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  About the California Water Data Consortium
The California Water Data Consortium is an independent non-profit organization founded in 
2019 to support State agency implementation of the Open and Transparent Water Data Act 
(Assembly Bill 1755). The Consortium supports water stewardship statewide by providing 
an independent space for collaboration and sustained engagement among State agencies, 
water agencies, industry, non-governmental organizations (NGOs), Tribes, growers and 
stakeholders. By empowering water leaders with resources and connections that bolster 
data-informed decision-making, the Consortium supports a more resilient and equitable 
water future for everyone living and working in California. 
 

  FlowWest
FlowWest supported the Consortium in the development of Putting Water Data Work as 
technical consultants with expertise in data science and California water data. FlowWest’s 
capabilities span the full suite of natural resources management and ecosystem restoration 
services targeting the intersection of people, infrastructure, and the environment. FlowWest 
has pioneered the adaptation and implementation of the best data integration, advanced 
analytics, and visualization tools to natural resources and ecosystem management. They 
blend environmental expertise and open-source data products and services for our clients 
that are unique in the industry. Learn more about their projects and get in touch today.



Executive Summary
Water is an essential resource for California’s 40 million residents1 and vital in sustaining 
the state’s ecological biodiversity, enabling a vibrant agricultural sector, and supporting the 
state’s economy by providing water necessary to support communities, businesses and 
industry. But, as the State’s water infrastructure ages and climate change strains California’s 
water resources, it is critical that State and local agencies, and communities have the 
information and tools necessary to manage irregular and unpredictable water supplies. The 
Open and Transparent Water Data Act (Assembly Bill [AB] 1755, Dodd), passed in 2016, helps 
address the demand for high-quality public natural resource data statewide. The California 
Water Data Consortium (Consortium), a section 501(c)(3) nonprofit organization founded in 
2019, supports the State and its Partner Agency Team in implementing AB 1755.2 Improving 
California’s water data infrastructure is an ongoing effort that ultimately will form an indis-
pensable foundation for water resource stewardship statewide and support sustainable and 
equitable water supply access.

In addition to The Open and Transparent Water Data Act, the State has passed seminal wa-
ter planning legislation to address water management challenges, including the Integrated 
Regional Water Management (IRWM), a collaborative effort to support regional water 
management planning and projects,3 and the Sustainable Groundwater Management Act 
(SGMA), and more.4 Despite the monumental progress that California has made to support 
sustainable and equitable water management, there remain challenges that have hindered 
the implementation of existing efforts and slowed implementation.5 

1.  See: https://www.census.gov/quickfacts/CA
2.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Letter_from_CNRA_and_CalEPA_

Secretaries_related_to_the_Water_Data_Consortium_a_y19.pdf
3.  See: https://water.ca.gov/programs/integrated-regional-water-management
4.  See: https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management
5.  Hanak E, Lund J, Dinar A, Gray B, Howitt R, Mount J, Moyle P, and Thompson B. 2011. Managing California’s Water: From Conflict to 

Reconciliation. San Francisco (CA): Public Policy Institute of California. 503 pp. Available at: http://www.ppic.org/content/pubs/
report/R_211EHR.pdf.
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Missing or inaccessible data hinder the ability of local, State, and federal agency employees 
to effectively manage our water systems. As water availability becomes more unpredictable 
because of climate change and natural disasters, the impacts of these data gaps will 
be exacerbated. California’s current water data systems are not built to enable the data 
access, integration, and synthesis required to transition to a more resilient water future.6 
Federal, State, and local water managers, as well as growers, communities and non-profit 
organizations, presently rely on water data and information from a variety of sources that 
are difficult and time-consuming to access.7 These data are often subject to errors and are 
reported in inconsistent formats that limit their functionality.8 In addition, data necessary for 
critical water management decisions are not available in the timeframes required to support 
timely management decisions, particularly 
during periods of water scarcity or excess 
when critical, time-sensitive decisions are 
necessary. These data challenges create 
inefficiencies and inequities in water manage-
ment, hinder proactive water management, 
and leave human and ecological communities 
vulnerable.9

To provide a better understanding of the data 
challenges facing California’s water planners 
and managers, this report summarizes 
interviews with water leaders from a variety 
of sectors across the state. These leaders 
articulated how California’s existing data 
infrastructure issues are hindering their 
ability to make informed water management 
decisions and thus plan for long-term supply 
reliability under extreme conditions. Critical data gaps and inaccessible, inconsistent, and 
poor data quality are affecting a range of management outcomes—from an inability to pro-
actively identify and mitigate drying wells, to maintaining surface water flows, to protecting 
endangered species, to planning for infrastructure investments in urban and agricultural 

6.  Cantor, A, M. Kiparsky, R. Kennedy, S. Hubbard, R. Bales, L. C. Pecharroman, K. Guivetchi, C. McCready, and G. Darling. 2018. Data for 
Water Decision Making: Informing the Implementation of California’s Open and Transparent Water Data Act through Research and 
Engagement. Center for Law, Energy & the Environment, UC Berkeley School of Law, Berkeley, CA. 56 pp. Available at: https://doi.
org/10.15779/J28H01 or https://www.law.berkeley.edu/research/clee/research/wheeler/data/

7.  See: https://stacks.stanford.edu/file/druid:cb612zf3515/Evaluating%20the%20Use%20of%20Water%20Data%20Platforms_
Summary%20Report.pdf; https://www.law.berkeley.edu/wp-content/uploads/2018/01/DataForWaterDecisionMaking.pdf

8.  See: https://waterinthewest.stanford.edu/sites/default/files/GW-DataSurveyReport.pdf and https://www.waterboards.ca.gov/
board_info/agendas/2021/feb/warder_projectrpt_v2_508drft_210205.pdf

9.  Hanak E, Lund J, Thompson B, Bowman Cutter W, Gray B, Houston D, Howitt R, Jessoe K, Gary B, Libecap G, Medellín-Azuara J, 
Olmstead S, Sumner D, Sunding D, Thomas B, and Wilkinson R. 2012. Water and the California Economy. San Francisco (CA): Public 
Policy Institute of California. 32 pp. Available at: http://www.ppic.org/content/pubs/report/R_512EHR.pdf.
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communities. Insufficient water data quality and quantity are severely affecting communi-
ties and sustainable water planning statewide. 

This report outlines six recommendations to improve the quality, accessibility, and 
dissemination of water data and the infrastructure supporting it. Although data alone will 
not solve California’s future water uncertainties, it provides a basis for outcome focused 
decision-making, which will enable communities to plan for and meet the growing demands 
being placed on water resources by climate change, population growth, and other factors. 
The recommendations in this report, although informed by interviews with a range of water 
leaders, are made by the Consortium and are listed below. 

1. Invest in water data infrastructure. State and local agencies should continue to 
prioritize and invest in water data infrastructure to modernize California’s data systems.

2.  Continue empowering cross agency collaboration. State and local agencies should be 
encouraged to work collaboratively across all agencies and with interdisciplinary teams 
that include data experts.

3. Create open data standards and protocols. State agencies, in partnership with non-
State partners, should create and facilitate the adoption of open data standards and 
protocols.

4. Automate data collection and reporting of critical water datasets. State agencies 
should automate data collection and reporting systems for critical water datasets, 
including groundwater elevation data, diversion data, and stream gage data.

5. Streamline procurement processes to enable innovation. State agencies, in partnership 
with non-State partners, should simplify procurement processes to encourage more 
small business applications and reduce burden.

6. Expand public awareness and accessibility of water data. State agencies, in partnership 
with non-State partners, should expand public awareness, bolster public engagement, 
and improve community access to data and decision-making spaces to promote 
transparency and support more equitable water stewardship.

These recommendations highlight opportunities to leverage existing water data programs 
and governance structures to continue improving the quality, use, and functionality of 
water data. They build on existing data efforts and research, including the following 
reports and documents: Strategic Plan for Assembly Bill 1755,10 Protocols for Assembly Bill 

10.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Strategic_Plan_for_AB1755_a_y19.
pdf

http://cawaterdata.org
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1755,11 Sustainable Governance and Funding for Open Water Data in California,12 Water Data 
Advisory Council Recommendations,13 the Aspen Institute’s Internet of Water: Sharing and 
Integrating Water Data for Sustainability,14 Toward a Resilient Water Future for California,15 the 
Environmental Data Summit Organizing Committee’s Enhancing the Vision for Managing 
California’s Environmental Information,16 Data for Water Decision Making,17 and many other 
efforts.

Including critical water data in decision-making will empower leaders with the tools to 
promote consensus and support the development of equitable and sustainable solutions.18 
Incorporating these recommendations into local and State water management initiatives will 
help California utilize the full potential of data and data infrastructure, and demonstrate the 
value of data-informed problem-solving to build water resource resiliency under changing 
conditions. 

11.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Protocols_for_AB1755_a_y19.pdf
12.  See: https://www.redstonestrategy.com/publications/ca-open-water-data/
13.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Water_Data_Advisory_Council_

Recommendations.pdf/
14.  See: https://www.aspeninstitute.org/publications/internet-of-water/
15.  Feldman, D. and S. Roback. 2022. Toward a Resilient Water Future for California: A Science to Action Forum. Water UCI.
16.  See: https://www.sfei.org/documents/enhancing-vision-managing-californias-environmental-information
17.  See: https://www.law.berkeley.edu/wp-content/uploads/2018/01/DataForWaterDecisionMaking.pdf
18.  Hanak E, Lund J, Dinar A, Gray B, Howitt R, Mount J, Moyle P, and Thompson B. 2011. Managing California’s Water: From Conflict to 

Reconciliation. San Francisco (CA): Public Policy Institute of California. 503 pp. Available at: http://www.ppic.org/content/pubs/
report/R_211EHR.pdf.
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Introduction
During California’s historic drought from 2012-2016, the California Legislature recognized 
the need for high-quality, accessible water and ecological data that could be integrated 
statewide to support State and local-level water operations decisions.19 To resolve this need, 
The Open and Transparent Water Data Act (Assembly Bill [AB] 1755, Dodd) was passed in 
2016, requiring State agencies to create, operate, and maintain a statewide integrated water 
data platform to support sustainable water resource management. 20 

A Partner Agency Team21 was seated at the State level to guide implementation of AB 1755. 
The Partner Agency Team is made up of representatives from California Department 
of Water Resources (DWR), State Water 
Resources Control Board, California 
Department of Fish and Wildlife, California 
Water Quality Monitoring Council, Delta 
Stewardship Council, California Natural 
Resources Agency (CNRA), the Governor’s 
Office of Planning and Research, and 
Government Operations. The California Water 
Data Consortium (Consortium) was founded 
in 2019 to support the Partner Agency Team 
in implementing the vision for AB 1755. 
The Consortium works closely with both 
State and non-State partners to ensure that 
outcomes of AB 1755 benefit everyone living 
and working in California. The partnership 
between the Partner Agency Team and the 
Consortium forms a foundation for water 
leaders across the State to collaboratively 
transform California’s data infrastructure by 
addressing water users’ data needs, aligning 
data reporting requirements, and driving 
innovative solutions to the State’s most 
critical water data challenges.

19.  Mayton, H. and D. Story. 2018. Identifying common ground for sustainable water data management: the case of California. Water 
Policy. 20 (6): 1191–1207. Available at: https://iwaponline.com/wp/article/20/6/1191/63961/Identifying-common-ground-for-
sustainable-water. 

20.  See: https://water.ca.gov/ab1755
21.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Letter_from_CNRA_and_CalEPA_

Secretaries_related_to_the_Water_Data_Consortium_a_y19.pdf

What is open data?
Data are open if it can be freely accessed, used, 
modified and shared by anyone for any purpose 
(http://opendefinition.org/). Wherever possible 
state agencies and any parties acting on their 
behalf are encouraged to:

• Make data available online unless there are 
valid privacy or security limitations

• Make data available as quickly as possible 
without sacrificing quality

• Publish data in non-proprietary formats that 
are easy and efficient to use with technology

• Publish metadata using a consistent scheme 
in accordance with California’s Open Data 
guidance (https://handbook.data.ca.gov/)

Learn more about California’s Open Data policies 
at: https://handbook.data.ca.gov/introduction.

For more general guidance on open data policies 
for government see: https://opendatapolicyhub.
sunlightfoundation.com/guidelines/

http://cawaterdata.org
https://iwaponline.com/wp/article/20/6/1191/63961/Identifying-common-ground-for-sustainable-water
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https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Letter_from_CNRA_and_CalEPA_Secretaries_related_to_the_Water_Data_Consortium_a_y19.pdf
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https://handbook.data.ca.gov/
https://handbook.data.ca.gov/introduction/
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Since the passage of AB 1755, California has made significant progress in developing 
publicly available, open-access data portals. The California Natural Resource Agency Portal 
currently publishes more than 19,751 natural resource datasets; these datasets have been 
accessed by more than 73,934 unique users.22 23 24 The most searched term among all 
natural resource datasets is “groundwater,” 
and water datasets alone are viewed roughly 
10,000 times per month.25 26 Clearly, there is a 
demand for water data in California. 

As California’s water systems are increas-
ingly strained by climate change, population 
growth, wildfire, overconsumption, flooding 
and other factors, high-quality, usable, 
and accessible data will be necessary for 
effective and equitable water stewardship. 
Water challenges of the past were overcome 
by building physical water infrastructure 
that delivered water to cities, farms, and 
communities. Maximizing the sustainability of past investments in infrastructure and 
addressing the new water challenges of today will require not only updating physical water 
infrastructure, but also modernizing water data infrastructure. Currently, California’s water 
data systems are not built to enable the data access, integration, and synthesis required to 
transition to a more resilient water future.27

Water challenges of the past were overcome by building physical water 
infrastructure that delivered water to cities, farms, and communities. Maximizing 
the sustainability of past investments in infrastructure and addressing 
the new water challenges of today will require not only updating physical 
water infrastructure, but also modernizing water data infrastructure.

California has laid the groundwork needed to transition to a more modern data system. 
Despite this significant progress, challenges remain. Implementation of existing State and 
local efforts have been hindered by burdensome legal and regulatory requirements, insuffi-

22.  See: https://data.cnra.ca.gov/pages/metrics
23.  See: data.ca.gov and data.cnra.ca.gov
24.  See: https://data.cnra.ca.gov/ 
25.  See: https://data.ca.gov/pages/portal-metrics
26.  See: https://data.cnra.ca.gov/pages/metrics
27.  Cantor, A, M. Kiparsky, R. Kennedy, S. Hubbard, R. Bales, L. C. Pecharroman, K. Guivetchi, C. McCready, and G. Darling. 2018. Data for 

Water Decision Making: Informing the Implementation of California’s Open and Transparent Water Data Act through Research and 
Engagement. Center for Law, Energy & the Environment, UC Berkeley School of Law, Berkeley, CA. 56 pp. Available at: https://doi.
org/10.15779/J28H01 or https://www.law.berkeley.edu/research/clee/research/wheeler/data/
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cient funding, planning requirements, and a lack of critical data.28 AB 1755 implementation 
is helping with these challenges, but is primarily focused on the publication stage of the 
data life cycle, whereas the majority of California water data quality and usability issues 
occur pre-publication. Data platforms will not be able to publish reusable data if planning, 
collection, and quality assurance challenges are not addressed. 

To provide a better understanding of the 
data challenges facing California’s water 
planners, this report summarizes interviews 
with water leaders from a variety of sectors 
across the state. These leaders articulated 
how California’s existing data infrastructure 
issues are affecting their ability to make 
informed water management decisions, plan 
for long-term supply reliability, and support 
their communities, especially underserved 
communities that face ongoing water 
challenges. Critical data gaps, inaccessible, 
inconsistent, and poor data quality are affect-
ing a range of management outcomes—from 
an inability to proactively identify and 
mitigate drying wells, to maintaining surface 
water flows, to protecting endangered 
species, to planning for infrastructure invest-

ments in urban and agricultural communities. Insufficient water data quality and quantity 
are severely affecting communities and sustainable planning statewide.

By describing the impacts of existing water data challenges, this report highlights opportunities 
to leverage existing water data governance structures to accelerate the adoption of modern 
water data systems. Interviewees expressed an urgent need to accelerate this work to better 
support equitable and resilient water stewardship for everyone living and working in California.

The recommendations in this report, although informed by interviews with a range of water lead-
ers, are made by the Consortium. This report builds on existing water data efforts and research, 
including the following reports and documents: Strategic Plan for Assembly Bill 1755,29 Protocols 
for Assembly Bill 1755,30 Sustainable Governance and Funding for Open Water Data in California,31 

28.  See: https://waterinthewest.stanford.edu/sites/default/files/Water%20Governance%20and%20Climate%20Change_final2.pdf
29.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Strategic_Plan_for_AB1755_a_y19.

pdf
30.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Protocols_for_AB1755_a_y19.pdf
31.  See: https://www.redstonestrategy.com/publications/ca-open-water-data/

Who did we speak to for this report? 
Findings are directly informed by interviews 
conducted with leaders from:

• The farming community

• Academia

• Urban water suppliers

• Irrigation water districts

• NGOs (environmental and community-based)

• Philanthropy

• Legislative staff

• State agencies

• Tribal governments

http://cawaterdata.org
https://waterinthewest.stanford.edu/sites/default/files/Water%20Governance%20and%20Climate%20Change_final2.pdf
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Strategic_Plan_for_AB1755_a_y19.pdf
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Strategic_Plan_for_AB1755_a_y19.pdf
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Protocols_for_AB1755_a_y19.pdf
https://www.redstonestrategy.com/publications/ca-open-water-data/
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Water Data Advisory Council Recommendations,32 the Aspen Institute’s Internet of Water: Sharing 
and Integrating Water Data for Sustainability,33 Toward a Resilient Water Future for California,34 
the Environmental Data Summit Organizing Committee’s Enhancing the Vision for Managing 
California’s Environmental Information,35  Data for Water Decision Making,36 and many other efforts.

“We can no longer operate such a sophisticated and a complicated system in a time of 
scarcity without significantly better data information” (State Agency Employee 3). 

32.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Water_Data_Advisory_Council_
Recommendations.pdf/

33.  See: https://www.aspeninstitute.org/publications/internet-of-water/
34.  Feldman, D. and S. Roback. 2022. Toward a Resilient Water Future for California: A Science to Action Forum. Water UCI.
35.  See: https://www.sfei.org/documents/enhancing-vision-managing-californias-environmental-information
36.  See: https://www.law.berkeley.edu/wp-content/uploads/2018/01/DataForWaterDecisionMaking.pdf

With improved access to more timely, high-quality data:
Below are a few examples of how access to high-quality data would improve water management 
outcomes.

• Groundwater sustainability agencies can rely on accurate and trusted water budgets as the basis 
for decisions on the long-term sustainability of groundwater basins, including decisions about when, 
where, and how to recharge groundwater to ensure safe, secure, and affordable water for the many 
communities that rely on the resource.

• Tribes can understand how groundwater extractions might affect salmon runs and work with communi-
ties to develop potential management strategies protective of these and other critical species

• Regulatory agencies, NGOs, and water rights holders can make more insightful and effective decisions 
about flow management, water use, and water transfer to enable more certainty for growers, improve 
environmental outcomes, and more skillfully operate and manage the existing water infrastructure.

• State agencies, local communities, and other organizations can plan and prepare for water shortage 
risk, resulting in secure, safe, and affordable water for everyone living and working in California.

http://cawaterdata.org
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Water_Data_Advisory_Council_Recommendations.pdf/
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Water_Data_Advisory_Council_Recommendations.pdf/
https://www.aspeninstitute.org/publications/internet-of-water/
https://www.sfei.org/documents/enhancing-vision-managing-californias-environmental-information
https://www.law.berkeley.edu/wp-content/uploads/2018/01/DataForWaterDecisionMaking.pdf
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Section I: Challenges that Highlight the 
Need for Improved Water Data
Interviewees articulated how data quality affects a range of management outcomes, 
including an inability to track where water is going, proactively identify and mitigate drying 
wells, maintain surface water flows, protect endangered species, and plan for infrastructure 
investments. Each water leader interviewed identified insufficient and unavailable water 
data as a major challenge in supporting water management decisions, conducting research, 
or supporting vulnerable communities or species, and all expressed concern for the potential 
impacts to their communities or region more broadly. The data challenges articulated by 
interviewees are described below and include data gaps, insufficient data quality, insufficient 
data resolution, inaccessible and siloed data, and poor communication and a lack of trust in 
the data, and technical and financial resource constraints.

Data Gaps

Gaps in water use and supply data across the state make water stewardship more challeng-
ing. To manage water effectively, decision-makers need to know how much water is in the 
system, how much is being used, where and when it is being used, and who is using it. For 

Data Gaps Summary
• Interviewees identified critical water data gaps as a hurdle in their ability to make water- or business-re-

lated management decisions and to protect vulnerable communities, species, and individuals. 

• Critical data gaps include diversion data, groundwater data, estimates of evapotranspiration, domestic 
well locations and level projections, small-scale farm water use data, customer-level urban water use 
and bill data, and water quality data at more granular levels (e.g., in small community water systems).

Examples of how data gaps impact users include:
• Data gaps, particularly in disadvantaged communities, can inadvertently perpetuate inequitable 

decisions (Environmental NGO Employee 3; Academia 3). As one agency representative shared, “There 
are giant gaps [in water data]. It’s not just that [data are] inaccurate, it’s that there will be periodic reporting 
with uneven intervals... It was to a level that I no longer felt okay advising [decision-makers]” (State Agency 
Employee 4).

• Incomplete diversion datasets harm reservoir operations: “We were unable to meet the modified down-
stream water quality requirements [under a temporary change permit] because we underestimated how much 
water we would have to release from the reservoirs to make it all the way to the Delta because we didn’t have 
the information about how much water was being diverted below the dam” (State Agency Employee 1).

http://cawaterdata.org
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example, water managers need to create water budgets to track the amount of water coming 
in and out of the system, but many do not have sufficient data to make accurate water 
budgets.

Missing or inaccessible data hinder the ability of local, State, and federal agency employees 
to manage our water systems. As water availability becomes more unpredictable because 
of climate change and natural disasters, the impacts of these data gaps will be exacerbated. 
These data gaps, especially in disadvantaged communities, can inadvertently perpetuate in-
equities. Insufficient data can lead to decision-making that is based on subjective rationale 

(Academia 4). Interviewees reflected that 
communities without data resources may 
find it difficult to participate in policy-making 
and conversations about water management. 
One interviewee highlighted this issue, stat-
ing, “Some vulnerable communities don’t have 
the resources to provide their own data and 
information, so it gets left out or it’s dominated 
by other interests” (State Agency Employee 1).

Several interviewees indicated a need for 
more local, granular data (e.g., household 
by household, well by well), particularly 
in communities that currently face water 
inequities (Academia 3; Environmental 
NGO Employee 3; Community-based NGO 
Employee 1). Interviewees shared that a lack 
of information on water quality and quantity 

in underserved communities, especially communities of color, means that these commu-
nities continue to be underrepresented or missed in water infrastructure projects, and 
passed over for funding opportunities (Academia 3, Environmental NGO Employee 3). More 
granular data in underserved communities is critical for water managers, communities, and 
the organizations that support them to help better understand, monitor, and address water 
issues proactively (Community-based NGO Employee 1). A similar sentiment was conveyed 
by a Tribal government representative who commented, “Having good data really helps us to 
dig down and think about how to be effective about the water we are using” (Tribal Government 
Representative 1).

Interviewees identified three major data types with significant gaps: groundwater, water 
diversions, and comprehensive stream gage data. Groundwater data gaps are especially 
notable as groundwater resources provide between 40 and 60 percent of California’s water 
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supply.37 Despite their importance, groundwater resources remained largely unregulated 
statewide until the passage of the SGMA in 2014.38 Because groundwater data management 
and record keeping prior to SGMA was voluntary, and because technical tools were unavail-
able or unaffordable, many local groundwater agencies have relied on paper records and 
excel sheets to manage their data and develop water budgets. Interviewees across a range 
of sectors indicated that more comprehensive groundwater datasets are needed and that 
the lack of which leads to a range of adverse impacts (Table 1).

Incomplete or missing groundwater datasets have negative repercussions for local manage-
ment decisions. State water agency representatives described how these gaps are making 
it more challenging to implement resilient and forward-looking water supply and delivery 
plans. At the local level, missing well location information about dry (or drying) wells makes 
it difficult to provide services to residents without water. As one interviewee shared, “It’s 
important to have good location information on dry wells, as well as data about water quality and 
permitting. We need this data to drill new wells or extend wells deeper for residents with dry wells 
who are without water” (Academia 2).

Diversion data were identified by several interviewees as another critical data gap. Diversion 
data generally provide critical information about the location of a diversion, the volume of 

37.  See: https://www.waterboards.ca.gov/water_issues/programs/groundwater/issue_supply.html
38.  See: https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management

Table 1. Impacts of incomplete, inaccessible, or missing groundwater datasets

Impacts Impact Identified by

1. Inaccurate or incomplete water budgets 
and plans

• Environmental NGOs

• Tribal government

• State government

• Growers

2. Drinking water shortages for commu-
nities, including the drying of domestic 
wells

• Environmental NGOs

• Academia

• State government

3. Poor placement of wells • Environmental NGOs

• Academia

• State government

4. Inaccurate groundwater models • Environmental NGOs • Tribal government

5. Lack of information on the relationship 
between groundwater and surface water

• State government

6. Inaccurate, or inability to develop, agricul-
tural well water supply projections

• Environmental NGOs • Growers

7. Hinders long-term planning and increases 
uncertainty

• Growers

• State government

• Environmental NGOs

• Academia

http://cawaterdata.org
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water being diverted, the party and associated water rights that are diverting water, diversion 
timing, and intended use, among other information. Interviewees across a range of sectors 
indicated that water rights information is a critical data gap and has many adverse impacts 
on management decision-making (Table 2). 

As outlined in Table 2, gaps in diversion data can greatly impact water management deci-
sions. For example, a State agency employee shared how a gap in diversion data harmed 
reservoir operations: “We were unable to meet the modified downstream water quality require-
ments [under a temporary change permit] because we underestimated how much water we would 
have to release from the reservoirs to make it all the way to the Delta because we didn’t have the 
information about how much water was being diverted below the dam” (State Agency Employee 
1). 

Lastly, several interviewees discussed gaps in stream gage data. These gaps impact 
agencies’ and organizations’ ability to support instream flow requirements and conditions 
for species protection, develop accurate hydrologic models, and understand the degree of 
connectivity between surface water and groundwater systems in a region. State agency 
interviewees emphasized systemic challenges around stream gage data collection, particu-
larly around real-time information on environmental flows and temperature. Environmental 
NGO interviewees focused on how a lack of quality stream gage data impairs water manage-

Table 2. Impacts of incomplete water diversion datasets

Impacts Impact Identified by

1. Difficult to maintain instream flow 
requirements

• Environmental NGOs • Tribal government

2. Challenging to establish thresholds 
needed for species protection, and ensure 
those thresholds are met.

• Environmental NGOs

• Philanthropy

• Academia

3. Difficult to enforce existing water rights • Environmental NGOs

• Growers

• State government

4. More time spent and more difficulty 
facilitating water transfers

• Environmental NGOs

• Growers

• Urban Water Suppliers

5. Incomplete and inaccurate models for 
hydropower generation

• State government

6. Difficulty meeting water quality 
requirements

• State government

7. Further complicates water management 
in the Delta

• Environmental NGOs

• Growers

• State government

http://cawaterdata.org
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ment, which can negatively impact ecosystems and wildlife. One interviewee shared, “A lack 
of water rights enforcement and lack of data on flow in some of these very remote areas 
makes it really difficult to establish targets to enforce for species protection” (Environmental 
NGO Employee 3). Passage of Senate Bill 19 will help to address some of these concerns 
through the planning and deployment of a network of prioritized stream gages.39

Insufficient Data Quality

Simply collecting data is not enough; data needs to be of sufficient quality to foster trust 
and support decision-making as articulated in the Open and Transparent Water Data Act.40 
Poor data quality is a pervasive issue in water 
data across the state. Interviewees identified 
two main components affecting data quality 
in California: (1) insufficient data quality 
assurance and quality control protocols, 
and (2) inconsistent data formats and data 
collection practices. 

Some of the data issues resulting from poor 
quality assurance highlighted by interviewees 

39.  See: https://www.waterboards.ca.gov/waterrights/water_issues/programs/stream_gaging_plan/
40.  See: https://water.ca.gov/ab1755

Insufficient Data Quality Summary
• Interviewees highlighted several ways that poor data quality affects their management decisions or 

operations, including increased data processing times; decreased data accuracy, which limits func-
tionality for detailed or predicative analyses; an inability to readily synthesize data across regions or 
agencies; a lack of trust in the data; and an inability to make data-informed management decisions. As 
one State agency representative noted, “How can you even try and manage for drought when you’re [water 
use estimates are] off by 86 percent?” (State Agency Employee 2).

• Interviewees identified two main components affecting data quality in California: (1) insufficient data 
quality assurance and quality control protocols, and (2) inconsistent data formats and data collection 
practices. 

• Improving quality assurance and quality control protocols and developing data standards and 
conventions could significantly improve data quality. Implementing these practices alone would help 
mitigate many of the data quality challenges articulated by interviewees, including inconsistent data 
collection methods, missing data fields, inconsistent metrics and processing, and inaccurate reporting 
or measurement.

What is Quality Assurance vs. Quality 
Control? Are they really different?  
Quality assurance describes the standards and 
processes in place to prevent data errors and 
inconsistencies, whereas quality control is the 
process and methodology required to detect 
issues after collection.

http://cawaterdata.org
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include reporting inaccuracies, a lack of metadata, and missing data fields, among other 
issues. In addition to affecting data quality, poor quality assurance protocol can increase 
data processing costs, delay data availability, and undermine a dataset’s functionality. Poor 
quality assurance protocol leads to laborious and time-consuming quality control checks 
because staff spend additional time processing the dataset to resolve inconsistencies, 
gaps, or errors before the data are considered authoritative and functional. To resolve these 
issues, data processers often need to reach out to the data originator, or reporting agency. 
This effort often can be time-consuming and expensive and can result in long lags in data 
availability (State Agency Employee 2). Poor data quality also influences management de-
cisions, as one State agency representative 
noted, “How can you even try and manage for 
drought when you’re [water use estimates are] 
off by 86 percent?” (State Agency Employee 
2).

Inconsistency in data also contributes to 
poor data quality. For example, water utilities 
rely on consultants to conduct audits and 
report on leakage data. But, because these 
analyses are performed by a variety of 
consultants without consistent standards, 
the data reported to the State are often 
inconsistent and difficult to compare across 
utilities. Data that are reported inconsis-
tently and with different metrics can make it 
difficult, if not impossible, to make accurate 
comparisons and do broader data analyses. As one interviewee shared, “Everyone’s using a 
different metric for how they’re monitoring demand, and that’s difficult on us; it’s a huge hurdle.” 
(Environmental NGO Employee 1).41

Insufficient Data Resolution

41.  See: https://www.go-fair.org/fair-principles/

High-quality data  
High-quality data means that data are collected 
to ensure consistency and accuracy, and to 
minimize the opportunity for error and bias. A 
high-quality dataset is:

• Adherent to the FAIR data principals: Findable, 
Accessible, Interoperable, and Reusable41 

• A collection of observations at both sufficient 
frequencies and geographic resolutions 
to enable robust resource management 
decision-making

• Useful for research and operations to support 
specific management outcomes

Insufficient Data Resolution Summary
The spatial and temporal resolution of water data is often not aligned with management needs, resulting 
in too little data to support decisions or too much data to readily manage.

http://cawaterdata.org
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Issues relating to insufficient data resolution were voiced by many interviewees, particularly 
data that pertain to local water management. For example, one State agency employee 
expressed concern that sometimes water managers lack data at the resolution necessary to 
make a data-informed decision. In these cases, management decisions are made based on 
experience, the available anecdotal information, or on data that have been interpolated over 
large spatial or temporal scales. This practice can lead to subsequent inconsistencies and 
make future management decisions more challenging to justify. 

Temporal data that do not have a fine 
resolution (i.e., data not collected frequently 
enough) can result in inaccurate water 
projections because decisions can be made 
using outdated information that does not 
reflect current conditions. A State agency 
employee described an example from a past 
drought when their agency was unable to 
estimate how much water was being diverted 
because reporting users were required to 
submit data only every three years. In this 
case, the most recent reporting data were released in 2012, but the update was not due until 
2015. Additionally, laborious data processing on the State’s end resulting from poor quality 
assurance standards meant that the reported data could take up to two years to be made 

publicly available (State Agency Employee 
2). Fortunately, recent changes to reporting 
requirements now stipulate that water use 
data be reported annually,42 but investment 
in data infrastructure and quality assurance 
and quality control protocols are needed to 
ensure that data, once reported to the State, 
can be published with a quick turnaround 
time. “Laborious data processing and cleaning 
can take nearly two years before an adequate 
dataset is available.” (State Agency Employee 
2).

A Tribal representative reflected on the 
impacts of infrequent groundwater elevation data collected through the California Statewide 
Groundwater Elevation Monitoring (CASGEM) program. “California is very behind in managing 

42.  See: https://www.waterboards.ca.gov/waterrights/water_issues/programs/diversion_use/water_measurement.
html#:~:text=Water%20Measurement%20Regulations,Regulations%2C%20sections%20931%2D938

What do spatial and temporal resolution 
mean?  
Spatial data describe the geographic area of 
data collected and the resolution of that data 
(e.g., one collection site per county). Temporal 
data describe time period of data collection and 
the frequency of that collection (e.g., annually, 
weekly, daily).
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groundwater… We don’t have the data to generate well-defined hydrological model[s] to evaluate 
management decisions and for us [our Tribe] to have a good understanding of the impacts of 
groundwater extraction on our resources. We are salmon people and having water in our rivers 
and streams is critically important.” (Tribal Government Representative).

Data with higher spatial and temporal resolution will be increasingly important as California 
must deal with quickly changing water conditions as a result of climate change and natural 
disasters. But, managing these datasets can be challenging and expensive. Although chal-
lenges managing large high-resolution datasets were not identified by many interviewees, 
one academic interviewee advised that this could be an emergent issue as data begins to be 
collected in greater volumes. The interviewee cautioned for “strategic” data collection meth-
odologies to ensure that future data management is practical and cost-effective, particularly 
as the State invests in more “real-time” data collection. It is important that leaders invest in 
data collection at resolutions that are relevant and align with the needs of water managers 
because these data will ultimately “inform the investment, planning, and infrastructure” in their 
communities (Academia 1).

Inaccessible and Siloed Data

The Open and Transparent Water Data Act provides a critical foundation for making 
California water data sufficient, accessible, useful, and used.43 Since passage of the Act in 
2016, the State has developed two federated data platforms that display publicly available 
natural resource data in California.44 There is an opportunity to build on this work to make 
water data even more accessible, especially for community-based water data users. As one 
academic interviewee noted, “DWR and the State Board have a lot of data, but sometimes it’s 
inconsistent and very hard to access” (Academia 1).

Interviewees that work with underserved communities shared that more support and 
investment are needed to help these communities access, interpret, and use relevant water 

43.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Strategic_Plan_for_AB1755_a_y19.
pdf

44.  See: https://data.cnra.ca.gov/ and https://data.ca.gov/

Inaccessible and Siloed Data Summary
Water data remain siloed across platforms and organizations, which makes accessing these data 
both time consuming and, in some cases, infeasible. Data accessibility limitations affects data-driven 
decision-making, decrease data transparency, and increases the risk of misinformation. As one academic 
interviewee noted, “DWR and the State Board have a lot of data, but sometimes it’s inconsistent and very hard 
to access” (Academia 1).

http://cawaterdata.org
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data (Environmental NGO Employee 3; Academia 3). For many, the first major challenge is 
knowing where to look for relevant information. This difficulty is because of the complexity 
of datasets, data user interfaces, siloed data, 
and the data literacy required to access it. 
These issues, in part, contribute to continued 
mistrust that some communities feel 
towards datasets that are collected and used 
by the State (Academia 3).

A common theme among interview respons-
es is that water data in California are not 
readily accessible. For instance, a Legislative 
employee had difficulty accessing funda-
mental and current water use information 
from the State, such as annual average water 
use in California. In a separate interview, an 
environmental NGO employee described the 
challenges in finding and accessing water 
supply and use data for individual irrigation 
districts in the Central Valley (Environmental 
NGO Employee 3). An irrigation district representative stated that the information needed 
to procure water and purchase water supplies can be inaccessible and confusing. A grower 
also lamented how water data are siloed between water districts and expressed a need for 
water resource data to “be combined in a better way because everything is connected more 
or less in the modern world. Things are connected either physically by infrastructure or can be 
trade[d]” (Grower 1).

As described above, water data remain inaccessible in several ways. Additionally, a large 
percentage of water rights data are unavailable digitally.45 A State agency representative 
explained that in some cases accessing these data requires a trip to Sacramento, requesting 
the information in person, and scanning a copy of paper records (State Agency Employee 2). 
They also added that water rights diversion data, which only recently became available for 
download, are often in formats that are not accessible to laypeople and require expertise to 
process the data into a usable format. Accessing water data, while difficult for water pro-
fessionals, is even more insurmountable for members of the public and community-based 
organizations that want to understand more about their water (Community-based NGO 
Employee 1). 

45.  See: https://www.law.berkeley.edu/research/clee/research/wheeler/water-data/wris/

What is the difference between federated vs 
siloed data services?  
A data silo describes a phenomenon where 
datasets are collected, processed, stored, and 
shared internally within organizations, but are 
generally difficult to access and distribute to 
external groups. Historically, a separation of 
roles and responsibilities throughout the data life 
cycle and lack of standardization has resulted 
in complex data systems, redundancy, and 
poor accessibility. A federated data platform 
allows multiple databases to connect and share 
information easily, thereby reducing complexity 
and improving accessibility.

http://cawaterdata.org
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Poor Communication and a Lack of Trust

A common theme among interviewee responses is that information about water and 
drought in California is poorly communicated, thereby resulting in a lack of awareness and 
involvement in water issues by the general public. This misalignment is perceived by State 
agencies that experience difficulty in getting communities to raise alarm around water 
issues when needed. A community-based NGO employee expressed concerns that water 
management decisions happen behind 
closed doors without NGO input (Academia 
4; Community-based NGO Employee 1). This 
public perception of closed-off decision-mak-
ing can foster mistrust in water data and 
research published by the State. Without 
clear opportunities to offer input and clear, 
well-communicated reasons to act, the public 
may be unclear about how management deci-
sions will affect them or may be concerned 
that data will be misused to further perpetu-
ate inequities. As one State agency represen-
tative shared, “It would be really helpful to build 
an appreciation for how crazy California water 
is and why we need to change it. This is why 
people in Los Angeles should care about the 
Sierra Nevada” (Legislative Staff 1).

Communication and Trust  
The issues of insufficient and inaccessible 
data, poor communication, and lack of 
awareness contribute to a lack of trust in water 
management in California. As one irrigation 
district representative in the Central Valley 
shared, “I drive around the Southern Central 
Valley, and I see these signs about Governor 
Newsom dumping our water out into the ocean. It 
doesn’t happen. It’s almost physically impossible. 
Sometimes the decisions that we make on water 
are against the backdrop of misinformation” 
(Irrigation District Representative 1).

Poor Communication and a Lack of Trust Summary
• California water and its related challenges are often misunderstood by the general public, funders, 

and decision-makers because of poor and inconsistent communication. As one academic interviewee 
shared, “Data is core to making good decisions. I think we have to convince the public of the expenditures 
necessary to develop good information to understand the value of water.” (Academia 2)

• Interviewees working with underserved communities expressed concern that communication around 
drought or other water management issues is often not relevant or accessible to the people they 
represent (State Agency Employee 5). This disconnect with the community can form a foundation 
of mistrust, which makes it difficult for water managers to collaborate with communities within their 
region. As one Environmental NGO interviewee suggested, “There’s an issue of a lack of trust that comes 
from people who don’t have the data in front of them and assume the worst, not knowing why decisions are 
being made when they might sometimes be fine decisions” (Environmental NGO Employee 2).

http://cawaterdata.org
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For some California residents, a lack of awareness around water issues may be the result of 
reliable, safe water available to their community. These individuals  may not need to consid-
er where their water comes from or potential scarcity of it in the future. For others, though, a 
lack of awareness may reflect the current inaccessibility of water data and unapproachable 
decision-makers (Academia 3; Academia 4). This situation is often the case for low-income 

communities and communities of color 
(Environmental NGO Employee 3). Leaders 
supporting underserved communities 
shared concerns that regional water gover-
nance, management, operations, and water 
data are exclusionary and not transparent 
(Community-based NGO Employee 1). 
These interviewees expressed concern that 
communication around drought or other 
water management issues areas often are 
not relevant or accessible to the people 
they represent (Academia 4; State Agency 
Employee 5). This disconnect with the com-
munity can form a foundation of mistrust, 
which makes it difficult for water managers 
to collaborate with communities within 
their region. As one Environmental NGO 

interviewee suggested, “There’s an issue of a lack of trust that comes from people who don’t 
have the data in front of them and assume the worst, not knowing why decisions are being made 
when they might sometimes be fine decisions” (Environmental NGO Employee 2). Additionally, 
misguided information about water issues further perpetuates mistrust. One irrigation 
district representative in the Central Valley shared, “I drive around the Southern Central Valley, 
and I see these signs about Governor Newsom dumping our water out into the ocean. It doesn’t 
happen. It’s almost physically impossible. Sometimes the decisions that we make on water are 
against the backdrop of misinformation” (Irrigation District Representative 1).

The lack of trust is also a barrier to getting accurate information about water use, particu-
larly from water rights holders. Some may provide incorrect information to water managers, 
as one interviewee stated, “It just becomes so intense when we have the scarcity issues and 
there’s not a lot of data to help you make decisions. There’s a lot of suspicion which doesn’t really 
serve anybody” (State Agency Employee 1). Ensuring that California has a modern water data 
system that is widely accessible can help temper some of this mistrust, as one State inter-
viewee shared, “The idea of this collective set of data that everybody has access to is hugely 
important for California” (State Agency Employee 1). 
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Investing in resources that will improve communication between decision-makers and the 
public, such as outreach programs and data dissemination, will help bolster water policy 
efforts and ultimately chip away at feelings of mistrust and exclusion. California’s existing 
federated platforms establish a great foundation for this work, but it is necessary to invest 
in outreach and education around water policies issues as well. Public data that is easy to 
access and understand for every Californian is critical to this effort.  As one academic inter-
viewee shared, “Data is core to making good decisions. I think we have to convince the public 
of the expenditures necessary to develop good information to understand the value of water” 
(Academia 2).

Technical and Financial Resource Constraints

Many interviewees mentioned the need for additional resources, both financial and tech-
nical, to improve data collection, build data management skills, fill critical data gaps, and 
improve the quality of water data reported to the State. 

Many water managers expressed a need for 
increased technical capacity. One interviewee 
shared that the urban water suppliers they 
work with need additional staff to fully utilize 
the real-time metered data they collect 
because many existing staff lack the tech-
nical capacity to process it. The interviewee 
explained, “A lot of [water utilities] are still 
depending on bi-monthly billing processes 
because they don’t know what to do with the 
data [from real time metering systems] or they 
don’t have the right information technology or 
the staffing or the human capital that they need 
to deal with this information flow” (Academia 
1). Additionally, employee turnover can leave knowledge gaps, making it difficult to under-
stand and use historic water data that require context to interpret. The same interviewee 
noted that many small water utilities have limited staff with data management expertise. If 

Technical and Financial Resource Constraints Summary
Additional financial, technical, and training resources are necessary to help State and local agencies 
improve water data quality and fill critical data gaps. These resources would help accelerate the existing 
progress made to improve water data in California. 
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those employees leave, there is often no one remaining at the utility with the necessary data 
experience. 

Financial constraints are also a major limitation to water data dissemination, training, 
and infrastructure development in California. Additional financial investment is necessary 
to further modernize water data systems and address the other challenges outlined by 
interviewees. Articulating the value of this investment more clearly to political leaders and 
the public could help bolster the political will to fund statewide water data initiatives. Doing 
so will ultimately better support widespread, resilient water policy in California. As a water 
utility interviewee suggested, “Water isn’t necessarily the top [public] policy issue. Showing how 
it connects to other areas that are front and center for elected bodies, the State, and the general 
public helps to get more resources to develop a better water system to support infrastructure and 
decision making” (Water Utility Employee 1).

http://cawaterdata.org


24California Water Data Consortium | cawaterdata.org

Section II: Recommendations for 
Building a Resilient and Equitable Water 
Future
Implementation of the Open and Transparent Water Data Act continues to support increased 
water data access that helps “managers operate California’s water system more effectively 
and help[s] water users make data informed decisions.”46 But, there is still work to be done. 
The following six recommendations highlight opportunities to leverage existing statewide 
water data programs and governance structures to continue improving the quality, use, and 
functionality of water data in California. Sustained investment in this work is critical for 
supporting a resilient and equitable water future for all Californians. 

1. Invest in water data infrastructure. State and local agencies 
     should continue invest in water data infrastructure to modernize 
     California’s data systems.
California’s water systems are at risk, in part, because of unprecedented drought, devas-
tating wildfires, and floods that are increasing in frequency and magnitude.47 Drought and 
over consumption have resulted in the drying of domestic wells, left small water systems 
vulnerable to water supply shortages, and left more than 1 million Californians without 
access to safe drinking water (Environmental NGO Employee 3).48 These impacts dispro-
portionately impact low-income communities and communities of color.49 The Open and 
Transparent Water Data Act and the structures put into place to support its implementation 
recognize that high-quality water data infrastructure and data management are prerequisites 
for science-based water decision-making, discovery, and innovation. Continuing to invest in 
California’s water data programs is critically important in light of climate change and other 
pressures on California’s water system. As one State agency employee stated, “We can no 
longer operate such a sophisticated and a complicated system in a time of scarcity without 
significantly better data information” (State Agency Employee 3). 

Despite water’s critical function and importance, less than 2 percent of California’s annual 
State budget is allocated to water resource management,50 and investments in water data 
and data infrastructure are a small fraction of that total investment. The California Water 
Plan Update 2018 indicates that State funds for water resource management are often 

46.  See: https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB1755
47.  See: https://waterinthewest.stanford.edu/sites/default/files/Water%20Governance%20and%20Climate%20Change_final2.pdf
48.  See: https://calmatters.org/newsletters/whatmatters/2022/07/california-drinking-water-safe/
49.  See: https://www.waterboards.ca.gov/press_room/press_releases/2022/pr05062022-drought-strains-supply.pdf
50.  California Department of Water Resources. 2018. Historical Expenditures and Current and Future Funding Needs. Sacramento (CA).
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inadequate, unpredictable, and inflexible, and do not currently fully fund State water-related 
responsibilities.51 Transitioning to a modern data system is not easy. Institutional barriers 
and legacy systems make modernizing government data systems particularly challenging.52 

In its 2022 CIO Agenda, Gartner, an informa-
tion and technology research and consulting 
firm based in Connecticut, made three 
recommendations for governments seeking 
to modernize their data systems: build strong 
leadership with a commitment to investing 
in modernizing data systems; develop a 
sustainable information technology strategy 
to support adoption; and build data systems 
and governance structures that are com-
posable or scalable and able to work across 
agencies.53

California is already implementing these recom-
mendations and, with additional investments, 

is well poised to accelerate further progress. In 2020, California hired a chief data officer with 
the mission “to empower use of data by ensuring the State has the infrastructure, processes, 
and people to manage, access, and use data efficiently, effectively, securely, and responsibly.”54 
Additionally, the Newsom administration’s Water Resilience Portfolio55 recognizes the role of 
data in water management and recommends a variety of actions to support open water data 
in California, including the need to “modernize water data systems to inform real-time water 
management decisions and long-term planning.”56 Investing in modern data systems and the 
governance structures to support them is necessary not only “for ensuring that decisions and 
actions result in intended outcomes,” but also to “assess the performance of past actions and 
the effectiveness of existing opportunities.”57

51.  See: Department of Water Resources. 2018. California Water Plan, Update 2018. Managing Water Resources for Sustainability. Available 
at: https://water.ca.gov/Programs/California-Water-Plan/Update-2018

52.  See: Gartner 2022 CIO Agenda: A Government Perspective. Available at: https://www.gartner.com/en/information-technology/
insights/cio-agenda/2022-cio-agenda-ebook-government

53.  See: Gartner 2022 CIO Agenda: A Government Perspective. Available at: https://www.gartner.com/en/information-technology/
insights/cio-agenda/2022-cio-agenda-ebook-government

54.  See: https://www.govops.ca.gov/caldata/
55.  See: https://waterresilience.ca.gov/
56.  See: https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Water-Resilience/Final_California-Water-Resilience-

Portfolio-2020_ADA3_v2_ay11-opt.pdf
57.  See: Cantor, A, M. Kiparsky, R. Kennedy, S. Hubbard, R. Bales, L. C. Pecharroman, K. Guivetchi, C. McCready, and G. Darling. 2018. 

Data for Water Decision Making: Informing the Implementation of California’s Open and Transparent Water Data Act through Research 
and Engagement. Center for Law, Energy & the Environment, UC Berkeley School of Law, Berkeley, CA. 56 pp. Available at: https://
doi.org/10.15779/J28H01 or https://www.law.berkeley.edu/research/clee/research/wheeler/data/ and Department of Water 
Resources. 2018. California Water Plan, Update 2018. Managing Water Resources for Sustainability. Available at: https://water.
ca.gov/Programs/California-Water-Plan/Update-2018
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The work underway to modernize the State’s water rights information system58 is just one 
example that the structures and leadership necessary to transform California’s data sys-
tems are in place. Still, financial and technical investment are needed to match the scale of 
existing water data management challenges. By continuing to prioritize modernization of 
California’s water data system, the State can improve water stewardship responsiveness, 
and further improve outcomes for human and ecological communities. Recognition that 
data infrastructure is part of statewide water infrastructure will also promote a stable fund-
ing strategy: data infrastructure and management should be funded as a key component of 
every project and program in California.

2. Continue empowering cross agency/organization collaboration.
State and local agencies should be encouraged to work collaboratively 
across all agencies and with interdisciplinary teams that include data 
experts.

Transitioning to a modern data system will require a shared vision for what the modern wa-
ter data system can become, metrics for success, and sustained funding, as well as ongoing 
collaboration between data experts, State and local water agencies, water managers, and 
interested parties. Each group brings a unique perspective and expertise that will be critical 
in developing a modern data system that is effective for all parties.  

Empowering State and local agencies to work together with data experts will require inten-
tional and ongoing work that goes above and 
beyond present collaborations. Currently, 
water management is siloed across different 
actors, organizations, utilities, and agencies. 
Although California has several programs 
intended to improve coordination, the lack of 
coordinated data and a shared understanding 
of its function has often hindered their 
effectiveness. The leadership demonstrated 
by the Partner Agency Team, CNRA Secretary 
Wade Crowfoot, and former California 
Environmental Protection Agency Secretary 
Jared Blumenfeld resulted in formation of the 
California Water Data Consortium. Continuing 
to build on the Consortium’s work to enable 
State and non-State partnerships to tackle 

58.  See: https://www.waterboards.ca.gov/upward/

What are data stewards?  
Data stewards are the individuals tasked 
with managing and supervising the quality of 
a dataset and making datasets accessible, 
consistent, usable, and secure. California’s Open 
Data Glossary further describes this role as “the 
person most knowledgeable about the data, 
including the sources, collection methods, and 
limitations. The data steward should be able to 
write metadata describing the data and answer 
questions about the data or the program the 
data derives from.” (https://data.ca.gov/pages/
open-data-glossary)

http://cawaterdata.org
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water data governance is more important than ever.59 

Developing robust water data systems requires ongoing and interdisciplinary partnerships to 
create alignment and ensure that State and local agencies are closely involved in the transi-
tion to a modern water data system. These partnerships should include data stewards, State 
and local agency representatives, and data scientists who work together to build, support, 
and iteratively improve the new data system over time. Such teams should focus on ensur-
ing data are accessible, developing data protocols for data sharing and reuse, developing 
metadata and tools for data interoperability, and developing a broader data culture. 

3. Create open data standards and protocols. State agencies, 
     in partnership with non-State partners, should create and facilitate 
     the adoption of open data standards and protocols.
Data standards and protocols are necessary to facilitate data sharing and reuse. Open data 
standards are the foundation for modernizing California’s water data ecosystem.60 They 
are agreed upon formats, definitions, and structures for data management necessary for 
ensuring that data, and associated metadata, are findable, accessible, interoperable, and 
reusable.61 Additionally, open data standards 
reduce the cost of collecting and sharing 
data. To facilitate adoption, data standards 
and protocols should be published and readi-
ly accessible.

An important component of water data stan-
dards and protocols includes aligning data 
definitions within critical data elements and 
parameter-level standards (i.e., the defined 
format and units for a data field) across 
agencies. Doing so helps to ensure that data 
reported to the State can be properly used by 
a diverse set of end users. This alignment is 
also critical for the accurate (or unambigu-
ous) exchange of information between data 
systems (referred to as semantic interoper-
ability). In the future, the State should act as 

59.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Letter_from_CNRA_and_CalEPA_
Secretaries_related_to_the_Water_Data_Consortium_a_y19.pdf

60.  See: https://www.aspeninstitute.org/publications/internet-of-water/
61.  See: https://www.go-fair.org/fair-principles/

What is metadata?  
Metadata is information that describes a 
dataset. Metadata generally describes the 
data producer, sampling location, sampling 
methodology, relevant user licenses, units, and 
point of contact, among many other variables, to 
assist in the use of the dataset. 

Rich metadata supports:

• Discovery – Resources can be found by 
searching relevant criteria, such as key words.

• Interoperability – Structured and fully defined 
schemas to support data searches.

• Reuse – Metadata information enables 
potential users to understand and evaluate 
the value of the dataset for their use case.

http://cawaterdata.org
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a registration authority to assign and maintain lists of unambiguous unique identifiers to 
consistently link disparate datasets together. 

The State has developed some initial water 
data protocols,62 which serve as the basis 
for data shared through California’s feder-
ated, open-access platforms developed for 
AB 1755. Continuing to expand these data 
protocols will be important for long-term 
data reuse, interoperability, and accessibility 
with other data systems. Specifically, the 
following key steps are recommended to 
continue moving California towards a modern 
data system:

1. Adopt FAIR data principals: Findable, Accessible, Interoperable, and Reusable.63

2. Have State agencies adopt a policy that all water data are open unless there are 
specific reasons that it cannot be.

3. Have all State agency programs commit to maintaining data stewards.

4. Build data infrastructure and tools (e.g., identifier registry, metadata creation helpers, 
and water domain-controlled vocabularies) to improve data interoperability, 

5. Ensure that State agencies commit to researching existing and available datasets and 
standards before developing new datasets.

62.  See: https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/AB-1755/Protocols_for_AB1755_a_y19.pdf
63.  See: https://www.go-fair.org/fair-principles/

What does interoperable data or data 
interoperability mean?  
Data interoperability means that data from 
multiple sources can be accessed, processed, 
and integrated without losing meaning. Bulk 
download formats and application programming 
interfaces that follow community standard 
patterns allow data to be accessed more easily.

Internet of Water Coalition  
The Internet of Water Coalition65 is a group of organizations working together with federal, State, and 
local government partners to build foundational water data infrastructure across the U.S. and create a 
community of people and organizations using water data to make better decisions. The Coalition believes 
that better data access means better water management. Through close collaboration and engagement, 
the Coalition helps partners modernize their water data infrastructure to make more effective water 
management decisions. The Coalition supports water data management by providing tools that improve 
the discoverability, accessibility, and usability of water data, educational programs for data producers, 
users, and decision-makers, and access to a nationwide community of practice. In 2022, the California 
Water Data Consortium became the inaugural organizational member of the Internet of Water Coalition. 

http://cawaterdata.org
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Emerging tools such as Geoconnex,64 developed by the Internet of Water Coalition in part-
nership with the U.S. Geological Survey, provide opportunities to assign unique identifiers to 
critical water datasets. This enables users to query and link disparate water datasets to-
gether in logical ways. Ultimately, it will be beneficial for the State to invest in the creation of 
user-friendly tools that help data stewards easily comply with federated platform metadata 
standards.

4. Automate data collection and reporting of critical water datasets.
State agencies should automate data collection and reporting 
systems for critical water datasets, including groundwater elevation 
data, diversion data, and stream gage data. 65 

Interviewees identified several critical data gaps currently affecting their ability to make 
well-informed water management decisions. These data gaps are listed in the box below. 
Prioritizing and automating the collection and accessibility of these data would support 
improved water modeling under climate change and prediction of water allocations, advance 
prediction and mitigation of drying groundwater wells, and assist regions vulnerable to water 
supply shortages and water quality contamination. Investments in the collection of critical 
data should favor automated methods to improve data quality, timeliness, and accessibility.

64.  See: https://internetofwater.org/geoconnex/
65.  See: https://internetofwater.org/blog/data-fragmentation/

Critical data gaps  
Critical data gaps in California as identified by 
interviewees include:

• Groundwater data. 

• Water rights diversion data. 

• Stream gage data. 

• Evapotranspiration estimates.

• Well locations and levels, especially domestic 
wells. 

• Customer-level urban water use and billing data. 

• Small-scale farm water use data.

• Water quality data, especially in small community 
water systems and irrigation canals.

• Ecological data on the impacts of groundwater 
pumping.

• Projected impacts of climate change and 
drought on surface water and groundwater 
levels.

http://cawaterdata.org
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5. Streamline procurement processes to enable innovation.
State agencies, in partnership with non-State partners, should 
simplify procurement processes to encourage more small business 
applications and reduce burden.

Although the topic of procurement was not flagged by interviewees, it has been flagged as 
an important consideration by organizations, such as Gartner and 18F (a federal digital ser-
vices agency), that support modernization of public data systems.66 67 These organizations 
emphasize the need for modular software development68 as the transition to more modern 
data systems requires moving to different 
software products and switching from 
enterprise systems to open data systems. In 
many cases, the companies best suited to 
help State entities make this transition are 
smaller, more agile companies that may not 
be well equipped to navigate the complicated 
and arduous public procurement processes.

Agile procurement practices can help en-
courage creativity and innovation. But, they 
often require government agencies to rethink 
current procurement processes, including: 

• Shortening contract duration.

• Focusing on project objectives and user 
experience rather than pre-defined deliverables.

• Requiring all work products to be published under an open-source software license and 
committed to public repositories.

• Focusing on key personnel, their experiences, design approach, and relevant examples of 
source code. 

• Additional information on agile procurement processes is available at 18F.gsa.gov.69 

66.  Gartner 2022 CIO Agenda: A Government Perspective. Available at: https://www.gartner.com/en/information-technology/insights/
cio-agenda/2022-cio-agenda-ebook-government

67.  See: https://18f.gsa.gov/about/
68.  See: https://18f.gsa.gov/2019/02/28/prerequisites-for-modular-contracting/
69.  See: https://18f.gsa.gov/2019/02/28/prerequisites-for-modular-contracting/ and https://18f.gsa.gov/2019/08/20/an-agile-

software-development-solicitation-guide/
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6. Expand public awareness and accessibility of water data.
State agencies, in partnership with non-State partners, should 
expand public awareness, bolster public engagement, and improve 
community access to data and decision-making spaces to promote 
transparency and support more equitable water stewardship. 

Interviewees across all sectors indicated a need to make water data more accessible and 
easier to understand for the public. Their recommendations ranged from developing tools 
and visualizations to better support water managers and decision-makers, to storytelling 
and other communication, engagement, 
and public education and capacity-building 
efforts. Many of these suggestions were 
also identified in a 2022 survey conducted 
by Water UCI and summarized in its 
report, Toward a Resilient Water Future for 
California.70

The vast majority of interviewees expressed 
concern that many Californians do not 
understand where their water comes from, 
who governs it, and how systems and supply 
sources are expected to evolve in the coming 
decades as a result of drought, climate 
change, changing demand, and other factors. 
By investing in data literacy, governments 
can help constituents better prepare for changing water conditions, and empower them to 
become involved in water management decisions.

Data visualization, storytelling, and economic analyses were enumerated by interviewees as 
a means of making data digestible, easy to understand, and compelling. Information cam-
paigns aimed at the general public can utilize effective data visualization and storytelling 
to help communities understand their water vulnerability and the importance of long-term 
investment in California’s water systems.

The State and many NGOs have invested a great deal into outreach campaigns such as 
these, including the State’s “Save the Water” campaign, the Association of California 
Water Agencies’ “Quench CA” campaign, and the Water Education Foundation’s “Water 
Academies” educational programs and materials. Additional efforts have been led by 
community-based organizations and academic groups to build the capacity of community 

70.  Feldman, D. and S. Roback. 2022. Toward a Resilient Water Future for California: A Science to Action Forum. Water UCI.

What is data literacy? 
Data literacy is the ability to understand what 
data describes, how it represents elements 
of real-world processes, and how it can 
be used (or misused) to inform decisions. 
Data literacy encompasses a broad suite of 
capabilities related to data management, 
data comprehension, data analysis, and 
communicating data as information. It is critical 
for organizations to employ personnel with 
adequate data literacy levels to be effective with 
the scale and complexity of the data needed to 
inform decisions.

http://cawaterdata.org
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members, especially in underserved regions, to interpret and use water data in local cam-
paigns, such as the AGUA Coalition (Academia 4).71 These programs could be expanded to 
reach classrooms and more underserved communities. Increasing the accessibility of water 

data for the California public and fostering 
an understanding, care, and stewardship 
of water will position the State to improve 
consensus-building efforts around water 
management decisions. Ultimately, data 
literacy, capacity building, and water educa-
tion can help to ensure that the public has 
an authoritative voice in managing their own 
water systems. 

Interviewees also shared the importance 
of expanding public engagement in water 
decisions and initiatives. To build State 
and non-State water initiatives that have 
an equity and justice lens, communities, 
especially underserved communities, should 
be brought into design processes early and in 
an ongoing way (State Agency Employee 5). 
Participatory-based research with communi-
ty-based groups and academic partnerships, 
such as the Water Equity Science Shop 
at University of California, Berkeley, is one 
model of effective partnership that can 
deepen public engagement and produce 

outcomes that are meaningful for communities (State Agency Employee 5). Effective 
engagement requires a commitment to collaboration and the time and resources to engage 
community members and community-based organizations on their terms (Academia 4). In 
some contexts, underserved communities do already engage in water issues, but, despite 
devoting time and energy to attend public meetings, these communities often do not see 
their concerns reflected in resulting water decisions (Academia 4). More work can be done 
to assess where, how, and why public feedback is not incorporated into water decisions and 
if there are ways to create more equitable decisions that benefit all water users in a given 
region.72 73 

71.  See: https://www.communitywatercenter.org/agua
72.  See: http://www.sjvpartnership.org/
73. See: http://www.sjvpartnership.org/work-groups/water-quality-supply-and-reliability/

Importance of Outreach — My Well Went Dry
The California Partnership for the San Joaquin 
Valley—a partnership of regional collaborators 
focused on creating a prosperous economy, 
quality of life, and social equity72—developed 
the Water Work Group73 to ensure an adequate 
and diverse water supply for the San Joaquin 
Valley. The Water Work Group’s focus is to 
identify individuals who’s water well has gone 
dry and connect them with resources to mitigate 
the problem. To facilitate this process, the 
Water Work Group developed a communication 
and outreach strategy called “My Well Went 
Dry.” The focus of this strategy is to educate 
residents on where to find resources when their 
well goes dry and who to contact during water 
resource-related emergencies. The Water Work 
Group identified two additional priorities: one 
for data sharing and one for well permitting 
best management practices. They also have 
developed a webpage that provides links and 
tools related to groundwater data.
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Summary
As our current water systems struggle to meet the needs of communities, vulnerable 
species, and industries, a new approach to water data management is required to provide 
safe, secure, and affordable water to all Californians. To build an equitable and resilient 
water future, we must continue to invest in and evolve the State’s water data management 
strategy. This effort includes empowering communities with the skills, resources, and data 
they need to make informed and effective decisions focused on outcomes.74 To implement 
this strategy, high-level vision and coordination between State agency employees and 
non-State partners will be critical to create standards and break down silos. Creating a 
system that benefits all Californians requires people-centric solutions that are inclusive and 
collaborative.

Ultimately, effective and equitable water stewardship requires high-quality, usable, and ac-
cessible information, which can be achieved through a modernized water data system that 
considers the entire data life cycle, including:

1. Developing robust standards and protocols to ensure data quality during collection, 
reporting, and analysis, as well as data publication, discovery, and re-use.

2. Ensuring data accessibility and discoverability on open-source platforms with 
standardized metadata, and user-friendly search queries and visualizations or analytics.

3. Ensuring data interoperability with an identifier registry, metadata creation helpers, and 
water domain-controlled vocabularies.

4. Supporting data literacy, communication, public engagement, and a broader water data 
culture.

Water is critical to a vibrant and prosperous California. Information and data about water 
and ecosystems enables communities to plan for and meet the growing demands being 
placed on water resources by climate change, population growth, and other factors. Water 
data also helps State and local agencies identify areas and populations most vulnerable to 
drought, flooding, changing water quality, and other impacts. To support resilient communi-
ties, industry, and the environment, we must invest in the information necessary to steward 
water in a dynamic and changing future for the benefit of everyone living and working in 
California. 

74.  Hanak E, Lund J, Thompson B, Bowman Cutter W, Gray B, Houston D, Howitt R, Jessoe K, Gary B, Libecap G, Medellín-Azuara J, 
Olmstead S, Sumner D, Sunding D, Thomas B, and Wilkinson R. 2012. Water and the California Economy. San Francisco (CA): Public 
Policy Institute of California. 32 pp. Available at: http://www.ppic.org/content/pubs/report/R_512EHR.pdf.
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