for the tool in their decision-making 
process.  
 
Notably, given its specified role as one of the four key “decision partners” and a target end 
user, USBR did not seem to have a clear understanding of either the tool or its goals.  For 
example, at the kickoff meeting in October 2016, developers asked all the partner agencies to 
comment on the potential utility and value of a data platform.  USBR stated that the tool could 

 
221 Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, Draft 
Meeting Summary Notes, October 28, 2016, p. 4. 
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potentially be very helpful, but also expressed a number of concerns about various aspects of 
involvement, including  

• Agency discomfort with posting preliminary data 
• Diverse approaches to and opinions on data management, analytics, and visualization 

tools 
• Bureaucratic quagmires unconducive to agile development  
• Long-term platform maintenance responsibilities and costs 
• Agency requirements for making information/data public 
• Agency risk aversion and control inclination 222   

 
Since USBR did not originate or contribute to the proposal, it did not articulate the value or 
need for the proposed application for USBR either verbally or in writing at that stage.  
Additionally, baseline interviews with both USBR representatives involved in tool development 
indicated a lack of perceived value of the tool for decision-makers in their organization.223  We 
do not know the extent of preliminary communication between the project proponents and 
USBR, whom they contacted, or what the nature of those communications were with respect to 
the development of the project proposal, i.e., its scope of work, responsibilities and goals and 
expectations.  However, during a project meeting call in early February 2017, USBR was still 
unsure about what decisions the tool would be used for and what the objectives for the project 
were.224  At a subsequent meeting USBR asked where the tool would ultimately reside and who 
would fund it.225  Taken together, this evidence indicates that some basic questions about 
USBR’s role in the project as a key decision-maker were not sorted out during proposal 
development. 
 
5.7.1.2 Changing Project Goals 
The lack of a clear project goal or need is a common tool development problem cited in 
literature 226 and one that was observed throughout the course of SHOWR development.  
During the project kick-off meeting in October 2016, the project objectives highlighted the 
importance of a tool that “facilitates more data-driven and timely decision-making.”227  
However, by the February 2017 meeting (the 4th project meeting), in an attempt to secure 
agency buy-in, developers were describing the tool’s goal as being “to build transparency 

 
222 Id., p. 3. 
223 Interviewee 5: Baseline Interview - SHOWR Pilot Project, March 2017; Interviewee 6: Baseline Interview - 
SHOWR Pilot Project, March 2017. 
224 Moran, T. SRSC Data Platform Meeting to Discuss Decision-Making Documents. February 7, 2017. Personal 
notes. 
225 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft Meeting Summary, 
February 27, 2017, p. 6. 
226 Cravens, A. (2014). Needs before Tools: Using Technology in Environmental Conflict Resolution. Conflict 
Resolution Quarterly. https://doi.org/10.1002/crq.21071. 
227 Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, Draft 
Meeting Summary Notes, October 28, 2016, p. 2. 
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around decision-making but not to generate a final management decision.”228  In the March TC 
meeting, USBR stated, “USBR has a system-wide perspective for their operations decisions, and 
the MVP [SHOWR] will never be its only (or even primary) tool.”  Ambiguity in the tool’s main 
objective continued for the next several months of tool development and likely stemmed from 
a lack of clarity on the decision-making process and who the final end user of the tool would 
be.229 230  

While the purpose of the project had been veering away from decision support from February 
through July, the August 2017 meeting was a definitive event confirming the shift in the 
project’s trajectory.  At this meeting, USBR raised a host of concerns about the use of SHOWR 
for decision-making purposes.  While these same issues had been raised by USBR and other 
decision-making agencies throughout the tool development process, at this meeting it become 
clear that USBR – the primary decision-maker for temperature management decisions along the 
Sacramento River – would not be using SHOWR as a decision support tool.  

Thus, it was at this point in the process that the tool transitioned from its original goal as a 
decision support tool to a platform for sharing curated data sets with a broader and arguably 
more vaguely defined target user community.  One developer explained this shift as follows: 

“I would say the purpose definitely shifted, especially from what I think I laid out in the 
very first meeting, which was assuming at that point there’d be much more direct 
uptake and testing of the decision-making utility of the tool by the primary decision-
maker. I think initially…the functionality would have been much more tailored to 
Reclamation’s, CVO, decision-making process and needs. What I felt like ended up 
happening is that, instead of being more decision-driven, it became more information-
sharing-driven as opposed—you would develop probably different interfaces that are 
more tied to a particular operational change that [CVO staff] might make. The stuff 
with the [Shasta Dam release] gates would be a lot more front and center. The stuff 
with the modeling that gets done prior to the implementation period would be a lot 
more front and center. That’s, I think, what really changed is when we realized 
relatively early on that that probably wasn’t going to happen, we ended trying to be 
more sleuthing out by talking to the technical committee and others. “What do you 
want to see more clearly about the decision-making process, as opposed to what would 
help you turn the dials better?” I think it did evolve away from what the original intent, 
I think, of the demonstration was.”231 

 
This developer further elaborated on how the outcomes for the tool might be related to the 
development process:  

 
228 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft Meeting Summary Notes, 
February 27, 2017, p. 3. 
229 Interviewee 10. Baseline Interview - SHOWR Pilot Project, March 2017. 
230 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft Meeting Summary Notes, 
February 27, 2017, p. 1; Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, Draft 
Meeting Summary Notes, Mach. 27, 2017, p. 1. 
231	Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
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“…that's the ultimate missing link in our project is, because we never really got a 
toehold with the decision-making part of the group, its ability to help visualize or make 
more transparent things that are being decided and why they are being decided is not 
really there. We are at a basic level of—we're showing compliance or not compliance, 
and we are showing real-time conditions, but…we didn't get to build the functionality 
around really truly the decision part because we weren't engaged in that part. We were 
engaged with just tracking the decisions as they were being made and then seeing how 
compliance is happening or not.”232  

 
More work at the outset of the project to clarify project goals, needs and expectations may 
have avoided the lack of tool adoption by key decision-makers.  Specifically, for the project to 
achieve its goals, an early clear articulation of the need and value of a decision support tool by 
the key management agencies as well as a desire to use and maintain it long-term were 
necessary.  Some of these findings are borne out by critical self-reflections offered by one 
developer who felt that the main thing that could have been done differently was to approach 
USBR at the pre-proposal stage to learn about its workflows and data management before 
there was anything at stake.  

“I think I was too in the dark for too long about what their decision process looked 
like—at least as it ties to the data—to be as effective as I would have liked to have 
been. Especially in trying to get them [USBR] to have a sense of the value that this 
[SHOWR] can provide to that process that might offset the risks that they saw in the 
process. I thought it would emerge out of the first meeting or two, but…by the time I 
directly asked to do that, it was too late. I think that would have changed—may have 
changed our way of demonstrating things to give them a little bit more reason to 
engage. Because we would have had more insight as to their workflow.”233  

 
5.7.1.3 Ambiguity in the Decision-making Process Being Targeted 
Another process-related challenge that arose during the tool development phase was that 
although the original intent of SHOWR was to improve decision-making, there was an ongoing 
lack of clarity around the process itself.234 235  The decisions that were targeted for 
improvement were those about the management of reservoir releases during summer, when 
irrigators are withdrawing a great deal of water and when river temperatures can be of critical 
importance.  Although the SRTMP is subject to review by NMFS and formal approval by SWRCB, 
it is ultimately USBR-CVO’s role to make the daily operational decisions based on its 
understanding of the integrated system and the monitored and forecasted conditions.236  In 
their roles as SRTTG members, the NMFS, USFWS, DFW and the SWRCB serve as advisors, not 

 
232 Interviewee 10: Phase 2 Interview #1 - SHOWR Pilot Project, October 2018.	
233 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
234 Data Platform Pilot Project for Sacramento River: technical Committee Meeting, Draft Summary Notes, January 
23, 2017, p. 2. 
235 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
236 Sugg, Z., and T. Moran. (2017). Sacramento River Settlement Contractors Temperature Management Decision-
making Case Study, p. 16. See Appendix B.  
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as the primary decision-makers.  They share and interpret data and provide advice and input on 
the various river management variables to USBR.237   
 
The number of agencies involved in temperature management decisions along the Sacramento 
River and their overlapping responsibilities can make understanding the actual decision-making 
process difficult.  For example, it was not clear at the outset of the project, nor was it ever 
made clear during the course of tool development how USBR-CVO actually makes decisions 
about operations internally after having received advice from the SRTTG.  One developer 
expressed some frustration about this, contrasting the relative transparency of the SRTTG 
process with USBR’s:  

“…I think Reclamation is just—it's a mystery as to what goes on, whereas SRTTG, we 
have their meeting notes, and we can definitely use the data to replicate or maybe 
improve upon some of their metrics and visuals. With Reclamation [USBR], it's a black 
box. There's some input, and we can see the output, but we have no idea what process 
or what work flow they have internally…”238 

 
The obvious challenge this creates from a development perspective is that it is difficult to 
design a decision support application without having access to information about how decisions 
are actually made or how variables or data are considered or prioritized. 
 
After the August 2017 meeting, developers made efforts to obtain more information about how 
USBR makes operational decisions and how it processes data internally.  The developers 
proposed making a site visits to USBR-CVO office to shadow relevant staff and learn about their 
systems for processing data to help streamline the process.  However, CVO declined the 
invitation.  As one project participant said, “'I don’t think anyone could have tried any harder to 
break down the doors or climb through the windows at Reclamation than this app development 
team.”239  

 
Developers attributed the perceived resistance of USBR in this way not to negative intentions 
on the part of USBR but rather to constraints – primarily of legal liability, and the timing of the 
process itself – that had not been appreciated early enough in the process: 

“Reclamation wants to do—they want to be doing it well, and they want to be adapting 
to different ways of handling the information and I think they—the way the project 
initially evolved, it wasn’t threatening enough, really, for them to feel like they needed 
to be more firm about this (…). I think in the timeframe of these water and ecosystem 
processes, that six or eight months or whatever it ended up being. [It took] that long 
for them to have the realization that this isn’t exactly what maybe they were 
anticipating it would be. That really, because of the liability risk, that they felt they 
needed to be more standoffish about it.”240  

 
237 Id.  
238 Interviewee 34: Phase 2 Interview - SHOWR Pilot Project, November 2018.	
239 Interviewee 11: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
240 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
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Regardless of the particular reasons for USBR’s reluctance, the practical effect was that the 
internal dynamics of CVO’s process for making reservoir operations decisions for Shasta and 
Keswick remained opaque throughout app development.  Ultimately, the development process 
was unable to overcome the reluctance of USBR-CVO to share its internal operations decision-
making process through SHOWR.  
 
5.7.1.4 Lack of Perceived Value  
One of the limitations to the adoption of SHOWR was the lack of perceived value for agency 
decision-makers.  One of the more commonly noted factors limiting the value of SHOWR for 
agency representatives was gaps and/or redundancies in the data contained in it.  For some 
agency staff, certain data that they would find useful for their own work were not available in 
SHOWR.  For example, NMFS staff indicated that disaggregated diversion data from SRSC 
irrigators by user and point of diversion would be more helpful for making management 
decisions. 241  They also indicated that having specific types of fish data that are not currently in 
SHOWR (i.e., the inches of water above shallow redds242 and juvenile winter-run catch and 
survival rates243) would help improve their management decisions.  Discussion of which fish 
data to include in SHOWR over the course of tool development tended to focus on historical 
and near real-time redd location tracking; carcasses counts; accumulated temperature unit 
(ATU) calculations to determine emergence and temporal and spatial displays of habitat 
suitability, restoration projects and gravel augmentation.  However, at the May 22, 2017, TC 
meeting, DWR asked whether SHOWR would include “pulse flows, turbidity increases, and 
other system metrics that are useful to fisheries managers.”  The tool developers indicated that 
these data would be considered in phase 2 of SHOWR development but were never revisited.244 
 
SWRCB staff indicated that their agency would have benefited greatly from the inclusion of 
forecasting and modeling data in the app, rather than just historical and real-time data.  

Interviewer: “…if there was more of an integration with model outputs then maybe the 
value of the app would increase for your particular organization?” 

Interviewee: “Yeah, definitely. A big part of our role here is really reviewing the runs 
the Bureau [USBR] releases every month and trying to understand if …there’s different 
alternatives within the runs, that would just be amazing. Right now, we have two 
different hydrologies, I think that the Bureau runs, but they don’t really change their 
releases or anything like that, so if we could tinker with some of the knobs, that would 
definitely help. (…) You could change some of the releasees and how much is being 
exported and just give a sense of what our options are instead of the numbers that 

 
241 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018; Interviewee 30: Phase 2 Interview - 
SHOWR Pilot Project, November 2018. 
242 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018 
243	Interviewee 30: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
244 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, May 22, 2017, p. 4. 
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they give us. It would be really helpful if that [those data] could be somehow 
incorporated within the Shiny app. I mean we would be using that every day.” 245 

 

As noted earlier in Section 5.5, this information was considered for inclusion during the first few 
months of development but was ultimately left out, in part due to USBR’s concerns about 
making modeled data available.  

In addition to data gaps, some agency representatives saw the data included in SHOWR as 
redundant to their own internal processes.  A DFW representative indicated that the SHOWR’s 
narrow focus on winter-run and the relatively simplistic presentation of fish data compared to 
the more granular data needed for DFW’s management duties detracted from its value to the 
agency.  Consequently, this interviewee had not used SHOWR for any sort of management 
activity, instead drawing on other data sources for that purpose.246  Other agency staff 
indicated that they already had processes in place for obtaining the data that they need and did 
not rely on SHOWR to provide data.247  

The lack of perceived value was especially important as it pertains to USBR.  USBR 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 significant changes to management outcomes.248  This point was made 
explicit at the August 2017 SHOWR workshop, where USBR staff indicated that while the app 
was likely to benefit lay users, it had little or no additional value for their decision-making 
process.249  They felt they already had access to all of the data necessary for decision making 
and an existing process for compiling and interpreting it.  Additionally, USBR indicated that 
SHOWR does not include all of the data necessary for it to make management decisions.250  

These points were reinforced during a follow up meeting in September 2017, where USBR 
expressed concern about SHOWR’s lack of direct benefit to the agency, as well as concern that 
SHOWR only looks at a small piece of the system, whereas USBR’s decision-making is based on 
system-wide needs and analysis.251   
 
5.7.1.5  Concerns About Making Certain Data Publicly Available 
Early on in the SHOWR development process, agencies expressed concerns about making 
certain data and information publicly available.  The most common concern, which was 
expressed by USBR, USFWS and DFW, related to posting preliminary data on a publicly 

 
245 Interviewee 33: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
246 Interviewee 31: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
247 Interviewee 12: Phase 2 Interview - SHOWR Pilot Project, October 2018; Interviewee 33: Phase 2 Interview - 
SHOWR Pilot Project, October 2018.	
248 Shasta Operations for Winter Run Application (SHOWR app) August Workshop, Workshop Summary, August 29, 
2017, p. 2. 
249 Id., p. 7. 
250 Id. 
251 SHOWR 9.29 Meeting Takeaways, September 29, 2017, pg. 1. 
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accessible platform that had not undergone adequate quality assurance/quality control 
(QA/QC).252  USBR also expressed concern at the first meeting about bureaucratic hurdles 
related to making data public.  This issue was raised again at the March 2017 technical 
committee meeting, when USBR expressed caution about what information is posted publicly, 
in part because of its need to control the administrative record in relation to Federal Advisory 
Committee Act concerns.253   
 
Concerns about releasing specific types of data or information arose during meetings between 
October 2016 and July 2017.  Specific examples from USBR include concerns about providing 
predicted or forecasted data; 254 providing side gate operations data; 255,256 and providing data 
without context or rationale to better understand it. 257   
 
These issues were raised again by USBR at the August 2017 meeting in Sacramento, where 
USBR staff reiterated their concerns about releasing data, i.e., making data available without 
what they see as adequate context about the larger decision-making environment they face, 
and the agency’s core concern about the frequent misuse of its data.258  
 
As the above analysis shows, despite being voiced over the course of the first ten months of the 
project, USBR’s concerns about releasing certain kinds of data were never resolved, a fact 
which likely contributed to the lack of tool adoption. 
 
Further complicating USBR’s willingness to make certain data publicly available was a lawsuit 
filed in November 2015 by the Natural Resources Defense Council and several other 
environmental interest groups against USBR and growers in both the Sacramento and San 
Joaquin basins.259  The litigation challenged the 2005 renewals of certain long-term water 
supply contracts between the SRSC and USBR on the CVP.  Two claims in the litigation 
challenged the adequacy of the ESA section 7 consultation between USBR and the USFWS over 
impacts to delta smelt resulting from the renewal of the water supply contracts.  These claims 
were dismissed by the trial court on February 26, 2019.260  The third claim in the suit, which 

 
252 Data Platform for Sacramento River Water Operations and Fishery Coordination: Project Kick-Off Meeting, 
October 28, 2016, p. 1. 
253 Data Platform Pilot Project for Sacramento River:  Technical Committee Meeting, March 27, 2017, pg. 3.	
254 Data Platform Pilot Project for Sacramento River: Technical Committee Meeting, July 19, 2017, p. 3. 
255 Id., p. 5. 
256 It should be noted that some members of the development team felt that they would be useful to include 
predictive data (e.g., model outputs and predicted gate operations).  In the end these issues were not resolved and 
no modeling or forecasting data were incorporated into SHOWR (Table 5.3). 
257 Data Platform Pilot Project for Sacramento River:  Technical Committee Meeting, March 27, 2017, p. 3. 
258 Shasta Operations for Winter Run Application (SHOWR App) August Workshop - Workshop Summary,” August 
29, 2017, p. 7. 
259 See: http://earthjustice.org/sites/default/files/files/987-1%204th%20Supp%20%20Compl%20.pdf. 
260 See: https://docs.justia.com/cases/federal/district-courts/california/caedce/1:2005cv01207/141585/1314. 
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asserts violations of ESA section 9 against USBR and the SRSC for alleged taking of listed 
chinook salmon in 2014 and 2015, goes to trial on July 10, 2019.261 
 
This ongoing litigation against USBR may have constrained support or adoption of SHOWR by 
the agency.  This issue was raised by two interviewees in relation to the nature of USBR’s 
engagement in the project.  One described USBR as simultaneously “getting ready for war” 
while participating in the project in relation to legal battles related to the Sacramento – San 
Joaquin Delta water quality plan:  

“They’re not interested in any input from any stakeholders at this point. They’re getting 
ready for litigation over it. There’s a strategy that’s being…adopted and executed, and 
it’s not one of cooperation right now. I look at that and I say, “Wow, where would be 
the incentive for anyone to say, ‘Hey, let’s open this up and really be much more 
transparent about our model,’” and “Hey, let’s maybe use this model.” I just don’t see 
it right now.”262      

 
Indeed, a USBR representative cited ongoing litigation263 as a reason for not wanting to 
participate in implementation interviews for SHOWR evaluation.264  We were unable to probe 
that issue any deeper to understand their concerns more fully. 
 
5.7.1.6 Improved Hydrologic Conditions 
SHOWR development began at the end of 2016, at the tail end of California’s historic drought, 
which extended from 2012 to 2016.  At the peak of the drought, during 2014 and 2015, despite 
major irrigation curtailments265 and its status as a federally listed endangered species, juvenile 
winter-run Chinook salmon mortality rates exceeded 90% in the upper Sacramento River.   
 
The dire management outcomes of 2014 and 2015 prompted calls for tools to improve 
temperature management decisions along the Sacramento River and for increased 
transparency into the decision-making process.  These calls ultimately led to the development 
of the SHOWR app.  However, by the time that the SHOWR app was developed and ready to be 
used for management decisions (calendar year 2018), hydrologic conditions in the Sacramento 
River had improved substantially relative to the 2012-2016 drought.   
  
The improved hydrologic conditions along the Sacramento River during our evaluation period 
meant that agencies and other stakeholder groups were not as concerned with those 
management decisions and were instead prioritizing other management challenges.  One SRSC 
representative stated that “If it had been a temperature-constrained year, we would have 

 
261 See: https://www.somachlaw.com/policy-alert/sacramento-river-settlement-contractors-successfully-defend-
challenge-under-the-endangered-species-act-to-renewal-of-water-contracts/.	
262 Interviewee 11: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
263 While USBR did not specify which lawsuit they were referring to, we assumed they were discussing the ongoing 
litigation with Natural Resources Defense Council which was ongoing at the time of our discussions.   
264 In-person meeting with USBR representative, November 2018.  
265 In 2014 and 2015, many CVP irrigators suffered historically severe reductions in allocations (0% in some cases). 
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prioritized it [SHOWR], but in reality temperature management didn’t affect water deliveries 
this year.”266  This irrigator instead focused more time and effort on participation in the SWRCB 
water quality voluntary agreements for the San Joaquin River.267  Another SRSC representative 
agreed that the low level of interest among growers would likely change in the event of a 
drought year.268   
 
5.7.1.7 Lack of a SHOWR “Champion” 
Even though SHOWR was substantially complete and useable for the 2018 temperature 
management season, it was not used either formally or informally by the SRTTG.269  One 
explanatory factor that emerged from interviewees was the lack of a “champion” for the app 
who might have underscored SHOWR’s value to the rest of the group and pushed for its 
adoption.270  For example, one tool developer stated that “…in all of …my experience with my 
team working on these kinds of things, this needs a champion, no matter what. Even if it’s got 
everything pushing in its direction, it needs a champion in the seat of power to really actually 
have it engage.”271   

 
The lack of a SHOWR champion is obviously interconnected with many of the constraints and 
challenges outlined above.  If agencies do not see the value in a tool or do not have agency buy-
in more broadly for using a tool, it seems unlikely they will be willing to advocate for using the 
tool.  One agency representative felt that finding a champion for SHOWR was still achievable: “I 
just think…you need to have an advocate to lay it out and say, let’s use this. Try it, and actively 
use it in the group.”272  Despite this perceived need, none of the agency representatives 
interviewed expressed an interest in taking the lead.  Similarly, we did not find evidence of any 
concerted discussion among the project participants and development team to identify a 
champion or to orchestrate the adoption of the app by SRTTG members.  
 
5.7.1.8 A Lack of Agency Capacity  
Several participants expressed interest in SHOWR, but did not spend enough time exploring it 
to appreciate its value.273  One participant felt that a tutorial of some kind would have 
expedited or encouraged adoption by reducing the amount of up-front time investment 
associated with figuring out how to actually apply the tool, “I think it’s a change, and you… have 
to make an effort to look at it and get used to it. I think that would be the same for everybody 

 
266 Interviewee 5: Phase 2 Interview - SHOWR Pilot Project, November 5, 2018. 
267 See: http://resources.ca.gov/voluntary-agreements/ and 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/proposed_voluntary_agreement
s.html  
268 Interviewee 4: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
269 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018; Interviewee 30: Phase 2 Interview 
- SHOWR Pilot Project, November 2018; Interviewee 34: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
270 Id. 
271 Interviewee 10: Phase 2 Interview #2 - SHOWR Pilot Project, November 2018. 
272 Interviewee 30: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
273 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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trying to use it in the same group. You must have a little tutorial that we all go through and get 
on the same page about how to use it. Not that it’s hard to use, but just to—how do we apply it 
to things that we’re trying to decide on.”274 

 
5.7.1.9 A Lack of High-level Buy-in 
The lack of sufficient high-level investment or buy-in from the key decision-making agencies 
was cited as another potential constraint to SHOWR adoption by project participants.  One 
interviewee with experience at multiple agencies had doubts about whether DFW and NMFS 
management had bought in wholeheartedly to the SHOWR project.275  

“I think that if there was a fault to this, it should have been go to the agency heads, 
make sure that they have buy-in, make sure that they have staff that either can make 
a decision or can talk to somebody who makes a decision.”276  

 

The lack of high-level buy-in was likely due, at least in part, to some or all of the limiting factors 
outlined above.  A lack of perceived value combined with reluctance to release some data 
publicly, and ongoing litigation all likely culminated in a general unwillingness to support 
SHOWR use long-term.  This lack of higher-level support within agencies likely manifested in 
nominal participation in some cases from the key decision-making agencies.  Additionally, as 
one fish agency representative stated, absent a higher-level incentive or directive, there may 
not be a compelling reason to engage in tool development, undertake the work necessary to 
make data publicly available, where necessary and change workflows.277 
 
5.7.2 Positive Aspects and Benefits of SHOWR Development 
Despite the perceived challenges and constraints of the SHOWR development process in this 
pilot project, interviewees were overwhelmingly positive about the process of tool 
development.  Project participants felt the process was transparent, that they had sufficient 
opportunities to provide input, and that their input was reflected in SHOWR tool development.   
 
Participants also described various intangible benefits associated with SHOWR development, 
including the collaboration that the project fostered among the various agencies.  This was 
illustrated by general assessments such as “I really think just getting people into a room 
together to talk about a common interest is always beneficial,”278 and “… it’s all the humans 
around the app involved in the conversations that are as important as the app itself.”279 
  
One of the facilitators working on the project suggested that the SHOWR project has helped to 
prompt additional conversations and tools that are trending towards greater transparency and 

 
274 Interviewee 30: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
275 Interviewee 29: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
276 Id. 
277 Interviewee 32: Phase 2 Interview - SHOWR Pilot Project, November 2018. 
278 Interviewee 29: Phase 2 Interview - SHOWR Pilot Project, November 20, 2018. 
279 Interviewee 11: Phase 2 Interview - SHOWR Pilot Project, October 2018. 
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involvement. 280  One agency representative shared a similar sentiment.  This individual felt that 
the SHOWR development process may lead to more openness and long-term sharing of data 
and information.281 
 

5.8 Potential Uses of SHOWR 
After the August 2017 SHOWR workshop, where USBR made it clear that it did not intend to use 
the tool for temperature management decisions, SHOWR developers stepped up outreach 
activities that were already being pursued to expand the future uses of SHOWR.  Some ongoing 
outreach efforts include: 

• Integrating SHOWR into USBR’s SacPas website. 
• Developing a short electronic newsletter updating interested parties on Sacramento 

River conditions based on data from SHOWR.  
• Adapting the core components of SHOWR and, using different data, developing a flow 

monitoring and analysis tool focused on spring-run Chinook for the San Joaquin River 
Restoration Program. 

• Similar to the above, working with regulatory agencies to develop SHOWR as a 
monitoring tool for the SWRCB’s Central Valley voluntary settlements.  

• Developing the SHOWR experience and lessons learned into an illustrative case to 
inform implementation of California Open and Transparent Water Data Act (AB 1755).  

• Working with USBR’s open reservoir data initiative, the Reclamation Information Sharing 
Environment,282 to integrate SHOWR into their intiative.  

 
As of April 2019, integration with SacPAS is the only one of the above efforts currently 
underway.  
 
5.9 Conclusion 
The outcomes from this pilot project were decidedly mixed.  Certainly, there were benefits 
generated from the development of SHOWR; however, SHOWR’s limited adoption has meant 
that benefits from SHOWR’s use have, to date, been minimal.  Additional benefits from tool 
adoption have been observed, including improved collaboration among the agencies involved 
in SHOWR development and a long-term trend toward improved data transparency.  
 
Despite these benefits, our evaluation did not find any evidence to affirm the hypothesis that 
better access to open data and visualization tools leads to better water management decisions.  
Of course, this assessment is provisional, given that we have only evaluated SHOWR 
implementation for one season.  Certainly, adoption of the tool may increase and expand in the 
future.  
 

 
280 Id. 
281 Interviewee 29: Phase 2 Interview - SHOWR Pilot Project, November 2018.	
282 See: https://water.usbr.gov/docs/RISE.pdf  
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There were a variety of factors that ultimately contributed to limited adoption of SHOWR for 
decision-making purposes, including (1) a lack of clarity on agency roles in tool development; 
(2) changing or competing project goals; (3) ambiguity in the decision-making process being 
targeted; (4) a lack of perceived value for SHOWR by decision-makers; (5) agency concerns in 
making data public, in particular concerns about misinterpretation of data and having data 
released with adequate context about the larger decision-making environment and concerns 
related to ongoing litigation against USBR; (6) a lack of urgency associated with SHOWR’s 
functionality resulting from improved hydrologic conditions; (7) a lack of agency capacity to 
integrate new tools into existing workflows; and (8) a lack of high-level agency buy-in for 
SHOWR development.  
 
Some of these challenges may have been addressed with preliminary research to understand 
the decision-making process to determine whether and to what extent a tool like SHOWR 
would improve temperature management decisions on the Sacramento River.  Accompanying 
this research with a set of meetings with key agency decisionmakers at the beginning or prior to 
beginning the project –  both as a group and individually – to get a thorough understanding of 
the agencies' needs, perspectives, and reactions to the proposal may have help mitigate these 
challenges or reach conclusions about SHOWR’s ability to influence temperature management 
decisions on the Sacramento River earlier in the tool development process.  
 
However, some of these issues would likely have remained ongoing issues and would have 
required additional actions to address the political and capacity issues related to making data 
publicly available, particularly in a complex and litigious environment like the Sacramento River.  
Interestingly, these agencies participated in SHOWR development even without clear 
outcomes.  Participation appeared to be well-intentioned, if nominal in some cases.  USBR 
maintained participation consistently throughout the entire life of the project even without 
ever intending to adopt or house the data platform.  
 
This pilot project highlights the critical importance of preliminary due diligence when 
considering tool development.  More specifically, we emphasize the need for agreements 
between the development team and the target end users early on about:  

• Whether and to what extent there is a limitation or problem in need of addressing. 
• If there is agreement on the problem, the way in which an open data platform or 

decision support tool could assist in addressing that problem, including clear 
articulations of value, even if the initial assessment is provisional and subject to change.  

• Who the specific target end users for the tool are (technical advisors, decision-makers, 
interested stakeholders, or some combination). 

• The primary goal(s) to be achieved by developing a new tool. Improved reservoir 
management? Greater transparency? Information sharing? 

• The role that each project participant will play in relation to the primary goals of the 
project.  

• Who will support tool development and maintenance long-term? 
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As a developer told us, the best time for these conversations is the pre-proposal stage, when 
the stakes are minimal.  Crucially, the more complicated the decision-making context, and the 
greater the number of key players involved, the more due diligence is needed in order to 
establish what their data needs are and identify potential socio-political contextual factors that 
are likely to frustrate a potential project.  In this case, for example, such preliminary 
conversations might have revealed factors of pending litigation and limited capacity on the part 
of USBR-CVO that went unstated for months before later turning out to be problematic for the 
development team, thus heading off some of the most important constraints to the adoption of 
the tool.   
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6 Case Studies 
 
6.1 Introduction 
This chapter supplements the GRAT and SHOWR evaluation with two additional case studies to 
better understand what factors and challenges encountered in our evaluation of the pilot 
projects were similar to or different from the development of other data platforms.  These case 
studies are Colorado’s Decision Support Systems (CDSS) developed by the Colorado Division of 
Water Rights (CDWR) and the Colorado Water Conservation Board (CWCB) and the Ecological 
Flows Tool (EFT) developed in California by The Nature Conservancy (TNC) and ESSA 
Technologies Ltd (ESSA). 
 
The EFT was originally developed for the Sacramento River to provide a broader ecological 
assessment of water management decisions.  It was later expanded to include the San Joaquin-
Sacramento Delta.  The tool was developed through an extensive peer-review process with a 
broad array of scientists and federal, state and local agency representatives using both internal 
funding from TNC and grants from the CALFED Bay-Delta Program (CALFED) and represents an 
innovative approach to integrating multi-species assessment into a single tool.  As per the 
original goals for the EFT, the tool has been used to inform large-scale water management 
decisions in California.  Specifically, construction of Sites Reservoir and the Bay Delta 
Conservancy Plan (BDCP).  Despite its scientific innovation and value in informing in water 
management projects in California, the EFT has not found a permanent home.   
 
Development of CDSS began in the early 1990s after Colorado lost longstanding litigation with 
the state of Kansas over allocation of the Arkansas River.283  CDSS has been developed on a 
series of river basins, one at a time, building and expanding on a common database and set of 
tools and models.  CDSS now includes ten of the state’s eleven river basins, with no plans to 
expand to include the Republican River basin at present.  CDSS is 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.   
 
6.2 Data and Methods 
Document review served as the basis for both case studies.  Documents included peer-reviewed 
literature, reports and publicly available documents about the development, management and 
operation of the data platform.  Semi-structured interviews were conducted with key personnel 
familiar with tool development to fill knowledge gaps and to provide additional detail on tool 
development and use.  A total of 16 interviews were conducted between the two case studies.  
Interviews for the EFT were conducted with individuals from TNC, ESSA, USBR, California 
Department of Fish and Wildlife (DFW), DWR and other state agencies involved in EFT 
development or funding.  Interviews for the CDSS focused largely on consultants involved in 
tool development, and representatives from CDWR and CWCB, the two main state agencies 

 
283 Kansas v. Colorado, 185 U.S. 125 (1902). 
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involved in CDSS development.  This chapter provides an overview of the EFT and CDSS, 
respectively, as well as information on tool funding, uses and challenges. 
 
It is important to note that there are many constraints in this case study analysis.  Analyses of 
both case study was retrospective – meaning, we did not observe the tool development 
process.  Thus, we rely heavily on tool documents and interviews with individuals involved in 
tool development.  Many of these participants were involved in tool development several years 
to decades ago depending on the case study or their involvement.  As such, there recollection 
of tool development may not exact.  In practice, these case studies are not intended to be 
comprehensive assessments of the tools outlined, rather they are intended to provide 
additional understanding of the factors that may hinder tool adoption and potential solutions 
to overcoming them.  Understanding the factors affecting tool adoption in the case studies will 
help us to better understand the extent to which the factors affecting tool adoption (either 
positive or negative) in our pilot project are unique or are likely to affect tool adoption more 
broadly.  
 
6.3 Case Study 1: The Ecological Flows Tool 
6.3.1 Introduction 
The EFT was developed by TNC in partnership with ESSA with the goal of providing “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 needs.”284,285  The EFT was designed to support a broader ecological approach to 

 
284 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, p. 2. Available at: 
https://essa.com/wp-content/uploads/2013/10/EFT-FINAL-REPORT-Apr-30-2014-r2-PDF1.pdf 
285 The EFT project designates four more explicit project main goals. These are:  

“1. Complete expert peer review and refine SacEFT [the EFT developed for the Sacramento River], 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 [the EFT developed for the San Joaquin-Sacramento Bay Delta] 
(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), 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, 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. P. 5. Available at: 
https://essa.com/wp-content/uploads/2013/10/EFT-FINAL-REPORT-Apr-30-2014-r2-PDF1.pdf. 
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management by incorporating the physical and habitat needs of 13 representative species 
across the Sacramento River and Delta ecoregions.286  Using these species’ requirements the 
tool communicates trade-offs for environmental and biological targets as they relate to changes 
in conveyance, water operations, and climate change.287   
 
The EFT was developed for two regions: the Sacramento River (SacEFT) and the San Joaquin-
Sacramento Bay Delta (Delta) (DeltaEFT).  TNC began working on the SacEFT in the early 2000s.  
Prior to its formal development, TNC had conducted a number of flow studies incorporating 
various ecological values into hydrologic modeling to help evaluate their restoration 
efforts.288,289  However, TNC was grappling with systematic ways of evaluating larger scale 
restoration projects that the agency had been implementing on the Sacramento River and at 
the same time evaluating the impacts of large-scale water infrastructure projects or water 
management planning projects that were being proposed (e.g., construction of Sites Reservoir, 
raising of Shasta Dam, export pumping changes in the Delta).290  To address this concern,291 TNC 
applied for and received a CALFED Ecosystem Restoration Program grant to develop the 
Ecological Flows Tool.  Additional private funding was solicited to augment the CALFED grant.292   
 
The goal of the project was, among other things, to develop a tool capable of evaluating 
ecosystem-level benefits and trade-offs associated with water projects and their related flow 
operations, such as reservoir construction or riparian restoration that was accessible to a wide 
variety of end users.  To achieve this goal, the tool outputs were tailored for a variety of end 
users from scientists to decision-makers.  For example, research biologists valuing high 
resolution information about variations in physical processes resulting from any flow scenarios 
at any location or time could access that data, while system managers or operators could 
receive synthesis summary reports using a suitability rating system.293  Ultimately, the aim was 
to develop a model focusing on key ecosystem indicators with enough scientific credibility that 
they were meaningful, but that did not require so much input data that the EFT would become 
unwieldy for agencies and scientists to run.294 
 
6.3.2 Overview of the EFT 
Tool development began on the Sacramento River (SacEFT) and was initially used to evaluate 
the ecological impacts of several alternative North of the Delta Offstream Storage scenarios, 
including Sites Reservoir.  Recognizing the linkages between the Sacramento River and the San 
Joaquin Delta, TNC and ESSA used the same tool framework to develop the DeltaEFT.  Both EFT 
models link to several existing physical models of flow, water temperature, salinity, river stage, 

 
286 Alexander, supra note 284, p. xvi.  
287 Interviewee 4002: EFT case study, February 2019. 
288 Id  
289 Alexander, supra note 139, p. 4. 
290 Interviewee 4003: EFT case study, February 2019. 
291 Interviewee 4003: EFT case study, February 2019. 
292 Interviewee 4002: EFT case study, February 2019; Interviewee 4011: EFT case study, March 2019. 
293 Alexander, supra note 284, p. xvi.	
294 Interviewee 4005: EFT case study, March 2019. 
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channel migration, and sediment transport (Figure 6.1).  The SacEFT uses output data from the 
CalSim II planning model; US Reclamation’s Daily Operations Model (USRDOM) for the 
Sacramento River; and the upper Sacramento River Water Quality Model (SRWQM).295  In 
addition to the models used for the SacEFT, the DeltaEFT is linked to the Delta Simulation 
Model version 2 (DSM2).  As a result of 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.  Importantly, EFT requires a potential client to contract with ESSA to 
either train the requesting organization to become self-sufficient or for ESSA to conduct the 
modelling, and, depending on questions and needs, then subcontract with organizations or 
individuals with expertise in running submodels (e.g., The Unified Gravel-Sand sediment 
transport model (TUGS)).296 
 

 
Figure 6.1. Schematic of the design of the Sacramento River EFT and the Delta EFT. Modified 
from Alexander et al., 2014. 

 
295 The Sacramento River Ecological Flows Tool (SacEFT v.2.0) Record of Design, p. 2 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. 
296 Interviewee 4001: EFT case study, February 2019.	



   
 

 
 
 

81 

The physical models outlined above are combined with biophysical ecological algorithms to 
evaluate effects on multiple ecosystem targets (performance indicators).297  The physical and 
ecological data are integrated and stored in a single relational database – the EFT database.  
The goal was to aggregate physical and ecological information from a variety of disparate 
sources into a central database to facilitate scenario exploration for water managers who may 
be interested in multispecies objectives as a way to evaluate water resource management 
actions and daylight trade-offs between different management scenarios.298  
 
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.299  While technically possible,300 integration with CalSIM 
never happened.  Use of EFT is discussed in Section 6.3.5 below.  
 
The EFT development team devoted significant energy to making model outputs accessible to a 
wide variety of users from decision-makers to water managers and scientists.  Thus, model 
outputs were displayed in a variety of ways from synthesized reports categorized as good, fair 
or poor “traffic light” assessments through to complex outputs produced for any flow scenario 
and year, showing how each indicator and its driving physical processes vary by location and 
date.301   
 
However, despite the EFT’s flexibility, robust tool outreach and documentation, and extensive 
efforts to tailor EFT outputs to group and individual requests, one scientist expressed 
frustration with not being able to access model results in the desired format. 302  This individual 
indicated this was one of two key factors affecting his/her decision not to use EFT to inform 
more management decisions in his/her agency.  The other key factor cited was the need to 
contract with ESSA for model runs and the associated expense in doing so.303   
  
6.3.3 EFT Development Process  
TNC formally began developing the EFT for the Sacramento River in 2004.  However, it was an 
extension of conservation work that had been going on for several years prior in the 
Sacramento and Delta eco-regions.304,305  Since 1989, TNC had been working on habitat 
restoration projects on the Sacramento River and in 1999 began a research study to understand 

 
297 Alexander, supra note 284, p. 47. 
298 Interviewee 4005: EFT case study, March 2019. 
299 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019. 
300 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. 
301 Alexander, supra note 284, p. xvii. 
302 Interviewee 4004: EFT case study, February 2019. 
303 Id. 
304 Interviewee 4003: EFT case study, February 2019.  
305 Alexander, supra note 284, p. 4.  
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the underlying mechanisms affecting riparian vegetation recruitment along the River.306,307  
Formal development of the EFT was initiated with submission of a grant application to the 
CALFED Ecosystem Restoration Program (ERP).  The grant was awarded in 2004 and the EFT 
development began soon thereafter.308   
 
As outlined above, the goals of the grant included synthesizing existing information on linkages 
between biota, habitat and physical processes along the river and using this information to 
develop a decision support tool to evaluate trade-offs among different ecological objectives for 
different flow management scenarios.309  Recognizing the need for expertise in constructing 
decision-making tools for scientific outcomes, TNC contracted with ESSA to conduct the bulk of 
the technical work during EFT development.  Initial development of the EFT involved linking the 
various physical models used in operations along the Sacramento River with new models to 
capture changes in bank armoring and gravel augmentation.310  Thus EFT functions more as a 
platform to integrate existing tools with added ecological indicators than as a model or tool in 
and of itself.311  
 
While TNC and ESSA were the main developers of the EFT, EFT development included over 70 
experts from federal, state, and local agencies (DFW, DWR, NMFS, USBR, SWRCB, USGS), as well 
as consulting firms and academic institutions (CH2M Hill, Cramer Fish Sciences, UC Davis).312  
TNC and ESSA hosted several workshops over the course of EFT development and peer review.  
The first of such meetings was a multi-disciplinary workshop, that included scientists, agency 
representatives, water managers and other experts, on the representative species being 
considered or the physical models that would be used to evaluate the performance 
indicators.313  The 2- and 3-day tool development workshops were preceded by a design 
document and structured agenda on scoping tool development.314   
 
Several such meetings were held throughout EFT development.  According to an agency 
representative involved in EFT workshops, these meetings focused on soliciting and vetting the 

 
306 The Nature Conservancy, Stillwater Sciences and ESSA Technologies. (2008). Sacramento River Ecological Flows 
Study: Final Report. Prepared for CALFED Ecosystem Restoration Program. Sacramento, CA. P. 2.  Available at: 
https://www.researchgate.net/publication/317267533_Sacramento_River_ecological_flows_study_final_report. 
307 Interviewee 4003: EFT case study, February 2019. 
308 Grant ERP−02D−P61. See: https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=5111.	
309 The Nature Conservancy, supra note 306. 
310 EFT development prompted development of The Unified Gravel-Sand (TUGS) sediment-transport model and 
refinement of a meander migration model. See: TNC, et al. (2008), p. 4 
311 Interviewee 4005: EFT case study, March 2019. 
312 The Delta Ecological Flows Tool (DeltaEFT v.1.1) Record of Design, p. i & ii of Appendix D 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 
313 The Sacramento River Ecological Flows Too, supra note 295, p. 1-4. 
314 Interviewee 4005: EFT case study, March 2019. 
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information being used in EFT with agency staff and field biologists.315  Individuals involved in 
the design workshop indicated extensive follow-up to solicit input about available data and 
functional relationships represented in the EFT.316   
 
In addition to the large workshops described above, ESSA developers held individual meetings 
and requested design document reviews from the different experts.317  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.318  The initial phase of EFT development concluded in 
2008 and included a prototype of the SacEFT.  That same year, TNC and ESSA applied for and 
were awarded an additional CALFED ERP grant to “refine and expand the capability of the 
SacEFT for application to the San Joaquin-Sacramento Delta.”319 
 
At the time, the CALFED Science Advisory Panel wrote of the EFT “it is essential that [there be] a 
sense of urgency for initiating a dedicated project to build a simplified ecosystem model that is 
tailored to assess responses to change in conveyance facilities.”320  Individuals involved in the 
process summarize the rationale and goal of extending the work from the Sacramento River to 
the Delta, stating:  
 

“Knowing the system is all linked, we started upstream [with the SacEFT] and 
moved downstream [with the DeltaEFT] to come up with the same exact 
underpinnings, the same exact indicators and functional linkages in the Delta, 
so we could finally get an answer [to the question]: if you look at changing 
management of Shasta Dam or the construction of Sites Reservoir, what does 
that mean…all the way down for the indicators we have in the Delta?”321 

 
To support this extension of the EFT, scientists and water managers were again consulted 
through a design workshop held at the beginning of the DeltaEFT development process.322  The 
goal of this workshop was to gather feedback on the reliability and accuracy of the 13 species 
used in the SacEFT to capture processes and relationships in the Delta.  Similar to SacEFT, 
DeltaEFT development included an extensive review of existing research that had been 
completed on the Delta for several contemporaneous conservation efforts, such as the BDCP.323  
A prototype for the DeltaEFT was finalized in 2014.   
 

 
315 Interviewee 4007: EFT case study, March 2019. 
316 Interviewee 4004: EFT case study, February 2019. 
317 Id. 
318 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019. 
319 Grant ERP-07D-P06. See: https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=90959. 
320 Alexander, supra note 284, p. 3.  
321 Interviewee 4003: EFT case study, February 2019. 
322 The Delta Ecological Flows Tool, supra note, p.1. 
323 Interviewee 4005: EFT case study, March 2019. 
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6.3.4 Governance and Funding 
EFT development was initially led by TNC, which wrote and was awarded both CALFED ERP 
grants.  However, as the lead technical developer, ESSA quickly become an integral part of EFT 
development.  While originally intended as a tool that would be as commonly used as CALSIM, 
this level of wide-spread adoption was never realized.  Despite concerted outreach efforts to 
state and federal agencies by both TNC and ESSA, the EFT has never found a permanent 
home,324 which would have transferred ownership of the tool from TNC to an agency or set of 
agencies.  Instead, at present, anyone wishing to use EFT must contract with ESSA for training 
to become self-sufficient in configuring and running EFT or for ESSA to perform the model 
runs.325   
 
As was previously noted, TNC and ESSA always had a desire to find a long-term adopter for the 
EFT.  However, both agency representatives involved in EFT development and EFT developers 
indicated that conversations about long-term tool adoption was not a focus during the early 
stages of the EFT development process (i.e., before the tool – “existed”).326  According to tool 
developers, this was for two primary reasons: (1) initial tool development focused primarily on 
developing a tool capable of evaluating large-scale water operation projects;327 and (2) they 
ascribed to the theory that if they developed a peer-reviewed and proven model, then efforts 
to identify partners and long-term adopters would come.328 
 
Later in the EFT development, TNC and ESSA made a concerted effort to find a long-term home 
for the tools.  This effort included conversations with various agencies, presentations at 
conferences, hearings, workshops and other venues throughout California.329  Despite these 
efforts, the EFT did not find a long-term home.330  Given that the EFT is currently housed by 
ESSA, a transition of the tool to a public agency would involve a “modest” one time cost to 
update documentation and to train the long-term owners on using EFT.331   
 
There were three primary funding sources for EFT development: (1) funds from the two CALFED 
grants valued at approximately $2.2 million,332 (2) additional private funding solicited by TNC to 
support tool development, and (3) internal funding from both TNC and ESSA.333   
 

 
324 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019. 
325 According to EFT developers, in the 2013-2016 time-frame, EFT model runs for approximately a half a dozen 
flow scenarios were costing between $28,000 to $40,000 depending on the number of models/indicators of 
interest. 
326 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019; Interviewee 
4007: EFT case study, March 2019. 
327 Personal communications, TNC, June 28, 2019. 
328 Interviewee 4002: EFT case study, February 2019; Personal communications, ESSA, June 30, 2019.  
329 Interviewee 4004: EFT case study, February 2019. 
330 Personal communications, TNC, June 28, 2019.  
331 Personal communications, ESSA, June 12, 2019. 
332 Grant ERP-07D-P06, P. 2. See: https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=90959. 
333 Interviewee 4005: EFT case study, March 2019. 
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6.3.5 EFT Use  
To date, the EFT has been used to: 

• Evaluate the ecological effects of several alternative North-of-the Delta Offstream 
Storage scenarios, including the Site Reservoir.  This analysis revealed mixed impacts 
depending on species and indicator (SacEFT).334  

• Evaluate BDCP alternatives (subset of focal species models).335 
• Study some of the early alternatives being considered under the Shasta Lake Resource 

Investigation (prototype SacEFT).336 
• Develop a new temporally dynamic priority optimization modelling approach coined 

“Turn Taking Optimization”.337  
 
6.3.6 Potential Constraints in EFT Adoption  
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 regime needs and how water management 
operations across the San Joaquin-Sacramento Delta and the Sacramento River can better meet 
these needs.”338,339   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 actively used for water management decisions in California.   
 
It is important to note that EFT may inform water management action in California in the 
future.  Indeed, many of the state and federal agency representatives that we spoke to were 
complementary of the EFT and its extensive development process.  One agency representative 
that we spoke to indicated a desire to use EFT for water management decisions, but cited the 

 
334 Alexander, supra note 284, p. xvii.  
335 Id. 
336 Id. 
337 Alexander, supra note 300. 
338 Alexander, supra note 284, p. 2 
339 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), 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 284, p. 5. 
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need to contract with ESSA as a barrier to his/her agency’s use of the tool.340  Individuals 
interviewed as part of this case study outlined a number of potential often intertwined 
challenges that may have affected EFT’s long-term adoption.  These challenges cover a broad 
spectrum from planning challenges (e.g. about long-term tool ownership) to technical 
challenges (e.g. reliance on subcontractors) to social challenges (e.g. agency hesitation to select 
a preferred ecological model).  These challenges are summarized below.  
 
6.3.6.1 Failure to Secure High-level Buy-in and Long-term Tool Ownership 
Conversations about long-term tool adoption was not a focus during the early stages of the EFT 
development process.341  This was because tool developers were focused on developing a tool 
to inform large-scale water management projects and because tool developers felt that if they 
built a peer-reviewed and proven model, then long-term tool ownership would result.342  
Consistent with this approach, a concerted effort to find a long-term home for EFT was 
undertaken after EFT had been developed.  While the logic is sound - tool developers wanted to 
have a working and proven model to show agencies – failure to secure high-level agency buy-in 
for the EFT and its long ownership early in the tool development process may ultimately hinder 
tool use long-term.   
 
Indeed, one EFT developers noted that, in retrospect, (s)he would have more actively solicited 
formal partners—even non-paying partners—to work together to develop the EFT, despite the 
potential for a longer and more contentious process, in the hopes that the agencies and 
organizations at the table all had a larger stake in ownership of the EFT.343 
 
Finally, as tool developers pointed out, once there is a lapse in tool ownership it can become a 
self-fulfilling prophecy – the longer a tool sits the more onerous the task of updating the tool 
becomes, which may ultimately limit an agency’s willingness to take over ownership of the 
tool.344  Thus, ensuring there is a plan for continuous tool maintenance is crucial to any state of 
science tool’s long-term success.  
 
6.3.6.2 Model Accessibility  
Perhaps the biggest barrier to EFT adoption were issues related to model accessibility.  EFT was 
originally envisioned as a plug-in for the CalSIM model, however integration with CalSIM never 
happened.  As a result, running the EFT currently require subcontracting with ESSA, which in 
turn may subcontract out the running of submodels like TUGS (or paying to automate 
configuration features of EFT and complete transfer and training to a long-term owner).345  
Indeed, scientists that we spoke to specifically suggested that the inability to pick the EFT up off 

 
340 Interviewee 4004: EFT case study, February 2019. 
341 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019; Interviewee 
4007: EFT case study, March 2019. 
342 Interviewee 4002: EFT case study, February 2019; Personal communications, ESSA, June 30, 2019.  
343 Interviewee 4002: EFT case study, February 2019. 
344 Interviewee 4003: EFT case study, February 2019; Interviewee 4005: EFT case study, March 2019 
345 Personal communications, ESSA, June 30, 2019.  
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the shelf and run it for themselves made them skeptical of its capabilities and functionality,.346  
This was corroborated by a state agency representative who suggested that there was a 
skepticism about using a tool that was not developed in-house and which required contracting 
with an outside consultant to run.347   
 
6.3.6.3 Lack of Capacity for Tool Development and Adoption  
One state agency representative suggested that many tools are not adopted by state agencies 
because of a lack of capacity.348  This comment related to both the capacity to learn and 
implement a new tool and integrate it into agencies’ workflows, and also to fund and support a 
tool without clear value to the agency.  As this interviewee put it, “If they could really show us a 
value…we would love to [fund it], but we don't have funding or staffing to take on this kind of 
[tool] - agency staff is already so over taxed in their day jobs.”349   
 
Related to capacity issues, several state agency representatives noted that they had been 
involved in multiple engagement processes for different tools over the years.  One individual 
recalled having been in a process similar to that of the EFT.  That individual noted that the same 
agency employees often are contacted by multiple developers of similar tools and can be 
overwhelmed by the volume of consultations, thereby experiencing engagement fatigue, which 
in turn can lead to a general lack of buy-in to the process because of capacity constraints.350  By 
focusing more explicitly on high level individuals within agencies to develop a clear and 
consistent vision for decision support needs, individuals felt it may be possible to avoid further 
duplication of effort and fatigue across agency personnel more generally.351 
 
6.3.6.4 Questions about Decision-making Authority and Jurisdiction 
No one interviewed as part of this case study analysis identified a specific agency as the 
appropriate agency to house the tool long-term.  Indeed, EFT developers as well as state agency 
representatives pointed to jurisdictional overlaps and the challenges associated with identifying 
the agencies in charge of decision-making in a particular area of the state as obfuscating 
decisions about who would be best suited to house the EFT long-term.352  One state 
representative emphasized the importance of finding and engaging with the agency(ies) with 
the power to actually implement a tool before soliciting technical feedback related to tool 
development.353   
 

 
346 Interviewee 4007: EFT case study, March 2019. 
347 Interviewee 4011: EFT case study, April 2019. 
348 Id. 
349 Id. 
350 Interviewee 4008: EFT case study, March 2019; Interviewee 4009: EFT case study, March 2019; Interviewee 
4011: EFT case study, April 2019.  
351 Interviewee 4008: EFT case study, March 2019. 
352 Interviewee 4005: EFT case study, March 2019; Interviewee 4011: EFT case study, April 2019. 
353 Interviewee 4011: EFT case study, April 2019. 
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6.3.6.5 Agency Reluctance to Commit to a “single” model 
One state representative discussed the challenge of choosing a “single” model to inform 
management decisions.354  Specifically, this interviewee noted the hesitancy of state or federal 
agencies to choose and invest in a specific model that may or may not be appropriate for future 
management decisions by the agency.355  This same sentiment was echoed by another state 
agency representative who indicated that it was unlikely that the state would be able to 
support management decisions based on the results from one tool.356  Control was also a factor 
– it was noted that agencies are also more likely to develop their own “trusted” models that can 
be modified as necessary or supplemented by external models as appropriate.   
 
6.4 Case Study 2: Colorado’s Decision Support Systems 
6.4.1 Introduction 
After longstanding litigation with the state of Kansas over allocation of the Arkansas River357 
and an eventual ruling in favor of Kansas,358 leadership at the State of Colorado decided that a 
water data management system was necessary to protect against future legal challenges.  The 
CWCB and the CDWR began development of Colorado’s Decision Support Systems (CDSS) in 
1992 with the goal of collecting “credible information on which to base informed decisions 
concerning management of Colorado's water resources.”359  These two state agencies continue 
to jointly manage the CDSS tools and models, providing ongoing technical support and funding 
for operations and maintenance.360  Sections 6.4.2-6.4.4 below provide a summary of CDSS, 
outline the process and motivation for tool development and summarize CDSS governance and 
funding. Sections 6.5-6.6 provide insight into CDSS uses and outcomes, as well as challenges for 
CDSS development and ongoing use.   

 
6.4.2 Overview of CDSS 
CDSS is composed of three component parts: data and reports, web tools and data 
management interfaces, and modeling platforms/software (Figure 6.2).361  The water resources 
database component of CDSS is called HydroBase, a database which aggregates diversion 
records, administrative call records, stream gage flow, water rights information, groundwater 
data, climate data, and geospatial data.  The majority of the data is aggregated from the state’s 
seven DWR Division offices, but data is also collected from other sources such as local 
management districts, the United States Geological Survey (USGS), NOAA, and the Colorado 
Agricultural Meteorological Network.362  Though many of the datasets outlined above were 
available from different sources prior to development of the CDSS, HydroBase provides a 

 
354 Interviewee 4004: EFT case study, February 2019. 
355 Id. 
356 Interviewee 4011: EFT case study, April 2019. 
357 Kansas v. Colorado, 185 U.S. 125. See: https://supreme.justia.com/cases/federal/us/185/125/. 
358 Kansas v. Colorado, 543 U.S. 86. See: https://www.courtlistener.com/opinion/137730/kansas-v-colorado/. 
359 Colorado’s Decision Support System. Accessed July 20, 2018: http://cdss.state.co.us/Pages/WhatisCDSS.aspx. 
360 Id. 
361 Id. 
362 Id. 
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central access portal for federal and state data and houses data uploaded directly from the 
state’s water commissioners.363   
 
In addition to integrating data from a variety of disparate sources, the development of 
HydroBase precipitated the digitization of Colorado’s water rights records and other historical 
data and made them available online.364  As CDSS has evolved, new water management data 
(e.g. groundwater and irrigation data) have been added to the database.365  
 

 
Figure 6.2.  A schematic of the Colorado Decision Support System component parts. Source: 
https://www.colorado.gov/pacific/cdss/about-us-63.  
  
CDSS also includes several tools to help users view and access data hosted on HydroBase, 
including a map viewer and two web services tools - the HydroBase REST web services366 and 
the CDSS Online Tools.367,368  The map viewer provides a web-based GIS application to assist in 
visualizing the data from HydroBase.369  The HydroBase REST web services tool allows users to 
access HydroBase data in a standard published format such that they can then be used in a 
variety of other software applications.  The CDSS Online Tools provide access to real-time 
satellite monitoring data of diversion structures and stream gages as well as historical data.  

 
Finally, modeling data and software are available through CDSS, including for irrigation 
consumptive use, groundwater, surface water allocation, and water budgets. (Table 6.1).370  
CDSS has created and maintains its own software platforms for modeling irrigation 
consumptive use (StateCU), surface water allocation (StateMOD), and water budgets 

 
363 Interviewee 3005: CDSS case study, August 2018. 
364 Id. 
365 Interviewee 3001: CDSS case study, August 2018. 
366 See: https://dwr.state.co.us/rest/get/help. 
367 See: https://dwr.state.co.us/Tools. 
368 Colorado’s Decision Support System. Accessed July 20, 2018: http://cdss.state.co.us/Pages/WhatisCDSS.aspx. 
369 Id. 
370 Colorado’s Decision Support System, Software. Accessed May 22, 2019: 
https://www.colorado.gov/pacific/cdss/software. 
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(StateWB).  Historical and baseline datasets have been created in these areas for most of the 
major basins in Colorado and are maintained by the CDSS program.  Groundwater models have 
been created for two major basins in Colorado (the Rio Grande and the South Platte) using the 
USGS’s MODFLOW software.  All of the modeling datasets can be used as a baseline dataset or 
as a starting point for the development of other datasets.371  Table 6.1 summarizes the 
modeling software available through the CDSS and provides a description of model capabilities.  
 
Table 6.1. Summary of modeling data and software available as part of CDSS.372 

Model/Software Description 
Consumptive Use (StateCU) Provides estimates of consumptive water use from 

irrigation.  
Surface Water (StateMod) Provides daily and monthly water allocations based on 

water rights, in-stream demands, diversions, 
groundwater pumping, and other factors. Capable of 
simulating historical and future water management 
practices.  

Water Budget (StateWB) Uses a mass balance equation to calculate a basin-wide 
water balance and generate a consumptive use and 
losses summary.  

 
 
6.4.3 CDSS Development 
6.4.3.1 What Motivated Development of CDSS?  
In 1985, the state of Kansas filed suit against the state of Colorado for overuse of Arkansas River 
water in violation of the Arkansas River Compact of 1949.373  This litigation prompted a lengthy 
and expensive lawsuit that went to the U.S. Supreme Court.374  Although the case was not 
settled before the development of CDSS, the legal proceedings exposed Colorado’s relatively 
weaker water-related data as compared to Kansas and ultimately ended with a 2004 Supreme 
Court ruling in favor of Kansas.375  This ruling and the desire to protect future legal challenges 
motivated the development of what is now known as Colorado’s Decision Support Systems.376 

 
Against the larger backdrop of expensive and longstanding litigation with Kansas in the 
Arkansas River Basin, the decision was made to focus development of CDSS on other potentially 

 
371 Colorado’s Decision Support System, Software. Accessed May 22, 2019: 
http://cdss.state.co.us/Modeling/Pages/ModelingDataHome.aspx. 
372 Colorado’s Decision Support System, Software. Accessed May 22, 2019: 
https://www.colorado.gov/pacific/cdss/software. 
373 McNeal, Brendan M. (2015). Tough (Water) Justice Disgorgement as a Remedy for Breach of Interstate Water 
Compacts. University of Kansas Law Review, 63(5): 1169-1204. 
https://heinonline.org/HOL/P?h=hein.journals/ukalr63&i=1247. 
374 Kansas v. Colorado, 514 U.S. 673. See: https://www.law.cornell.edu/supremecourt/text/514/673. 
375 Kansas v. Colorado, 543 U.S. 86. See: https://www.courtlistener.com/opinion/137730/kansas-v-colorado/. 
376 Interviewee 3005: CDSS case study, August 2018. 
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litigious areas of the state.377  Colorado, along with the six other Colorado River Basin states, 
had been engaged in a series of meetings that focused on increased demand for Colorado River 
water and the need to address both Endangered Species Act and Clean Water Act 
requirements.  Colorado state leadership decided that having technology to better organize, 
access, and evaluate their data sets, especially historical data used in planning models, would 
help them better protect their interests in these decisions.378 

 
In May 1992, the Governor – with strong backing from state agencies (Ken Salazar, Director of 
the Department of Natural Resources – the department housing both the CWCB and DWR, in 
particular has been identified as a visionary and champion for the development of CDSS) and 
water managers – issued an executive order establishing the Colorado River Policy Advisory 
Council and a Decision Support System Advisory Committee.379  This executive order initiated 
planning of a water data management system for all the basins in the Colorado River 
watersheds and their tributaries in Colorado.  These basins are the Colorado Main Stem, White, 
Yampa, Gunnison, San Juan, and Dolores Basins (Figure 6.3).380   
 

 
Figure 6.3. Colorado's major water basins.  Source: 
https://www.colorado.gov/pacific/cdss/about-us-63. 
 
Early documents from CDSS development identify five key objectives:  

1. Develop accurate, user-friendly databases helpful in the administration and allocation of 
water for the Colorado River and its tributaries.  

2. Provide data and models to evaluate alternative water administration strategies which 
can maximize utilization of available resources in all types of historical conditions.  

3. Be a functional system that can be used by decision-makers and others and be 
maintained and upgraded by the State.  

 
377 Interviewee 3005: CDSS case study, August 2018. 
378 Interviewee 3005: CDSS case study, August 2018; Interviewee 3001: CDSS case study, August 2018. 
379 Interviewee 3005: CDSS case study, August 2018. 
380 See: https://www.colorado.gov/pacific/cdss/about-us-63. 
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4. Have the capability to accurately represent current and potential Federal and State 
administrative and operating policies and laws.  

5. Promote information sharing among government agencies and water users.381  
 
Of specific interest to this case study are objectives 1, 3 and 5, which relate to the development 
of a data management system that would promote information sharing for a variety of 
decision-makers.  Additionally, it should be noted that Objective 3 clearly identifies the State as 
the long-term caretaker for the platform.  
  
6.4.3.2 The CDSS Development Process 
As discussed above, 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 basins in 1992.382  In 1998, a decision support system (DSS) for the Rio Grande 
Basin was initiated.  A DSS was developed for the South Platte and North Platte Basins 
beginning in 2001, and finally, in 2009, development of a DSS for the Arkansas basin began.  
Today, CDSS covers ten out of the eleven basins in Colorado, with no plans to develop the CDSS 
for the one remaining basin, the Republican Basin (see Figure 6.3).383  

 
Although decision support systems were developed separately for each river basin in the state, 
they shared a similar development process and all DSSs share a central database and website.  
An overview of the development process for all DSSs is outlined below.  

 
Once the decision was made to develop the Colorado River DSS, the CWCB hired consultants to 
conduct a needs analysis and feasibility study. 384  The study determined that a data-centered 
DSS would be a feasible project and recommended that the Colorado River DSS be developed 
over a four-year period. 385    
 
Based on the feasibility study, objectives for the Colorado River DSS were prioritized in the 
following three categories: (1) interstate compact policy analysis to maximize Colorado’s 
Compact apportionment, (2) water resources management, including the development of 
basin-wide planning models, and (3) water rights administration facilitated by online data 
sharing.386 
 
A similar process was followed during development of the Rio Grande DSS, which began in 
1998.  However, during the feasibility study for the Rio Grande basin, management tools 
beyond the capabilities developed for the Colorado River DSS were identified.387  These tools 

 
381 Department of Natural Resources. (1995). Colorado River Decision Support System Overview, p. 4.  
382 Interviewee 3005: CDSS case study, August 2018. 
383 See: http://cdss.state.co.us/basins/Pages/BasinsHome.aspx. 
384 Department of Natural Resources. (1995). Colorado River Decision Support System Overview, p. 10.  
385 Id. 
386 Id., p. 5. 
387 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (1998). Rio Grande 
Decision Support System Feasibility Study, p.1-12.  Available at: 
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included the development of a surface water allocation model, which would ultimately be the 
basis for StateMOD; a groundwater simulation model; a runoff forecasting model; and a water 
budget analysis.388  Thus, the architecture of the Rio Grande DSS was similar to the Colorado 
River DSS, but included an expanded the existing database and additional tools.389  These tools 
were added to the larger CDSS program, where they were deemed valuable.  
 
The surface water and consumptive use modeling frameworks from the Colorado River DSS 
were then combined with the groundwater modeling framework from the Rio Grande DSS and 
adopted for the different scenarios that existed in the South Platte Basin.  Work on the decision 
support system for the South Platte DSS, including both the South Platte and North Platte 
basins began in 2001.390  Work on the Arkansas Basin DSS started in 2009.391  Both the South 
Platte DSS and Arkansas Basin DSS also used a development process similar to that outlined 
above for the Colorado River basins and the Rio Grande.392 

 
For the Colorado River basin and all subsequent basins, the development of a decision support 
system was assisted by Technical Advisory Committees.393  The makeup of these committees 
varied slightly from basin to basin but in general consisted of federal agencies (USGS, USFWS, 
USBR, National Park Service, and the United States Forest Service), state agencies (CDWR, 
CWCB), and water users (conservation districts, cities and counties).394  Importantly the 
Technical Advisory Committee included the Directors of the Department of Natural Resources, 
the CWCB, and the CDWR.  In addition to the Technical Advisory Committee, DSS development 
included a Project Management Team and several technical subcommittees to assist in the 
CDSS development in: 1) databases, 2) water rights planning modeling, 3) consumptive use 
modeling and 4) user interfaces. 395 

 

 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125352&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1. 
388 Id. p. 4-14. 
389 Interviewee 3005: CDSS case study, August 2018. 
390 Interviewee 3001: CDSS case study, August 2018. 
391 Interviewee 3005: CDSS case study, August 2018. 
392 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (2001). South Platte 
Decision Support System Feasibility Study. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125353&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0; and Colorado Division of Water Resources and Colorado Division Water Conservation Board. 
(2011). Arkansas River Decision Support System Feasibility Study. 
http://hermes.cde.state.co.us/drupal/islandora/object/co%3A22604/datastream/OBJ/download/Feasibility_study
_for_the_Arkansas_River_decision_support_system.pdf 
393 Department of Natural Resources. (1995). Colorado River Decision Support System Overview, p. 9.; Colorado 
Division of Water Resources and Colorado Division Water Conservation Board. (1998). Rio Grande Decision Support 
System Feasibility Study, Appendix B. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125352&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1. 
394 Department of Natural Resources. (1995). Colorado River Decision Support System Overview, p. 9. 
395 Id. 
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6.4.4 Governance and Funding 
6.4.4.1 Governance 
CDSS is a joint program of two state agencies housed within the Colorado Department of 
Natural Resources: the CWCB and the CDWR.396  These agencies have unique organizational 
missions.  Specifically, the CWCB is primarily concerned with water policy and planning, while 
CDWR focuses on data collection and water rights enforcement.397   

 
Both CDWR and CWCB have several staff positions dedicated to the CDSS.  CWCB focuses on 
the management and funding of the CDSS, while CDWR staff focus on data collection and 
database management.398  Management of models, software, and tool development has 
historically been a joint development effort, although much of that work is ultimately 
conducted by consultants.399   
 
An agency representative indicated that CDWR and CWCB have a long history of working closely 
together, with recognition of the complementary nature of their missions.400  Although 
interviewees were not able to identify a specific reason for this longstanding relationship, they 
did broadly highlight that there was a long-standing respect for the expertise of each sister 
agency and a clear sense of the role each agency was intended to fulfill both in a historical 
context and in terms of their actual working relationship.401   
 
Despite turnover in the actual staffing of the CDSS program, agency staff attribute the success 
of joint management of the system to regular monthly meetings and ongoing communication 
with dedicated staff from both the CDWR and CWCB focused on supporting the CDSS.402  One 
state agency representative that we spoke to highlighted that the strength of this relationship 
was aided by the fact that the CWCB and CDWR State Engineer’s Office sit within the same 
building in Denver.403 
 
In addition to management by CWCB and CDWR, CDSS is supported by strong regional ties to 
the CDWR’s water division offices, which collect and curate water data.404  These CDWR division 
offices sit within the 7 major basins of Colorado and report to the DWR State Engineer’s Office 
located in Denver.  CDWR has clear data collection and reporting protocols (e.g., checking water 
recorders in rural areas, monitoring head gates, assessing river levels etc.), that require 
consistency in data formatting to ensure smooth integration of data into HydroBase.405  Water 

 
396 Interviewee 3004: CDSS case study, August 2018. 
397 Interviewee 3003: CDSS case study, August 2018; Interviewee 3004: CDSS case study, August 2018. 
398 Id. 
399 Interviewee 3003: CDSS case study, August 2018 
400 Interviewee 3003: CDSS case study, August 2018; Interviewee 3004. CDSS case study, August 2018. 
401 Id. 
402 Interviewee 3002: CDSS case study, August 2018. 
403 Id. 
404 Id. 
405 Interviewee 3001: CDSS case study, August 2018; Interviewee 3004: CDSS case study, August 2018; Interviewee 
3005: CDSS case study, August 2018. 
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commissioners, who are employed by the CDWR division offices and work at the water district 
level, are also required to perform quality assessment and quality control checks on all data for 
HydroBase.406  

 
6.4.4.2 Funding  
CWCB provided initial funding for each basin feasibility study from its operational account.407  
Funding for the development of each DSS was approved by the State Legislature and allocated 
from the CWCB Construction Fund.408  Funding for ongoing operation and maintenance of the 
CDSS was written into each feasibility study.  For example, both the Rio Grande DSS (1998) and 
the South Platte DSS (2001) feasibility studies stated that operation and maintenance funding 
would be provided through the state general fund.409  However, the South Platte DSS feasibility 
study stated that the State Legislature wanted CWCB to start paying 50% of the operation and 
maintenance costs from their Construction Fund,410 suggesting that long-term funding for the 
CDSS may be a point of contention.  Currently, the CWCB provides funding for ongoing 
operation and maintenance from its Construction Fund.411 Individuals we spoke with indicated 
that current funding was sufficient, but they were worried about obtaining adequate funding 
for CDSS maintenance in the future.412 

 
In addition to funds from CWCB, various other agencies contributed to the development of the 
CDSS, especially expansion of data collection.  For example, the RGDSS feasibility study 
identified a need to implement and operate new stream gages.  The RGDSS project budget 
covered the installation of these new stream gages, but the local Rio Grande Water 
Conservation District and others cooperatively fund the operation and maintenance of these 
stream gages.413 

 
 

406 Interviewee 3001: CDSS case study, August 2018; Interviewee 3004: CDSS case study, August 2018; Interviewee 
3005: CDSS case study, August 2018. 
407 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=1; Colorado Division of Water Resources and Colorado Division Water Conservation 
Board. (2001). South Platte Decision Support System Feasibility Study, p. E-8. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125353&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0. 
408 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (2001). South Platte 
Decision Support System Feasibility Study, p. E-8. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125353&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0. 
409 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (1998). Rio Grande 
Decision Support System Feasibility Study, p. 6-1. Available at: 
https://dnrweblink.state.co.us/cwcb/DocView.aspx?id=125352&searchid=c54fdf64-1a0c-4187-94f9-
a2f47ff54aff&dbid=0&cr=1. 
410 Colorado Division of Water Resources and Colorado Division Water Conservation Board, supra note 408, p. E-9.  
411 Interviewee 3002: CDSS case study, August 2018. 
412 Interviewee 3002: CDSS case study, August 2018; Interviewee 3005: CDSS case study, August 2018. 
413 Colorado Division of Water Resources and Colorado Division Water Conservation Board, supra note 387, p. 6-1.  
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6.4.5 CDSS Uses and Outcomes 
Individuals we spoke with considered CDSS a successful decision support tool, indicating that it 
has become the de facto standard in Colorado for water data and models.414  It is used by 
government agencies (federal, state, and local) as well as engineering consulting firms for a 
variety of water management applications.415  Below are some examples of CDSS uses:  
1. Development of CDSS has improved data accessibility by integrating data and information 

into a central data repository.  This application has made it easier for public agencies 
(federal, state and local), consultants, academic institutions, and others to access water 
resources data from the state and use them for specific applications or decisions.416 

2. The development of CDSS has improved administrative accounting of river diversions, 
reservoir releases and other actions performed by water commissioners, including limiting 
data errors through built-in data quality control checks.417 

3. The State, consultants and others are using data for modeling water rights transfers and 
estimating stream depletions. 418,419 

4. The State, consultants, and water users are using the data and models for investigations of 
long-term physical water supply and its reliability for new diversions for irrigation or 
municipal uses.420   

5. The State, consultants and others are using the data and models to quantify the effects of 
groundwater pumping on surface waters and to identify areas suitable for water storage. 421  

6. The State and consultants are using the StateCU model and other available data to conduct 
water rights change analyses.422 423 

7. Ditch companies and water users are using the data to develop water augmentation 
plans.424  

8. Finally, data and analysis supported by the CDSS are part of Colorado’s state water plan, 
which outlines the State’s plan for addressing water issues in Colorado, including 
conservation goals.425 

 
One state agency representative also indicated that website use statistics have also been 
tracked for the CDSS over time.426  According to these data the most accessed data are: (1) the 
HydroBase data, (2) GIS data provided in time-series for the irrigated land and (3) the spatial 

 
414 Interviewee 3001: CDSS case study, August 2018. 
415 Id. 
416 Interviewee 3004: CDSS case study, August 2018. 
417 Colorado Division of Water Resources and Colorado Division Water Conservation Board. (2007). Colorado’s 
Decision Support System Workshop, p. 7. Available at: 
https://dnrweblink.state.co.us/CWCBSearch/0/edoc/135256/CDSS_Workshop_June%202007.pdf, 
418 SPDSS Newsletter Issue 4, p. 2.  
419 Interviewee 3003: CDSS case study, August 2018. 
420 Colorado Division of Water Resources and Colorado Division Water Conservation Board, supra note 417, p. 12. 
421 SPDSS Newsletter Issue 4, p.2 
422 Interviewee 3003: CDSS case study, August 2018. 
423 Colorado Division of Water Resources and Colorado Division Water Conservation Board, supra note 417, p. 11. 
424 SPDSS Newsletter Issue 4, p.2 
425 See: https://www.colorado.gov/pacific/cowaterplan/plan. 
426 Interviewee 3004: CDSS case study, August 2018. 
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data for all of the wells and diversion structures, gaging stations, climate stations and 
reservoirs.427  Not surprisingly, use of the modeling tools appears to be smaller.428   
 
6.4.6 Challenges in CDSS Development and Implementation 
While CDSS is considered to be a successful system for supporting water management decisions 
in Colorado,429 there were many challenges that agencies needed to overcome during DSS 
development.  Some of these challenges remain.  The following sections discuss these 
challenges.  
 
6.4.6.1.1 Developing Data Protocols and Standards    
Individuals involved in CDSS development indicated that, during the initial stages of CDSS 
development, a significant amount of staff time was devoted to developing data protocols and 
standards.  Additionally, a significant amount of ongoing time is spent ensuring that data are 
properly QA/QCed to meet data standards.430  Early on, individuals involved in the development 
of the various decision support systems also noted the potential for significant data input lags 
resulting from the QA/QC process.431  Although technological advances have assisted in 
streamlining the QA/QC process, it still requires significant review by both water commissioners 
and agency staff.432  Challenges were also noted in the process of retrieving data from other 
organizations, such as the USGS or USBR.  These challenges included checking the data for 
errors (which was done manually by staff) and data standardized between systems.433   
 
To help address some of the data issues described above, the State of Colorado created a 
standard data management interface tool that allows individuals to fill, correct, or override 
data, provided it is in the correct format.  These changes are stamped at the top of every input 
file, allowing an individual to return to, change or view any other input file developed in 
Colorado to see how changes were made.434  
 
6.4.6.1.2 Concerns Over the Collection, Use, and Public Reporting of Data 
Despite growing recognition of the power of the tools provided in CDSS and the potential cost 
savings, there remains some reluctance to make data publicly available—particularly 
consumptive use and irrigated acreage data.435  At the local level, sensitivity around water use 
in particular was a challenge that required transparency, open communication, and directness 
to overcome.436  Interestingly, several of the individuals that we spoke to indicated that this 
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was not a huge topic of discussion during CDSS development.437  As one state representative 
talking about water users concerns over data privacy put it, “The state didn’t back down and I 
don’t think they—honestly this was in a period of my career when people weren’t really 
interested in the stakeholder input and didn’t ask for it.  They didn’t bother. They’re just saying, 
“I’m sorry, it’s going to be online. It’s going to be available. We’re going to make it as good as 
we can.””438 
 
Three main factors have been cited as helping to overcome concerns related to making data 
publicly available.  The first factor was strong state leadership and high-level buy-in from state 
and federal agencies for development of the CDSS and for making water data publicly available.  
These agencies were committed to CDSS development and were supported by high-level state 
“champions.”  Second, the state decided that water data was public information and should be 
made public.  Finally, state agencies focused on communicating information on how and why 
data are being collected and how they will be used.  A state agency representative noted that 
Colorado engaged extensively in outreach to local communities to explain how and why data 
were being collected.439  Individuals familiar with the CDSS note that although resistance still 
exists, the power of the CDSS’ suite of tools has helped to streamline projects and reduce 
costs.440 
 
6.4.6.2 State Agency Capacity 
Despite the fact that CDSS had funding for development, state agency representatives indicated 
that capacity issues both during tool development and at present are an ongoing issue.  
Concerns include challenges keeping in-house expertise, having sufficient state agency capacity 
for long-term tool planning and maintenance, and ongoing tool funding.  
 
While keeping personnel at both state agencies and the consulting services has been an 
ongoing issue for CDSS development,441 this issue was particularly acute at the beginning of the 
development process when state agencies were losing in-house expertise to consulting firms.442  
A state agency representative noted the technical challenges associated with tool 
development.443  For example, ensuring that planning tool updates and programmatic choices 
keep pace with a rapidly changing technological and scientific landscape has been difficult.444  
This issue has been particularly challenging for model updating and maintenance, and has 
ultimately resulted in the somewhat controversial decision to transition to OpenCDSS 
(discussed in more detail in the section below).  Finally, while to date there has always been 
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funding for CDSS development, one consultant and a state agency representative that we 
interviewed had concerns about ongoing funding for the CDSS.445  
 
Concerns about state agency capacity are likely to remain an ongoing concern for CDSS. 
However, the strong relationship between the two main state agencies – the CWCB and the 
CDWR – and their clearly defined roles have helped to minimize redundancy between the two 
agencies and capitalize on each agency’s expertise.  The long-standing, functional interagency 
relationship seems to be built around mutual respect for each agency’s role and is fostered 
through regular meetings, transparent dialogue and physical proximity.    
 
6.4.6.3 Model Code Maintenance 
State agency representatives discussed challenges associated with funding for model updating 
and maintenance.446  The development of the software tools was implemented and funded 
through the basin DSS creation, which is almost complete at this point.447  However, many of 
the models are now in need of updating or maintenance and there is limited funding available 
to support these efforts.448  
 
CWCB and CDWR are currently developing OpenCDSS, an open-source platform for all CDSS 
software.  At the time of our case study interviews, state representatives were in the process of 
transferring model source code to GitHub and attaching open-source licenses to the software in 
Git repositories.449  Agency representatives felt that developing OpenCDSS would enable a 
broader online community to access and maintain the software rather than relying on agency 
staff or consultants as has been done in the past.450   
 
6.4.6.4 Intellectual Property 
Individuals involved in CDSS development and maintenance discussed the importance of 
keeping the CDSS data and tools publicly available.  However, there is some tension related to 
the transition to open source software (where anyone can access and modify the model source 
code), in part because much of the development and ongoing operation of the CDSS relies 
heavily on consultants.  One state representative estimated that approximately 90% of the 
work on the Arkansas River CDSS was conducted by consultants, and the same is likely true for 
the other basins as well.451   In some cases, the desire for open access data has conflicted with 
the ability of consultants to make their work public.452   For example, one state agency 
representative indicated that historically consultants may have a copyright on developed 
software leading to questions about model ownership.453  Owing to the number of 
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contributions made by consultants over the years, the individual noted that this scenario had 
been a particular challenge.454  Additionally, because much of the software code has been 
developed by many individuals, including both in-house employees and consultants, 
copyrighting relevant pieces of the model code has been an issue, particularly in light of the 
transition to the OpenCDSS model.455 
 

  

 
454 Id. 
455 Id. 
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Executive Summary 
In recent years agricultural water managers have become more interested in maximizing the 
use of Managed Aquifer Recharge (MAR) to meet groundwater sustainability requirements of 
the 2014 Sustainable Groundwater Management Act. Conducting recharge on farmland is 
potentially a more cost-effective way for irrigation districts to expand MAR capacity compared 
to developing new dedicated recharge basins which have land acquisition and construction 
costs. However, adding farmland to the menu of recharge options also introduces data needs 
and complicates decisions. The Madera and Tulare Irrigation Districts have been working with 
Sustainable Conservation to adapt the Groundwater Recharge Assessment Tool (GRAT) to 
address these issues and thereby improve recharge decision-making capacity.  The long-term 
goal of this project is to understand whether and how the use of GRAT actually leads to 
improved decision-making in these two districts. 
 
This report presents results from the first phase of our research into that question, which 
consists of characterizing the pre-GRAT “baseline” for recharge decision-making in the two 
irrigation districts. We posed two key questions which we answered based on publicly available 
irrigation district reports and interviews with ID staff. Our main findings are presented in the 
boxes below.  
 

(1)  How much groundwater is currently recharged in each irrigation district and by 
what methods? 

• Both districts own or share several dedicated recharge basins. In the past MID has not 
utilized them and the only recharge volumes they have reported were from incidental 
seepage from unlined canals and storage facilities. MID has recently rehabilitated its 
basins, all of which reached full capacity during the wet spring of 2017, though actual 
recharged volumes were not available. TID has conducted more recharge in the past 
than MID, but it was less of a priority compared to the present and the district has at 
times been limited by the capacity of their recharge basins. TID can recharge 120,000 
AF or more in wet years with recharge basins; in dry years, this can be in the range of 
20,000 – 40,0000 AF. TID also reported a large amount of incidental recharge from 
unlined irrigation canals (roughly half of total recharge).  

• Existing capacity in off-farm dedicated basins may be limiting in very wet years, so 
both districts have tried to expand capacity by soliciting participants in on-farm 
recharge programs. Both districts’ programs are only two years old. TID reported that 
four growers recharged a combined 2,313.5 AF during the first four months of 2017. 
Estimates of the volume of water recharged by growers were not available for MID. 

 

(2)  Who makes the decisions about groundwater recharge in each district and what 
kinds of data or information inform these decisions? 

• With some minor differences in the number of staff and their specific titles and 
duties, decisions about recharge in both districts are made by primarily a small 
number of administrative/managerial staff. Managers in both MID and TID are 
working to transition from largely ad hoc or “laissez faire” approaches to recharge 
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decision-making to more sophisticated, intentional, and systematic ones after the 
Sustainable Groundwater Management Act of 2014.  

• In line with their traditionally informal approaches, recharge decisions in both districts 
have generally not been very data-driven. In the case of MID, data for and about 
recharge were mostly unnecessary since there were few MAR activities until very 
recently. TID’s understanding of how recharged water migrates helps them prioritize 
the use of their basins when water is available for recharge, and the district monitors 
the effect recharge has on the local water table. However, participants with TID 
explained that the actual decision about where to put recharge water is typically a 
fairly simple one.  

• Interviews with district staff indicated that on-farm recharge activities have been 
guided primarily by informal relationships with those growers who are willing to 
participate rather than a data-driven quantitative prioritization analysis of different 
options. In TID, only 6 growers have signed up to participate in the last two years, 
about 3% of the farms in the district. 

• Staff from both districts articulated data needs to support their transition to more 
proactive and systematic recharge decision-making and planning, particularly in 
relation to on-farm recharge. Information needs mentioned by participants included 
better data about soils, land/crop cover, irrigation systems, water balances, 
infiltration rates at recharge basins, land acquisition costs, and more granular 
information about individual growers to use for developing on-farm recharge 
incentive programs. 

 

 
Both districts are working with Sustainable Conservation to address many of these data needs 
with GRAT. However, in the process of conducting this baseline research we also realized that 
the utility or value of GRAT could be constrained if individual farmers are unwilling to alter their 
practices to conduct on-farm recharge. For this reason, we interviewed a small group of five 
early adopters of on-farm recharge in the Tulare Irrigation District with the aim of 
understanding what considerations related to recharge are most important to them. We are 
working with Sustainable Conservation to replicate these baseline interviews with growers in 
MID and will report those results once they have been completed and analyzed. 
 
In brief, we found that the crop types and irrigation practices of the five farmers were generally 
typical for TID, but there was a surprising amount of heterogeneity within this small group in 
terms of views and considerations about on-farm recharge. Most recognize that it can benefit 
the community by increasing groundwater storage. However, these growers identified a 
number of problems or complications involved with it related mainly to (a) timing and 
scheduling and (b) site suitability and risk to crop health. These concerns have important 
negative economic implications that growers will likely expect to be financially compensated 
for. Otherwise, a farmer's cost-benefit calculation may lead to the conclusion that on-farm 
recharge is not worth it. If many growers reach similar conclusions, the expansion of MAR 
capacity and the maximization of the utility of GRAT could be constrained. We plan to track 



 

 iv 

whether and to what extent the concerns articulated by these growers are addressed in phases 
2 and 3 of this evaluation project, and how that may affect the value and utility of GRAT as a 
decision support tool in these two irrigation districts.   
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1. Research Overview and Motivation 

Prompted by a desire to better understand how improved access to – and analysis of – scientific 
data informs water management decisions, the S.D. Bechtel, Jr. Foundation funded the 
development of data integration and visualization platforms in two pilot studies in California.  
The first data platform, called Sacramento Hydrologic Operations for Winter Run (SHO-WR), 
integrates a breadth of information necessary for temperature management decisions for 
protection of winter-run Chinook salmon in the mainstem of the Sacramento River in Northern 
California.  These data include storage in Shasta Reservoir, water temperature, flow data, fish 
data and other information relevant to temperature management along the River. The interim 
decision-making report for the Sacramento River Settlement Contractors Temperature 
Management study was submitted to the Windward Fund on Nov. 16, 2017 in compliance with 
our grant proposal. 
 
The second study involves the development of the Groundwater Recharge Assessment Tool 
(GRAT), which is being piloted with two irrigation districts in California’s Central Valley: the 
Tulare Irrigation District (TID) and the Madera Irrigation District (MID).  GRAT integrates land 
use data, conveyance information, soil suitability and a host of other information into a cloud-
based tool intended to provided water managers with the information necessary to 1) evaluate 
and conduct on-farm recharge in their district on an annual basis, and 2) run a range of 
groundwater recharge scenarios, which can be used to estimate potential recharge volumes 
into the future. The latter functionality was designed to help water managers develop their 
groundwater sustainability plans (GSPs) mandated by the 2014 Sustainable Groundwater 
Management Act (SGMA), which requires many groundwater basins in California to be 
managed sustainably by 2040 or 2042, depending on the conditions of the basin.  

 

1.1. Report goals 

This report establishes the current “baseline” or pre-GRAT status quo for groundwater recharge 
in each of the two pilot irrigation districts.  This baseline report and the information contained 
herein will serve as the basis for assessing the value of GRAT in modifying groundwater 
recharge decisions in the future.  Thus, this report seeks to provide context for the groundwater 
recharge decisions in each basin, including motivations for groundwater recharge, background 
information on surface water supplies and its variability within each district, and changes in 
agricultural land use and irrigation methods that have the potential to affect each district’s 
long-term water budget and ability to conduct on-farm recharge. 
 
Within this context, this report seeks to answer two primary questions:  

1. How much groundwater is currently recharged in each irrigation district and by what 
methods? 

2. Who makes the decisions about groundwater recharge in each district and what kinds 
of data or information inform these decisions? 
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Additionally, because on-farm recharge is a relatively new method being considered for large-
scale recharge of groundwater basins, and a primary focus of GRAT, this report seeks to 
understand farmers’ perceptions of groundwater recharge and its potential constraints.  
Identifying and understanding potential barriers for conducting on-farm recharge is expected to 
provide insight into the potential value of GRAT for addressing large-scale recharge under 
SGMA, highlight potential research areas, and improve GRAT’s value long-term. 

 

1.2. Organization of the report 
Section 2 provides an overview of groundwater recharge, focusing on both managed aquifer 
recharge and on-farm recharge. Sections 3 covers research methods. Sections 4 and 5 provide 
information on two case studies: the Madera and Tulare Irrigation Districts. More specifically, 
Section 4 provides an overview of each case study, focusing on surface water supplies, local and 
regional groundwater conditions, and irrigation practices in the two districts. In Section 5 we 
discuss several aspects of recharge in these districts to establish a baseline of decision-making: 
recharge facilities and volumes, recharge decision-making and data, current on-farm recharge 
programs, and recharge-related partnerships between the districts and other entities. We also 
present results from interviews with TID farmers to characterize several growers’ views about 
on-farm recharge, and then discuss how those results may shape the potential role of GRAT as 
a decision support tool. Section 6 provides conclusions related to the two primary questions 
posed by this report.  
 

2. What is Groundwater Recharge? 
 

2.1. Increased interest in groundwater recharge in California 
During average climatic conditions, groundwater supplies comprise approximately 40% of 
California’s water supply (1). During periods of drought, when surface water supplies are 
limited, this percentage can increase to greater than 60% of the state’s water supply.  This 
reliance on groundwater, particularly during dry periods, has caused declines in groundwater 
levels over time.  Of the 21 basins in California designated by DWR as being critically 
overdrafted, about half are located in the Central Valley; almost every basin between Stockton 
and Bakersfield has a critical designation (2). 
 

In 2014, SGMA amended the state Water Code to include statutory requirements for 
addressing long-term overdraft conditions. Local public agencies called Groundwater 
Sustainability Agencies (GSA) must develop plans with measurable objectives for achieving 
groundwater sustainability within 20 years from completion of their sustainability plans. 
Statutorily, sustainable groundwater use and management means the avoidance of “significant 
and unreasonable” levels of six “undesirable results” such as seawater intrusion, loss of 
groundwater storage, degraded water quality, and land subsidence (3).  
 
Complying with SGMA will require managers in critical basins to 1) recharge more water into 
depleted aquifers and/or 2) reduce the amount of pumping. Recharge is important because it 
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can be an effective means to address the problem of groundwater overdraft. Other options are 
typically more difficult. Reducing reliance on groundwater by capturing additional surface water 
through new reservoirs is often politically and economically infeasible. Defining groundwater 
allocations and then curtailing pumping is also politically challenging due to resistance by 
pumpers to have their water rights reduced. Recharge is the relatively more feasible option for 
increasing groundwater availability because it is a largely decentralized practice requiring 
relatively small financial costs for growers and irrigation districts; consequently, it is not subject 
to the significant hurdles often associated with the other options. 
 
For these reasons, GSAs and some irrigation districts are keenly focused on increasing recharge 
within their basins as much as possible to alleviate or minimize future reductions in pumping. 
This was conveyed to us by interviewees; for example, one informant stated: “I think all these 
GSAs want to showcase that they’re trying to do the most they can with Plan A, being 
enhancing water supplies [via recharge], and only phase in to Plan B, which is pumping 
allocations, to the extent Plan A… doesn’t pan out” (4). 
 
Increased interest in maximizing recharge in relation to the magnitude of the overdraft problem 
has led to the recognition that capacity may need to be expanded beyond dedicated recharge 
basins. Dahlke et al. (5) estimate that 1.36 million acre-feet (AF) of rechargeable floodwater in 
the San Joaquin Tulare Basin could be available for aquifer recharge but existing dedicated 
recharge facilities lack the aggregate capacity necessary to take fuller advantage of peak flood 
flows. Using some portion of the approximately 8 million acres of irrigated farmland as 
spreading basins could significantly expand the surface area used for capture and recharge of 
this storm runoff that would otherwise be unused in wet years (5). There is also evidence from 
work by Sustainable Conservation and UC-Davis in the San Joaquin Valley that on-farm recharge 
is more cost effective than dedicated recharge basins (6, 7). 
 

2.2. Managed Aquifer Recharge 
The majority of recharge that has taken place in California to this point in time is managed 
aquifer recharge (MAR). Broadly speaking, MAR is the active recharge of groundwater using 
surface water. One way this can be accomplished is an aquifer storage and recovery system 
using injection and extraction wells. Direct recharge using injection wells can make sense in 
certain contexts, such as to recharge a confined aquifer, to create a barrier against seawater 
intrusion in coastal aquifers (e.g., Orange County Water District), and in urban areas where land 
for developing spreading basins is scarce. Drawbacks of this type of recharge include energy 
requirements of pumping water downward and the associated costs, and susceptibility of 
pumps to clogging.  
 
In California, MAR is most commonly done indirectly by diverting surface water into dedicated 
recharge basins where water is allowed to slowly infiltrate into the subsurface and percolate 
through the aquifer.  Almost all of the irrigation districts with federal water supply contracts in 
the Friant Division of the Central Valley Project (including MID and TID) have artificial recharge 
facilities of this type (8) (p. 21).  Groundwater banking is another form of MAR that relies on 
recharge basins (5, 9). In contrast to simple recharge, groundwater banks involve a more formal 
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program of recharging and later withdrawing as necessary specific amounts of water by various 
individual entities. The recharged water may or may not be from a local source. In the Central 
Valley, groundwater banking works mainly by impounding surface water in the southern part of 
the San Joaquin Valley where conditions of geology and infrastructure are well-suited for 
recharge (10). The three biggest groundwater banks in Kern County have a sizable combined 
storage capacity of 3 million AF (10).  
 

2.3. On-farm recharge in the Central Valley 
Although irrigation districts in the Central Valley have been experimenting with off-farm 
recharge for several decades, they have only recently begun to pursue recharge on farmland. 
Conceptually it works much the same as surface water irrigation: excess surface water available 
during wet years (i.e., during California’s winter rainy season) is conveyed from storage to an 
irrigation district, which then routes water to individual growers willing to receive it for some 
extended period of time (e.g., several days or a few weeks). The growers then apply the water 
to sections of their fields with suitably permeable soil profiles and land/crop cover.  
 
In practice, however, on-farm recharge introduces a number of considerations and challenges 
for managers and growers that are not associated with off-farm recharge. Making decisions 
about on-farm recharge effectively and efficiently requires analysis of a variety of criteria (e.g., 
crop cover, soil suitability, timing of farm operations, grower willingness, farm location and 
canal and turnout infrastructure, how to prioritize on- versus off-farm recharge, etc.) but there 
are no standard off-the-shelf analytical tools for this purpose. In this report we establish a 
baseline for recharge decision-making in two irrigation districts that are adopting a decision 
support tool (GRAT) designed to address managers’ need for improved information and 
analytics.  

3. Research Methods 

The evidence supporting this baseline assessment of the two irrigation districts comes from 
documents (primarily reports released by the irrigation districts themselves) and baseline 
interviews. Semi-structured key informant interviews were conducted between March – 
December 2017 (N = 12). Informants included four irrigation district staff (two from each 
district), technical developers of GRAT, and six individual farmers from TID. The six farmers 
were part of TID’s pilot on-farm recharge programs in the previous two years. Transcripts of the 
six farmer interviews were analyzed systematically using a coding scheme to understand their 
motivations, concerns, and constraints in conducting on-farm recharge on their land. The 
results of this analysis are discussed in Section 5.4.  

4. Case Study Overview 

Located in California’s Central Valley (Figure 1), TID and MID have many similarities: both are 
long-standing districts that provide surface water to agricultural users from a mix of Federal 
Agriculture Class I and II entitlements from the Central Valley Project (CVP) and local water 
sources (11, 12).  
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Neither district operates groundwater supply wells but individual growers in the region rely 
heavily on groundwater pumping to supplement surface water shortages, particularly during 
dry years. Groundwater pumping is not metered in either district; however, TID estimates 
groundwater use to be between 100,000 to 144,000 AF/year (12, 13). MID does not provide 
groundwater use estimates (11).  

 

Table 1. Overview of the Tulare and Madera Irrigation Districts 

 Tulare Irrigation District Madera Irrigation District 

Year Established 1889 1920 

District Size (acres) 67,202 (2010) 129,180 (2012) 

Irrigated acreage (acres) 58,946 (2010) 99,203 (2012) 

Urban connections  None None 

Primary Crops (%) Corn (30%), Wheat (25%), Alfalfa 
(20%) 

Grapes (43%), Almonds (31%), 
Pistachios (8%) 

Annual surface water supply (AF) 274,137 (2010) 110,369 (2012) 

Annual GW pumping (AF) 144,000*(2010) No estimate 

Existing recharge infrastructure Approximately 330 miles of 
unlined canals, 11 recharge basins 

Approximately 74 miles of unlined 
canals, 121 miles of clay-lined 
canals, 140 miles of pipeline. 45 
MID and City of Madera-owned 
basins**  

Estimated Recharge (AF/year) 119,576 (2010) No estimate 

AF is acre feet. *TID estimate. **Most of these basins are terminal basins and are not equipped for groundwater 
retrieval.  MID owns six groundwater basins, which have largely fallen out of use in recent years  (14). These basins 
have been given a N/A designation in the MID Water Management Plan (5-year Update 2012). Data sources: Tulare 
Irrigation District 2012 Agricultural Water Management Plan (13) and Madera Irrigation District Water 
Management Plan (11).  
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Figure 1.  Madera and Tulare Irrigation Districts with major hydrologic features. 
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Figure 2. Madera Irrigation District and surface water sources.   
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Figure 3. Tulare Irrigation District and surface water sources.  
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4.1.  Surface water rights and supplies 

Both districts have a portfolio of different surface water supply sources comprised of federal 
CVP water, non-CVP appropriation rights, out-of-district transfers, and wheeled water1 (in the 
case of MID but not TID) (Table 2). Out-of-district transfers are a relatively minor source of 
supply for TID and only happened in one year (2010) of the 10-year reporting period. In 
contrast, MID counted transfers as part of its water supply in 7 out of 10 years, with volumes 
ranging from 2,300 – 10,531 AF/yr (11).     

On average, two-thirds of MID’s surface supplies come from the CVP and one-third are 
diversions based on appropriation rights obtained in the early 1870’s to divert from local water 
sources, including from Big Creek, the mainstem of the Fresno River, and the North Fork of 
Willow Creek, a tributary of the San Joaquin River (Fig. 2)2. Per an agreement with USBR, water 
from these sources may at times be stored and conveyed through CVP infrastructure (Hensley 
Reservoir on the Fresno River) when capacity is available (16, 17).  

On average, about 60% of TID’s surface water comes from appropriation rights to divert from 
the Kaweah River and the remainder comes from the CVP. 

TID and MID’s average annual surface water delivery volumes are 1,631,667 AF and 1,790,832 
AF, respectively.  However, actual deliveries to both districts can fluctuate substantially from 
year to year. For example, MID’s highest surface water delivery year in the reporting period was 
2011, which was followed immediately by its lowest delivery year the following year; TID’s 
highest year (2005) was followed by its lowest just two years later (Table 2).  

Both districts often receive a large portion of their surface water supply from the Central Valley 
Project. Both districts are part of the Friant Division of the CVP, which means that they can 
receive water from the San Joaquin River stored at Millerton Lake (Friant Dam). Within the 
Friant Division, there are two categories of water, Class 1 and Class 2; only the latter is typically 
used for artificial recharge. MID’s contract with USBR is for a maximum of 85,000 AF of Class 1 
water and 186,000 AF of Class 2. TID’s contracted maximum supplies are 30,000 AF of Class 1 
and 141,000 AF of Class 2 water.  

                                                 
1 “Water wheeling” generally refers to using the unused capacity in one entity’s water delivery infrastructure to 
convey water by or for another entity, as for exchange, banking, and transfer. For example, some irrigation 
districts such as MID cannot send Friant water to groundwater banks in the southern part of the Central Valley 
without formal agreements allowing the use of canals owned by other entities. In MID’s water supply accounting, 
the “transfers and exchanges” category refers to transactions between irrigation districts, whereas wheeled water 
refers to conveyance of water from a district to an individual grower (11) (p. 17). MID charges fees for the use of its 
infrastructure to wheel water on a volumetric basis. Wheeling is regulated by §1810-1814 of the California Water 
Code.   
2 MID’s non-CVP surface water sources are complicated by two upstream diversions that move water into the 

Fresno River from adjacent rivers. Big Creek is a natural tributary of the Merced River that is diverted into the 
Fresno River via Lewis Fork/Creek by the Big Creek Diversion. The Soquel Diversion can reroute water from the 
North Fork of Willow Creek, a tributary of the San Joaquin River, to the Fresno River several miles upstream of Bass 
Lake via Nelder Creek. Willow Creek flows that are not diverted to the Fresno River may be stored at Millerton 

Lake and rerouted at Friant Dam (15).  
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Table 2.  Sources and deliveries of surface water supplies for Madera (2003-2012) and Tulare 
(2001-2010) Irrigation Districts (11, 13).

 
1 Percentages represent the proportion of the total amount of water actually supplied, not the total contracted 
maximum. * Average could not be calculated because only one data point was reported. ** No data. “Water 
rights” refers to non-Project surface water rights.  

 

USBR contract language defines Class 1 Water as water “stored in or flowing through Millerton 
Lake” (18) (p. 6). The actual total amount of Class 1 deliverable to the entire Friant Division in a 
given year can be anywhere between zero and the maximum of 800,000 AF, depending on 
hydrologic conditions and various regulatory and operational factors.  

Class 2 Water is defined as “water which can be made available…for delivery from Millerton 
Lake and the Friant-Kern and Madera Canals in addition to the supply of Class 1 Water” (18); in 
other words, any water over and above the full Class 1 amount. It is only made available to 
Friant Division contractors once all of the Class 1 water has been fully allocated.  

According to one estimate, the average total Class 2 yield is around 650,000 AF (19). However, 
contracts that include Class 2 water warn that “[b]ecause of its uncertainty as to availability and 
time of occurrence, such water will be undependable in character and will be furnished only if, 
as, and when it can be made available as determined by the [USBR] Contracting Officer” (18) (p. 
6). The amount of Class 2 water that may be available to the Friant Division in a given year can 
be as much as 1.4 million AF and as little as zero (as happened two years in a row from 2014-
2015).  

Part of the variability of Friant Division water is due to the fact that USBR’s water rights for the 
CVP are junior in priority to the four downstream districts that comprise the San Joaquin River 
Settlement Exchange Contractors (Exchange Contractors). For this reason, TID and MID are 
vulnerable to curtailments made by USBR to meet the senior rights of the Exchange Contractors 
in dry years. In 2014 and 2015, for example, the Friant Division received 0% allocations in part 
so that the Exchange Contractors could receive their contractual minimum 75% allocations 
from water supplies at Millerton Lake.  
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This means that surface water availability can vary widely depending on hydrologic conditions, 
USBR management and operations of the CVP, and the demands of senior rights holders.  Class 
1 water is more reliably available than Class 2 water, but even Class 1 water may be completely 
withheld during drought conditions, in which case growers may increase groundwater pumping, 
take land temporarily out of production, and/or execute out-of-district transfers.  

Unlike all the other divisions of the CVP, the Friant Division was designed to facilitate 
conjunctive use in order to reduce groundwater mining, which was first documented in the area 
nearly 100 years ago (20). Unlike in the northern part of the CVP, there is relatively limited 
surface storage (and thus carryover) capacity (Millerton Lake’s maximum storage capacity is 
only 520,500 AF (21)), so there was a need to incentivize contractors to bank surface water 
underground in wet years so that it could be withdrawn during dry years.  

This was done through a pricing structure designed to incentivize recharge of Class 2 water 
during wet years (8).  Although prices for both Class 1 and Class 2 water have risen since 
environmental restoration surcharges imposed by the 1992 Central Valley Project Improvement 
Act3, this tiered price structure is still reflected in current rates4. The average cost-of-service 
water rates for Friant Division contractors in 2017 were $22.95/AF for Class 1 Water and 
$7.82/AF for Class 2 Water5. 

Most of the major Friant Division irrigation districts have both Class 1 and Class 2 contracts, and 
almost all of those with Class 2 contracts have dedicated artificial recharge facilities, including 
TID and MID (8) (p. 21). However, previous efforts to recharge underlying aquifers through 
these facilities have not meaningfully addressed declines in aquifer storage resulting from 
water demand outstripping renewable surface water supplies in the long term in these districts, 
as explained below. The wide interannual variability in the amount of rechargeable surface 
water makes it important for these districts to be strategic about maximizing recharge in wet 
years when excess water is available. 
 

4.2.  Groundwater conditions 
TID is located in the Kaweah groundwater subbasin.6 MID overlies the Madera groundwater 
subbasin. In 1980, the California Department of Water Resources (DWR) designated both basins 
as “subject to critical conditions of overdraft.” These designations were confirmed in several 
subsequent studies (13) and were continued when DWR updated its list of critically overdrafted 
basins in 2016 (24).7 

                                                 
3 For comparison, in 1989, Class 1 and 2 water cost $3.50 and $1.50 per acre-foot in 1989 ($6.96/AF and $2.98/AF 
adjusted for inflation) (8). 
4 Water rates vary somewhat from year to year and among contractors (22). 
5 Calculations derived from USBR 2017 Friant Division irrigation water rates (23).  
6 The California Department of Water Resources divides groundwater basins into smaller units based on geologic 
factors, hydraulic considerations, or institutional boundaries. These smaller units are referred to as subbasins and 
may be hydraulically connected to adjacent subbasins (24).  
7 Basins listed as subject to critical conditions of overdraft have experienced a consistent decline in groundwater 

levels between 1989 and 2009 and have one or more “undesirable impacts within the basin,” including land 
subsidence, seawater intrusion, poor water quality, and chronic groundwater level declines during normal or 
above-normal water years. 
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These subbasins remain critically overdrafted in part because even though the Friant Division of 
the CVP was designed as a conjunctive use project, artificial recharge in practice has not been 
adequate to meaningfully address the problem in the region in the long term (8) (p. 25-26). 
Instead, cumulative aquifer depletion in the region has steadily increased ever since pumping 
began in the 1920’s and has been further exacerbated during the 2012-2016 drought (25). 

 

Figure 4.  Groundwater level change in the vicinity of Madera Irrigation District, 2003-2013. Red 
coloration denotes the most severe declines; green indicates the greatest rise. Source: 
California Department of Water Resources, 2016.  
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Figure 5. Groundwater level change in the vicinity of Tulare Irrigation District, 2003-2013. Red 
coloration denotes the most severe declines; green indicates the greatest rise. Source: 
California Department of Water Resources, 2016. 

  

 

In the case of TID, the supplemental water supplied from the Friant-Kern Canal was intended to 
“maintain water levels approximating those during 1921-1946” (12) (p. 18); however, continued 
groundwater declines in TID have been observed since at least the 1950’s. Consulting 
hydrologists  estimated the annual safe yield of the TID portion of the Kaweah subbasin 
between 126,000 AF/yr to 141,000 AF/yr with an estimated overdraft of approximately 6,800 
AF (13, 26) (p. 18). Marked declines in the water table since 2003 can be observed around a 
localized cone of depression in the southern part of the district (Fig. 5).  

TID attributes ongoing groundwater level declines to a variety of factors, including a shift to 
more water intensive crops; increased crop rotations (specifically double cropping); dairy 
development; urban development and land use impacts; high groundwater pumping in 
neighboring areas; and reductions in surface water deliveries (13) (p. 18).  

In MID, despite persistent overdraft conditions, agricultural development expanded and 
intensified through the planting of some 80,000 acres or more of new orchards between 2003 
and 2011, much of it on previously fallow land (note that this shift to permanent tree crops 
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coincides with the groundwater table declines shown in Fig. 4). Water use by orchards increases 
as the trees grow. The implication of this is that “even absent additional plantings in coming 
years, agricultural water demands in those areas of new plantings will increase from the 
present rate and are estimated to peak around the year 2017” (15) (p. 48). This increased 
cropping and maturation of tree crops was expected to contribute to an increase in overdraft 
from 143,000 AF on average to 259,000 AF/year after 2014 (absent any new constraints on 
pumping) (15) (p. ES-2).  

In 2014, MID worked jointly with the City of Chowchilla, Chowchilla Water District, the City of 
Madera, Madera County, and South-East County United to develop the Madera Regional 
Groundwater Management Plan. The plan reported that substantial declines in the 
groundwater table have been observed (15) (Fig. 4). 

 

4.3.  Irrigated acreage and irrigation methods 

MID is larger in size than TID with a district area of approximately 129,180 acres and an 
estimated 99,203 acres of irrigated land  (11) (p. 16). TID is approximately 67,202 acres in size 
with an estimated 58,946 acres of irrigated land. While both districts surround or encompass 
urban areas, neither district provides water to urban users. 

There are marked differences in the dominant crops grown in the two districts. As shown in 
Table 3, most of the acreage and water use in MID goes to permanent crops, mainly almonds 
and grapes and to a lesser extent fruit trees and pistachios. TID has a somewhat more diverse 
crop mixture but remains largely in traditional annual row and field crops such as corn, cotton, 
wheat, and alfalfa. However, more than 10% of crop water use now goes to tree crops 
(pistachios and walnuts about equally) (Table 3). 

Micro irrigation systems are by far the most common irrigation type in MID. Drip/micro-spray 
was reportedly used on 78% of irrigated acreage, mostly to water almonds and grapes, but also 
fruit trees, pistachios, and a relatively small amount of grasses (11) (p. 16). Another 22% of 
MID’s irrigated acres, mainly grapes and grains, receive non-sprinkler surface irrigation. Furrow 
irrigation is limited to just 137 acres of cotton (only 0.1% of all irrigated acres) [11] (p. 16). 
Another 22% of MID’s irrigated acres, mainly grapes and grains, receive non-sprinkler surface 
irrigation. Furrow irrigation is limited to just 137 acres of cotton (only 0.1% of all irrigated 
acres). The current wide extent of drip systems accompanied the shift from annual row crops to 
permanent nut trees in recent years. The decrease in surface irrigation and corresponding 
increase in drip is evident between 2007 and 2012 (Fig. 4) 
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Table 3. Area and water use associated with crops grown in MID and TID (11, 13)  

Crop Name Area (acres) 
Applied Crop Water Use  

(acre-feet) 

    MID TID MID TID 

Almonds   
   

30,497  30.7% 
      

1,107  1.5% 
     

96,371  41.4% 
       

4,793  1.8% 

Cotton   
        

137  0.1% 
      

7,042  9.3% 
           

301  0.1% 
     

26,055  9.7% 

Grains 

Wheat (TID)     18,945 25.0%     47,363 17.5% 

Corn (TID)     
    

22,486  29.6%     
     

76,677  28.4% 

Grains 
(unspecified, 
MID) 

     
4,049  4.1%     

       
1,863  0.8%     

Fruit Trees   
     

4,969  5.0% 
             

-      
     

14,758  6.3% 
              

-      

Grapes   
   

43,121  43.5% 
             

-      
     

76,324  32.8% 
              

-      

Grasses 

Alfalfa (TID)     
    

15,346  20.2% 
              

-      
     

74,121  27.5% 

Grasses 
(unspecified, 
MID) 

        
372  0.4%             

Pistachios   
     

7,704  7.8% 
      

4,667  6.1% 
     

20,570  8.8% 
     

18,341  6.8% 

Walnuts              -      
      

3,038  4.0% 
              

-      
     

14,066  5.2% 

Other*   
     

8,354  8.4% 
      

3,299  4.3% 
     

22,498  9.7% 
       

8,565  3.2% 

* Includes TID field peas (1,494 ac) and MID field crops (unspecified) (119 ac). 

 

Unlike MID where almonds are the dominant crop and drip/micro-spray the most common 
irrigation method, in TID the vast majority of irrigation is done using flood and furrow methods 
in almost equal measure (46% and 48% of all irrigated acres, respectively) (13) (Table 5 and p. 
19).  Flood irrigation is applied to wheat and alfalfa and furrow irrigation is applied to corn, 
cotton, walnuts and a few other crops. The majority of the pistachio trees in TID (some 3,000 
acres) are irrigated with drip/micro-spray. Overall, the relative degree of utilization of the 
different irrigation methods has not changed markedly since at least the mid-1980s (Fig. 7) [13].  
Flood irrigation is applied to wheat and alfalfa and furrow irrigation is applied to corn, cotton, 
walnuts and a few other crops. The majority of the pistachio trees in TID (some 3,000 acres) are 
irrigated with drip/micro-spray. Overall, the relative degree of utilization of the different 
irrigation methods has not changed markedly since at least the mid-1980s (Fig. 7). 
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Figure 6. Agricultural irrigation methods measured as a percent of total irrigated acres in 
Madera Irrigation District in 1998, 2007, and 2012.  

 

 

These differences between MID and TID in the predominant irrigation methods may affect their 
respective ability and/or willingness to undertake on-farm recharge in the future for two 
possible reasons. First, the large-scale shift to drip irrigation that has accompanied the shift to 
permanent nut trees instead of annual row crops in MID may limit the overall capacity of the 
district to conduct on-farm recharge, since on-farm recharge cannot be conducted using drip 
(27). If a grower had older flood irrigation infrastructure completely removed in the switch to 
drip, then on-farm recharge on permanent crops is likely precluded, assuming they would be 
unwilling to reinvest in adding flood irrigation infrastructure back in. However, the presence of 
drip irrigation systems may not preclude on-farm recharge if the infrastructure for flood 
irrigation was never removed. At present we do not know which case is the more common; 
further conversations with MID farmers could shed some light on this question [28]. If a grower 
had older flood irrigation infrastructure completely removed in the switch to drip, then on-farm 
recharge on permanent crops is likely precluded, assuming they would be unwilling to reinvest 
in adding flood irrigation infrastructure back in. However, the presence of drip irrigation 
systems may not preclude on-farm recharge if the infrastructure for flood irrigation was never 
removed. At present we do not know which case is the more common; further conversations 
with MID farmers could shed some light on this question.  
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Figure 7. Agricultural irrigation methods measured as a percent of total irrigated acres in Tulare 
Irrigation District in 1985, 2002, and 2010.  

 

 

Second, the transition to permanent crops in and of itself may impact a farmer’s willingness to 
conduct on-farm recharge. Several farmers that we spoke to in TID indicated that they are 
willing to do on-farm recharge on bare and fallowed land but would have concerns about doing 
it on productive crops and certainly tree crops. However, Sustainable Conservation is working 
with MID to develop an on-farm recharge program in MID that will target permanent crops 
almost exclusively. MID appears to be receptive to this. Sustainable Conservation has agreed to 
involve us in conducting interviews with farmers to better understand their concerns about 
conducting on-farm recharge on permanent crops, including related agronomic considerations 
related to physical conditions such as soil type.  

 

5. Recharge in Madera and Tulare Irrigation Districts 
 

5.1.  Recharge facilities and estimates 
Many of the recharge facilities in the Friant Division lands are quite old. According to one 
informant, a number of basins were built by Tulare and other Friant irrigation districts in the 
1940s when the Friant Division of the CVP was in development in order to be able to take Class 
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2 water for recharge (4). Until the last ten years or so there was little expansion in recharge 
capacity (4) despite long-term declines in regional water tables in the intervening years. 
TID reports maintaining 11 dedicated recharge facilities, all using seepage method, with a 
combined spatial extent of 1,300 acres (4) and a maximum recharge capacity of 420 AF/day (13) 
(p. 20). Most of these facilities are actually owned by the neighboring Kaweah Delta Water 
Conservation District (KDWCB) but maintained by TID (12) (p. 56). TID has an agreement that 
allows KDWCD to conduct recharge in certain basins when they are not being used by TID.  
 
TID has recently expanded its recharge capacity by adding approximately 300 acres of new 
recharge basins within the last five years (4). The Swall Basin (Plum) Project is a 135-acre 
recharge basin located at the headworks of the district’s Main Canal developed and operated in 
partnership with the City of Tulare (13, 28). The first phase of construction began in 2010 and 
the third and final phase was completed in 2013 (28). The Martin Basin is another recently 
constructed recharge facility of 25 acres located behind the district’s offices. It consists of a 
small regulation basin and larger recharge basin. Additionally, the district is using part of a 
$1.95 million grant for mitigation activities for the San Joaquin River/Delta to develop a new 60-
acre recharge basin in partnership with KDWCD (28). However, land acquisition costs and other 
considerations may be limiting efforts to further expand capacity in the near future (4).  
 
Besides dedicated spreading basins, recharge in TID also occurs via some 300 miles of unlined 
and earthen canals which altogether would cover an area of 450 acres (13). Seepage from these 
canals is estimated to contribute an average of 60,000-70,000 AF of recharge annually [13]. 
Seepage from these canals is estimated to contribute an average of 60,000-70,000 AF of 
recharge annually. However, averages obscure the extremely wide interannual variation in the 
amount of water available for irrigation and recharge, which makes administering a recharge 
program challenging. As one TID staff member explained: 

“In a really wet year, we would be delivering somewhere between 250- and 
300,000 acre-feet in total [for irrigation], and maybe as much as half of that, 
50 to 60 percent would be dedicated to recharge. The other half would be sold 
during the summer months to farmers. (…) In a dry year, we might have as little 
as 20- to 40,000 acre-feet... By a factor of ten we have to deal with these great 
fluctuations … from dry years to wet years. Sometimes they occur back-to-back. 
It makes it difficult to develop a steady recharge program because we’re dealing 
with feast and famine on the system” (4). 

MID states that its sources of recharge are seepage through canals and through recharge 
basins. There are 74 miles of unlined irrigation canals; another 261 miles are either clay-lined or 
piped and thus do not contribute to recharge (11). The district has access to 45 different 
recharge basins but the soil types and recharge rates associated with these basins are unknown 
and the capacities of the 6 basins owned by MID are not reported. There are 38 storage basins 
owned by the City of Madera which have a combined storage capacity of 1,355 AF.  
 
MID estimates the total losses of irrigation water to seepage average about 35% of its water 
supply per year (11). They are “exploring ideas for additional storage capacity and flexibility in 
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existing agencies” (11) (p. 25) but no specifics were provided in the most recent reporting. MID 
also reported that they were in the final permitting stages for the Madera Ranch groundwater 
banking project which would involve the conveyance of surface water from Mendota Pool to 
recharge basins constructed on a portion of the 55 km2 Madera Ranch8. The stated maximum 
storage capacity is 250,000 AF with a recharge capacity of 55,000 AF/year. Phase 1 of the 
project entailed the construction of 55 acres of recharge basins on the ranch. Phase 2 was to 
involve the construction of about 40 recovery wells and 11 lift stations (30). MID reported in 
2013 that they were completing permitting requirements for the project (11); however, the 
project was abandoned in 2016 after the MID Board of Directors determined that it was no 
longer feasible to meet the terms of those permits (31).   
  

5.2.  Recharge decisions in TID and MID  
In this section we draw from interviews with irrigation district staff and technical developers to 
discuss how recharge decisions are currently made and the information used to make them. We 
also report some of the data needs identified by interviewees.  
 

5.2.1. Recharge decision-making 
TID has conducted recharge in the past, but historically the decision to conduct recharge of any 
kind has been mostly spur of the moment, based on the availability of water to do so, and 
limited by the capacity of their 1,300 acres of spreading basins. One TID staff member referred 
to it as a “laissez-faire operation” (4). In past years, for example, TID might decide to turn away 
surplus water for recharge in wet years to perform maintenance instead (4). However, this has 
changed recently with the passage of SGMA; as one informant explained, “…the attitude now is 
any time we have surplus water, we’re not gonna pass” (4). TID’s interest in on-farm recharge 
seems to stem in part from the inability to maximize recharge in wet years due to a lack of 
capacity in their dedicated recharge basins.  But again, decisions about recharge are largely 
secondary to other decisions. One district staff member explained it this way:  

“[Recharge is] all driven by our reservoir operations. You can move that 
decision-making process down to the district, so when we get water that's 
delivered into the district, recharge is basically, you're taking our demand at the 
time, meeting that demand, and any excess is going to be placed into 
groundwater recharge facilities. Or, recharge in the actual canals that are 
distributing the water to the growers and the recharge facilities” (32). 

TID will only find out about one week in advance, sometimes only a few days, if there will be 
flood flows available. Water for recharge will typically be routed to spreading basins in the 
northeastern section of the district where they can generate the greatest benefit based on 

                                                 
8 The Madera Ranch groundwater banking concept dates back to at least 1998 when the ranch owners and USBR 
planned to create a system for conveying surface water from Mendota Pool to Madera Ranch to bank in the 
depleted aquifer (29). After being stopped once by local community opposition, the plan was revived in 2000 when 
Azurix Corp., a subsidiary of Enron, purchased the ranch; however, Azurix was also unable to overcome local 
opposition (29). Eventually MID took ownership of the plan, signing an agreement with USBR in 2011 (30).  
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downgradient travel times. This is not a particularly complex decision: “It's really just, get it to 
the facility. There's not much decision-making as far as where we put it, or we just try and keep 
it up at the top, then move it down further in a southwesterly direction” (32).  If and when they 
do recharge, TID will try to evaluate its hydrologic impact on groundwater levels by estimating 
the infiltration of that water on a monthly basis and measuring the depth to water table two 
times a year in order to plot average depth for the entire district (4).   
 
Since recharge has not traditionally been a significant practice in MID, there is not much to 
speak of in terms of recharge decision-making (14). MID staff explained that under past 
management regimes, the overriding approach was reactive rather than proactive, and driven 
by the aim of keeping costs as low as possible. This meant that surface water that was 
purchased but not used directly for irrigation was apparently considered more or less a waste 
of money. Consequently, utilization and maintenance of MID’s recharge basins was not a 
priority for the district.  As evidence of their new approach to recharge, one MID informant 
cited new investments to rehabilitate their infrastructure in order to be ready to receive and 
maximize recharge capacity when water is available. At the time of one of our interviews with 
MID staff in March 2017, the district’s six basins had been rehabilitated and were at full 
capacity (14).  
 
Even recently, however, decisions about recharge have been made in “definitely…an ad hoc 
manner,” as one MID staff member put it (14). Within the last two years the district has begun 
experimenting with on-farm recharge in the form of a program to distribute flood flows to 
individual growers, but as yet there is little structure to decisions about how to allocate surplus 
water among growers and off-farm basins:  

“The last year and this year we attempted to do a program related to if flood 
flows are available people who would be willing to pick up those flood flows and 
flood their property. Again, it was more on a willing basis and not necessarily 
on what area has the best recharge suitability. For a number of reasons last 
year the water just simply wasn’t available. This year [water year 2016-2017] 
the district ended up making water available free of charge for a certain period 
of time. It services a similar purpose, but again, there wasn’t any real 
prioritization. Going forward, I don’t think we have a clear, defined way of how 
we’re going to utilize on-farm recharge versus the basins” (33). 

 

5.2.2. Use of data in recharge decisions 
Overall, our conversations with irrigation district staff indicated that recharge decisions have 
traditionally not been very data-driven. This seems to be at least partly related to the more or 
less ad hoc nature of these decisions, which (in the case of TID) have been based on (a) a very 
short advance notice about water availability from storage managers, and (b) the available 
capacity of dedicated (and functional) recharge basins. As noted, it is only in the last 2 years 
that these districts have begun experimenting with on-farm recharge. In both districts, more 
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data are needed to prioritize where to send excess water for recharge, considering both on- 
and off-farm locations. This is part of what GRAT is intended to help change.  
 
In the case of MID, one informant described data collection about recharge in general as having 
been sporadic and not adequate for analysis, as a result of it not being a priority for the 
previous management (33). Another interviewee with MID was able to identify the types of 
data that are needed to start making informed decisions and indicated that they were being 
incorporated into the district’s localized version of GRAT, including crop cover, soils, surface 
water, distribution within the district, and irrigation canal turnouts (14). In some cases there 
were data gaps identified during GRAT development; for example, one developer mentioned 
that MID usually did not know what type of irrigation system was in use in a given field, 
whether pump- or gravity-based (although TID staff did) (34).  
 
Another element needed for recharge planning in general is a hydrologic analysis of the 
district’s own water balance so that managers can gauge the magnitude of the “sustainability 
gap” that recharge is meant to address. In this case, MID related that this was not currently 
known but that there were plans to hire consultants to calculate it based on the district’s data, 
which were described as being voluminous but mostly in need of “scrubbing” to render them 
useful (14).    
 
With regard to on-farm recharge specifically, both districts seem to have made decisions mainly 
informally so far. As one interviewee with TID put it: “We’ve thought in the past, without 
something like the GRAT, how do we muster up an on-farm recharge program. You make a few 
calls, and farmers are already making plans. It never really seems to come together” (4). It 
seems to happen in a similar way in MID, with decisions about the allocation of water for on-
farm recharge largely based on which individuals out of a handful of member farmers are 
willing to receive water rather than any sort of systematic quantitative land suitability analysis 
of options and scenarios (33). 
 
TID informants also identified data needs related to implementing on-farm recharge, including 
better measurements of infiltration rates (e.g., for existing recharge basins); information on 
land acquisition costs (e.g., for developing new recharge basins); and a database about their 
growers that could help them devise economic incentives to encourage recharge (4).  
 

5.2.3. Current on-farm recharge programs in TID and MID 
What do we know so far about these early experiments with administering programs for on-
farm recharge? TID’s on-farm recharge program was initiated last year and was done largely 
through word of mouth. Interviewees identified some challenges and lessons learned with 
regard to the contracts for conducting on-farm recharge that will inform the program this year. 
The program takes a significant amount of time to conduct, so they are trying to be more 
strategic this year (WY 2017-18) in their decision to initiate it (35). They also want to make sure 
that there will actually be water to capture. TID staff were planning to use GRAT to prioritize 
land to target for this year’s on-farm program but realized that the tool does not include annual 
crops. This is a challenge, as most of the farmers in TID want to conduct on-farm recharge on 



 

 22 

bare (fallowed) land between crops, an initial finding which has been confirmed in our 
interviews with individual TID growers who have signed up for the recharge program. TID staff 
are working with Sustainable Conservation to address this, but in the meantime TID will not be 
able to use GRAT for on-farm recharge planning during winter 2017-2018 (35) due to the tool’s 
current inability to incorporate annual crop data.  
 
Like TID, MID has only begun experimenting with an on-farm recharge program within the last 
two years. They are working with Sustainable Conservation to develop it further. Sustainable 
Conservation is currently interviewing growers in the region to better understand their 
concerns for on-farm recharge and correlate crop types in the region with physical properties 
(e.g., soil characteristics) to help MID staff prioritize lands for on-farm recharge. Their on-farm 
recharge program currently focuses on permanent crops, which constitute approximately 87% 
of the agricultural land in MID (Table 3).  We have begun working with Sustainable 
Conservation to learn more about the on-farm recharge program and the interviews that they 
are conducting.  
 

5.3. Partnerships pertaining to groundwater recharge 
More recently, these two irrigation districts have recognized the need to partner with other 
entities to undertake activities related to aquifer recharge. In its most recently available 
groundwater management plan, TID listed several activities and partnerships pertaining to 
various recharge activities (Table 4) (12) (pp. 49-50). Of the three new recharge projects 
described, one (Plum Basin) is a joint operation with the City of Tulare. MID’s recharge-related 
activities consist mainly of identifying new locations for recharge along with other entities in 
the area, and implementing an “Intentional Irrigation Field Flooding program,” possibly in 
conjunction with Madera County and two nearby irrigation districts (Table 4).  
 
We note this because it indicates that irrigation district recharge planning and decision-making 
are increasingly connected to other entities rather than pursued in isolation. Although we are 
focused on on-farm recharge specifically, GRAT includes all available recharge options. So, to 
understand how effective GRAT may be, it will be important to recognize that there are other 
recharge facilities not operated and owned by the districts. For example, MID relies on basins 
operated by the City of Madera. Will the city operate their basins largely independently of MID, 
or in close conjunction? Similarly, does TID make decisions about the use of the recharge basins 
they share with the Kaweah district independently? How might those considerations affect how 
GRAT is used to prioritize on-farm vs. dedicated off-farm basins when water is available for 
recharge? We will be considering such questions as the research progresses and intend to 
solicit feedback from study participants about them.  
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Table 4. Recharge-related activities involving partnerships (or possible partners) reported by 
Tulare and Madera Irrigation Districts.  

  
Recharge-related Activities Status Partners 

Tulare 
Irrigation 
District 

Obtaining financial reimbursement from 
KDWCB for the regional benefit of TID-
generated seepage from Main Intake Canal 

Existing 
Kaweah Delta Water Conservation 
District 

Joint operation of TID recharge facilities  Existing 
Kaweah Delta Water Conservation 
District 

Acquire excess surface water for recharge Existing 
Member Units of the Friant Water 
Authority 

Acquire excess surface water for recharge Existing Kaweah River water rights holders 

Feasibility evaluation of a groundwater 
banking project at Rancho de Kaweah 

Existing Other Kaweah River irrigation districts 

City Groundwater Augmentation Program; 
joint Plum Basin recharge project; other 
cooperative efforts 

Existing City of Tulare 

Discussions of recharge in local creeks Existing City of Visalia 

Construction of a multi-purpose basin at 
Mooney's Grove 

Existing Tulare County 

Investigate additional recharge facilities and 
potential partners for them 

Planned N/A 

Minimize development on lands favorable to 
recharge 

Planned N/A 

Madera 
Irrigation 
District 

Continue existing recharge programs  Existing City of Madera 

Pursue recharge at Air Port Basin and 
Avenue 12 Basin 

Planned Madera County, City of Madera 

Implement an on-farm recharge program Planned 
Madera County, Chowchilla Water 
District, Gravelly Ford Water District 

Recharge at golf courses Planned 
Chowchilla Water District, City of 
Madera 

 
 

5.4. On-farm recharge: farmer perceptions and the role of GRAT 

 

5.4.1. Farmers perceptions of on-farm recharge 
The value of a decision support tool to help irrigation district managers strategize about on-
farm recharge practices can only be fully realized if the growers themselves are willing to 
participate in recharge programs. As one technical developer put it: “To be honest…[if a] farmer 
doesn’t change their practices, GRAT’s kind of useless” [6]. Thus, it is important to explore the 
views of individual farmers about on-farm recharge. To do this, we conducted interviews with 
growers who signed up to participate in TID’s on-farm recharge program last year (winter 2016-
2017).   
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Our purposive sampling included 5 of the 6 individuals who have agreed to participate in the 
TID recharge program. These individuals already have a basic understanding of the rationale 
and mechanics of on-farm recharge and are already willing to participate on some level in doing 
it on some portion of their lands. For that reason, they can help us identify the key issues that 
could affect the usefulness of GRAT, such as: 

• Given specific farm attributes (e.g., acreage, irrigation systems, crop mix, land suitability, 
etc.), what concerns do growers have about doing on-farm recharge? 

• How serious or limiting are those concerns? Are they serious enough to make them 
unwilling to do recharge in the future? Or can they potentially be addressed? 

 
Since this small group of growers is a small minority within the district, we cannot generalize 
from their responses about attitudes in TID in general. However, it is important to elicit their 
views for exploratory purposes since these early adopters are the first to voice their concerns 
and opinions about actually doing on-farm recharge, and those concerns can be expected to 
apply to other growers who may later participate in TID on-farm recharge if they have similar 
combinations of crop mix, irrigation systems, etc.  Any constraints to doing on-farm recharge 
would need to be identified early on so TID can start thinking about how to address them 
before the program expands in coming years along with SGMA implementation. 
We report and analyze responses to the following interview questions: 

• What crops do you grow? 

• How many acres do you farm? 

• What type(s) of irrigation system(s) do you use? 

• Have you done on-farm recharge before? 

• What concerns do you have about on-farm recharge? 

• What incentives would make on-farm recharge more feasible or appealing? 

• Are you willing to do on-farm recharge in the future? 

• What are your main concerns about SGMA? 

 

Farm attributes 
Table 4 displays answers to the first three questions, which concern farm attributes: crop 

mixes, planted acreage, and irrigation systems. Farm size ranged from 4,000 to 180 acres. Given 

the wide variation and the small sample of growers, it is difficult to determine how 

representative any of these farm sizes are of the district as a whole. Using total irrigated 

acreage in TID (~60,000 ac) and the total number of farms (188), the average irrigated acreage 

per farm would be 319 ac. If that rough estimate is accurate, it is possible that growers 0008, 

0009, and 0010 are far above the average farm size. We have requested additional data on 

farm size from TID to determine this.  
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Table 4. Farm attributes of five TID recharge program participants.  

 

 

We found no obvious correlation between farm size and crop mix, with the biggest farm only 
growing two crops and the smallest growing three. In the 2012 crop survey TID was dominated 
by annual field crops: cotton, wheat, alfalfa, and corn. There are permanent tree crops in the 
district but these are less common than field crops. Pistachios and walnuts are the most 
common tree crops, followed by walnuts and then cherries. The crop mixtures of these 
different growers vary in terms of the number of different crops grown, but the crops 
themselves seem to be largely typical for TID based on the most recent available district-level 
data, with the exceptions of sorghum and beans (Interviewee 0008) which were not reported at 
all in 2012. One participant grows cherries, which are a relatively small part of the district’s crop 
mixture (just 212 acres, or 0.3% of the total land in the district).  
 
These growers’ irrigation methods also are typical of the district in general. 94% of TID growers 

use furrow or level basin methods; all five of these growers do some form of flood irrigation. 

Four out of five also use drip, which may be less broadly typical for TID but makes sense given 

that all five growers have at least some acreage in permanent tree crops where micro irrigation 

systems are common.  

On-farm recharge considerations 
All five growers had done on-farm recharge before and all said they would be willing to do it 
again in the future. To explore their views and experiences more deeply, we asked interviewees 
to identify and describe their most important considerations related to on-farm recharge. These 
responses included disincentives as well as positive considerations related to the perceived 
benefits of doing recharge. Some “neutral” concerns were not necessarily positive or negative 
(primarily soil and crop suitability, which can be problematic or conducive depending on 
specific conditions). The considerations identified by these growers are reported as frequencies 
of cases (i.e., which and how many growers mentioned each consideration) in Table 5.  Figure 8 
represents the frequency of mentions in order to give a sense of the magnitude of the emphasis 
the growers put on each of these concerns.   
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Table 5.  On-farm recharge considerations identified as primary by interviewees. Highlighted 
cells indicate considerations identified by a majority of the five interviewees.  

 
 

 
Figure 8. Frequencies of coded mentions of primary on-farm recharge concerns for the five TID 
growers.  
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Benefits of on-farm recharge 
As shown in Fig. 8 and Table 5, not all growers identified benefits of on-farm recharge as 
primary concerns, though a majority recognized that the benefit of individuals conducting on-
farm recharge redounds to the larger community in the form of increased local and regional 
groundwater storage. One grower put it simply: “If you don’t put anything down into the 
storage, you can’t take much out of it” (36). Two noted that there is a simultaneous individual 
benefit as well; what is good for the community is also good for the individual. Interestingly, 
one of these growers recognized the community benefit but seemed to view it as almost a 
disincentive for the individual since the recharged water does not stay in place once it reaches 
the aquifer: “If the recharged water would stay in your own well, then it might be worth it. But 
you are providing water for everyone else, your neighbor and others get that water” (37).  In 
other words, the impossibility of limiting the benefit of recharge to the individual doing it 
creates a free rider dilemma. This was cited by this grower as one reason why the costs of on-
farm recharge incurred by northern California tree crop farmers have so far outweighed the 
benefits in at least some cases [38].  In other words, the impossibility of limiting the benefit of 
recharge to the individual doing it creates a free rider dilemma. This was cited by this grower as 
one reason why the costs of on-farm recharge incurred by northern California tree crop farmers 
have so far outweighed the benefits in at least some cases.  
 

Negatives: risks and disincentives 
The negatives cited by a majority of interviewees were: timing (of recharge); inability to 
prepare fields; economic impacts; and risks to crop health. The difficulty with the timing of 
recharge has to do with making room for it in the context of fairly tight schedules of winter field 
preparations. Interviewee 0009 felt this was the biggest constraint: “…we know by putting 
water on via our flood system in the winter, is not a bad thing to do. That’s not really a 
constraint. I think the constraint is the timing. We have a very finite window of when we can 
put this water on” (38). This issue of timing is closely related to the second negative mentioned 
above (inability to prepare fields) because timing of recharge can hamper spring planting 
schedules. As one grower explained, “…if the recharge effort…goes on too long into the 
spring…I can’t get in and do my land preparation to get my crops growing by April. Then that 
would be a problem” (36). 
 
The most frequently coded response of all was “economic impacts.” In the context of these 
interviews, economic impacts can be considered something of an umbrella category since 
several other concerns have economic implications. For example, decreased crop health 
through rot or disease caused by overexposure to standing water is an obvious detriment to 
productivity that could reduce revenue. Issues associated with timing and inability to prepare 
fields also may cause negative financial impacts if they prevent a grower from getting spring 
planting done on time or at all, effectively shortening or precluding a growing season. Two 
growers were also concerned about the loss of nutrients from the soil, which has the associated 
costs of applying additional fertilizer to compensate. In aggregate, these responses indicate 
that some of the biggest grower concerns are related to the different ways that conducting 
recharge in the winter may reduce revenues, either by directly impacting the crops themselves, 
or by disrupting the typical schedule of farm operations necessary to maximize production.  
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A minority of the growers were also concerned about the risk of recharge degrading 
groundwater quality via nitrate flushing. Participant 0008 was especially concerned about this 
potential problem (Figure 8). None of the growers cited the cost of water for recharge as a 
consideration, likely because the water has been distributed free of charge in TID. 
 

Site suitability 
Although these growers seemed to be quite knowledgeable about which parts of their farms 
had sandy soils with high infiltration rates, the suitability of soils and crops was another 
important consideration voiced by a majority of growers. Interviewee 0009 said this was the 
second-most important issue for him: “The second constraint [after timing] is the crop 
suitability. With the almonds we have not had very good results flooding in the wintertime. It’s 
led to a lot of water management issues later on in the season. We stopped doing that” (38). 
Another said “Especially if you have tree crops or if you have crops on the fields like wheat or 
corn. (…) Once the ground cannot take that water any more, you've got to stop because then 
you're going to have a loss of crops. I think we still got to learn quite a bit figuring out how 
much water we can put on and how much these trees and the crops can tolerate without losing 
any production or any trees” (39). 
 

Incentives for on-farm recharge 
Given the various risks associated with doing on-farm recharge, we also solicited growers’ 
opinions about whether incentives would make on-farm recharge more feasible or appealing, 
and what those incentives might be. Reflecting the view of growers that on-farm recharge is 
likely to negatively affect production and revenue, no one said "no incentives necessary." All 
three farmers who responded to the question felt that some sort of financial incentives would 
be necessary for recharge, including the most altruistic interviewee (Interviewee 0010). One 
grower explained it this way: “…If someone were to figure out well, okay, …if you plant past this 
certain day, you’re gonna take a yield reduction, where there’s an economic detriment to the 
farmer, but if you paid him for that, he would say absolutely you can recharge ‘cause I know I’ll 
have what I would have had if I was able to plant early enough” (36).  The same sentiment was 
expressed by Interviewee 0012, who noted that some farmers in the northern part of the 
Central Valley have had bad results doing on-farm recharge on tree crops, to the extent that the 
benefits do not outweigh the risks (37). 
 

Concerns about SGMA 
All five participants voiced an opinion about SGMA. None said it was unnecessary but within 
this small group responses varied somewhat. Two felt that it was necessary and had a positive 
general view of it. One of these two said that more time was needed for implementation; the 
other did not express any major concerns. The remaining three growers expressed concerns 
about the law. All three were generally concerned about uncertainty related to implementation 
and/or the possibility of what they perceive as too much regulation of groundwater pumping 
(Interviewees 0008 and 0011). Interviewee 0009 was aware of the idea that on-farm recharge 
could potentially be used as a credit for farmers pumping groundwater during the summer 
within the context of SGMA implementation.   
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Discussion of TID farmer interview results 
Although there were some commonalities among this group of growers, we also found a 
surprising amount of heterogeneity even within this very small group. In terms of farm 
attributes, there was a wide range of farm sizes accompanied by variations in the number and 
types of crops grown. Irrigation methods and mixtures of crops produced were typical for TID, 
which has not shifted to drip systems nearly to the extent that MID has in recent years. 
Incidentally, the persistence of inefficient flood and furrow irrigation methods in TID seems to 
provide greater capacity for on-farm recharge compared to the drip systems for the simple 
reason that the efficiency of drip systems limits the volume of water that can be recharged. For 
this reason, there is discussion in MID about whether farmers might shift back to the older 
flood irrigation systems in order to do recharge. As well, the dominance of annual field crops in 
TID means there is more flexibility to do recharge from year to year, since many growers will 
have unplanted land during the winter rainy season that can receive water with relatively short 
notice without risk to crops. 
 
However, this connects to one of the most common types of concerns these growers had about 
doing recharge: the ways in which on-farm recharge can disrupt production schedules, 
especially for annual crops which are planted in the spring. It seems the longer recharge 
continues into late winter and early spring (e.g., March and April), the more problematic it 
becomes for those growing annual crops, since this may force a delay in field preparations and 
spring planting.  
 
Additionally, in the case of permanent crops such as almonds, winter flooding can generate 
negative effects on the plants in summer of the growing year such as disease and rot. Growers 
expressed concerns about doing recharge on ground with live crops (as opposed to bare/fallow 
ground), indicating that more research and experimentation are necessary to more accurately 
determine crop tolerances for standing water during winter.  
 
Given that all of these concerns have economic implications, it is clear from these interviews 
that on-farm recharge is currently not a risk- or cost-free practice. There appears to be a cost-
benefit calculation associated with on-farm recharge that is highly individual. We say this 
because although all of the growers were willing to do it in the future, not all have the same 
motivation and considerations for doing so. For example, one grower was even willing to pay 
$5-10/AF for recharge water and sees on-farm recharge as absolutely necessary, while two 
others said that at least some compensation for lost crop revenue would be needed, possibly 
the full value of a foregone crop. A survey of all TID farmers would be necessary to determine 
the prevalence of these perspectives among the entire community, but it is interesting to note 
this difference of opinion even in this very small group of farmers.  
 
Overall, it seems safe to say that the individual perceived benefits of doing recharge may 
outweigh the risks and costs if there is no financial compensation involved. As mentioned 
already, even the grower who was willing to pay for recharge water also felt that compensation 
would generally be necessary to make on-farm recharge worthwhile for others. Based on these 
interviews, it seems a potentially significant hurdle to expanding participation by district 
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growers in recharge programs may be how to create a system of monetary incentives for those 
growers who may see some benefit to doing it, but not so much as to be willing to sacrifice 
productivity to undertake it.  
 
At the same time, it should also be noted that despite their concerns, all five growers would be 
willing to do on-farm recharge in the future. Still, an important question going forward is 
whether the negative aspects of on-farm recharge (risks to crop health and logistical problems) 
may limit widespread adoption of on-farm recharge.  
 

5.4.2 Potential implications for the role of GRAT in recharge management  
Since the larger objective of this study is to evaluate the impact of the use of GRAT, we also 
consider the implications of our baseline research for the role of GRAT. GRAT is a spatial 
analysis tool that integrates a variety of data sets to help irrigation district staff prioritize 
sections of growers’ fields for on-farm recharge, both in the short and long term. This can help 
save time associated with various activities related to administering a district recharge program 
in a given year. MID and TID have expressed to us that they already see clear value in using 
GRAT and continue to collaborate with Sustainable Conservation to further tailor the tool for 
their specific contexts and needs.  
 
Based on its data integration and analytical capabilities, GRAT seems likely to be very helpful in 
addressing some of the concerns growers have related to site suitability. Although GRAT is able 
to analyze data layers and indices to determine recharge suitability, additional empirical 
research is likely needed to quantify more finely the tolerances of different permanent crops so 
that growers are comfortable with the amount of risk. This is especially important in MID where 
permanent crops are dominant, but also in TID where there is a much more diverse mixture of 
crops grown. For TID, this means the ability to analyze the suitability of bare and fallow ground 
during winter on portions of farms typically planted to certain traditional field crops. Even had 
there been a wet winter in WY 2017-18, TID would not have been able to use GRAT due to lack 
of this capability, though this is being addressed by the tool’s developers.  
 
Regarding the role of GRAT going forward in these two districts, our chief interest is less in the 
tool's capabilities and functionality per se, and more to do with the concerns of growers related 
to on-farm recharge that could possibly limit the increased adoption of the practice in these 
districts. As noted above, the incremental benefit in the form of increased aquifer storage 
generated by an individual doing on-farm recharge may not be enough to outweigh the various 
costs and risks. In that case, they may not be willing to sign up for a recharge program in wet 
years without some financial compensation. If many or most farmers are not willing to conduct 
recharge on their farms because they believe the risks and costs do not outweigh the benefits, 
then the utility of GRAT will by implication not be maximized. This is because, as one technical 
developer noted, the utility of GRAT is contingent upon farmers’ willingness to alter their 
practices to include recharge. In other words, how valuable is an on-farm recharge decision 
support tool if many or most growers’ lands are off the table? At this early stage, however, 
there is no clear reason to expect that growers’ concerns cannot be addressed. TID, for 
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example, is aware of the issue of financial compensation and managerial staff have begun 
conversations about it (35). 

 

5.4.3 Questions for further analysis 
Finally, we identify two groups of questions that have arisen from our analysis thus far. The first 
group consists of outstanding questions from the baseline analysis that we intend to answer 
through further interviews with MID staff and farmers, in collaboration with work underway 
with Sustainable Conservation.  

1. How do farmers in MID feel about on-farm recharge, i.e., what kinds of advantages and 
constraints, incentives and disincentives, and logistical and economic considerations are 
important to them? 

2. How is the MID on-farm recharge project structured administratively? 

In the process of conducting this baseline analysis we also have developed several questions to 
address in the evaluation of the implementation phase of the pilot project. Some draft 
questions for phase 2 analysis include: 

1. Are agencies using GRAT for recharge planning and if so, what functionalities are most 
useful?  

2. What are the key limitations, if any, in using GRAT for short-term (i.e., 1-2 year) 
planning as well as long-term planning related to SGMA requirements?   

3. Are there additional data or information that would improve GRAT’s ability to inform 
management decisions? If so, what are they?  

4. Are there other constraints that limit GRAT’s ability to inform management decisions?  
5. Are there additional and/or unforeseen benefits that GRAT provides?  
6. Do irrigation districts have data sharing plans or agreements developed with other 

GSAs in the basin? How will GRAT fit in with it and are you willing to make the data 
included in GRAT accessible by other GSAs?  

7. To what extent and in what ways are the recharge facilities of other entities in the area 
factored into recharge planning using GRAT? 

 
6. Summary and Conclusion 

To establish a baseline for groundwater recharge decision-making in the Madera and Tulare 
Irrigation Districts, we asked two primary questions. The first was “How much groundwater is 
currently recharged in each irrigation district and by what methods?” 

As expected, recharge volumes in TID vary widely with hydrologic conditions. One interviewee 
with the district said that in a very wet year up to half of the total irrigation supply would be 
dedicated to recharge (anywhere between 125,000 to 180,000 AF of recharge water), whereas 
in a dry year there would be none. TID’s last reported recharge estimate was 119,576 AF 
recharged in 2010.  In that year, 57% of the recharge was done via 11 off-farm spreading basins 
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of varying sizes and the remaining 43% occurred through incidental seepage from unlined 
irrigation canals. During the first four months of 2017 TID administered an on-farm recharge 
program with four participants. TID estimates these growers recharged a combined total of 
2,313.5 AF. 

MID has access to some 45 different basins, six of which are owned by MID, 38 by the City of 
Madera, and one privately owned. The combined surface storage capacity of the City of 
Madera’s basins amounts to only 1,355 AF. MID’s six basins had largely fallen out of use over 
time and storage volumes were unknown when last reported. No dedicated recharge was 
reported by MID, only an estimate that 35% of irrigation water is lost through seepage from 
storage basins and unlined canals. However, these basins have recently been renovated and 
were at full capacity in March 2017 (14). The Madera Ranch recharge and recovery project 
would have added the capacity to recharge or recover up to 55,000 AF/yr but the project was 
abandoned in 2016.  

The second primary question we asked was “Who makes the decisions about groundwater 
recharge in each district and what kinds of data or information inform these decisions?” In both 
cases recharge decisions are made by district administrative and managerial staff. Recharge 
decisions in MID are made by the administrative/managerial staff and implemented by 
engineering and operations staff (14). TID states that the primary responsibility for distribution 
of surface water lies with the District Watermaster (40); our interviews suggest there is also 
some amount of coordination with the District Engineer and General Manager. The 11 recharge 
basins used by TID are operated by TID but since they are mostly owned by KDWCD, their 
operation is also coordinated between the managerial staff of the two water districts. The on-
farm recharge program is also administered by TID management staff, especially the District 
Engineer.  

In the case of MID, recharge-related data have not been collected or used due to the fact that 
they have simply not been necessary since recharge has not been a priority for the district. As 
they have devoted much more attention to recharge in recent years, MID managers have begun 
inventorying data to determine what additional kinds of information they need to assess and 
expand recharge options.  

TID has been more active in the past about off-farm recharge than MID. TID understands the 
relative effectiveness of different recharge basins based on data about how recharged water 
migrates downgradient once it reaches the aquifer from those sites. This helps them prioritize 
where to route water to first in wet years. They also estimate the effect on groundwater 
storage within the district by monitoring infiltration of recharged water monthly and measuring 
the depth to the water table twice a year.  However, interviewees were clear that off-farm 
recharge decisions are made largely on short notice and based primarily on basic conditions of 
available water volume and relative storage capacities in the most effective basins.  

The on-farm recharge programs in both districts have been administered based primarily on 
which growers have been willing to receive water rather than a systematic data-driven analysis 
of the range of recharge options. As they have begun implementing these programs they have 
recognized additional data needs and are working to address them (e.g., through the 
development and use of the GRAT).  
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As our evaluation of the implementation of the GRAT in these two districts proceeds, we will be 
tracking changes in these aspects of decision-making about recharge. Are the districts’ data 
needs fulfilled? Are there any changes in how decisions are actually made, either in terms of 
personnel, process, or otherwise? And most importantly, are the decisions more effective after 
the adoption of the tool?  
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1 Executive Summary 33 

The S.D. Bechtel, Jr. Foundation seeks to understand the role that integrated data 34 

platforms may play in addressing fundamental water management challenges in California. To 35 

that end, the Foundation wishes to test the hypothesis that improved access to open water data 36 

and visualization tools leads to improved decision-making (that is, decisions that are more 37 

timely, efficient, effective, and transparent). The Foundation has funded a pilot project involving 38 

the creation of a water data integration and analysis tool for use by stakeholders involved in the 39 

planning and management of the Sacramento River and has contracted Stanford Water in the 40 

West to investigate this case study in order to evaluate the hypothesis about water data and 41 

decision-making. This report represents the first phase of Stanford’s research for this project.  42 

The primary aim of this report is to document the baseline or status quo for temperature 43 

management decisions along the Sacramento River as of 2017.  We discuss the key agencies 44 

involved in the process; the key decisions and the role that data and models play in making them; 45 

remaining questions and implications of this research for the pilot project application; and the 46 

historical context for the present status quo.  47 

The need for controlling the temperature of the mainstem of the Sacramento River is 48 

rooted in the construction of the Central Valley Project’s (CVP) vast system of dams and 49 

reservoirs that blocked salmonids’ access to cold upper reaches of the river basin and forced 50 

them to spawn in sub-optimal conditions downstream. Over the course of several decades, dams 51 

and diversions exacted a massive toll on anadromous species, leading to state and federal listings 52 

for winter-run Chinook salmon under endangered species statutes, which in turn led to the need 53 

for temperature management at the beginning of the 1990s. 54 

Water Rights Orders approved by California in 1990 and 1991 imposed the first major 55 

temperature requirements on federal water managers. In 2009, as part of Section 7 interagency 56 

consultation requirements of the U.S. Endangered Species Act, the National Marine Fisheries 57 

Service (NMFS; also known as NOAA Fisheries) issued a new Biological Opinion on the 2008 58 

Central Valley Project/State Water Project operations plan which lent the additional structure and 59 
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criteria for decision-making that, combined with the previous Water Rights Orders, today largely 60 

defines the temperature management decision-making process along the Sacramento River1.   61 

The primary interagency group involved in temperature management is the Sacramento 62 

River Temperature Task Group (SRTTG), which is a technical advisory group that shares 63 

relevant data, information, and activities among member agencies. Another interagency group 64 

comprised of management-level agency staff with decision-making authority existed during WY 65 

2016 called the Shasta Water Interagency Management (SWIM) Team . A large amount of work 66 

supporting temperature management is done by modelers at U.S. Bureau of Reclamation (USBR) 67 

and the Southwest Fisheries Science Center (SWFSC) Laboratory of the National Oceanic and 68 

Atmospheric Administration (NOAA). USBR and NMFS are the two principal agencies driving 69 

Shasta reservoir/Sacramento River temperature management for winter-run Chinook.  70 

The temperature management season for winter-run Chinook is roughly defined as March 71 

through October. This coincides with the winter-run Chinook salmon spawning period which 72 

typically begins in early May after their upstream migration from the ocean, which starts in 73 

December. Broadly speaking, the temperature management decision-making process involves 74 

the development of a Sacramento River Temperature Management Plan (SRTMP) for that 75 

particular year, followed by the implementation of that plan in the form of river operations 76 

carried out by the Central Valley Operations (CVO) division of USBR. The specific timing of 77 

various decisions is largely structured by the reasonable and prudent alternative (RPA) in 78 

NMFS’ Biological Opinion. Specifically, several “Actions” and associated interagency 79 

correspondence requirements in the RPA can be used to divide temperature management into 80 

two general phases that are broadly consistent with a 2016 proposal by CVO to divide the 81 

process into two periods: January through May, and July through October (Milligan, 2016a). 82 

What we refer to in this report as Phase 1 (roughly mid-February through mid-May) is 83 

characterized primarily by hydrometeorological forecasting and planning to support the 84 

development by USBR, with formal correspondence from the NMFS West Coast Region, of a 85 

SRTMP that functions as a set of guidelines about how USBR Central Valley Operations’ 86 

schedule of flow releases will balance downstream temperature requirements for winter-run 87 

                                                           
1 This was not NMFS’ first biological opinion on Sacramento River winter-run Chinook; the first was issued in 

1992.  
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Chinook, water deliveries to contractors and other obligations, and maintain an adequate volume 88 

of cold water at Shasta Lake for fish by the end of September. This entails decisions about “base 89 

operations,” i.e., what schedule of releases from Keswick Dam is likely to utilize the pool of cold 90 

water at Shasta Lake such that control over water temperature is maintained between the dam 91 

and some point downstream, given predicted diversions and other factors. 92 

 Phase 2 begins after the State Water Resource Control Board (SWRCB) approves the 93 

SRTMP and largely involves implementation of the Plan by USBR and real-time decisions by 94 

CVO about when, why, and how to alter river flows relative to the base operations described in 95 

that year’s SRTMP. In challenging water years when the pool of cold water at Shasta Lake is 96 

low, these “refinements” to base operations may be extremely consequential.  97 

A wide array of data inform both Phases. Temperature management planning is highly 98 

model-driven throughout the entire season, but especially during Phase 1, when USBR relies 99 

heavily on their Sacramento River Water Quality Model (SRWQM) for SRTMP development 100 

before winter-run spawning begins. As Phase 1 transitions to Phase 2 in May or June, the 101 

decision-making process is augmented by additional observed conditions such as the location of 102 

salmon redds, hydrometeorological measurements, and the volume and thermal stratification of 103 

the cold water pool in Shasta Lake during the hot summer months.  104 

Phase 1 is fairly transparent in terms of how decisions are made, specifically the 105 

development of the SRTMP due to RPA requirements for formal correspondence between USBR 106 

and NMFS. But the SRTMP is only a guideline. Inevitably, real-time management decisions in 107 

Phase 2 depart from base operations. Yet, the RPA does not require that all Phase 2 management 108 

decisions be made public or explained.  109 

These factors have implications for the potential impact of the web-based temperature 110 

decision support tool developed under the auspices of this project currently called SHO-WR 111 

(Shasta Operations for Winter-run). The application is not expected to alter decision-making 112 

about the contents of the SRTMP in Phase 1, which is driven almost entirely by models and 113 

carryover reservoir storage. However, as originally envisioned, project proponents saw potential 114 

to address the information gap created by the lack of regulatory obligation to render Phase 2 115 

decisions transparent and the lack of timely, easily accessible explanations for those decisions by 116 

CVO (and, in 2016, the SWIM Team). By aggregating and clearly displaying a large amount of 117 
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data about real-time conditions, the tool has the potential to fulfill a decision-making need 118 

identified by an expert independent review panel while also providing a useful reference point 119 

for stakeholders from conservation, farming, and other interested groups who are impacted in 120 

various ways by deviations from base operations during summer, especially in dry periods.  121 

  122 
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2 Introduction 123 

Water management challenges are complex and often contentious, perhaps nowhere more 124 

so than in California. Severe droughts tend to heighten competition and exacerbate underlying 125 

tensions among different categories of water users, throwing management challenges into stark 126 

relief. This happened most recently in the Sacramento and San Joaquin River Basins during the 127 

2012-2016 drought, which was the most severe in California’s historical record and included the 128 

single driest year in the last 1,200 (2014) (Griffin & Anchukaitis, 2014). The drought highlighted 129 

the magnitude of federal water managers’ ensemble of challenges related to meeting numerous 130 

water allocation demands placed on a Central Valley Project (CVP) system in which the 131 

complexity of ecological and hydrologic linkages are such that demands, requirements, and goals 132 

are conflicting and mutually exclusive under such poor hydrologic conditions. During 2014 and 133 

2015 many CVP irrigators suffered historically severe reductions in allocations (0% in some 134 

cases). Despite these major irrigation curtailments and its status as a federally listed endangered 135 

species, juvenile winter-run Chinook salmon mortality rates exceeded 90% in the upper 136 

Sacramento River in those same two years.  137 

The outcomes of the drought prompted increased calls for improvements to our 138 

understanding of the science and models underlying the decision-making process as well as 139 

increased transparency into the decision-making process itself. The experience of the drought 140 

would seem to indicate that there is room for improvement, but how exactly can decision-making 141 

around water allocation and temperature management be made “better”?  142 

The S.D. Bechtel, Jr. Foundation is motivated by a desire to understand the role of 143 

integrated data platforms in addressing some of the core management challenges laid bare by the 144 

recent drought. To that end, and to test their working hypothesis that open data and visualization 145 

leads to improved decision-making (that is, decisions that are more timely, efficient, effective, 146 

and transparent), the Foundation has funded a pilot project involving the creation of a water data 147 

integration and analysis tool for use by stakeholders involved in the planning and management of 148 

the Sacramento River releases for the environment and human water users. As of this writing, the 149 

data tool – known as SHO-WR (Shasta Operations for Winter-run) is substantially developed but 150 

undergoing additional refinements to various functionalities.  151 

As stated in the Windward Data Evaluation Project Proposal, Stanford’s evaluation of this 152 

pilot project is structured around the following four questions: 153 
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1. How are key decisions on operations and fishery protection on the main stem Sacramento 154 

River currently made (i.e., who makes the decisions, what criteria are incorporated, etc.)?  155 

2. Does access to an integrated data visualization and analysis platform using real-time 156 

information result in better (i.e., more timely, science-based) decisions (including the 157 

specific objectives outlined in the Sacramento River Settlement Contractors’ proposal)?  158 

3. What role does the process used to develop the platform play in its success? For example, 159 

does the way in which stakeholders are engaged in platform development influence its 160 

eventual uptake? 161 

4. What components do other “successful” data integration and analysis platforms include, 162 

and under what conditions do they appear to be successful?  163 

The primary aim of the analysis presented in this interim baseline report is to answer 164 

question 1 above; questions 2-4 will be addressed in subsequent reporting after the tool is 165 

completed and implemented. To that end, we provide an overview of the current status quo or 166 

“before” from which to evaluate the outcomes of this pilot project as the data tool is completed, 167 

adopted, and implemented (the “after”) and thus help test the Foundation’s working hypothesis 168 

about the utility and impact of improved access to open water data.  169 

When we refer to the status quo with regard to temperature management on the 170 

Sacramento River, we mean the processes that are currently in place for making decisions: who 171 

is involved, in what ways, with what information, and on what time tables. To establish this 172 

baseline of knowledge, we have conducted research to provide answers to some basic questions. 173 

How are decisions about water temperature management in the Sacramento River Basin made? 174 

What historical factors have shaped the current decision-making process? Have complications 175 

and changes to decision-making processes occurred in the last several years and, if so, what are 176 

they? It is important to understand these issues so that we can effectively evaluate what changes 177 

may occur as a result of adding the data tool into the decision-making process and avoid 178 

misattributing future outcomes to the tool.  179 

 180 

This report is organized as follows. After the present Introduction (Section 1), Section 2 181 

describes data sources. Section 3 describes the baseline for Sacramento River temperature 182 

management decisions with special attention paid to who the different stakeholders involved in 183 

decisions are, the various decisions that are made and their timing, and the role of data and 184 
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models in supporting those decisions. Section 4 is a discussion section that identifies remaining 185 

questions and adds reflections on the current status of implementation of the SHO-WR tool and 186 

associated implications for Stanford’s evaluations. The Conclusion considers how the SHO-WR 187 

tool might address certain aspects of the temperature management decision-making process in 188 

light of the findings of this report. Appendix A is a summary of the historical background 189 

contextualizing how the current decision-making arrangements came to exist. Appendix B is a 190 

sample interview questionnaire.  191 

3 Data and methods 192 

This baseline report is based primarily on evidence gleaned from our review of some 300 193 

documents of various kinds that we collected and compiled via Internet research from January – 194 

November 2017. For insights into how decisions have been made in recent years, we relied 195 

especially on the agendas and notes from meetings of the Sacramento River Temperature Task 196 

Group (SRTTG) since 2014; SRTTG annual reports; publicly available formal correspondence 197 

between USBR and NMFS; and the 2009 NMFS Biological Opinion and RPA (with 2011 198 

amendments) on the 2008 operations plan for the CVP and State Water Project (SWP). The 199 

timeline and historical discussion in Appendix A (and summarized in Table 2) was stitched 200 

together from a variety of sources but especially key state and federal laws and policies since 201 

about 1990.  202 

Documentary research is supplemented with key informant interviews (N = 24) 203 

conducted during March – September 2017. Interviews were recorded and transcribed whenever 204 

interviewees gave consent. Interviewees consisted of staff of agencies involved with Sacramento 205 

River temperature management, members of the technical committee involved with co-206 

development of the SHO-WR application, a professional facilitation organization, and several 207 

stakeholders with strong interest in Sacramento River temperature decision-making but who are 208 

not formally involved in it (Table 1).  209 

The interviewees in the “partner agency” sub-group generally possessed the most 210 

“insider” knowledge of Sacramento River temperature management and decision-making of all 211 

the sub-groups. For this reason, we have relied primarily on the insights of that 10-member sub-212 

group to help us understand the decision-making dynamics and process that are the focus of this 213 

particular report. Although we plan to systematically code and analyze these interviews later for 214 
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future reports, we have included quotations from interviewees in this report where appropriate to 215 

amplify parts of the discussion and fill in gaps in the document analysis. All interviewees are 216 

kept anonymous per the terms of the consent agreement they have signed, which was approved 217 

by Stanford University’s Institutional Review Board. We did not use the exact same interview 218 

protocol for all interviewees; questions were varied somewhat based on factors such as 219 

individuals’ roles in the project, vocation, and our understanding of the type of experience and 220 

knowledge related to Sacramento River temperature management they possess. Because the 221 

interviews we draw from in this report are from the partner agency sub-group, we have attached 222 

a sample interview protocol used for those interviewees as Appendix B. This protocol includes a 223 

full set of questions that were asked of partner agency interviewees.  224 

 225 

Table 1. Frequencies and affiliations to the SHO-WR development project of baseline 226 

interviewees.  227 

Interviewee Affiliation Frequencies 

Partner agency 10 

Technical developers 2 

Project proponent organization 1 

Project facilitator organization 1 

Interested observers and stakeholders 10 

Total  24 

 228 

4 Sacramento River temperature management decisions: 229 

unpacking the status quo 230 

In this section we describe the array of stakeholders and how they figure into current 231 

Sacramento River temperature management and planning issues. We note here that current 232 

decision-making process for Sacramento River temperature management for winter-run Chinook 233 

is the product of a long accretion of actions extending back to the construction of the Central 234 

Valley Project dams which blocked salmonids’ access to their former spawning grounds in the 235 

upper reaches of the Sacramento River and its tributaries. Table 1 contains a shorthand 236 

chronology of many events and activities of relevance to Sacramento River temperature 237 
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management. A fuller discussion of these events and how they led to the current decision-making 238 

process is included in Appendix A.  239 

Table 2. Chronology of events affecting Sacramento River temperature management 240 

Year Event Notes 

1935 
Federal authorization of Central 

Valley Project 
  

1939 
San Joaquin River Exchange and 

Purchase Contracts 

Senior water rights holders in the San Joaquin 

river basin agree to forego withdrawals from the 

San Joaquin River in exchange for equivalent 

water diverted and pumped from the Sacramento 

River, allowing the CVP to go forward. 

1943-

1979 

Central Valley Project dam 

construction 

Series of dams block passage of winter-run 

salmon to historical spawning reaches; major 

relevant projects include Shasta Dam (1943); 

Friant Dam (1948); Keswick Dam (1950); 

Whiskeytown Dam (1963); Red Bluff Diversion 

Dam (1964). 

1964 
Sacramento River Water Rights 

Settlement Contracts 

145 contracts were signed to resolve disputes 

over allocation and other issues between USBR 

and irrigators exercising senior rights to divert 

from the Sacramento River that pre-dated 

authorization and construction of the CVP. 

1989 
Winter-run Chinook designated 

endangered by California 
  

1990 Water Rights Order 90-5 

State Water Resources Control Board requires 

USBR CVP operations to meet water 

temperature targets; genesis of the Sacramento 

River Temperature Task Group (SRTTG). 

1992 
Central Valley Project 

Improvement Act 

Federal legislation elevated fish and wildlife 

protection and restoration to equal priority with 

irrigation and domestic water uses and power 

generation. 
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1994 

Sacramento River winter-run 

Chinook salmon listed as 

endangered at federal level 

  

1997 

Completion of Shasta 

Temperature Control Device 

(TCD) 

Three sets of gates at multiple elevations and a 

new low-level intake were added to Shasta Dam 

allow for release of water from different depths 

when the reservoir is thermally stratified, 

providing greater control over the temperature of 

reservoir releases and thus downstream water 

temperatures.   

2000 CALFED Record of Decision 

Water Operations Management Team formed to 

adjudicate disputes over Bay-Delta operations 

issues that cannot be resolved at the interagency 

operations level. 

2004 

USBR Long-term Central Valley 

Operations Criteria and Plan 

(OCAP) released 

June 30, 2004; Proposes marked increases in 

CVP water exports from Sacramento-San 

Joaquin Delta. 

2004 
NMFS Biological Opinion on 

OCAP 

October 22, 2004; "no jeopardy" determination 

for OCAP for salmon and steelhead. 

2008 
Federal court invalidates NMFS 

OCAP Biological Opinion 

April 16, 2008; Siding with coalition of 

environmental plaintiffs, federal judge finds 

NMFS "no jeopardy" opinion on the 2004 

OCAP "arbitrary and capricious."  

2009 

NMFS revised OCAP Biological 

Opinion with reasonable and 

prudent alternative (RPA) 

NMFS finds proposed operations of the State 

Water Project and Central Valley Project would 

result in "jeopardy" for salmonids, sturgeon, and 

Southern Resident killer whales, reversing its 

conclusion in the 2004 BiOp; RPA refines 

temperature management targets and 

corresponding actions. 

2014-

2015 
Peak drought years 

USBR unable to deliver minimum allocations 

from Sacramento River storage to San Joaquin 

Exchange Contractors for first time in history; 
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some CVP contractors with junior rights receive 

0% allocation; extremely high (90%+) juvenile 

winter-run mortality in both years. 

2016 
USBR requests reinitiation of 

ESA consultations with NMFS 
  

2016 

Formation of Shasta Water 

Interagency Management 

(SWIM) 

Interagency decision-making team of managers 

from USBR, NMFS, and other relevant agencies 

created in response to drought experience, 

emergency conditions. 

2017 

NMFS proposes amendments to 

the Shasta RPA actions to be 

informed by a new "structured 

stakeholder process"  

  

 241 

The process of developing a plan for meeting statutory temperature management targets 242 

can be thought of as a continuing conversation between and among the various agency 243 

representatives with relevant jurisdiction.  In the case of temperature management for the 244 

preservation of winter-run Chinook salmon, the two primary conversants are USBR and NMFS. 245 

Multiple interviewees with agencies involved in Shasta temperature management agreed that 246 

within the interagency decision-making context, they are the two most important organizations. 247 

As one interviewee explained, “Not to minimize any agency role, but it’s really between NMFS 248 

and Reclamation.  California Department of Fish and Wildlife has some authority because of 249 

their CESA compliance, California Endangered Species Act.  Then the other agencies that either 250 

have technical knowledge, like [U.S.] Fish and Wildlife Service, or have a stake in the decisions” 251 

(Interviewee 12, 2017). Other agencies, such as USFWS and CDFW, provide data and technical 252 

input and SWRCB formally approves the SRTMP.  253 

As outlined in the SRTMPs (Milligan, 2017; U.S. Bureau of Reclamation, 2015, 2016b) there are 254 

several key decisions that must be made each year about temperature management: 255 

• Location of the Temperature Compliance Point 256 

• Quantity of water released from reservoirs into the Sacramento River  257 
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• Timing of water releases/pulse flows/changes in quantity of water releases 258 

• Temperature of water being released (i.e., which Shasta gate(s) will be opened to release water) 259 

 260 

These decisions are ultimately made by USBR (primarily the CVO division) since they control, 261 

manage, and operate the CVP infrastructure. But USBR’s decisions are informed by state-262 

mandated consultations with the other agencies on the SRTTG and, in 2016, the SWIM Team as 263 

described below.  264 

 265 

4.1 The Sacramento River Temperature Task Group (SRTTG) 266 

As mentioned previously, the SRTTG provides an avenue for inter-agency cooperation, 267 

including advising USBR’s annual SRTMP by providing technical information necessary for 268 

changes to in-season temperature management. The clearest articulation of the SRTTG’s 269 

function is in the Annual Report for WY 2016, which states that “[t]he purpose of the 270 

Sacramento River Temperature Task Group (SRTTG) is to provide advice to Reclamation on 271 

managing water temperatures downstream of Central Valley Project (CVP) reservoirs in the 272 

Sacramento River, Trinity River and Clear Creek” (Sacramento River Temperature Task Group, 273 

2016a, p. 6). More specifically, the SRTTG advises USBR on how to determine the location of 274 

the yearly temperature compliance point (TCP) per Order 90-5, and reports on the requirements 275 

of the 2009 NMFS RPA and 2011 amendments (ibid.).  276 

In addition to USBR and NMFS, SRTTG membership includes CDFW, SWRCB, 277 

USFWS, the Western Area Power Administration (WAPA), and the Hoopa Valley and Yurok 278 

Tribes (NOAA Fisheries West Coast Region, 2019; Sacramento River Temperature Task Group, 279 

2013, 2014, 2015a, 2016a) (Fig. 1). Additions to SRTTG must be approved by the existing 280 

member agencies.  281 

The question of whether to add other groups to the SRTTG was raised during summer 282 

2016. At the July 2016 SRTTG meeting, SWRCB asked whether the SRTTG would be open to 283 

expanding membership to include the Sacramento River Settlement Contractors (SRSC) and 284 

several non-governmental organizations (NGOs). At the September 2016 SRTTG meeting, 285 

USBR responded that “…there is a greater interest in plan development and early season input 286 
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than there is interest in weekly or monthly participation in the SRTTG. Accordingly, USBR 287 

intends to maintain SRTTG membership as-is, but address input from interested stakeholders 288 

such as SRSC, NGOs, and water supply interests in late winter and early spring” (Sacramento 289 

River Temperature Task Group, 2016g, p. 3).  However, a later e-mail from CVO to SWRCB of 290 

April 28, 2016 proposed expanding SRTTG membership to include technical representatives 291 

from SRSC (Milligan, 2016a). That proposal had not been enacted as of November 2017. 292 

Although the basic objectives and obligations for the SRTTG are fairly clear, it has 293 

historically been more difficult to discern the nature of actual discussions and issues that have 294 

arisen since the group has existed due to a lack of any publicly available documentation of 295 

meeting content. This changed during the 2012-16 drought, which generated increased scrutiny 296 

of USBR operations and decisions. Since 2014, meeting agendas and notes compiled by 297 

professional facilitators have been made available online (NOAA Fisheries West Coast, n.d.; 298 

State Water Resources Control Board, 2015) and the group releases evaluative annual reports 299 

after the end of the water year for public consumption (Sacramento River Temperature Task 300 

Group, 2013, 2014, 2015a, 2016a). 301 

 302 

Figure 1. Membership in the two key Sacramento River temperature management groups. 303 
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4.2 Shasta Water Interagency Management (SWIM) Team 305 

 The first “official” documented mention of the Shasta Water Interagency Management 306 

(SWIM) Team that we found was in the initial version of the USBR Temperature Management 307 

Plan that was submitted to SWRCB for approval in late June 2016 (Milligan, 2016b). The SWIM 308 

Team existed only in WY 2016 and was comprised of management-level representatives from 309 

the relevant member agencies: USBR, NMFS, USFWS, CDWR, CDFW, and SWRCB 310 

(Sacramento River Temperature Task Group, 2016a, p. 8) (Fig. 1). USBR staff have described 311 

the group as an “emergency drought condition meeting group” (Rieker, 2018). The USBR stated 312 

in the 2016 SRTMP that the group’s purpose was to coordinate “decision-making for significant 313 

changes in real-time operations” relative to the final SRTMP in a given year  (U.S. Bureau of 314 

Reclamation, 2016b, p. 2). Although the purpose of the group is fairly clear as stated, we were 315 

unable to obtain documentation explaining the underlying rationale for creating the group and 316 

found that even interviewees with SRTTG member agencies were unsure about this. One 317 

interviewee closely involved with SRTTG in recent years described both the formation of the 318 

group and their activities in 2016 as “opaque” (Interviewee 11, 2017). An interviewee from one 319 

SRTTG member agency offered their perception of why the group was created: 320 

“I think what prompted the development of the SWIM team, and I’ll give you my 321 
perception because it’s not a fact is, during 2014 and ’15, under drought conditions, 322 
the Sacramento River Temperature Task Group was not meeting frequently enough, 323 
and I think that there was resistance among the agencies for the—it’s not the 324 
configuration, but the makeup of that team for supporting drought operation decisions 325 
relating to temperature management. That’s what I perceive, so that the drought, there 326 
was significant impact to winter-run Chinook salmon, and the frequency and the 327 
makeup of the Sacramento River Temperature Task Group was insufficient for dealing 328 
with the emergency.”(Interviewee 3, 2017) 329 

 It is also not clear from available documentation whether the SWIM Team was originally 330 

intended to be a permanent fixture or a one-off ad hoc creation, though CVO staff indicated the 331 

latter to us after reviewing an earlier version of this report (Rieker, 2018). It is unclear under 332 

what circumstances, if any, the group would likely be reformed, but we describe what is known 333 

about it given its importance to temperature management decision-making outcomes while it 334 

existed. Since it was comprised of managerial-level staff, the SWIM Team held decision-making 335 

authority, in contrast to the advisory SRTTG. An apparent consequence of the creation of the 336 

SWIM Team was the diminished involvement of SRTTG in its advisory capacity relative to 337 

previous years, as indicated in the 2016 SRTTG annual report (although it does not go into 338 
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detail): “In contrast to previous years, the SRTTG was not heavily involved in the decision-339 

making process in 2016. Instead, a new management team called the Shasta Water Interagency 340 

Management (SWIM) Team was formed to fulfill this function” (SRTTG 2016, p.8). This 341 

change is also evident from the June 23, 2016 SRTTG meeting, in which agencies requested 342 

clarification from USBR about the roles of the two groups. USBR explained that the SRTTG’s 343 

primary activity was enabling information-sharing and that policy decisions were the purview of 344 

the SWIM Team (Sacramento River Temperature Task Group, 2016d). The SWIM Team’s 345 

oversight role vis-à-vis SRTTG is indicated by references in the notes to SWIM team needing to 346 

“firm up” an agreement within the SRTTG about temperature criteria management (Sacramento 347 

River Temperature Task Group, 2016b) and a need for clarification from the SWIM Team about 348 

a temperature management target (Sacramento River Temperature Task Group, 2016c). 349 

Additionally, the August 25, 2016 meeting notes seem to suggest that USBR was the primary go-350 

between for communicating SRTTG proceedings to the SWIM Team  (Sacramento River 351 

Temperature Task Group, 2016f). 352 

Although the group met frequently in 2016 — according to SRTTG (2016a, p. 8), in 2016 353 

there were weekly conference calls from late June to early November  — the proceedings of their 354 

meetings were not released to the public (though, importantly, there was no requirement to do 355 

so). Consequently, it is uncertain what exactly has been discussed, what their decision-making 356 

process is, which data and models were considered for those decisions, or what specific issues or 357 

sources of disagreement may have arisen since the group’s formation in 2016.  358 

Some insight can be gleaned from the SRTTG’s 2016 annual report, interagency 359 

correspondence, and SRTTG meeting notes from 2016 and 2017. For example, the SRTTG 360 

summarized SWIM Team activities during 2016 as follows: 361 

“The SWIM Team met on a weekly basis to review the weekly updated Shasta profile 362 
and the weekly updated temperature model run in order to verify that 56°F at Balls 363 
Ferry was being met, that full TCD side gate operation was not forecasted as 364 
occurring prior to October 9, 2016, and that the volume of water less than 49°F was 365 
not less than 95% of the forecasted volume as predicted by the June 7, 2016, 366 
temperature model run (base for the plan)” (Sacramento River Temperature Task 367 
Group, 2016a, p. 20). 368 

 369 
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 It appears, at least anecdotally, that the SWIM Team tried to come to agreement on 370 

Shasta Dam TCD (see Table 1) configuration at various points in time2. We also know from 371 

SRTTG notes and interagency correspondence that the SWIM Team advised USBR on its choice 372 

of scenarios to model and provided input on proposed changes to the Keswick Dam release 373 

schedule. SRTTG’s activities to coordinate changes in real-time operations with the SWIM 374 

Team following the completion of the SRTMP in 2016 consisted of weekly meetings to review 375 

the tracking of cold water storage at Shasta Lake. These reviews involved comparison of new 376 

model runs incorporating updated temperature profiles in the reservoir (Sacramento River 377 

Temperature Task Group, 2016a, p. 10).  378 

4.3 Unpacking the temperature management process 379 

 Having identified and described the two key interagency decision-making groups, in 380 

this subsection we consider two key questions: (a) what is the structure of the decision-making 381 

process during the temperature control season? (b) what kinds of data and information support it? 382 

Our results are summarized in two ways. Box 1 contains a summative description of the 383 

decision-making process. Table 3 illustrates in tabular form how data collection and key 384 

decisions and activities correspond with what we view as the two main ”phases” of the process.  385 

 386 

Figure 2. Location of Sacramento River temperature compliance points (figure modified from 387 

SRTTG (2015a, p. 11)). The TCP for the summer release season is selected with SRTTG input 388 

and may be changed during the course of the season based on hydrologic and biological 389 

conditions. Generally, the wetter the preceding winter, the further downstream from Keswick 390 

Dam towards Red Bluff Diversion Dam the chosen TCP will be.  391 

 392 

                                                           
2 As evidenced, for example, by this statement by Maria Rea of NMFS in an email to USBR: "Specific discussions 

of TCD operations and the feasibility of meeting specific temperature metrics/locations during this period should 

continue to be advanced through the SWIM team process. As it is predicted to get very warm next week, I would ask 

you to call a meeting on Monday to achieve consensus on gate operations" (Rea, 2016).   
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 393 

 394 

 395 

Box 1. Summary of the Sacramento River water temperature decision-making process 396 

Sacramento River water temperature management is divided roughly into two main phases 

which correspond with the typical timing of winter-run Chinook spawning. Phase 1 tracks with 

the pre-spawning phase when the fish are migrating up the Sacramento River (i.e., December – 

mid-May), while Phase 2 coincides with spawning, incubation, and emergence of juvenile 

Chinook (mid-May through October). As discussed earlier, these migration phases are 

formalized in the NMFS RPA, which dictates river management objectives for the USBR for 

winter-run Chinook. Technically, the two major phases are demarcated by the completion of 

the SRTMP by USBR and approval by SWRCB. In practice, the line between the phases is 

fuzzier, as evidenced by the fact that in recent years SRTMPs have not been submitted to 

SWRCB until after spawning has begun. 
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Even if the actual timing varies from year to year, we still can identify the key decisions that 

correspond with these two management phases. In Phase 1, the primary effort is toward 

determining the key components of the SRTMP for that particular year. The SRTMP can be 

thought of as a statement about what the USBR, with input from the other agency members of 

SRTTG, thinks is an achievable, realistic temperature management goal, and how they 

anticipate operating the relevant Central Valley Project facilities to achieve that goal. 

Importantly, this involves decisions about flow volumes and where exactly the TCP will be 

located (whether it is the RPA-directed default of Balls Ferry to Bend Bridge or a location 

further upstream when the drought exception procedure of RPA Action I.2.3.C applies), as that 

location then guides subsequent management decisions for the rest of the season. 

 

In terms of how data are utilized for making this TCP determination, it appears to be driven 

heavily (and necessarily, given that it is a plan for dealing with future uncertainties) by 

forecasting and modeling in general, with strong consideration also given to hydrologic pre-

conditions, i.e., the carryover storage from the previous water year and the amount of winter 

precipitation and runoff inflow to the key reservoirs, primarily Shasta Lake. We base this 

primarily on our evaluation of the meetings of SRTTG during the last 3 years and interagency 

correspondence. The notes from SRTTG meetings indicate the categories of data and data 

products shared and considered by the different agencies, with USBR supplying the largest 

share of the information that is talked about (primarily hydrometerological data such as 

observed and forecasted air and water temperatures at various locations, and water volumes 

and isothermobaths behind Shasta Dam).  

 

The data shared by USBR are also supplemented by information from other agencies, e.g., the 

results of river modeling work by the NOAA – Southwest Fisheries Science Center (SWFSC). 

Formally, these discussions of relevant hydrological, biological, meteorological observations 

and forecasts which occur at SRTTG meetings during the spring (Phase 1) are incorporated 

into that year’s SRTMP.  

 

All of these observed data and model outputs are pooled in the SRTTG, where the information 

can support key decisions pertaining to the timing of reservoir releases and the protection of 



 23 

the cold water pool at lower depths in Shasta Lake made by USBR (in conjunction with the 

SWIM Team in 2016). During Phase 2, USBR’s decisions are guided by the SRTMP, at least 

initially. In wet years such as 2017, the SRTMP may be adequate to achieve deliveries to 

irrigators with CVP contracts while also meeting the RPA temperature targets. In other years, 

such as the drought year 2015, actual conditions may be severe enough that substantial 

deviations in management decisions by USBR may be necessary (in consultation with NMFS 

and SWRCB), such as relocating the TCP once it is determined that water temperatures cannot 

be kept low enough through the season at the initial location. 

 397 
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Table 3. Timetables of key Sacramento River temperature control and management decisions, data, and activities.  
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4.3.1 Institutional mandates structuring temperature management decisions 1 

It is important to recognize that the timing of temperature management decisions in a 2 

given year is inevitably dictated to some degree by real-world conditions, which are not always 3 

predictable. One interviewee described it as a “living process” that is contingent on the 4 

developing understanding of hydrologic conditions from February through April each year 5 

(Interviewee 5, 2017). This means that the planning and decision making process is to some 6 

extent continuous and variable from year to year. Although we use the deadlines in the RPA to 7 

impose some structure on this months-long planning and decision-making process in order to 8 

simplify it for descriptive and explanatory purposes, it is important to keep in mind that in 9 

practice the process is overall a fluid but coherent whole rather than one comprised of temporally 10 

discreet segments. 11 

 12 

Sacramento River Temperature Management Phase 1: February – May 14 13 

The 2009 NMFS Biological Opinion and RPA, amended in 2011, requires formal 14 

correspondence between USBR and NMFS concerning specific aspects of Sacramento River 15 

temperature management. These provide deadlines (or at least waypoints) that structure the 16 

series of decisions during the temperature management season. Virtually all of these RPA 17 

requirements pertain to Phase 1.  18 

Phase 1, as we define it based on RPA Action 1.2.3, is the Keswick forecasting phase, 19 

March - May 15th, which in practice begins in mid-February. RPA Action I.2.3 directs USBR to 20 

provide NMFS with a February hydrometeorological forecast and March – May 14 release 21 

schedule for Keswick Dam, which NMFS must review for ESA compliance and respond in 22 

writing to USBR with their evaluation. Per the RPA, this forecast of deliverable water is to be 23 

based on estimates of precipitation and runoff at the 90% probability of exceedance, a 24 

conservative (drier) hydrologic scenario statistically likely to be exceeded (wetter) 90% of the 25 

time. Less conservative estimates (e.g., 50% exceedance) would assume higher inflows and thus 26 

volumes of deliverable water. Any subsequent changes must also be based on monthly forecasts 27 

with the same 90% probability of exceedance. Additionally, the first SRTTG meeting of the 28 
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calendar year typically happens in April3, and the initial temperature operations forecast is 29 

discussed.  30 

RPA sub-actions I.2.3.B and I.2.3.C contain additional provisions requiring more 31 

frequent interagency consultation depending on the severity of hydrologic conditions and the 32 

anticipated inability to achieve temperature management targets and end-of-September (EOS) 33 

reservoir storage at Shasta Lake. The most severe dry conditions trigger Action I.2.3.C, which 34 

requires USBR to create a drought contingency plan by March 1 and submit it to NMFS for 35 

formal review and concurrence. This occurred in both 2014 and 2015.  36 

Second, Order 90-5 requires a temperature management plan be submitted to SWRCB in 37 

April which is either accepted as-is or returned with comments to be addressed (Manza & 38 

Hindman, 2010). Confusingly, RPA Action I.2.4 directs USBR to develop and implement an 39 

annual SRTMP by a later deadline -- May 15. During the SRTMP development period, the RPA 40 

directs USBR to manage releases in order to maintain water temperatures not in excess of 56°F 41 

daily average temperature (DAT) between Balls Ferry and Bend Bridge (Fig. 2) from April 15 to 42 

May 15. It also lists the required steps for SRTMP development:  43 

1. USBR submits 50% and 90% exceedance forecasts to NMFS by April 15 with multiple 44 

management scenarios. 45 

2. NMFS reviews the options and makes recommendation on which to adopt, or an 46 

alternative plan. 47 

3. USBR develops an operations plan that contains specific monthly average Keswick 48 

releases (May – October), which is submitted to NMFS for concurrence. 49 

4. NMFS conducts another review, sometimes accompanied by a concurrence letter to 50 

USBR. 51 

The main components of any SRTMP are: 52 

• A schedule of monthly releases from Keswick Dam 53 

• A temperature compliance point and metric (e.g., not exceeding 56° F DAT at Balls 54 

Ferry), in compliance with RPA Action I.2.4 55 

• An average release temperature from Keswick (e.g., 52.5°F) 56 

                                                           
3 This is true of recent years, though Reclamation and USFWS staff indicated in 2010 that meetings had usually 

begun in February (Manza & Hindman, 2010). 
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• Projected temperatures 57 

• A biological analysis of the Plan (including the status of winter-run Chinook) 58 

Within those five components of the SRTMP, the key criteria are the location of the TCP and the 59 

projected end-of-September (EOS) storage at Shasta Lake. A 2004 USBR technical 60 

memorandum states that “[t]he key question for determining a potential water temperature 61 

compliance location is ‘How much coldwater is available at Shasta Reservoir to manage through 62 

the May to October water temperature control season?’” (U.S. Bureau of Reclamation, 2004b, p. 63 

1). The determination of the location of the TCP is an important decision because it then serves 64 

as the goal (for temperature management specifically) which reservoir releases are then managed 65 

to attain. The default TCP is located between Balls Ferry and Bend Bridge: 66 

“Reclamation shall manage operations to achieve daily average water temperatures 67 
in the Sacramento River between Keswick Dam and Bend Bridge as follows: Not in 68 
excess of 56°F at compliance locations between Balls Ferry and Bend Bridge from 69 
May 15 through September 30 for protection of winter-run, and not in excess of 56°F 70 
at the same compliance locations between Balls Ferry and Bend Bridge from October 71 
1 through October 31 for protection of mainstem spring run, whenever possible”  72 
(National Marine Fisheries Service, 2009, p. 601) 73 

 74 

Since maintaining temperature control as far downstream as Bend Bridge is only 75 

achievable in extremely wet years (according to the SRTTG), some other less “aggressive” (i.e., 76 

further upstream) TCP is typically chosen. This was the case in every year from 2001-2015 with 77 

the exception of 2006 (Sacramento River Temperature Task Group, 2015a, 2016a). Even in a 78 

wet year such as 2017, the TCP was located upstream from Bend Bridge. If USBR (with 79 

consultation with SRTTG) decides the TCP should be relocated further upstream after the 80 

SRTMP has already been approved and being implemented, then the change must be formally 81 

approved by SWRCB.  82 

 The nature of the consultations between agencies in practice around the development of 83 

the SRTMP is not evident from documentary sources. Overall, interviews with participant agency 84 

individuals generated a picture of interagency consultations having become fraught during the 85 

drought, but improving thereafter. One interviewee recalled particularly heated discussions in 86 

2014 as an example of the kind of dysfunction that led to the hiring of a professional facilitator 87 

organization for managing SRTTG meetings (Interviewee 1, 2017). Another interviewee with 88 

close knowledge of the process characterized it as having been more one-sided than truly 89 
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collaborative: “[USBR CVO] do consult, but consult has many forms. I think that there’s real 90 

interest in maintaining control. That is a primary interest that I have deduced... I have had some 91 

conversations that lead me to feel that this isn’t where they sit down every year and say, “Okay, 92 

what should the temperature control plan be? What are all the concerns that we have? Let’s all 93 

have a working session here and figure out what it should be.” There may be some kind of 94 

conversation like that that happens somewhere, but I don’t believe that that’s generally the 95 

process” (Interviewee 11, 2017).  Additionally, a member of an involved stakeholder agency that 96 

is not a formal part of the SRTTG stated that at the beginning of the drought (2012) they lacked 97 

functional relationships with both USBR and the fish agencies (Interviewee 5, 2017). However, 98 

interviewee pointed out that engagement had increased substantially since the beginning of the 99 

drought (Interviewee 5, 2017). Another interviewee noted a high degree of progress had been 100 

made among the group towards developing understanding, rapport, and trust with USBR 101 

(Interviewee 12, April 2017). Comments from others on the strengths of the SRTTG and 102 

interagency collaboration process in general included the ease of ability to contact other 103 

members of SRTTG to obtain information (Interviewee 8, 2017), and that SRTTG members in 104 

fact agree more often than not (Interviewee 3, 2017). 105 

 106 

Sacramento River Temperature Management Phase 2: May 16 – October 31 107 

Since the RPA directs USBR to “deliver and implement” a SRTMP by May 15, Phase 2 108 

technically begins May 16 of each year. This is the beginning of the Keswick release schedule 109 

phase and continues until October 31. It is comprised of management decisions based on real-110 

time conditions, with the monthly Keswick release schedule in the SRTMP serving as the base 111 

operations. During this phase, SRTTG meets at least monthly, but sometimes more frequently 112 

depending on hydrologic conditions. For example, in 2012 SRTTG met 8 times, whereas in the 113 

more severe drought year 2015 they met 19 times.  114 

Our review of 66 individual pieces of written correspondence related to interagency 115 

temperature management in the Sacramento River Basin during 2014-2017 revealed that most of 116 

the correspondence between agencies occurs during the SRTMP development phase (defined as 117 

Feb 1 – May 15). Only 20% (13 letters) of all the letters were sent between July 1 and October 118 

31. Of that 20%, three letter exchanges between NMFS and USBR related to formal requests by 119 



 29 

USBR to modify base operations after a NMFS concurrence with a SRTMP. Two of these 120 

exchanges occurred in summer 2015.  121 

The first exchange pertained to a request by USBR for concurrence (Milligan, 2015a) 122 

from NMFS that a proposed change to Lower Klamath River flows to avoid a fish die-off in that 123 

river would not generate unacceptable biological impacts in the Sacramento River (Rea & Stelle, 124 

Jr., 2015a). In the second exchange, NMFS approved (Rea & Stelle, Jr., 2015b) a request by 125 

USBR (Milligan, 2015b) to modify operations after hydrologic conditions had improved, i.e., 126 

more cold water was available at Shasta Lake at the end of August than expected. In 2016, 127 

USBR again requested concurrence (Bader, 2016) that a decision to augment flows in the Lower 128 

Klamath River would not negatively affect Sacramento River temperature management capacity 129 

(Yip & Stelle, Jr., 2016). 130 

One possible reason why there is relatively little formal correspondence during Phase 2 131 

management during the last 4 years is because the RPA Actions for Shasta/Keswick only require 132 

direct formal correspondence for activities during Phase 1 (February forecasts, SRTMP 133 

development, and drought contingency plans). The RPA says only that SRTTG is supposed to 134 

monitor and advise about changes to the SRTMP during this period (May 16 – October 31): “The 135 

SRTTG shall track implementation of this [temperature management] plan, and shall refine it 136 

based real-time information, including run timing, location of redds, air and surface water 137 

temperature modeling, and projected versus actual extent of the cold water pool” (National 138 

Marine Fisheries Service, 2009, p. 28). Thus, it appears that operational changes are generally 139 

not documented in letters unless there is a major deviation from the operations plan. And since 140 

the terms “refine” in the RPA and “significant” changes (Milligan, 2016b) to base operations are 141 

not defined, it is difficult to know what kind of changes to the SRTMP based on real-time 142 

observations and forecasting would trigger a formal request from USBR. Further, disagreements 143 

between agencies over how to modify the SRTMP “will be elevated to NMFS and resolved 144 

through [Water Operations Management Team] standard operating procedures” (National 145 

Marine Fisheries Service, 2009, p. 28).  146 

 147 
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4.3.2 Data and information that support temperature management decisions 148 

Of central importance for this analysis is how data and information are used to support 149 

temperature management decisions on the Sacramento River. Our review of SRTTG meeting 150 

minutes from 2014 to November 2017 indicated that decisions in the two major phases of 151 

temperature management are supported by an array of data, data products/derivatives, and 152 

modeling outputs, which are reported on and discussed at SRTTG meetings. Almost all of the 153 

participating agencies contribute something to SRTTG in terms of data and analysis. The relative 154 

importance of some of these data changes somewhat during the season, and some are collected 155 

and reported continuously and regularly while others are collected during part of the season or on 156 

an ad hoc basis (Table 4). What we call “continuous” data refers to information collected at least 157 

monthly or more frequently and reported at SRTTG throughout virtually the entire management 158 

season for winter-run Chinook (Table 4). This includes observed data such as daily air and water 159 

temperature at various key instrumented locations, but also hydrometeorological forecasts (of 160 

runoff and air temperature) which are utilized throughout the entire season. 161 

What we refer to as “discrete” data are those derived from monitoring and other 162 

collection and processing activities which are conducted during specific portions of the season. 163 

This would include everything to do with tracking and assessing the spawning of winter-run 164 

Chinook specifically, for example, from early May and into September or October (in the case of 165 

monitoring redd dewatering). Others are reported in a more ad hoc manner such as genetic 166 

testing of salmon carcasses and the delivery of irrigation district diversion estimates (the latter of 167 

which are being updated by MBK Engineers). 168 

It is important to distinguish between data and models in this context. Some data such as 169 

meteorological forecast products are used to drive models. Modeling to support temperature 170 

management is conducted by both USBR and NMFS using different models.  171 

 172 

 173 

 174 

 175 

 176 
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 177 

Table 4. Relevant data types and metadata for Sacramento River temperature management for winter-run Chinook salmon.  178 

 179 
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 180 

Notes: 181 
* The organization providing data online may not always be the same as the data-collecting organization. 182 
** These sources and urls were current as of 9/5/2018. 183 
Some fish data are reported initially without full QA/QC in the interest of expediency. USBR monthly temp reports are designated as provisional by the provider, 184 
as are CDEC data. Official final annual data on winter-run Chinook populations are reported in CDFW annual reports in the following year.   185 
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USBR models for Sacramento River temperature management 186 

USBR utilizes two different models for Sacramento River temperature management: the 187 

Reclamation Temperature Model and the Sacramento River Water Quality Model. A fuller 188 

description of these models is available in an appendix to the 2008 OCAP biological assessment 189 

(BA) (U.S. Bureau of Reclamation, 2008b). Here we provide a brief overview.  190 

The Reclamation Temperature Model is comprised of linked reservoir and river models. 191 

The reservoir component is used to simulate the vertical stratification of water temperature 192 

gradients in one dimension based on hydrometeorological input conditions for several main CVP 193 

regulating reservoirs, including Shasta and Trinity (U.S. Bureau of Reclamation, 2008b). This 194 

model also simulates operations of the Shasta TCD, which allows for release of water at different 195 

elevations (and thus different temperatures) behind Shasta Dam. It runs on a monthly average 196 

time-step. The reservoir model generates input conditions for the river model which, along with 197 

climatic and additional hydrologic conditions, simulates downstream water temperatures in the 198 

Sacramento River at various locations (U.S. Bureau of Reclamation, 2008b).  199 

USBR also operates the Sacramento River Water Quality Model (SRWQM). SRWQM is 200 

based on the HEC-5Q model, which was actually first developed and deployed for the 201 

Sacramento River Basin in 1985 (U.S. Army Corps of Engineers, 1986). Per the U.S. Army 202 

Corps of Engineers (1986), it requires three categories of data inputs:  203 

• Time independent 204 

• Time dependent (required): evaporation, meteorology, diversions, inflow quantity 205 

and quality for all reservoir and river tributaries, discharge quantity from 206 

reservoirs (only required to reproduce historical operation), and control point 207 

target flow and water quality conditions. 208 

• Optional time dependent data: reservoir storages, river flows at other than control 209 

points, reservoir and river water quality profiles. These data are used as checks on 210 

the model output in contrast to the previously mentioned data which are required 211 

to make the model work. 212 

As with the Reclamation Temperature Model, SWRQM is comprised of linked reservoir 213 

and river models. The HEC-5Q code has been modified to account for the operation of the 214 
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Shasta TCD. A key difference between the two models is the time-step; while the Reclamation 215 

Temperature Model Operates on a monthly time-step, SWRQM has a daily time-step  (U.S. 216 

Bureau of Reclamation, 2008b). 217 

USBR noted in the 2008 OCAP BA that as of August 2008, neither model had ever been 218 

subjected to any formal quality assurance or peer review process (U.S. Bureau of Reclamation, 219 

2008b, pp. 6–7). A key limitation of the Reclamation Temperature Model is that it operates on a 220 

monthly time-step, which means daily or weekly variations in flow and climatic conditions are 221 

not captured. Both models are also limited by uncertainty about the accuracy of the TCD 222 

simulations. There is a known bias in the models that results in predictions of water temperatures 223 

that are higher than observed due to “leakage, overflow, and performance of the side intakes” of 224 

the device that has to be accounted for by managing more conservatively than the models would 225 

indicate  (U.S. Bureau of Reclamation, 2008b, pp. 9–10).  226 

 227 

NMFS models for Sacramento River temperature management 228 

Recently, NMFS Southwest Fisheries Science Center (SWFSC) has developed “CV 229 

Temp” which is not itself a model, but rather a website that aggregates outputs of an entire 230 

ensemble of models4 operated by the SWFSC that also predicts and simulates river and reservoir 231 

conditions for the main stem of the Sacramento River5. There are three main categories of 232 

modeling outputs aggregated on the CV Temp website:  233 

 234 

• A watershed model in which a stream discharge model (Variable Infiltration Capacity 235 

(VIC) model) is combined with a stream temperature model (River Basin Model-10, or 236 

RBM-10) to simulate the flow and temperature “loadings” of water coming into Shasta 237 

Reservoir from the watershed upstream/up-gradient. The contributing streams are the Pit, 238 

Sacramento, and McCloud Rivers.  239 

                                                           
4 The calibration and validation of the linked system of models described in Daniels et al. (2018) has undergone 

three independent expert reviews; these are available at http://oceanview.pfeg.noaa.gov/CVTEMP/reference. 
5 As of November 2018, CV Temp was officially in beta status and under ongoing development and testing. It is 

accessible online at http://oceanview.pfeg.noaa.gov/CVTEMP.  

http://oceanview.pfeg.noaa.gov/CVTEMP
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• A reservoir model (hydraulic and temperature) which simulates the temperature profile of 240 

the water column behind Shasta Dam. This is the CE-QUAL-W2 Model, which an 241 

independent review panel recommended that USBR adopt in 2013 (Anderson et al., 242 

2013). This model is used for both forecasting and hindcasting (CVO generally does not 243 

use HEC-5Q for hindcasting (Interviewee 26, 2017). As stated on the CV Temp website, 244 

“As inputs, CE-QUAL-W2 takes inflowing discharge volume and temperature from 245 

primary water sources feeding into Shasta Reservoir (Sacramento, McCloud, and Pit 246 

River), meteorological forcings from weather forecasts and historical conditions, and 247 

reservoir operation data (i.e. gate operations) to predict the thermal dynamics of Shasta 248 

Reservoir (i.e. cold-pool conditions) and release temperatures at an hourly timestep” 249 

(National Oceanic and Atmospheric Administration, n.d.). 250 

• A river model for modeling the temperature of the mainstem of the Sacramento River 251 

below Keswick Dam (over distance and time). The “river model” is actually two different 252 

models combined, giving it the capability of estimating probability of salmon egg 253 

survival. The River Assessment for Forecasting Temperature (RAFT) model is a one-254 

dimensional heat budget model that takes flows from Keswick Dam and then adds 255 

meteorological forcings (both forecasted and historical) to simulate downstream river 256 

temperatures at various locations. It has a planning mode which allows for exploring 257 

scenarios and estimating temperatures for the entire temperature control season. It also 258 

allows for estimating thermal exposure to redds, which is the connection to the fish 259 

survival model. The survival model uses outputs of water temperature from the RAFT 260 

model, simulates redd creation over space and time using a multi-year average of actual 261 

redd construction timing and distribution, and then uses an emergence equation taken 262 

from the scientific literature to predict how long a redd will take to emerge and the 263 

probability of egg survival.  264 

As explained by one NMFS staff member, CV Temp provides a more open and accessible set 265 

of tools than just the two agencies’ water temperature models for any end user interested in 266 

running temperature scenarios: “…[CV Temp will] do more things than RAFT.  The end user 267 

could be anybody who has access to the web as opposed to asking Reclamation, ‘Can you do this 268 

model run?’  Which they have the full discretion to say yes or no, or change what you’re asking” 269 

(Interviewee 12, 2017).  270 
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 271 

4.3.3 How are the data and models used in practice? 272 

Given the complexity of this particular socio-ecological management challenge and the 273 

physical systems involved, it makes sense that there is such a great deal of relevant data and 274 

models. Having identified the array of information, we consider the more important question for 275 

the purposes of this study: how are data and models used in practice? Although a more definitive 276 

answer to this question requires further interviews with experts, we can speak to it based on a 277 

review of SRTTG notes and the available interagency correspondence from 2014 through 2017. 278 

Looking closely at these recent years helps us to discern the status quo in terms of the relation of 279 

data and models to decision-making, with the provisos that schedules and timing vary from year 280 

to year, and that meeting agenda items shift depending on the critical issues in a given water 281 

year. Here we focus on the two interagency groups where data enter the decision-making arena 282 

(SRTTG and SWIM Team) as well as intra-agency modeling work done under the auspices of 283 

SWIM Team and the RPA. Although the SWIM Team only existed for WY 2016, it is 284 

worthwhile to consider how data were used by the group given the possibility that it could be 285 

reactivated in the future under serious drought conditions. 286 

 287 

Use of data by the SRTTG 288 

A review of SRTTG meeting notes and agendas from 2014 to November 2017 reveals 289 

what kinds of data are reported on, discussed, considered by technical staff.  It is important to 290 

keep in mind that while SRTTG is a forum for discussing data that serves as a conduit for the 291 

flow of information to agency managers, the representatives of the agencies who attend SRTTG 292 

meetings are not themselves “decision-makers” after the recent creation of the SWIM Team. 293 

When we refer to “decision-making” in this context, we are talking specifically about SWIM 294 

Team and CVO. Still, because it does function as an information funnel to SWIM Team, it is 295 

important to know what data are typically considered.  296 

The two main data-related components of a typical SRTTG meeting are a fishery update 297 

and a hydrology and operations update. The former usually includes reports from CDFW on 298 

adult carcass surveys (beginning after spawning occurs) and aerial redd surveys (starting in early 299 
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May).  By June, they will have tabulated counts to report. Additionally, USFWS routinely 300 

reports on brood stock collection at the Livingston Stone National Fish Hatchery, which in 2016 301 

started in February/March.  302 

In 2016, the hydrology and operations update routinely included updates on USBR’s 303 

water release plan and current conditions. Several data types were usually reported: 304 

• Mean daily water temperatures at 12 different locations: nine on the Sacramento 305 

River including one at the Shasta Power Plant and the rest below Keswick Dam, 306 

one at the Spring Creek Power Plant, one on the Trinity River below Lewiston 307 

Dam, and one on Clear Creek, a tributary of the Sacramento River with a 308 

confluence located between the towns of Redding and Anderson.  309 

• 10-Day forecasted air temperatures at Redding, CA 310 

• Plots of air and water temperatures for selected Sacramento River gauges, 311 

including the one at that year’s temperature compliance point  312 

• A Lake Shasta isothermobaths plot 313 

• The current configuration of the Lake Shasta Temperature Control Device (i.e., 314 

which gates at which levels have been recently open) and corresponding water 315 

temperatures behind the gates.  316 

 317 

Typically, water temperatures at gauging sites SAC (4.8 mi below Keswick Dam) and CCR 318 

(Clear Creek, 9.7 mi below Keswick Dam) are noted in particular. There is also often discussion of 319 

temperature studies for the current month consisting of an information packet and update on the results 320 

of the latest model runs: the runoff exceedance parameters used, the estimated end-of-September storage 321 

for Trinity and Shasta reservoirs, and the releases for that month. These data are generally reported 322 

throughout the temperature control season. In 2016, a few metrics were reported only at specific 323 

meetings.  At the August and September 2016 meetings, USBR included 7-day average daily maximum 324 

(7DADM) water temperature tracking and dropped the Redding air temperature forecast. At the 325 

September 2016 meeting, USBR included a comparison of the volume of 49°F water at Shasta versus 326 

that estimated in the Temperature Plan Model. Last, April and May include discussion about the location 327 
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of the temperature compliance point for that year. The SRTTG appeared to develop a recommendation 328 

that was transmitted to and “firmed up” by the SWIM Team.  329 

The only decision support systems mentioned in the documents we reviewed that are 330 

currently utilized by SRTTG for Shasta temperature management are a “salmon decision tree 331 

process” and the aforementioned CV Temp. 332 

The 2014, 2015, and 2016 SRTTG annual reports all mention the use by SRTTG of a 333 

“salmon decision tree process” for “initial guidance in prioritizing actions,” e.g., SRTTG (2014, 334 

p. 1). None of the reports elaborate on the decision tree itself or how it is used and by whom 335 

exactly, although the 2014 annual report identifies the relevant data used in it:  336 

“As for the temperature compliance point, for WY 2011, the SRTTG created decision 337 
criteria for Sacramento River Water Temperature Management to serve as guidelines 338 
to provide maximum protection for winter-run spawning and egg incubation for most 339 
water year conditions. This adaptive management process for setting the temperature 340 
compliance point is based on real-time monitoring information, including Shasta 341 
Reservoir cold water volume, modeled daily water temperatures, and spatial and 342 
temporal distribution of Chinook salmon redds from weekly aerial redd and carcass 343 
surveys. For WY 2012 through WY 2014, CDFW continued to implement weekly to bi-344 
weekly aerial winter-run redd surveys and to identify the downstream extent of winter-345 
run spawning and document temporal redd construction. This monitoring addresses 346 
setting a more appropriate temperature compliance point that reflects actual 347 
salmonid habitat usage” (Sacramento River Temperature Task Group, 2014, p. 10).  348 

 349 

The reports do not clarify whether this salmon decision tree is a modified version of the 350 

one described in the USBR BA of the OCAP6 or a completely different one. It is also unclear 351 

whether or not the decision tree is now something that the SRTTG and/or SWIM Team currently 352 

utilizes when deciding on the TCP for a given year.  353 

 SRTTG’s 2014 annual report refers to a “Sacramento River Temperature Forecasting and 354 

Decision Support Tool” that was used “…in tandem with Reclamation’s temperature model to 355 

forecast water temperatures and to assist in Temperature Control Device (TCD) operations to 356 

                                                           
6 USBR’s 2008 Biological Assessment of the OCAP describes a “Salmon Decision Tree” that emerged from 

CALFED and which has existed since at least 2007 (U.S. Bureau of Reclamation, 2008a). The tree appears to have 

been designed for the purpose of (a) guiding operations of the gates at the Delta Cross Channel, a CVP facility 

constructed to divert water out of the Sacramento River and ultimately to users in the San Joaquin Basin via the 

Delta Mendota Canal, and (b) operations of Delta fish facilities. Despite confusingly sharing nearly identical names, 

the SRTTG decision tree is described as not having been created until 2011 and with a seemingly different purpose 

(Sacramento River Temperature Task Group, 2014).  It is not clear whether they are the same or some 

revision/modification of that thing. 
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meet the temperature criterion” during WY 2012 through WY 2014 (Sacramento River 357 

Temperature Task Group, 2014, p. 11). That tool was a previous web interface for the newly 358 

developed RAFT model that was later supplanted by CV Temp (Interviewee 26, 2017). As 359 

mentioned previously, CV Temp allows NMFS to evaluate different temperature control 360 

scenarios and their associated impacts on winter-run Chinook in order to inform their 361 

concurrence with USBR’s temperature management plans. However, we have no evidence that 362 

USBR staff utilize CV Temp for developing SRTMPs. This means that CV Temp is really only 363 

utilized in practice by one agency of SRTTG and SWIM Team, and is thus not regarded as “the” 364 

definitive analytical tool for decision-making.  365 

 366 

SWIM Team use of data 367 

The average monthly flows from Keswick Dam in a given SRTMP are “guidelines for 368 

base operations” and actual daily releases are based upon real-time monitoring of various 369 

conditions (U.S. Bureau of Reclamation, 2016b, p. 2). The 2016 SRTMP further states that 370 

“[d]ecision-making for significant changes in real-time operations” (relative to base operations in 371 

the SRTMP) is coordinated through the SWIM Team, which utilizes “…information from its 372 

member agencies, as well as technical information from the Sacramento River Temperature Task 373 

Group (SRTTG) and other relevant stakeholders, to inform decisions and changes in operations” 374 

(ibid., p. 3).  375 

USBR has identified the specific data that are considered by the SWIM Team in relation 376 

to the group’s managerial function: 377 

“The SWIM Team will strive to reach consensus on various temperature 378 
management strategies including anticipated TCD gate operations and 379 

intermediate river temperatures upstream of Balls Ferry (e.g. viability of a 380 

supplemental or exception criteria for a 7DADM objective through the 381 
spawning areas). The SWIM team shall consider the location of redds, the 382 

weather forecasts, the volume of available cold water, inflows, the integrated 383 
operations with the Trinity River Division, and other real-time considerations. 384 
The SWIM team will also provide advice on minimizing potential effects of redd 385 
de-watering and stranding, based on any flow changes resulting from 386 

implementation of the Plan”(U.S. Bureau of Reclamation, 2016b, p. 3)(emphasis 387 

added). 388 
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 389 

In practice, various information is circulated to the rest of the group in advance of weekly 390 

update calls. In 2016, USBR provided the group with “the results of all real-time monitoring 391 

[including reporting of the 7-day average of the daily maximums (7DADM) temperatures at the 392 

SAC and CCR gauging stations] and modeling efforts”  (U.S. Bureau of Reclamation, 2016b, p. 393 

3). During Phase 2 of the temperature management season, there is evidence that in 2016 the 394 

SWIM Team considered the outputs of USBR model runs done to re-evaluate water availability 395 

for the remainder of the season, with the aim of providing advice on revised flow schedules for 396 

CVO. This transcript from an SRTTG meeting of July 28, 2016 is instructive in this regard:  397 

 “USBR reviewed a second 90% July Temperature Model run based on higher flow 398 
releases of 10,500 cfs in August, 10,000 cfs in September, and 8,000 cfs in October, 399 
decreasing to 5,500 cfs by the end of October. The temperature outcomes of this 400 
model run were similar to those of the standard model run with a slightly lower 401 
reservoir at the end of September. A reason to consider higher releases is to help 402 
alleviate salinity pressures in the Delta. Anticipated impacts on Clear Creek from the 403 
higher flow scenario are unknown, but USBR plans to consider them. USBR is also in 404 
the process of gathering input from the SWIM team on the higher flows but anticipates 405 
staying at 10,500 cfs release levels into the first week of August. With additional input 406 
from the SWIM team, USBR will refine a proposal for increased releases similar to 407 
the high flow model scenario and discuss at the director’s level with NMFS. If 408 
appropriate, USBR may make a request to NMFS, CDFW and the SWRCB to release 409 
higher flows”(Sacramento River Temperature Task Group, 2016e) (emphasis added). 410 

This excerpt indicates that the SWIM Team jointly reviewed USBR modeling work in order to 411 

make a judgment about whether proposed changes to flow schedules are justifiable and 412 

consequently, whether to approve them, which then clears USBR to make a request to the other 413 

agencies to make the proposed changes. However, while they are informed by the most up to 414 

date data and model outputs, it is not clear how such approvals would be vetted by the group. It 415 

is also uncertain how these data might inform the weighting of different management priorities in 416 

a critical water year, particularly when it is determined that operations should deviate 417 

significantly from the SRTMP (the RPA does not define or explain what constitutes a 418 

“significant” change to real-time operations relative to the SRTMP base operations). 419 

  420 

 421 

  422 
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NMFS, USBR, and dueling models  423 

It is also worth noting that although approval of the initial SRTMP is the purview of 424 

NMFS and not the SRTTG or SWIM Team, this approval is a data-driven decision that is 425 

important in the process. In 2017, NMFS’ concurrence letter for the SRTMP explained their 426 

reliance on SWFSC modeling work as the basis for their concurrence. SWFSC staff evaluate 427 

USBR’s proposed SRTMP using the RAFT model by holding the operations schedule constant 428 

and varying the hydrology and air temperature parameters to examine the effect of different 429 

scenarios on river temperature. Then they use the NMFS temperature-dependent egg mortality 430 

model to estimate the effects of the operations on temperature-dependent egg mortality and 431 

survival (Southwest Fisheries Science Center, 2017, p. 1). This was confirmed by one 432 

interviewee who explained that the RAFT model is used by NMFS but is not relied upon by 433 

USBR, and that NMFS uses RAFT to confirm USBR’s results (Interviewee 6, 2017). 434 

NMFS’ correspondence with USBR in 2016 lends further insight into the use of models 435 

for informing the key provisions of the SRTMP. The near-total mortality for juvenile winter-run 436 

Chinook in 2014 and 2015 prompted NMFS, USFWS, CDFW, USBR, and DWR to conduct an 437 

evaluation of relevant scientific literature and the USBR water quality model in late 2015. Earlier 438 

research by EPA (2003) supporting a more conservative temperature metric of 55F 7DADM 439 

(instead of 56F DAT) was confirmed by new NMFS analysis. 440 

These findings were shared with USBR in December 2015. USBR and DWR wrote a 441 

Drought Contingency Plan that was submitted to SWRCB January 15, 2016 that included an 442 

attachment written by NMFS titled “NOAA/NMFS Considerations for 2016 Shasta Operations 443 

Potential Temperature Criteria Adjustments and Suggested Model Inputs” that described various 444 

metrics to achieve temperature criteria that could meet the needs of winter-run in 2016, and 445 

suggested modeling scenarios based on the interagency team’s evaluation of best available 446 

science (U.S. Bureau of Reclamation & California Department of Water Resources, 2016). They 447 

proposed changes to the key temperature management criteria relative to the 2009 RPA with 448 

2011 amendments to account for the after-effects of those years and in light of recently improved 449 

science and modeling capacity (Table 3, far right column). 450 
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Later that spring, the SWIM Team realized that USBR had overestimated the amount of 451 

water in storage and requested a new set of scenarios be modeled not just by USBR’s 452 

temperature model, but also the RAFT model and two different salmon mortality models. After 453 

modeling iterations and discussions, it was determined the more conservative criteria were 454 

unachievable, which extended an ongoing “dueling models” situation to analyze alternative 455 

scenarios by both USBR and NMFS through May 2016. This work was described in detail by 456 

NMFS staff in a 54-page appendix to the 2016 concurrence letter for the 2016 SRTMP (June 28, 457 

2016) titled “Chronology of the development of the SRTMP for the 2016 SRTMP Season (Part 458 

II)”7 (Swart, 2016). In it, NMFS compared the RAFT and SRWQM models and uncertainties, 459 

demonstrating that USBR had consistently overestimated their own ability to achieve compliance 460 

points with the SRWQM for the last 10 years, exceeding the 56° F DAT regardless of where the 461 

TCP was located by a significant degree and for a significant amount of time.8  462 

By May 20, 2016, USBR had compiled a draft SRTMP. After their evaluation, NMFS 463 

expressed concerns with the plan, including that (a) it did not meet RPA Action I.2.4 464 

requirements (b) it was inconsistent with the NMFS March 31 letter concurring with the previous 465 

target of 55°F 7DADM at Clear Creek gauge (c) USBR had not modeled NMFS’ preferred 466 

scenario (52.5°F DAT at Keswick with flows of 8,000 cfs June through September) that had 467 

been discussed at the May 17 SWIM Team meeting (Swart, 2016, pp. 34–35). 468 

                                                           
7 USBR-CVO expressed to us that they disagree with the contents of this document by Swart (Rieker, 2018). 

However, we were unable to find any documentation to clarify the nature of their disagreement; at the time of this 

writing our request for clarification from USBR staff has not been answered.  
8  The full direct quote from NMFS in the report is revealing: “The uncertainty with RAFT is minimal. The only 

significant source of error would be the local weather conditions over the course of the season. These would have to 

be extreme to substantially alter the temperature in such a short amount of river below the dam where the spawning 

habitat is (<14 river miles); the water just doesn’t have the time to heat up that quickly. So if the NMFS-SWFSC has 

the correct discharge flows and temperatures, the RAFT model should be very accurate. This leaves the uncertainty 

with the Reclamation model scenarios. These analyses only use the discharge temperature and flow at Keswick 

predicted by the SRWQM, but to get those values correct for the entire season for all of the scenarios, Reclamation 

needs to get all of the environmental input variables accurate: the reservoir inflows, weather, operations (gate 

changes, etc.), reservoir dynamics, over a 6-month period. Historically, Reclamation has overestimated their ability 

to meet the temperature compliance points ... Over the past 10 years, the, 56°F DAT at a temperature compliance 

point specified at the beginning of the season was exceeded ~33% of the time (11% in May, 20% in June, 29% in 

July, 41% in Aug, 54% in Sept, 8 and 44% in Oct). The compliance points can change over the course of a season 

which does minimize the frequency and magnitude of exceeding the 56°F DAT, but the bottom line is that 

Reclamation exceeds the 56°F DAT at any temperature compliance point a significant amount of the time, and often 

by a significant temperature differential” (Swart, 2016, pp. 7–8) (emphasis in original).  
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Scenario modeling using both agencies’ models continued into early June when USBR 469 

delivered a revised plan on June 7 with a release schedule that was similar to the one they had 470 

proposed in March, but with an easier temperature target of 56°F at Balls Ferry instead of the 471 

55°F 7DADM at Clear Creek that NMFS had preferred. NMFS provided comments on the 472 

SRTMP. The next day, NMFS distributed an alternative plan that was appended to the June 28, 473 

2016 SRTMP concurrence letter as “Enclosure 5” (Stelle, Jr., 2016) . USBR rejected this plan on 474 

the basis that it would prevent them from meeting their other water supply obligations. 475 

USBR then provided a revised plan to NMFS on June 27. In their assessment, NMFS 476 

voiced their critique of both USBR’s use of their temperature model and the model itself, writing 477 

that the inputs “…are not conservative, and the model generally assumes that operations can 478 

achieve temperature targets that are either not realistic or not supported in the historical record,” 479 

while noting that RPA Action I.2.4(3) required USBR to fix that and other “major flaws” of their 480 

model but that they had not done so (Stelle, Jr., 2016, p. 3).  481 

NMFS still concurred with the plan, although with several conditions, including that 482 

USBR must monitor temperature profiles at Shasta Lake weekly and send all the associated data 483 

and model run results to the SWIM Team as soon as possible and before their weekly meetings 484 

so that they could determine whether temperature metrics could still be met through the 485 

remainder of the season (Stelle, Jr., 2016, p. 7). If they could not, operations changes were to be 486 

decided through the SWIM Team process.  487 

 488 

4.4 Summary – The utilization of data and models for informing temperature 489 

management decisions for the Sacramento River 490 

While identifying the various types of data that are collected is fairly straightforward, 491 

discerning how they are actually used in practice to guide management decisions during the 492 

temperature control season after the SRTMP has been adopted is somewhat murky. SRTTG 493 

notes provide some insight into what kinds of data are reported on and discussed, but there is a 494 

key transparency gap in the translation of those data and discussions into actual operations plans 495 

adopted by USBR CVO. At present it is extremely difficult for the public and interested 496 

stakeholders to know how various factors are weighed, whether there is a formal systematic 497 

decision-making support system or whether decisions are informal and ad hoc.  498 
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That said, a few broad statements are possible based on the evidence collected thus far. Much 499 

of this is included in Table 2.  500 

1. The two agencies that are the principal drivers of Shasta temperature management 501 

decisions are USBR and NMFS.  502 

2. We can sketch the general flow of information between the different organizations and 503 

interagency groups.  504 

3. Modeled data are of particular importance in Phase 1 of the control season due to 505 

USBR’s reliance on them for developing the SRTMP for the year, along with observed 506 

data on carryover storage from the previous water year and estimated irrigation 507 

diversions. According to the July 2016 meeting notes, 508 

“USBR advised participants that the SWRCB approved the Sacramento River 509 
Temperature Management Plan in early July and noted that USBR is monitoring the 510 
control device and river closely. USBR commented that the temperatures are tracking 511 
better than anticipated based on the June model run that served as the basis for much 512 
of the Temperature Plan”(Sacramento River Temperature Task Group, 2016e, p.1) 513 
(emphasis added).  514 

This statement seems to indicate that the temperature plan that gets approved by SWRCB 515 

is largely based on the results of the most recent model run (e.g., 1 month before), which by 516 

implication suggests the importance of the SRWQM outputs for actually developing the plan.  517 

However, as indicated in Table 2, other data are also factored in. An example described 518 

by USBR from the 2009 and 2010 temperature management seasons is illustrative of the 519 

different data considerations (Manza & Hindman, 2010). When deciding on the TCP, there is a 520 

consideration of the “pre-conditions” which in that year were: low storage; small cold water 521 

pool; and redd surveys that showed winter-run spawning was happening at a location further 522 

upstream than the default (north of Airport Road in this case). This is combined with modeling 523 

runs that indicated it would be possible to maintain 56°F at Airport Road for the whole season 524 

(i.e., through October).  Based on consideration of preconditions and temperature modeling, they 525 

set the compliance point for the season at 56°F at Airport Road (Manza & Hindman, 2010). 526 

Winter 2010 precipitation was greater than in 2009, so there was a bigger reserve of cold water 527 

going into the 2010 release phase. After they reevaluated the pre-conditions and modeling, they 528 
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decided they could achieve a TCP further downstream than the previous year (Jelly’s Ferry, 529 

which is 35 miles downstream of Keswick Dam, instead of Airport Road)9. 530 

Generally, the wetter the preceding winter, the further downstream the chosen TCP will 531 

be. This decision is based on reservoir storage in the spring, biological data, and forecast 532 

modeling runs.   533 

4. Observed data become particularly important during the implementation phase, when the 534 

fish agencies are trying to monitor the winter-run spawning dynamics as closely as 535 

possible. Large deviations from expectations can lead to changes in CVO’s release 536 

schedules. Key variables that can precipitate operations that deviate from those outlined 537 

in the SRTMP, or the significant delay of SRTMP adoption include the number and 538 

spatial distribution of redds; actual availability of cold water; unexpected 539 

hydrometeorological conditions. 540 

5. NMFS has in recent years expanded its analytical capacity for quantifying the anticipated 541 

impacts of USBR operations scenarios on river temperature and temperature-dependent 542 

egg mortality. NMFS has carefully documented the back and forth between the modeling 543 

teams at SWFSC and USBR during the development of the 2016 SRTMP, with direction 544 

from the SWIM Team. Although NMFS model outputs supported a more conservative 545 

temperature management plan that year, it was not ultimately implemented by USBR.  546 

 547 

5 Discussion 548 

As stated in the Introduction, the goal of this report is to answer the following research 549 

question: how are key decisions on operations and fishery protection on the main stem 550 

Sacramento River currently made (i.e, who makes the decisions, what criteria are incorporated, 551 

etc.)? Our explanation of how the information presented thus far helps us answer research 552 

question 1 regarding how temperature management decisions are currently made is presented in 553 

Box 1. In this section, we identify remaining gaps in our understanding of the decision-making 554 

                                                           
9 As noted in the 2013 SRTTG annual report, there was no temperature gauge at Airport Road Bridge, so in practice 

“Reclamation operates to a surrogate target temperature of 56.75°F at Balls Ferry, with the objective of achieving 

56.0°F at Airport Road Bridge” (Sacramento River Temperature Task Group, 2013, p. 6). 
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process to be addressed through further data collection. We also provide an assessment of the 555 

current status of efforts to engage with the key decision-maker, USBR, on the utilization and 556 

adoption of the SHO-WR decision support tool. We briefly consider some implications and 557 

identify several key questions that will inform our evaluation going forward.  558 

 559 

5.1 Remaining knowledge gaps (“known unknowns”) 560 

We have learned a great deal about the structure and function of the Sacramento River 561 

temperature management decision-making process; primarily, who is involved in it, why, and 562 

which kinds of data are used to support decisions. However, we have also identified some 563 

remaining gaps in our knowledge of how decisions are actually made at a very granular level that 564 

are worth pointing out. They may prove to be important factors for our later evaluation of the 565 

impact of the SHO-WR tool on this process.  566 

More investigation is needed to address uncertainty about how operations decisions are 567 

made during the period we defined as Phase 2; that is, the portion of the decision-making process 568 

for which there are no requirements for public documentation of operations decisions. This is 569 

less an uncertainty about the amount, types, and resolution of data and information that are 570 

utilized, but rather the human judgment component related to how the information is acted on by 571 

CVO in light of the many different and sometimes conflicting water allocation demands they are 572 

required to meet. Several questions arise from this. 573 

• Importantly, USBR has a number of other demands and criteria to manage to besides 574 

temperature in the mainstem of the Sacramento River. Yet it is unclear how those criteria 575 

are weighted and prioritized by USBR themselves when formulating operations schedules 576 

for Shasta and Keswick reservoirs. For example, is there a formal decision tree that 577 

guides water allocations? Are these decisions completely ad hoc? A mixture of both 578 

formal and informal?   579 

• What is the salmon decision tree, how is it currently utilized in the decision process, and 580 

by whom? 581 
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• What exactly are the criteria determining whether information about operations decisions 582 

during Phase 2 are formally communicated by USBR in writing to NOAA and/or the 583 

SWRCB? 584 

An additional wrinkle was added for 2016 with the creation of the SWIM Team. Decision-585 

making/advising occurred within the context of the SWIM Team in 2016, so it constitutes a 586 

slightly different gap in this context. We do not yet know what circumstances would prompt the 587 

reactivation of the SWIM Team, if any. It seems possible it may never be recreated, or that it 588 

could be reactivated the next time there is a major drought. Given the latter possibility, we think 589 

it is prudent to mention some of the uncertainties related to its function.  590 

Based on our interviews, even expert close observers of the process (i.e., individuals who 591 

track interagency correspondence and management decisions, evaluate monitoring data about 592 

biological and hydrologic conditions on the river, and/or have personal contacts at relevant 593 

agencies) did not know (or have a way of knowing) whether and how data brought to SRTTG by 594 

agency representatives were assessed by SWIM Team and translated into management decisions 595 

by CVO. SRTTG members requested clarity about the function and role of SRTTG in relation to 596 

the SWIM Team at the June 23, 2016 SRTTG meeting (Sacramento River Temperature Task 597 

Group, 2016d). USBR stated that SRTTG’s role was sharing information and that policy 598 

decisions were being made by the SWIM Team. At the July SRTTG meeting, USBR mentioned 599 

receiving information from SWIM Team in relation to preparation of a proposal for higher flows 600 

for August than had been originally planned for the Sacramento River (Sacramento River 601 

Temperature Task Group, 2016e). These two short responses were the extent of the explanation 602 

about the relation between SRTTG and SWIM Team documented in SRTTG meeting notes from 603 

WY 2016. Consequently, not much light was shed on how or why temperature management 604 

decisions were made or informed within the SWIM Team that year, which raises a few 605 

questions. 606 

• In 2016, how did SWIM team discussions relate to, or influence, USBR internal 607 

operations? What was the flow of information between the two organizations? And again, 608 

how was information flowing through SRTTG and SWIM team utilized or weighed 609 

internally by CVO when a new dam release schedule is developed by CVO? What is the 610 

CVO internal process? How are risk and uncertainty taken into account?  611 
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• Since there evidently was already a group (WOMT) for resolving conflicts among the 612 

SRTTG agencies created through CALFED, why was another management-level group 613 

(the SWIM Team) determined to be necessary? We hope to clarify the nature of the 614 

relationship between the SRTTG member agencies, the SWIM Team, and the WOMT 615 

through additional interviews.  616 

5.2 Current status of platform development and engagement with key decision-617 

makers 618 

In the original SRSC data platform proposal, the primary objective for the project was, 619 

“to integrate diverse flow, water operations, fishery, and water quality data into a single, open 620 

data platform that facilitates more data-driven and timely decision-making.” However, over the 621 

course of platform development, USBR, the main decision-making entity along the Sacramento 622 

River, expressed reservations about both the efficacy of the tool for streamlining their decision-623 

making process, and about making data used in the decision-making process available “without 624 

the necessary context.” While these concerns do not necessarily undermine the core hypothesis 625 

that the two pilot projects are testing - i.e., that improved access to data integration and analysis 626 

tools result in better (more timely, transparent) water management decisions - they do highlight 627 

the importance of process in tool development and some of the concerns that public and private 628 

institutions may have in making water management data open to the public.  629 

In a meeting on Friday, September 29th that included the core data platform development 630 

team, including Mark Tompkins, Thad Bettner, Mike Harty, Anthony Saracino, Zachary Sugg 631 

and key individuals from USBR's CVO office responsible for temperature management decisions 632 

along the Sacramento River, USBR expressed the following concerns about the data platform 633 

(currently named Sacramento Hydrologic Operations for Winter Run (SHO-WR))  634 

• It is unclear who SHO-WR’s target audience is. 635 

• It is unclear what SHO-WR’s direct benefit to USBR would be, which makes justifying 636 

an investment in the tool difficult. 637 

USBR’s specific concerns around these statements include:  638 

• SHO-WR only looks at a small piece of the system, whereas USBR decision-making is 639 

based on system-wide needs and analysis. 640 
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• There is a 20-person team doing the work of SHO-WR, and many other data-related 641 

tasks, which is integral to USBR’s system-wide decision-making. SHO-WR is not a 642 

replacement for this team.  643 

• The published letter exchange between agencies (USBR and NMFS) gives the rationale 644 

for temperature management decision-making, rendering some of SHO-WR’s 645 

functionality redundant.  646 

• The barriers to USBR solely hosting SHO-WR are near insurmountable (e.g., Federal IT 647 

Security guidelines, scarce funding). 648 

• USBR worries about releasing data – especially modeling outputs – and thereby making 649 

them available to outside critics without a clear narrative/story to explain it and support 650 

the decisions being made. 651 

In light of these concerns, the USBR, at present, is not likely to host or maintain the tool. The 652 

USBR did indicate that they see the value of the platform to other users and like the visually-653 

appealing manner in which data are presented on the site. Thus, they see the potential for 654 

platform visualizations in presentations to other agencies.  655 

These conclusions prompt the follow key questions, which the core tool development 656 

team is current exploring as the project transitions to Phase 2 of tool development: 657 

• What is the current and future value of SHO-WR and who is the target audience? 658 

• Can its current functionality be tailored to better meet CVO’s needs or the needs of 659 

another partner agency? 660 

• Who will host and maintain SHO-WR long-term? What is SHO-WR’s long-term 661 

viability? 662 

While the project continues to evolve, Water in the West is tracking some key questions 663 

around the process of data platform development. Specifically, we are interested in identifying 664 

the interim lessons that can be gleaned from this process and whether these lessons can be 665 

generalized to other data platforms.  666 

Some additional questions that we will be tracking as the process evolves include: Is 667 

there identified value and buy-in from the decision-making entity? From the appropriate 668 

individuals within the agency? Are there legal and regulatory requirements that may 669 
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affect (hinder or advance) tool development? The technical ability to develop a tool can happen 670 

much more quickly than the political process of tool development. Tool developers should 671 

consider the complexity of a decision-making process in advance of tool development and 672 

develop a plan and project timeline commensurate with the level of complexity. Some factors to 673 

consider in assessing a project’s complexity include, but are not limited to, existing relationships 674 

between decision-making bodies and stakeholders (note: these relationships may be positive or 675 

negative - if negative, then additional time and resources are likely necessary to build trust 676 

between entities); the number of agencies (and stakeholders) involved in the decision-making 677 

process; agencies’ affiliations and their willingness or ability to engage in collaborative 678 

processes; the existing decision-making framework, timeline, and data requirements; the 679 

potential interests involved in a decision-making process; and the legal and regulatory 680 

requirements of a decision-making process. In short, regardless of how the SHO-WR tool is 681 

ultimately used, where it is housed, and for whose benefit, there is a rich set of aspects of this 682 

pilot project to track, analyze, and learn from.  683 

 684 

6 Conclusion: additional considerations for evaluating the 685 

implementation of the SHO-WR application 686 

The primary aim of this report was to characterize the status quo (baseline) as of 2017 for 687 

how temperature management decision-making takes place for the Sacramento River: who 688 

makes which decisions, why, when, and on what basis of information and evidence. This was 689 

necessary as a first step in order to evaluate the effect of an open access data aggregation and 690 

analysis platform, “SHO-WR”, on this process after it is implemented. We conclude with some 691 

final thoughts on the implications of the foregoing analysis for the potential of the Sacramento 692 

River temperature analysis web application (SHO-WR).  693 

This is an interesting moment to be investigating Sacramento River temperature 694 

management in light of recent events.  One major factor is the 2012-16 drought and the 695 

consequent outcomes of federal management decisions. Certainly federal CVP managers and 696 

operators face an almost impossibly challenging set of conflicting water allocation and flow 697 

demands in very dry conditions, and adverse impacts on both humans and non-humans are to 698 
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some extent inevitable in such a severe drought. It seems safe to say that there was widespread 699 

concern with temperature management outcomes on the Sacramento River in 2014 and 2015 700 

(Mount et al, 2018, p. 14). Conservation interests were very concerned about the extremely high 701 

rates of mortality of consecutive winter-run salmon runs, while irrigators felt that actions to 702 

protect Winter-run Chinook salmon (including drastic reductions in allocations and delayed 703 

abstractions) were unnecessarily protective of fish and did not improve outcomes for fish 704 

(Goode, 2015; Mount et al., 2018).  The SRSC proposal for this project is in line with the latter 705 

sentiment, asserting that “[t]he result of this data-poor decision-making style has been that state 706 

and federal officials charged with decision-making tend to be ultra-protective of fishery 707 

conditions, which has at times limited water supply availability unnecessarily.”  708 

Besides data issues, the drought seems to also have heightened the general issue of 709 

involvement and transparency in recent years. For example, since at least 2013, SRSC has 710 

attempted to obtain formal membership in SRTTG, though unsuccessfully. Additionally, changes 711 

to the process and membership have been circulated and discussed by the member organizations. 712 

All of this raises the question: how could a new decision support tool fit in to this 713 

particular decision-making arena or process? What aspects of the process might it improve? As 714 

explained above, Phase 1 is driven almost entirely by models, forecasts, and carryover reservoir 715 

storage. For that reason, we do not expect the SHO-WR application to alter decision-making in 716 

Phase 1, nor has this been expressed as a goal for the application by developers and technical 717 

group members at meetings and workshops.  718 

However, there is potential to address the information gap created by the lack of 719 

regulatory obligation to render Phase 2 decisions transparent and the lack of timely, easily 720 

accessible explanations for those decisions. Writing in 2011 before the drought (and before 721 

creation of the SWIM Team), the Independent Review Panel for RPA implementation 722 

recommended “…the adoption of a comprehensive and accessible web-based data management 723 

system that uses real-time data and state-of-the-art predictive models for physical variables (e.g., 724 

flows, temperatures, substratum transport) and biological responses under changing flow regimes 725 

within a spatially-explicit landscape context” (Anderson, Gores, Kneib, Lorang, & Van Sickle, 726 

2011, p. 4) In their view, such a system could “…improve synchronization of water operation 727 

decisions with fish behavior and requirements, as well as [provide] a basis to promote greater 728 
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objectivity and transparency in the management process that can carry over to future technical 729 

teams” (ibid, p. 4).  730 

In light of our understanding of the types of data used in the process (coupled with the 731 

lack of clarity around certain parts of the actual process), SHO-WR could potentially play the 732 

sort of role identified by the IRP by supporting and improving temperature management 733 

decisions – at least the transparency of them – assuming it was embraced by key agency staff. 734 

This could potentially be accomplished by increasing the availability and ease of access to the 735 

data that are used in river operations. As shown in Table 4, there are numerous different data sets 736 

and data products of relevance to temperature management which are scattered across a variety 737 

of online sources and in a range of formats, in some cases only as pdf files that are not machine 738 

readable. The SHO-WR app is being designed such that the majority of these data are aggregated 739 

in one place. Further, by aggregating and clearly displaying a large amount of data about a 740 

variety of real-time conditions, the SHO-WR tool could provide a useful reference point for 741 

certain agency staff as well as stakeholders from conservation, farming, and other interested 742 

groups who are impacted in various ways by deviations from base operations during summer, 743 

especially in dry years.  744 

However, our analysis indicates that one primary unresolved sticking point in Sacramento 745 

River temperature management collaboration concerns disagreements over modeling work 746 

between NOAA and USBR, as exemplified by the discussion in section 3.3.3. above. It is 747 

uncertain at this point whether the SHO-WR data platform will eventually include functionality 748 

that might address this issue in some way, e.g., by including various model inputs and outputs, 749 

assumptions, and so forth from the relevant agencies.   750 

Last, we note that there are several existing data tools and platforms with some similar 751 

functionalities to SHO-WR. Although it is currently unclear what the specific unique value of 752 

SHO-WR is in relation to these, there may be potential for useful linkages and synergies with 753 

these other tools while still retaining a distinct kind of utility for certain users and observers.  754 

The value of the SHO-WR application to the Sacramento River temperature decision-755 

making process has yet to be clearly defined, but we will continue to track its development in 756 

order to evaluate its impact, regardless of how it is ultimately implemented, and by whom.   757 
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7 Appendix A: Historical context for temperature management 758 

decision-making for the Sacramento River 759 

 760 

The current structure of Sacramento River temperature management decision-making 761 

(e.g., what entities and organizations are involved and in what ways, their obligations and 762 

missions, why they meet together in the first place) is the product of an accretion of several 763 

decades of water infrastructure development and water policy change in the state of California. 764 

Some factors date back to the negotiations that took place around the authorization and early 765 

construction of the Central Valley Project in the 1930s. Analyzing some 80 years of California 766 

water development and policy history is of course beyond the scope of this report but we can still 767 

identify some key events which appear to have strongly shaped current temperature management 768 

on the Sacramento River. These are listed in chronological order with shorthand summaries and 769 

notes in Table 1.  770 

 771 

Central Valley Project contracts and reservoir construction 772 

The challenge of temperature management and the broader set of interrelated modern-day 773 

water-environment-society problems of which it is a part in the San Francisco Bay-Delta cannot 774 

be understood without a cursory grasp of the role of large water impoundment and conveyance 775 

infrastructure. Most important for this analysis is the Central Valley Project, which was 776 

authorized by the U.S. Congress in 1935. The vast system of dams and diversions which export 777 

water from the water-rich north and Sierra Nevada mountains to the “water-poor” areas of the 778 

Central Valley created the conditions that have made controlling the temperature of the 779 

Sacramento River a necessity. The CVP was designed and built during an era when 780 

environmental and ecological water needs were not yet on the collective radar (Reisner, 1993). 781 

As with most of the large-scale federal water projects of the mid-20th century, substantial human 782 

benefits (flood control, power, water availability) were gained at substantial ecological cost (the 783 

decimation of native salmon; altered salinity in the Delta; fundamental change to the structure 784 

and functioning of riparian ecosystems).  785 

Especially relevant for this study are Shasta, Friant, and Keswick dams (completed in 786 

1943, 1948, and 1950, respectively), which physically blocked salmonids’ access to cold-water 787 
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tributaries and created an unnatural flow regime which altered water quality, including 788 

temperature, in ways deleterious to native fish.  Among the environmental conditions winter-run 789 

Chinook salmon require in order to spawn is adequately cold water temperature. Subsequent 790 

decades of river operations fundamentally altered riparian and delta habitat, exacting a heavy toll 791 

on several species; of particular note are two federally endangered species: the winter-run 792 

Chinook salmon and the delta smelt, which have specific salinity requirements.  793 

The CVP also had the effect of inextricably tying together through hundreds of miles of 794 

canals formerly disparate water user groups across a very broad region.  Irrigation farmers as far 795 

south as Bakersfield became reliant upon surface water supplies stored some 150 miles away 796 

(Millerton Lake) controlled by a federal agency, the U.S. Bureau of Reclamation. Not only did 797 

farmers become linked to management agencies; by implication, they became linked to other 798 

farmers at different rungs on the water rights hierarchy of junior and senior users.  For this 799 

reason, as one interviewee put it, decisions made by USBR that affect one part of the CVP 800 

system often “reverberate” through the entire system.  801 

The complexities are partly a result of the contracts that the USBR entered into with 802 

existing water users who had rights to withdraw water directly from the rivers that were to be 803 

dammed and diverted to serve new users. Because the proposed CVP diversions would have 804 

harmed these users’ water rights, USBR had to negotiate contracts with the existing water rights 805 

holders in order to make the CVP possible.  806 

Key groups of CVP contractors include the hundreds of Sacramento River Settlement 807 

Contractors (SRSC) and the parties to the San Joaquin River Exchange Contract (SJREC) (U.S. 808 

Bureau of Reclamation, 2017). The SJREC involved four water districts who are the progeny of 809 

the famous Miller & Lux land and cattle empire with extremely senior rights to the San Joaquin 810 

River. These so-called Exchange Contractors agreed to receive water originating in the 811 

Sacramento River Basin in exchange for allowing USBR to divert the San Joaquin waters to 812 

more junior farming areas to the north and south of Friant Dam (completed in 1948) near the 813 

headwaters of the San Joaquin River. The Sacramento River water would be diverted and 814 

pumped uphill from the low-lying Sacramento - San Joaquin Delta uphill via the Delta-Mendota 815 

Canal to Mendota Pool, a historic small reservoir where it could be diverted again to irrigation 816 

canal systems of the Exchange Contractors.  817 
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The extreme seniority of their water rights is reflected in their contracts and how the 818 

USBR administers CVP water during dry years. As explained by USBR, “[i]n normal years the 819 

Exchange Contractors are assured 100 percent of their contractual water allotment (840,000 820 

[AF]) and in critical years 75 percent (650,000 [AF]). If Reclamation cannot deliver its 821 

contracted deliveries of substitute water from other sources, the Exchange Contractors reserve 822 

the right to receive their water from the San Joaquin River” (U.S. Bureau of Reclamation, 2017). 823 

In practice, this means that in severe dry years it is possible for the Exchange Contractors to 824 

receive much of their contractual water allotment while other contractors with more junior rights 825 

(e.g., those drawing from the Friant-Kern Canal to the south) receive as little as 0%, as happened 826 

in 2014 and 2015. The Exchange Contractors have only received less than their full allotment 827 

from USBR seven times between 1977 and 2015 (Stroshane, 2016, p. 164).  828 

 With the signing of the Sacramento River Settlement Contracts and SJREC and the 829 

subsequent construction of the complex network of dams and canals connecting entire regions to 830 

each other, the initial set of players in the game of temperature management was established, and 831 

the seeds of the issues they currently must deal with were sown early on by the massive 832 

diversion of water from north to south along the Central Valley. And importantly for this study, 833 

because regional farmers had become enveloped in USBR operations and management of the 834 

Sacramento River, by implication they became forever connected in a more intimate way to 835 

habitat quality of salmon runs in the Sacramento River and Bay-Delta water quality issues more 836 

generally. However, such connections were not meaningfully reflected in changes to operations 837 

of the massive CVP until certain aquatic species (including winter-run Chinook salmon) received 838 

threatened or endangered designations under the 1970 California Endangered Species Act and 839 

the US Endangered Species Act of 1973. 840 

 841 

Box 2.  Section 7 of the U.S. Endangered Species Act and Sacramento River winter-run Chinook 842 

salmon 843 

Section 7(a)(2) of the U.S. Endangered Species Act of 1973 (and amended in 1978) requires 

cooperation in the form interagency consultations using the best available science to ensure 

that the projects of federal agencies are not likely to “jeopardize the continued existence of any 
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endangered species or threatened species or result in the destruction or adverse modification of 

habitat of such species which is determined by the Secretary, after consultation as appropriate 

with affected States, to be critical…” (Sec. 7(a)) (U.S. Congress, 1973). As part of the 

interagency consultation, Sec. 7(c) requires a biological assessment (Biological Opinion) of 

the threatened or endangered species that may be affected by the action. Per Sec. 7(b), if the 

Biological Opinion determines that an agency action will result in jeopardy or adverse 

modification, the agency writing the Biological Opinion (typically USFWS or NMFS) must 

include in it a set of “reasonable and prudent alternatives” (RPA), actions that can be taken to 

modify the project in question so as to avoid non-compliance with Sec. 7(a). The RPA is 

included in the biological assessment.  

  

In the case of Sacramento River winter-run Chinook, Section 7 consultations were triggered by 

actions proposed in 2004 by USBR and DWR that included the ongoing operation of the CVP 

and SWP and several future operational modifications related to those two systems (U.S. 

Bureau of Reclamation, 2004a). NMFS’ 2004 Biological Opinion found that the proposed 

actions would not jeopardize the continued existence of winter-run Chinook. This Biological 

Opinion had to be redone after being invalidated in 2008 by a federal court (California 

Department of Water Resources, 2009; Pacific Coast Federation of Fishermen’s Association 

v. Gutierrez, 2009). Because the revised 2009 Biological Opinion included a finding of 

jeopardy, it included the reasonable and prudent alternative that currently structures much of 

the temperature management decision-making process for the Sacramento River. 

 844 

The present-day “status quo” or baseline for inter-agency decision-making specifically 845 

pertaining to temperature management is largely a result of the passage of Water Rights Orders 846 

90-5 and 91-1 by the SWRCB in 1990 and 1991, respectively. These Orders exercised the state 847 

of California’s power to place certain kinds of conditions on water rights permits it has granted, 848 

including on water quality, even in the case of federal agencies.10 The California legislature 849 

                                                           
10 California Water Code Section 275: “The department and board shall take all appropriate proceedings or actions 

before executive, legislative, or judicial agencies to prevent waste, unreasonable use, unreasonable method of use, or 

unreasonable method of diversion of water in this state.”  Section 1258: “In acting upon applications to appropriate 

water, the board shall consider water quality control plans which have been established pursuant to Division 7 
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authorized SWRCB to regulate water quantity and quality in 1967 and the contours of this 850 

authority were worked out in the courts during the 1980s11. Responding to the salmon issue, they 851 

created Water Rights Order 90-5 in 1990.  852 

Order 90-5 added a condition to USBR water permits stipulating that the “[p]ermittee 853 

shall operate Keswick Dam, Shasta Dam, and the Spring Creek Power Plant to meet a daily 854 

average water temperature of 56° F in the Sacramento River at Red Bluff Diversion Dam during 855 

periods when higher temperatures will be detrimental to the fishery" (State Water Resources 856 

Control Board, 1990, p. 54). Additional water quality conditions placed on USBR operations by 857 

Order 90-5 related to flow rates, turbidity levels, and dissolved oxygen concentrations.  Order 858 

90-5 also directed USBR to install a temperature control device (TCD) at Shasta Dam.  The next 859 

year, Water Rights Order 91-1 modified certain provisions of 90-5, neutralizing multiple lawsuits 860 

that had been filed by permittees against SWRCB over the terms of 90-5.   861 

In essence, these conditions meant that USBR had to modify its operations to incorporate 862 

the needs of salmon, something that the CVP infrastructure was not designed to do. Order 90-5 863 

also adopted key parts of a USBR proposal to hold meetings with fishery agencies (specifically 864 

NMFS and CDFW) to coordinate its operation plans. Specifically, this included requirements to 865 

consult with the fishery agencies and to report to SWRCB on its plan (SWRCB, 1990, 30).  866 

Starting in 1990, this consultation took the form of a new group called the Sacramento 867 

River Temperature Task Group (SRTTG). Although the SRTTG has existed since 1990, there is 868 

no historical publicly available record of its activities and content of its meetings prior to 201412. 869 

The SRTTG represented a significant expansion of the number of organizations that cooperate 870 

around CVP operations affecting the Sacramento River compared to before 1989. There are 871 

currently seven organizations with formal representation in SRTTG:  NMFS, USFWS, USBR, 872 

                                                           
(commencing with Section 13000) of this code, and may subject such appropriations to such terms and conditions as 

it finds are necessary to carry out such plans.” The full text is available at 

https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=WAT&division=2.&title=&part=2.&cha

pter=2.&article=1  
11 National Audubon Society v. Superior Court (1983) 33 Cal.3d 419, 189 Cal.Rptr. 346.; United States v. State 

Water Resources Control Board (1986) 182 Cal.App.3d 82, 227 Cal.Rptr. 161 
12 SRTTG meeting agendas and notes for 2015-2017 are available at 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/srttg/. Agendas and 

handouts for 2014-2015 are available at 

https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/srttg/  

https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=WAT&division=2.&title=&part=2.&chapter=2.&article=1
https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=WAT&division=2.&title=&part=2.&chapter=2.&article=1
http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/srttg/
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/srttg/
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SWRCB, CDFW, and the Hoopa Valley and Yurok Indian tribes. These groups meet to advise 873 

USBR on the development of its annual Sacramento River Temperature Management Plan 874 

(SRTMP), a document submitted to SWRCB for formal approval. SRTTG also assists USBR 875 

with carrying out “reasonable monitoring and reporting” to SWRCB consistent with the 876 

requirements in the Order.    877 

To briefly summarize, Water Rights Order 90-5 represented the determination that 878 

temperature management was essential to salmon preservation and that interagency collaboration 879 

would be necessary to achieve it. To that end, the SRTTG was created to pool technical expertise 880 

and become the primary forum for temperature management, data collection, monitoring and 881 

reporting, and planning and consultation.  882 

Further developments 1990 – 2000 883 

Subsequent to Water Rights Orders 90-5 and 91-1, several relevant developments 884 

occurred during the 1990s, bookended by CALFED in 2000. First was the passage of the Central 885 

Valley Project Improvement Act (CVPIA) in 199213. This federal legislation substantially 886 

amended the Central Valley Project Authorizations Act to add a number of provisions intended 887 

to save anadromous fish harmed by CVP operations. Overall, the law elevated fish and wildlife 888 

protection and restoration to equal priority with irrigation and domestic water uses and power 889 

generation.  890 

The CVPIA directs the Secretary of the Interior to “[d]evelop within three years of 891 

enactment and implement a program which makes all reasonable efforts to ensure that, by the 892 

year 2002, natural production of anadromous fish in Central Valley rivers and streams will be 893 

sustainable, on a long-term basis, at levels not less than twice the average levels attained during 894 

the period of 1967-1991”  (U.S. Congress, 1992, sec. 3406(b)1).  The only temperature-specific 895 

language pertained to the requirement that USBR “[i]nstall and operate a structural temperature 896 

control device at Shasta Dam and develop and implement modifications in CVP operations as 897 

needed to assist in the Secretary's efforts to control water temperatures in the upper Sacramento 898 

River in order to protect anadromous fish in the upper Sacramento River” (U.S. Congress, 1992). 899 

                                                           
13 The text of the CVPIA is available at https://www.usbr.gov/mp/cvpia/.  

https://www.usbr.gov/mp/cvpia/
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However, the Act did include language about water quality, which would presumably include 900 

temperature:  901 

“As needed to achieve the goals of this program, the Secretary is authorized and 902 
directed to modify Central Valley Project operations to provide flows of suitable 903 
quality, quantity, and timing to protect all life stages of anadromous fish, except that 904 
such flows shall be provided from the quantity of water dedicated to fish, wildlife, and 905 
habitat Restoration” (U.S. Congress, 1992)(emphasis ours).   906 

The CVPIA also reserved 800,000 AF of water for these purposes. 907 

Second, the federal listing of winter-run Chinook was changed from threatened to 908 

endangered in January 1994. The determination was made by NMFS after prodding from the 909 

American Fisheries Society in light of continued marked declines in estimated run sizes at Red 910 

Bluff Diversion Dam into the early 1990s, which averaged just 540 from 1989-1993 and plunged 911 

to a new historic low of 191 in 1991 (National Oceanic and Atmospheric Administration, 1994, 912 

p. 440)14. This escalated activities by the relevant federal agencies per the requirements of the 913 

ESA, e.g., triggering interagency consultations and the biological opinions that would drive 914 

revisions to temperature management during the following decade (see Box 2).  915 

A third event from the 1990s worth noting is the completion of the CALFED Bay-Delta 916 

Program (known as simply “CALFED”)15. As explained by Lejano and Ingram (2009, p. 654), 917 

“CALFED is the inter-agency initiative that grew from the resolve to get past 918 
regulatory gridlock, and the California Bay-Delta Agency (CBDA) was the new 919 
organization charged with implementing it. Established as a consortium of 8 State 920 
and 10 Federal agencies in 1994, CALFED drew up a long-term plan of action 921 
formalized in a Record of Decision (ROD) in 2000, the idea being that solutions 922 
would likely come only when piecemeal, unilateral actions were replaced by 923 
concerted, comprehensive planning and action.”  924 

 925 

CALFED spawned several new forums and teams: the Water Operations Management 926 

Team (WOMT); Integrated Water Operations and Fisheries Forum; Data Assessment Team; 927 

Salmon Decision Tree; and the Delta Smelt Working Group  (CALFED Bay-Delta Program, 928 

                                                           
14 Calculations derived from table in the federal listing notice 

http://www.westcoast.fisheries.noaa.gov/publications/frn/1994/59fr440.pdf. 
15 CALFED has since evolved into the Delta Stewardship Council but the program website was converted to a static 

archive in 2012 at http://calwater.ca.gov/.  

http://www.westcoast.fisheries.noaa.gov/publications/frn/1994/59fr440.pdf
http://calwater.ca.gov/
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2000; U.S. Bureau of Reclamation, 2008c) According to a 2000 CALFED report, the most 929 

important of these was the creation of the WOMT 930 

“…which includes the directors of DWR and DFG, the regional directors of USBR, 931 
FWS, NMFS and EPA as well as a representative of the State Board. This Team will 932 
meet weekly, or as the need arises, to resolve conflicts among competing resource 933 
demands. The CALFED Operations Group, which includes agency operations 934 
personnel, will present the issues to the Team, who will be responsible for informing 935 
more senior levels of government regarding developing conflicts. As the Water 936 
Operations Management Team resolves issues, it will consider explicitly water supply, 937 
water quality and endangered species in its decisions” (CALFED Bay-Delta 938 
Program, 2000, sec. Appendix I)  939 

 940 

Additionally, the WOMT advises DWR and USBR on water project operations based on 941 

its evaluation of the information it receives from the technical committees (California 942 

Department of Fish and Wildlife, 2017). From the narrower perspective of temperature 943 

management, the WOMT constitutes another decision-making entity “above” the SRTTG in the 944 

hierarchy of Bay-Delta / Sacramento River operations (Fig. 3).  945 

 946 

 947 

 948 

 949 

 950 

 951 

 952 

 953 

 954 

 955 

 956 

 957 
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Figure 3. The decision-making process for river operations affecting the Bay-Delta described by 958 
CALFED in 2000. USBR operations decisions at the staff level are filtered through the CALFED 959 
Operations (Ops) stakeholder group, with issues resolved as needed at the policy level by the 960 

WOMT. Figure adapted from CALFED (2000, p. 33).  961 

 962 

 963 
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2.4. The Long-term Operational Criteria and Plan Biological Opinions and resulting reasonable 964 

and prudent alternative for salmon protection 965 

After CALFED, USBR and DWR began developing a plan for managing the two projects 966 

that impact the salmon and delta smelt, the CVP and State Water Project (SWP). This plan, 967 

called the Long-term Operational Criteria and Plan (OCAP), was completed in June 2004 and 968 

made a number of operations changes, including increased water exports from the Delta (USBR, 969 

2004). Because of the federally endangered status of winter-run Chinook, earlier that year 970 

(March 2004) USBR had requested initiation of formal consultations under ESA Section 7 971 

involving relevant federal agencies: USFWS (for smelt) and NMFS (for salmon). As part of the 972 

consultation process, the ESA requires USFWS and NMFS to issue Biological Opinions on their 973 

respective affected aquatic species (salmon and steelhead for NMFS, Delta smelt for FWS), 974 

including a jeopardy determination for the proposed action. If the action in question is 975 

determined likely to put a species in jeopardy (a specific statutory designation), a Biological 976 

Opinion must include “reasonable prudent alternatives” (RPA) for the proposed action in 977 

question.16 978 

Neither USFWS nor NMFS reported a jeopardy judgement for the OCAP in their 979 

Biological Opinions for delta smelt and salmonids, respectively (the NMFS Biological Opinion 980 

was issued on October 22, 2004). The “no jeopardy” findings of both agencies were successfully 981 

attacked in lawsuits by environmental interests and so the USFWS and NMFS were forced to re-982 

tool their Biological Opinion in 200817. USFWS issued a Biological Opinion in December 2008 983 

with a finding that the OCAP would result in jeopardy for the smelt and the inclusion of an RPA. 984 

NMFS issued a Biological Opinion in June 2009 with a finding that the OCAP would result in 985 

jeopardy for multiple listed species, including for the winter-run Chinook, and included an RPA 986 

with implications for temperature management. 987 

                                                           
16 A Reasonable Prudent Alternative consists of “alternative actions identified during formal consultation that can be 

implemented in a manner consistent with the intended purpose of the action, that can be implemented consistent 

with the scope of the Federal agency’s legal authority and jurisdiction, that is economically and technologically 

feasible, and that the [NMFS] Director believes would avoid the likelihood of jeopardizing the continued existence 

of listed species or resulting in the destruction or adverse modification of critical habitat” (C.F.R. 50 §402.02, n.d.). 

17 The federal court’s decision including summary judgement is available at 

http://earthjustice.org/sites/default/files/library/legal_docs/salmon-decision-41608.pdf  

http://earthjustice.org/sites/default/files/library/legal_docs/salmon-decision-41608.pdf
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It also sets the term of the SRTMP, which is May 15 - October 31. The NMFS RPA 988 

includes a set of objectives for Shasta Operations (”Action Suite I.2”) (National Marine Fisheries 989 

Service, 2009, p. 590, 2011, p. 17). Objective 1 is to “[e]nsure a sufficient cold water pool to 990 

provide suitable temperatures for winter-run spawning between Balls Ferry and Bend Bridge in 991 

most years, without sacrificing the potential for cold water management in a subsequent 992 

year”(National Marine Fisheries Service, 2011, p. 17).  It sets a performance metric of achieving 993 

the Balls Ferry compliance point 85% of the time and the Bend Bridge compliance point 15% of 994 

the time measured as a 10-year running average of summer seasons. Action 1.2.4 of the NMFS 995 

RPA stipulates that  996 

“Reclamation shall manage operations to achieve daily average water temperatures 997 
in the Sacramento River between Keswick Dam and Bend Bridge…Not in excess of 998 
56°F at compliance locations between Balls Ferry and Bend Bridge from May 15 999 
through September 30 for protection of winter-run, and not in excess of 56°F at the 1000 
same compliance locations between Balls Ferry and Bend Bridge from October 1 1001 
through October 31 for protection of mainstem spring run, whenever possible” (ibid., 1002 
p. 17) 1003 

 1004 

The RPA also lays out the timetable of requirements for each water year for 1005 

implementation of the previously stated goals, primarily the provision of summer hydrology 1006 

forecasts to NMFS by mid-April, and completion of a final Plan by mid-May: 1007 

“By April 15, Reclamation shall develop and submit to NMFS both 50 percent and 90 1008 
percent [hydrology] forecasts, consistent with its draft plan of summer operations. 1009 
Reclamation shall model two complete runs for each forecast, one with an upstream 1010 
[temperature control point] and one with a downstream [temperature control point]. 1011 
Together, Reclamation will present four risk-management options to NMFS for 1012 
review. [End of season] Storage will be projected for each of the four runs. If it is very 1013 
wet or very dry, there will be fewer options to present to NMFS.” (ibid., p. 28) 1014 

“By May 15, Reclamation and NMFS shall jointly submit a final Temperature 1015 
Management Plan to meet the SWRCB 90-5 requirements using the SRTTG. From 1016 
May 15 through October 31, the SRTTG shall track implementation of this plan, and 1017 
shall refine it based [on] real-time information, including run timing, location of 1018 
redds, air and surface water temperature modeling, and projected versus actual extent 1019 
of the cold water pool. Any disagreement at the work group level regarding how to 1020 
implement or modify the plan will be elevated to NMFS and resolved through WOMT 1021 
standard operating procedures.” (ibid., p. 28) 1022 

 1023 
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The RPA also stipulates in section 11.2.1.2. that USBR and NMFS have to convene a 1024 

workshop at the end of November each year to review the previous water year operations and 1025 

decide if changes should be made to the RPA (ibid., p. 9) Changes must be submitted to SWRCB 1026 

for approval. 1027 

In sum, the revised OCAP Biological Opinion and RPA for winter-run Chinook salmon 1028 

added new temperature management criteria, identified the need for making temperature 1029 

management more adaptive, and clarified the process and annual timetable for developing 1030 

temperature plans for the Sacramento River and the role of the SRTTG in that process.  1031 

 1032 

2010 – Present: temperature management in crisis and fallout of the 2012-2016 drought 1033 

An Independent Review Panel (IRP) was convened in Sacramento, CA by the Delta Science 1034 

Program at the request of USFWS and NMFS to provide scientific advice on the efficacy of 1035 

implementation of the two agencies’ OCAP RPAs based on the outcomes of water year 2011 1036 

(Anderson et al., 2011). Despite water year 2011 being a wet year, some of the physical targets 1037 

were not met, which led the IRP to suggest that there is “a low expectation that those specific 1038 

targets are achievable in the future, especially in drier years.” (Anderson et al., 2011, p. 3). As it 1039 

turned out, a series of historically dry years was right around the corner, starting in 2012; 1040 

unfortunately, their predictions about the low likelihood of meeting temperature and flow targets 1041 

proved correct. California’s most recent drought extended from 2012-2016. It was the most 1042 

severe drought in state history and contained the single driest year (2014) in the last 1,200 1043 

(Griffin & Anchukaitis, 2014). Its relevance to this analysis is primarily related to the changes to 1044 

temperature management planning that emerged from it. These changes are particularly relevant 1045 

given robust predictions of increasing mean and extreme temperatures (Seager & Hoerling, 1046 

2014); a greater risk of droughts that are both dry and hot (Diffenbaugh, Swain, & Touma, 1047 

2015); and the knowledge that even more severe droughts have occurred in the past based on 1048 

dendrochronology (Griffin & Anchukaitis, 2014).  A major consequence of a changing climate is 1049 

the decreasing reliability of the historical record for calibrating models and making projections 1050 

about the future for the Sacramento and San Joaquin Rivers (Deas, Goodwin, Lindley, Woodley, 1051 

& Williams, 2008, p. 15). 1052 
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The poor conditions during drought served to highlight the substantial complexity of 1053 

USBR’s challenges in managing the CVP. On paper, the water rights in the Sacramento-San 1054 

Joaquin Delta system are three times the volume of the average natural unimpaired flow to the 1055 

Delta (Grantham & Viers, 2014). This basic historical fact of overallocation, combined with 1056 

expansive and complex linkages through water delivery infrastructure and interbasin transfers 1057 

sets up myriad complex problems during droughts. As Deas et al (2008, p. 6) observed, “[t]he 1058 

upper Sacramento River is a complex hydrologic ecosystem that is also heavily 1059 

managed…[d]ecisions made for one objective (temperature maintenance, for example) in one 1060 

river reach can affect other reaches or other objectives.” A recent SRTTG annual report listed the 1061 

myriad and sometimes conflicting demands placed on federal CVP managers:  1062 

“Operational decisions on the upper Sacramento River are influenced by local and CVP and 1063 

SWP system-wide multi-purpose objectives including those that are planned and uncertain. 1064 

Many factors contribute to operational actions including, but not limited to: flood protection, 1065 

forecasted inflows, facility maintenance schedules, physical/mechanical facility limitations, 1066 

upstream operations, minimum in-stream flow criteria, downstream Delta regulatory 1067 

requirements, Delta exports, power generation, recreation, fish hatchery accommodations, 1068 

temperature management capabilities, and others” (Sacramento River Temperature Task 1069 

Group, 2017, p. 7).  1070 

These constraints were illustrated by an interviewee with USBR, who said “[i]f we were just to 1071 

manage for a water supply, we’d try to help the growers know what kind of water they can get so 1072 

they can plan out their year.  That’s [in] direct opposition to a fisheries goal, which is going to 1073 

want to be conservative and try to preserve cold water in the reservoir in case the snow melts or 1074 

rainfall, or ambient air temperature just happens to be a lot hotter” (Interviewee 6, 2017).  This 1075 

interviewee also told us “every time I sit in on an operations meeting I feel I hear one new type 1076 

of constraint or objective that the Center Valley Operations office has to be aware of and try to 1077 

manage to meet that.  When they do an operation to meet one of those objectives, it has 1078 

consequences elsewhere” (Interviewee 6, 2017). Another interviewee also spoke to the 1079 

complexity of the system, explaining that operations of Shasta reservoir are coordinated with 1080 

CVP system-wide operations that include the American River, Feather River (for the California 1081 

State Water Project), and the Stanislaus during summer. When summer releases from Shasta are 1082 

constrained due to poor conditions, these other dams and diversions are needed to meet 1083 

regulatory requirements in the Delta during summer and fall. Yet, the substantial water 1084 
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requirements from those other dams are sometimes insufficient, creating an extremely difficult 1085 

situation for USBR (Interviewee 3, 2017). Another noted the significant political pressure federal 1086 

managers face: “[USBR are] in a bind, too. They have contracts within the basin. They have 1087 

contracts south of Delta that they can never fully fill. They’re getting constantly lobbied by 1088 

[U.S.] Congress and the state assembly and senate. They’re in a tough spot” (Interviewee 1, 1089 

2017) 1090 

Given all of the complicating factors affecting temperature management on the 1091 

Sacramento River just noted, adverse impacts to people and ecosystems were to some extent 1092 

unavoidable given the severity of the 2012-2016 drought. USBR recognized the potential for 1093 

extended severe drought to severely challenge allocations for humans and aquatic species in the 1094 

2008 OCAP (USBR, 2008).  1095 

From a temperature management perspective, the most disastrous years of the drought 1096 

were 2014 and 2015.. In 2014, the estimated egg-to-fry survival rate for winter-run Chinook to 1097 

Red Bluff Diversion Dam was only 5.9% (Poytress, 2016) and was even lower (4.5%) the 1098 

following year (Voss & Poytress, 2017). In response, an existing lawsuit against USBR by a 1099 

coalition of salmon and fisheries groups was amended, incorporating the events of the drought 1100 

years to bolster their case18.  2014 and 2015 were also the only years in which the San Joaquin 1101 

Exchange Contractors received 0% of their allotment from the Sacramento River (the water they 1102 

used in those years came from groundwater and San Joaquin River flows, the latter of which they 1103 

retain senior rights to receive (Gaytan, 2014). A number of CVP contractors with water rights 1104 

junior in priority to the Exchange Contractors strongly questioned the basis for USBR’s 1105 

allocation decisions and their interpretations of certain provisions of the contracts and later filed 1106 

a $350 million lawsuit against USBR over their water decisions in 2014 (Griswold, 2016). 1107 

Besides lawsuits, other developments in the wake of the drought are worth noting. First, 1108 

in August 2016, USBR simultaneously asked to reinitiate the entire CVP/SWP operations 1109 

consultation and the implementation of the adaptive management provisions in the NMFS RPA 1110 

in relation to Shasta Reservoir actions. This followed from the severe mortality rates associated 1111 

with multi-year drought on winter-run Chinook, and from a desire to incorporate the information 1112 

obtained from those years into revised CVP operations.  In a letter to USBR dated January 19, 1113 

                                                           
18 Natural Resources Defense Council v. Zinke, case no. 1:05-cv-01207 LJO-EPG, document 987-1 filed 11/09/2015 

available at http://earthjustice.org/sites/default/files/files/987-1%204th%20Supp%20%20Compl%20.pdf.  

http://earthjustice.org/sites/default/files/files/987-1%204th%20Supp%20%20Compl%20.pdf
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2017, NMFS observed that drought conditions in 2014-2015 “…precipitated extremely 1114 

challenging operations of Shasta and Keswick reservoirs that resulted [in] better understanding 1115 

on what information to consider in the development and implementation of both the initial 1116 

forecast process and the May temperature management plan process” (Thom, 2017, p. 4). In the 1117 

letter, NMFS anticipated the consultation process taking several years, and proposed a set of 1118 

changes to the existing RPA in the meantime. Negotiations of RPA changes are ongoing.  1119 

Additionally, as part of the adaptive management provision, USBR and NMFS agreed to 1120 

facilitate a “structured stakeholder process that will inform the amendment process” via a series 1121 

of workshops (Thom, 2017, p. 4). Although this stakeholder process is thematically broader than 1122 

just temperature management, the topic was marked for inclusion, evidenced by the proposed 1123 

June 22, 2017 meeting which was intended to “review final 2017 temperature management pilot 1124 

plan and status report on system-wide modeling” (Thom, 2017, p. 4). 1125 

Another outcome from the drought experience was the formation of a new decision-1126 

making group, the Shasta Water Interagency Management (SWIM) Team. The SWIM Team was 1127 

created in 2016 with the goal of monitoring the implementation of the SRTMPs. There are three 1128 

main distinguishing features between SRTTG and SWIM Team: (1) decision-making authority, 1129 

(2) transparency, and (3) meeting frequency.  1130 

(1) Unlike SRTTG (but similar to the WOMT), the SWIM Team was comprised of 1131 

management-level representatives from the different member organizations, most of 1132 

which are the same ones as SRTTG, including USBR, NMFS, USFWS, CDWR, CDFW, 1133 

and SWRCB. 1134 

(2) The SWIM Team did not maintain a public record of its meetings, unlike SRTTG which 1135 

has released publicly available meeting notes since 2014 (though it should be noted there 1136 

was no requirement in the RPA for the group to do so).  1137 

(3) USBR has described SWIM Team as a “real-time decision-making group” that meets 1138 

weekly and has the job of tracking the cold water pool to the temperature model and to 1139 

review the conditions of Sacramento River operations (U.S. Bureau of Reclamation, 1140 

2016a, p. 31). SRTTG typically meets monthly, though may meet more often depending 1141 

on the severity of drought conditions. 1142 
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Finally, it is worth noting USBR’s proposed changes to the SRTTG in 2016. The changes 1143 

included (1) standardizing all SRTTG meetings through a set format of pre-meeting circulation 1144 

of various data and model outputs, and written notes from the previous meeting; (2) changing the 1145 

meeting frequency to once a month; (3) “Participants would agree to explicit meeting guidelines 1146 

intended to promote constructive dialog and focus” ; (4) expansion of SRTTG membership to 1147 

include “technical representatives” of the Sacramento River Settlement Contractors; (5) 1148 

Revisions to procedures such that certain kinds of information would be made available to 1149 

SRTTG members prior to the first meeting of the spring season (late April or early May), 1150 

including “Real time online data on the [USBR Central Valley Operations] website”; 1151 

Temperature Forecast model outputs to SRTTG participants; and, upon request by an SRTTG 1152 

member, “…a summary of inputs to the CVP Forecast model for both the 50% and 90% 1153 

exceedance forecasts, and a summary of inputs to the Temperature Forecast model” (Milligan, 1154 

2016a, pp. 1–2).  1155 

Although USBR was unsuccessful in getting these changes to SRTTG adopted, this set of 1156 

proposals is likely indicative of some of the perceived shortcomings of the temperature 1157 

management system, at least from the perspective of some at USBR. Perhaps most notable 1158 

proposals are (a) the emphasis on making “real-time data” available and (b) the attempt to 1159 

formally include representation from the SRSC (but not other interest and user groups, including 1160 

other groups of CVP contractors).  1161 

 1162 

Summary: the historical development of the present-day baseline temperature management 1163 

process 1164 

In this Appendix we have identified and described key developments in law, policy, and 1165 

governance that have shaped the present-day decision-making structure and process for 1166 

temperature management in the Sacramento River basin. As indicated, the chain of events 1167 

stretches back to the beginning of the CVP. Most of the developments have taken place since the 1168 

early 1990s, stemming largely from the drastic decline in winter-run Chinook salmon run sizes 1169 

and the subsequent designation as endangered at the state and federal levels. First California, via 1170 

Water Rights Orders 90-5 and 91-1 and the CVPIA, and then the U.S., via the ESA, imposed 1171 

requirements of water managers (namely USBR) to try to meet temperature targets in order to 1172 

address the severe increases in salmon mortality. In practice, the process consists of continuous 1173 
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consultations between state and federal agencies during the months leading up to the summer 1174 

season when winter-run Chinook spawn, with the goal of formulating a Sacramento River 1175 

Temperature Management Plan that is approved by SWRCB. The primary venue for these 1176 

consultations is the SRTTG – a technical advisory body -- with the WOMT and SWIM Team 1177 

“above” them for resolving disputes and making management-level decisions. 1178 

The 2012-2016 drought generated increased interest in this process due to the near-total 1179 

losses of endangered salmon runs in 2014 and 2015, and over USBR’s allocations to various 1180 

CVP contractors, especially irrigators with junior water rights. Ongoing issues in the wake of the 1181 

drought have included revisions to the NMFS OCAP RPA based on information collected during 1182 

the drought, the question of whether to revise the SRTTG process and expand the formal 1183 

representation on the SRTTG to include CVP contractors, and the reinitiation of formal Section 7 1184 

consultations between USBR and NMFS. Finally, it is unclear whether and to what extent the 1185 

critiques of the NMFS RPA by the 2011 Independent Review Panel have been meaningfully 1186 

addressed by water managers.   1187 

  1188 
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8 Appendix B. Sample Baseline Interview Protocol for Agency 1189 

Staff 1190 

Overall Interview Goals 1191 

• Gain an overall understanding of the decision-making process and the role of each 1192 
agency within it. Specifically focusing on (1) when decisions are made, (2) the agencies 1193 

involved in making the decisions, and (3) data or criteria used for decisions.  1194 

• Understand the role of SRTTG and SWIM team and individuals from each agency on 1195 
each team.  1196 

• Understand what the decisions are each interviewee perceives the decision-making 1197 
process both to meet the established management objectives or regulatory framework.  1198 

• Understand the role that each interviewee sees for the data platform and the key barriers 1199 
or constraints to platform development and implementation.  1200 

 1201 

Background questions: 1202 

1. What is your agency affiliation and role within it? 1203 

2. How long have you worked in your current position? 1204 
3. What is your academic training and primary professional background? 1205 

 1206 

Understanding the current decision-making process 1207 

4. What is the interagency drought response team? When was it formed? Who was on it?  1208 
5. What is the SWIM team? How is it different from the SRTTG? And what prompted its 1209 

formation? 1210 
6. Who from your agency is on the SWIM team?  1211 
7. I am trying to understand the timeline and process of temperature management plan 1212 

(TMP) development, which requires the Bureau to consult with fish agencies during plan 1213 
development. Could you talk about the consultation process, what it looks like, who is 1214 

involved and the timeline for the process?   1215 

a. Once developed, the TMP is sent to State Board for modification and/or approval, 1216 
is that right?  1217 

b. When is it sent? When is it typically approved?  1218 
c. Does your agency consult with State Board during that approval process? [asked 1219 

to NOAA but not USBR staff] 1220 

d. What do modifications of the TMP look like? 1221 

e. Does your agency consult with State Board during that approval process?  1222 
f. Do you operate under the proposed TMP while the approval process is going on?  1223 

8. What is the Coordinated Operations Agreement? 1224 
9. What happens during the operating season when USBR is unable to manage to the TMP? 1225 

Specifically,  1226 

a. in the 2015 Shasta Temperature Management Plan – Key components document 1227 
developed by the Bureau states, “Reclamation will convene the real-time 1228 
monitoring and decision-making group at least weekly, and more frequently if 1229 
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necessary to inform decision about temperature operations.” Who are you 1230 
referring to in this document?   1231 

b. How are decisions to change the plan made? What data or criteria are considered? 1232 

How are these decisions parsed between the SRTTG and the SWIM team and are 1233 
their formal criteria on this? 1234 

10. What are the key concerns that have hindered decisions in the past?  1235 
11. In the last data platform meeting, you expressed concern about releasing some data or 1236 

graphs on Sacramento River operations more publicly without providing the context 1237 

around it. Could you talk more about how the Bureau views providing data on 1238 

Sacramento River operations? What challenges do you as an agency face?  1239 
12. In 2016, the NMFS released a “Species in the Spotlight” report on Sacramento River 1240 

Winter-run Chinook Salmon, which highlights key actions that NMFS and partner 1241 
agencies can undertake in the next five years to protect the species. The first action 1242 

presented in the report is the need to improve management of the Shasta Reservoir 1243 
Coldwater Storage. Could you talk more about this, how was this action identified and 1244 

the steps that your agency has undertaken or anticipates undertaking to meet highlighted 1245 
goal? [asked to NOAA but not USBR staff] 1246 

13. How were the decision trees developed under the 2009 RPA developed (e.g., if end of 1247 

September Shasta storage below 1.9 MAF then)? How were they developed, what data 1248 
were used, have they been effective? [asked to NOAA but not USBR staff] 1249 

 1250 

Process of data platform development:  1251 

14. What are your perceptions of data platform development to this point in time?  1252 
15. Do you see the platform playing a useful role in management decisions along the 1253 

Sacramento River in the future? Why or Why not?   1254 

16. Who do you think should fund the platform long-term?   1255 

 1256 

Final Questions: 1257 

1. Is there anything else that I didn’t ask about that you think I should know? 1258 

2. Is there anything else I should read?  1259 
3. Anyone else that I should talk to? 1260 

4. Can I follow up with you? 1261 
5. Any other questions for me?   1262 

  1263 
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