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A B O U T  T H I S  R E P O R T

This report is a collaborative effort of UC Water, the 
California Department of Water Resources (DWR), 
and the California Council on Science and Technology 
(CCST). In 2017, UC Water, DWR, and CCST con-
vened a workshop series that serves as a foundation for 
this report. Workshops in February and May of 2017 en-
gaged stakeholders and decision makers in the develop-
ment of use cases—short examinations of how decision 
processes employ data—to inform a decision-driven 
water data system. The approach of defining objectives 
and outlining data needs was iteratively refined over the 
course of the workshops and subsequent engagements 
with stakeholders. 

This document is one of several products related to 
AB 1755 implementation. The state agencies leading 
implementation of AB 1755 are currently working to 
develop a strategic plan,1 while a technical working group 
is developing system requirements2 and a set of standard 
operating procedures that will inform technical data 
system development. 

The target audience for this report includes state agencies 
involved in data provision (including, for example, 
DWR, California State Water Resources Control Board 
(SWRCB), California Department of Fish and Wildlife 
(CDFW), California Water Quality Monitoring 
Council (CWQMC), and others); other data provid-
ers (including federal agencies as well as NGOs and 
universities); technical developers of data systems; and 
data users (including water managers, environmental 
managers in other sectors, regulators, researchers, policy 
makers, and other decision makers). 
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E X E C U T I V E  S U M M A R Y

California’s water management systems are struggling 
to meet environmental and human needs in the face of 
stresses from climate, population, and land use changes. 
Calls to improve the operation, management, and infra-
structure of water systems are frequent. Making rational 
and equitable water management decisions depends 
upon timely knowledge of the current and projected 
state of the water system. This, in turn, requires robust 
data and information. 

Currently, California’s water data fall far short of the 
fundamental goal of being complete, accessible, and 
usable—that is, readily available in formats that suit 
users’ needs, at relevant spatial and temporal resolutions 
that are useful for making the decisions at hand. Data 
sources are incomplete and inconsistent. Fragmented 
data systems often cannot exchange data with one 
another. Existing data are frequently difficult to access 
or use. Ironically, the birthplace of modern information 
technology lacks both basic information and the capacity 
to use it effectively to manage its most precious resource. 

Strategic, coordinated investments in California’s water 
information infrastructure are necessary. Without basic 
information on where, when, and how much water is 
available and being used, as well as physical, chemical, 
and biological measurements of water quality, we cannot 
improve how we manage our water resources. A modern 
water data system that enables accurate, timely, trans-
parent accounting of water supply, quality and use could 
enhance water security and sustainability. With better 
and more usable data informing water management, 
California’s existing water resources could better meet 
urban, agricultural, ecological and industrial needs.

California’s 2016 Open and Transparent Water Data 
Act (AB 1755) provides an important opportunity for 
improving the state of water data in California. The bill 
charges state agencies with integrating currently frag-
mented water and environmental data systems. However, 
while AB 1755 provides an opening for improved data 
systems, the law itself does not ensure increased usability 
of data for decision making. Increased usability of data 
requires a broader rethinking of data systems and their 
interactions as applied to decision making contexts. 

E N G A G I N G  S TA K E H O L D E R S  I N 
D ATA  S Y S T E M  D E V E L O P M E N T

If California is to enable better data-driven decision 
making in its water sector, it must begin by developing 
decision-driven data systems. In order to be useful for de-
cision making, data must not only be open and transpar-
ent, but must also be presented in a way that is relevant 
to the needs of decision makers.

This report presents a case for basing the development of 
data systems upon end users’ needs; describes a process 
for engaging stakeholders in the assessment of data needs 
and the design of a data system; and summarizes lessons 
emerging from the engagement process. The goal of the 
report is to support California’s efforts to make the most 
of AB 1755. In concert with other efforts, we seek to 
develop an inclusive and actionable vision for the future 
of water data in California. This requires understanding, 
articulating, and communicating decision makers’ pro-
cesses, and using these requirements to inform the design 
of data systems. 
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Through a series of workshops in 2017, we engaged data 
users and data providers from multiple sectors, including 
academia, state agencies, and NGOs, to systematical-
ly analyze data needs for decision making. To do so, 
we developed a method to generate ‘use cases’—short 
examinations of how decision makers use data. Use cases 
are a tool for assessing stakeholder data needs in specific 
decision contexts and communicating those needs to 
technical developers. The 20 use cases developed and an-
alyzed in this report cover a range of topics in California 
water management, from water supply to water quality to 
long-term infrastructure investments. 

Thousands of decisions are made daily regarding 
California water management. Sampling and analyzing 
a range of decision making contexts provides a glimpse 
into how these decisions use—or could use—data, which 
allowed us to draw some preliminary observations and 
recommendations. We hope the emergent conclusions 
from this preliminary exploration will help inform the 
State and relevant stakeholders as California solidifies 
its vision and process for modernizing its water data. 
We also hope that the analysis informs the development 
of data system functions and requirements, keeping the 
interests of end users in mind. 

R E C O M M E N D AT I O N S  F O R  A N 
O P E N  A N D  T R A N S PA R E N T  W AT E R 
D ATA  S Y S T E M  I N  C A L I F O R N I A

The following recommendations are based on the results 
of our analysis of use cases, combined with insights 
drawn from workshop participants and lessons drawn 
from science integration and data system development in 
other contexts. If the state of California is to successfully 
navigate its current opportunity to develop an open and 
transparent water data system that effectively informs 
decision making, the following recommendations will 
aid its planning. 

1.	 To ensure relevance, an understanding of the way 
data are used in decision making should guide 
the development of data systems. Achieving 
relevance requires first understanding the intended 
purpose of data, and then designing data collec-
tion, provisioning, and analysis systems to serve de-
cision making. Beginning with the questions that 
are of concern to stakeholders, and incorporating 
a recognition that these questions will evolve over 
time, can ensure that relevant data are collected 
and useful analyses are developed. This can help 
to avoid the costly need to re-engineer the system 
after it has been developed. Involving end users 
in a two-way conversation can help to ensure that 
scientific information is truly useful for decision 
makers and policymakers. 

2.	 A wide variety of data must be easily accessible 
and highly interoperable to serve many different 
user needs. Water decisions in California draw 
from a wide range of data types and data sources, 
including data about the flows and quality of wa-
ter, as well as agricultural, land use, ecological data, 
and many other data classes. A system with high 
interoperability among different data sectors and 
topics could increase the ability of decision makers 
to integrate data from multiple data sources and 
sectors. Measurable metrics of data interoperability 
and accessibility should be used to gauge success. 

3.	 Data gaps take a variety of forms and will need to 
be filled in distinct ways. Some data and informa-
tion critical to decision making are not available at 
all and will need to be estimated or collected in or-
der to move forward. Other data and information 
are available, but are not in a suitable format to be 
useful for decision making processes. For example, 
data are not interoperable or are hard to access or 
use, which can be equally significant barriers to 
informed decision making. Thus, the State’s efforts 
to identify and address data limitations will need 
to take into account not only the existence of data, 
but also accessibility and interoperability.
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4.	 For California water, an integrated data system 
will need to connect data from multiple sources, 
while maintaining the autonomy of those inde-
pendent systems. Water data are produced and 
distributed by numerous state and federal agen-
cies. Given the distributed nature of water data in 
California, the independence of disparate agencies, 
and the need for interoperability, a federated data 
system that enables exchange across distributed 
data sources is likely to have distinct advantages. 
However, the institutional, financial, and compu-
tational costs and benefits of any approach should 
be considered carefully. Any form of data system 
integration must provide clear standards for data 
quality, documentation, and archiving. To facilitate 
data integration, protocols and methods must be 
employed to ensure that data are properly collect-
ed, handled, processed, used, and maintained at all 
stages throughout the data life cycle. 

5.	 A water data system must address needs for data 
at multiple spatial and temporal resolutions, and 
in multiple, distinct forms and formats. Analysis 
of use cases reveals that different decision makers 
have varying data and information needs, even on 
similar topics. Different formats and resolutions 
of data and information are necessary for differ-
ent decisions, and a useful data system must take 
these needs into consideration. Enabling flexibility 
of data uses, while maintaining data quality and 
integrity, are non-trivial but crucial challenges. 

6.	 A water data system must enable the produc-
tion of new information. Ultimately, the goal 
is not only data provision, it is enabling the 
production of information (data that have been 
processed in such a way as to be useful). To this 
end, decision makers need data sources that can 
be readily integrated with one another, that are 
consistently updated with quality data, and that 
can support specific outputs such as analytical 
tools to guide informed decisions. Many models 
and decision support systems that process data 
into information incorporate a range of disparate 

data sources, which is particularly important since 
water resources management is often integrative by 
nature. At the same time, for many audiences such 
as academics and researchers, access to raw source 
data is key in order to produce or verify visualiza-
tions or other data products. 

7.	 Engagement between data system developers and 
end users is, ideally, an ongoing and iterative pro-
cess. Our use case efforts focused on identifying 
“who needs what data in what form to make what 
decisions.” An important next step could be to de-
fine “how are diverse datasets used to produce what 
output needed for what specific objective” for select 
representative use cases. In tandem with produc-
tion of data system architecture, the State and end 
users of data could work to develop on ongoing 
process of assessing data user needs, including the 
specific analytical needs of decision makers, and 
developing a process for long-term follow up on 
use case implementation. Such iterative develop-
ment could help to continually improve the design 
and functionality of data systems.

8.	 Basing water data on principles of usability and 
stakeholder engagement requires robust cy-
berinfrastructure, good governance, and stable 
funding. Stakeholders described needs for interop-
erability, data quality, and documentation that 
must be addressed in the development of a data 
or information system or platform. Beyond these 
basic cyberinfrastructure properties, a data system 
that is sustainable over the long term requires good 
governance and stable funding. Specific resources 
should be dedicated to information management 
and operability. Commitment to ongoing commu-
nication with end users is fundamental to ensuring 
that a data system will be able to contribute to 
improved decision making by meeting users’ needs. 
Water data infrastructure should be conceptual-
ized as a complex adaptive system: it must meet 
the needs of users, but be modular and flexible 
enough to allow alterations and reconfigurations. 
A functional institutional framework will require 
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clear, long-term financial commitments by policy 
makers, lead agencies, and data providers. Both 
an initial investment and consistent and ongoing 
resources will be required. 

AB 1755 is a major step towards developing an open 
and transparent water data and information system 
for California. Working towards open and transparent 
water data for California will require, first and foremost, 
good governance. Developing quality data and infor-
mation systems in a useful and usable form requires not 

only resources, but also substantial commitment to the 
processes of building relationships and working with 
stakeholders. These processes start with AB 1755, but the 
effort of engaging decision makers in working towards 
greater availability of data and information to inform 
modern water management must continue as a broader 
intitiative. The current momentum and collaborative ef-
forts between agencies and stakeholders are encouraging, 
and these efforts represent meaningful progress towards 
actualizing a vision of data-driven decision making for 
the sustainability of California water. 
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1 .  	 I N T R O D U C T I O N

California faces many water management challenges, 
from balancing urban, environmental, and agricultural 
water needs to managing the impacts of drought and 
climate change.3 Addressing these challenges involves 
making decisions, and making sound, evidence-based 
decisions in turn requires reliable, usable data.4 

While data are a crucial ingredient for enabling effective 
decisions, providing data does not in and of itself ensure 
that data can or will be effectively utilized for better 
water management. The form, accessibility, and usability 
of data provided can make the difference between an 
invaluable resource and a stranded asset. To be useful for 
decision making, data must be open, transparent, and 
relevant to the needs of decision makers. Generating data 
that meet these criteria requires understanding and ar-
ticulating the processes and contexts of decision making 
and using these articulations to inform the development 
of water data systems.

In order to support state agencies and stakeholders in 
their efforts to modernize California’s water data systems, 
this report outlines a case for basing water data systems 
on decision makers’ needs. We describe a process for 
engaging stakeholders to assess data needs, and lessons 
emerging from the process. 

Currently, California’s water data system does not 
meet the fundamental goal of being usable for decision 
making. Data are diverse and fragmented. They are 
produced, housed, and maintained by multiple entities. 
Interoperability—the ability of information technology 
systems to exchange meaningful information with each 
other in standard ways that allow for common compar-
ison, aggregation, and analysis—in many cases is low. 
Some fundamental data do not exist or are not gathered 

using standardized approaches—for example, data about 
individual groundwater extraction is not yet collected 
in any systematic way. Other data are hard to access 
or hard to use— for example, most legal information 
on California water rights and water use exists only in 
paper form and awaits digitization.5 The lack of uni-
form, annotated, high quality, accessible, and ultimately 
usable data, as well as the limited interoperability of data 
systems, hampers evidence-based water management 
in California.6 The net result is less-informed decisions 
on how to best manage a foundational resource for 
California’s environment and economy. 

W H AT  A R E  W AT E R  D ATA  S Y S T E M S ? 

In this report, we use “water data” to refer to 
the broad suite of data and information that 
inform decision making and research on water-
related topics, including data to characterize 
systems and to monitor systems. “Water data” 
goes beyond streamflow and precipitation 
measurements to include many areas relevant 
to water management, including data on 
ecology, land use, and agriculture. We use the 
term “data” to refer to measurements of basic 
properties in the world, while “information” 
refers to data that has been processed or 
synthesized in order to answer questions. “Data 
and information systems” refers to software 
and hardware systems that collect, organize, 
archive, distribute, integrate, process, analyze, 
or synthesize data.
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California needs to develop a comprehensive, integrat-
ed system for water data.7  By data, we mean more than 
just numbers: the production and use of data involves a 
broader life cycle that begins and ends with evaluating 
data needs (Figure 1).8 Improving data-driven decision 
making requires a rethinking of data systems along this 
entire life cycle, in conjunction with relevant decision 
makers. Starting at the top of the data life cycle, care-
fully evaluating needs of decision makers can facilitate 
the development of more useful data and information. 
Conversely, a data system that does not put users and 
decisions at its center raises the risk of spending time and 
money while failing to improve decision making capac-
ity. Ideally, water data can contribute to both efficiency 
and equity in operational, economic, and regulatory 
decision making. 

AB 1755, the Open and Transparent Water Data Act, re-
quires coordination among multiple agencies to integrate 
existing data that are currently fragmented. The bill pro-
vides an opening for improving California’s water data 

system, but careful implementation and follow-through 
will be crucial. AB 1755 enables crucial movement 
towards a fully realized water data system, raising an 
opportunity to generate momentum on improving water 
data usability. Implementation of AB 1755, with careful 
forethought, will be crucial for enabling informed water 
management for California’s future. 

The main goals of this report are to:

1.	 Illustrate the value of starting with decision mak-
ers’ needs in data system development.

2.	 Develop and describe a method for assessing data 
needs from a stakeholder perspective.

3.	 Begin to prioritize water data efforts by assessing 
data availability and limitations based on a prelim-
inary analysis of decision making processes in the 
California water sector.

4.	 Present key lessons on decision-driven data systems 
that emerged from this work. 

Starting from the premise that engaging decision makers 
in data system development increases potential useful-
ness of data systems,9 we worked with stakeholders to 
think systematically about data needs for decision mak-
ing. In collaboration with decision makers we developed 
and analyzed a set of ‘use cases’—short examinations of 
how water management decision processes employ data. 
The use cases serve as a tool for assessing stakeholder 
data needs and communicating those needs to technical 
developers.10 The approach of starting with decision 
makers’ perspectives may help to develop a stronger 
understanding of what a data system needs to do in order 
to be useful. 
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2 .  	W A T E R  D A T A  I N  C A L I F O R N I A 

Information is, or should be, a foundation for water man-
agement and decision making. Sound information can 
improve decision making for water security and sustain-
ability. However, the reality of California’s data systems 
do not always match this ideal.

A .  	I N F O R M AT I O N  A S  A 
F U N D A M E N TA L  E L E M E N T  O F 
W AT E R  S E C U R I T Y 

Water security is defined as the reliable availability of 
an acceptable quantity and quality of water for ecosys-
tem and human health, livelihoods and production, 
coupled with an acceptable level of water-related risks.11 
Sustaining California’s water security in the face of un-
precedented changes requires investments in three tightly 
linked areas: infrastructure, institutions, and information 
(Figure 2). 

A sustainable water future involves planning for, 
investing in, and maintaining natural and built infra-
structure, as well as digital information infrastructure. 
Strong institutions, including laws, regulations, agencies 
and organizations, but also the norms and conventions 
that govern decisions, are also essential for sound water 
management. 

Information, the focus of this report, is a key element 
of water security. Information can guide better deci-
sion making, inform the design and maintenance of 
infrastructure, guide the development and operation of 
institutions, and ideally ultimately improve water securi-
ty,12 both under current conditions and in the face of an 
uncertain future. Data are quantitative or qualitative rep-
resentations of basic properties of the world. Processing 
and synthesizing those data so they can be used to answer 
questions produces information.13 Information is gener-
ated from data through analytics, integration, and other 
processes. In the water sector, infrastructure, institutions, 
and information are by no means separate from one 
another, since institutions are responsible for managing 
both infrastructure and information.

Water is an inherently integrative and interdisciplinary 
field of inquiry. Water management requires incorpora-
tion of multiple streams of information into cross-cutting 
analyses.14 Thus, the provision of data and development 
of data and information systems that can handle diverse 
data are crucially important for decision making in the 
water sector. 

Accessibility of information at appropriate spatial and 
temporal resolution can be a bottleneck for making 
sound decisions. Data and information can and should 
inform decision making around water management, such 
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Figure 2: Key elements of water security.  
Adapted from UC Water.



Data for Water Decision Making B E R K E L E Y  L A W  |  W H E E L E R  W A T E R  I N S T I T U T E  A T  C L E E14

as drought management, flood response, and ecosystem 
protection. However, the lack of basic numbers on water 
supply, demand, and quality limits the accuracy and com-
pleteness of information derived from those data. This, in 
turn, limits our use of data to manage water and natural 
resources. Unmet data needs hinder efforts to charac-
terize groundwater conditions, operate water supply 
infrastructure, achieve water conservation goals, reduce 
energy use, protect important ecosystems, and promote 
water transfers.15, 16

A simple example illustrates these points. Many water 
decisions require an estimation of a water balance over a 
watershed, groundwater basin, agricultural field or other 
area. For example, a decision maker might want to know 
how much water is likely to be available for consumptive 
use or export in the current water year; whether enough 

water is available to satisfy a given water right; or wheth-
er groundwater recharge is sufficient to make up for 
groundwater pumping. As Figure 3 illustrates, calculating 
a water balance for a given groundwater basin or other 
sub-basin requires a range of data, including inflow to 
the system (e.g., precipitation, water imports, subsurface 
flow) and outflow from the system (e.g., evapotranspira-
tion, surface water outflow, groundwater and subsurface 
outflow), as well as flows between connected systems. 

Generating a water balance is, in concept, attainable 
(Figure 3).17 However, in practice, each component of 
the water balance is typically measured separately and at 
different spatial and temporal resolutions. Water balance 
measurements may be stored in different formats, in 
different repositories, and with different metadata. Each 
step—including assembling and integrating all of the 

Figure 3: Elements involved in understanding a groundwater basin water balance. Figure from DWR. 
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diverse datasets, ensuring that the data are reliable, and 
performing analytics or synthesis—presents non-trivial 
challenges to converting diverse water data into water 
balance information.

Exacerbating these difficulties, the data required to 
compute a water balance are not readily available for 
all basins. Key elements, such as details of local aquifer 
properties, groundwater flows, and pumping, may be 
missing or difficult to obtain. These and other data chal-
lenges hamper real-time, transparent decision making in 
the California water management sector. 

B . 	 T H E  O P E N  A N D  T R A N S PA R E N T 
W AT E R  D ATA  A C T  ( A B  1 7 5 5 )

California’s Open and Transparent Water Data Act 
(AB 1755), passed in 2016, focuses on integration and 
interoperability of existing data sources. The bill re-
quires the Department of Water Resources (DWR), in 
consultation with the State Water Resources Control 
Board (SWRCB), the Department of Fish and Wildlife 
(CDFW), and the California Water Quality Monitoring 
Council (CWQMC) to create and maintain a statewide 
integrated water data platform.18 AB 1755 requires that 
these state agencies coordinate and integrate existing wa-
ter and ecological data (Sidebar 1) from local, state, and 
federal agencies for several purposes, including imple-
mentation of the Sustainable Groundwater Management 
Act, increasing transparency of water transfers and 
markets, and water management more generally.

AB 1755 leaves undefined the format and purposes of the 
system, and does not specify with any granularity what 
decisions will be informed by it. For example, it is con-
ceivable that the requirements of the bill could be met by 
simply posting static spreadsheets online. Although even 
this action would represent progress compared to the cur-
rent state of water data, AB 1755 presents an opportunity 
to go much further toward the ultimate goal of improving 
water policy, management, and decision making through 
the improved provision of data.

S I D E B A R  1 :  E X A M P L E S  O F  O T H E R  W AT E R 
D ATA  E F F O R T S  I N  C A L I F O R N I A

Some examples of existing California systems19 for 
collecting and sharing data include: 

•	 California Data Exchange Center (CDEC): 
An extensive hydrologic data collection 
network.20(DWR)

•	 California Irrigation Management Information 
System (CIMIS): A network of automated weather 
stations that produce evapotranspiration data.21 
(DWR)

•	 Surface Water Ambient Monitoring Program 
(SWAMP): Provides information on surface water 
quality and links data from water monitoring 
programs.22 (SWRCB)

•	 California Environmental Data Exchange Network 
(CEDEN): A data network that aggregates data on 
water quality, aquatic habitat, and wildlife health.23 
(SWRCB)

•	 Electronic Water Rights Information Management 
System (eWRIMS): Tracks information on water 
rights in California.24 (SWRCB)

Each of these systems focuses on a particular aspect of 
water management—for example, hydrologic conditions; 
water quality; or water rights. AB 1755 strives to add to 
the value of these existing data systems by connecting 
different areas of water management. 
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In spite of these ambiguities, AB 1755 specifies an 
aggressive timeline for implementation (Figure 4). The 
timeline is consistent with forthcoming data collection 
efforts—for example, the 2014 Sustainable Groundwater 
Management Act (SGMA),25 which raises new data 
needs and calls for new groundwater data collection. 
However, the actions mandated by AB 1755 are extraor-
dinarily ambitious, and without careful and concerted 
efforts for thoughtful and forward thinking implemen-
tation there is a real risk of wasting the opportunity 
afforded by AB 1755. 

In this report we contend that AB 1755 implementation 
needs to begin with the end in mind—a clear under-
standing of the decisions that the data system is meant to 
support. We envision a data system that serves the needs 
of specific decision making entities, while enabling pro-
duction and integration of new types of data and support 
for new uses of data. The messages about developing data 
systems that reflect end users’ needs are not limited to 
the scope of this particular bill. The vision for a water 
data system that is rooted in decision makers’ needs, and 
the lessons about how to achieve such a system, are appli-
cable beyond the AB 1755 context and timeline.
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Figure 4: AB 1755 implementation timeline
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3 . 	 D E C I S I O N - D R I V E N  
D A T A  S Y S T E M S 

Data-driven decision making describes the practice of 
making decisions based on analysis of data rather than 
experience or intuition.26 This report suggests a subtly 
different point: enabling data-driven decision making 
requires first developing decision-driven data systems. The 
premise is similar—that better decisions can be made 
using data—but the concept also recognizes the devel-
opment of data systems themselves must be informed 
by decision makers’ needs. Decision-driven data systems 
thus suggests a process that first examines stakeholder 
needs, then bases functional and technical requirements 
for data systems on these needs.27 

A .  	B I G  D ATA  A N D  I N F O R M AT I O N 
T E C H N O L O G I E S  I N  W AT E R 
M A N A G E M E N T

Contemporary approaches to water management tend to 
move past simple supply/demand calculations to recog-
nize the complexity of the resource.28 This gives rise to a 
growing need for more diverse types of information such 
as socioeconomic, environmental, and sustainability in-
dicators.29 While the use of diverse data and information 
provides opportunities for informed decision making, it 
also presents challenges. 

Several distinct types of data are important to under-
standing water quality and quantity, including data to 
characterize the system, and data to monitor the system 
over time. The former is collected over a shorter period 
of time, often at finer spatial or temporal resolution, with 
the distinct purpose of parameterizing the conceptual 
or numerical model of the physical system. The latter is 

S I D E B A R  2 .  M A N Y Vs  O F  B I G  D ATA 30
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operational (i.e., continuous and ongoing) data acqui-
sition to evaluate the current state of the system and to 
inform decision making. The results of operational data 
collection can also be used to validate or improve the 
initial parameterization.

Water data faces challenges related to the “Big Data V’s” 
(Sidebar 2). Variety, for example, presents particular 
challenges for water data. Water data are often obtained 
using a variety of sensors that sample different properties. 
Some measurements are obtained directly and reflect 
local conditions (such as water levels near a wellbore), 
while other attributes are calculated using a suite of mea-
surements. However, this variety of data may be collected 
at different scales and resolutions, raising challenges for 
interoperability. 

Information technologies (IT), including new and exist-
ing technologies, can help incorporate scientific data into 
decision making.31 Geographic information technolo-
gies—including Geographic Information Systems (GIS), 
Global Positioning Systems (GPS), remote sensing, and 
cloud-based tools—can help collect, aggregate, organize 
and share data. Wireless sensor networks can enable 
greater precision in hydrologic measurement.32 These 

approaches require collective and collaborative sharing of 
information and re-thinking of processes to take account 
of new technologies.33 Some of these technologies are al-
ready in use, but an ‘innovation deficit’ remains: there is 
still huge potential to unlock further innovation through 
the integration of information into decision making.34

Decision support systems (DSS)—modelling tools used 
by scientists, managers, and stakeholders—can help 
guide management decisions by formulating problems 
and evaluating solutions.35 Decision support systems are 
a way of processing data into information: they incorpo-
rate diverse data sources in order to inform decisions,36 
and bring analytic functions together to help a user make 
sense of complex data and systems (Figure 5).37

Infrastructure Institutions

Information

INNOVATION AND 
INTEGRATION

Analyze data

Answer questions 
and make decisions

Evaluate data needs

Synthesize diverse 
data sources

Discover and obtain 
relevant data

Preserve and 
archive data

Document and 
describe data

Assure data quality

Collect data

DWR, CWQMC, SWRCB, DFW:
Develop protocols for data sharing, 
documentation, quality control, access, 
and promotion of open source platforms 
related to water data. Submit protocols 
to legislature. Make protocols public. 
Publish strategic plan for data 
management to guide implementation.
1-1-2018

RFP for 
development of 
water data platform
4-1-2018

Make state agency 
data available on 
the platform
9-1-2019

Make national data and 
any other data available 
on the platform
8-1-2020

AB 1755 
approved
9-23-2016

Ongoing: Quarterly updates of 
data as it becomes available

20172016 2018 2019 2020 2021

MEASUREMENT SYSTEM

Remote sensing
In-situ and field 
      measurements
Laboratory analyses

INFORMATION SYSTEM

Geographic Information 
      Systems
Data bases
Rule & knowledge bases

MODELING SYSTEM ANALYSIS SYSTEM

USER

Geographical presentation User friendly interface

Economic models
User-function models
Natural system models

Simple diagnostic tools
System development tools
Strategy development tools
Evaulation tools

Figure 5: Common components of decision support systems.
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B .  S C I E N C E  F O R  P O L I C Y

Data-driven decision making implies a tight relation-
ship between science and policy. Scientific observations 
help to define the scope of environmental problems, the 
agenda for debate, and the range of alternative solutions 
to be discussed. While management decisions and policy 
questions are not fully solvable through purely scientific 
processes,38 science can aid in ensuring that decisions are 
based on accurate information, clarifying the application 
of general goals to specific contexts, and ensuring that 
agencies act in the public interest.39 

Many types of decision makers need data and informa-
tion. Regulators need sound information in order to 
quantify and manage risk, and more accurately apply 
existing laws.40 Managers of utilities, infrastructure, and 
water agencies need information to inform their daily op-
erations and long-term investments. Nongovernmental 
organizations and the general public also need informa-
tion in order to engage with environmental protection 
and other aspects of water resources.41 In water resource 
management, many parties have interests in outcomes, 
and all stakeholders require accurate information to par-
ticipate meaningfully in decision making processes.42 

Practical application of science requires effective use of 
information.44 Scholarship on the use of science and IT 
in policy suggests that data must be salient, credible, and 
legitimate45 in order to be useful and usable.46 While 
“usefulness” refers to functionality and desirability, “us-
ability” refers to application and the ability to fit decision 
making processes in practice. 47  That is, to be not only 
useful but also usable, data must be readily available in 
formats that suit users’ needs for application to decision 
making contexts. 

Achieving credibility requires data to be produced 
and stewarded according to best practices. Achieving 
salience requires first understanding and articulating 
the intended purpose of data and information, and then 
designing data systems to serve relevant decision making. 
Beginning from the questions that are of concern to 
stakeholders ensures that relevant data are collected and 
synthesized into information. Starting with user needs in 
this way can help to avoid the costly need to re-engineer 
the system after it has been developed. Achieving legiti-
macy is fostered by involving end users in a two-way con-
versation, providing mechanisms for bridging boundaries 
between the scientific and decision making communities, 
and developing end-to-end networks to ensure that 
scientific information is truly useful for decision makers 
and policymakers. 

“Credibility involves the scientific adequacy of 
the technical evidence and arguments. 

Salience deals with the relevance of the 
assessment to the needs of decision makers. 

Legitimacy reflects the perception that the 
production of information and technology has 
been respectful of stakeholders’ divergent 
values and beliefs, unbiased in its conduct, 
and fair in its treatment of opposing views and 
interests.” 43
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4 . 	 A  P R O C E S S  F O R  E N G A G I N G 
S T A K E H O L D E R S  I N  A S S E S S I N G  
W A T E R  D A T A  N E E D S

In this section we describe a process for developing use 
cases through stakeholder engagement. For the purposes 
of this report, use cases describe water decision making 
processes and the data needs associated with those pro-
cesses. The premise of use cases is that starting with the 
end user’s goals can enable a more efficient and effective 
development of a data system. In the field of computer 
science, use cases are employed in software and hardware 
development describe system requirements from a user’s 
perspective.48 The approach puts the user front and cen-
ter in the development process.

The main goals of developing the use cases were a) to 
systematically assess end user data needs; b) to evaluate the 
fit between data needs and existing data availability; and c) 
to communicate data needs to technical developers tasked 
with design of data systems and user-oriented applications. 
Taken collectively, the use cases can assist in identifying 
commonly used data sets where interoperability is particu-
larly important, as well as gaps in usability or accessibility. 
The process also formalizes stakeholder engagement.

A .  D E V E L O P I N G  U S E  C A S E S 
T H R O U G H  S TA K E H O L D E R 
W O R K S H O P S  A N D 
C O L L A B O R AT I O N S

We developed the use case concept and format in an itera-
tive process over the course of several day-long workshops 
and through additional meetings and interviews.49 We de-
fined stakeholders broadly as those with an interest in the 
outcomes of California’s progress on water data. Invited 
attendees included data users and data producers from a 
variety of sectors, including academics and scientists, state 
agency representatives, NGO representatives, communi-
ty members, the private sector, and water management 
practitioners, all of which were represented in workshops, 
subsequent discussions, and review of this document. 

Use cases were framed around the questions of who needs 
what data in what form to make what decisions50 A use 
case is therefore an internally consistent set of answers to 
these questions, anchored around a single decision. We 
developed a template (Table 1) to guide stakeholders in 
articulating use case elements. The template was devel-
oped in collaboration with technical data system de-
velopers to ensure that necessary information would be 
collected and conveyed. Using this template, a total of 20 
use cases were developed. Eight use cases were produced 
through the workshops described above, which also 
served the purpose of developing and testing the use case 
concept and methodology. The Center for Law, Energy 
and the Environment (CLEE) also facilitated additional 
meetings and supported other organizations in contrib-
uting use cases using this template (available online at 
law.berkeley.edu/datafordecisions).

We define a use case as a set of answers to  
the questions of who needs what data in what 
form to make what decisions, framed around  
a single decision.
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The use cases are being used in the development of func-
tional requirements that will in turn inform the protocols 
called for in the legislation.51 Functional requirements 
represent the translation of objectives—the stakehold-
er-generated goals defined through the use cases—into 
engineering terms and technical language describing how 
the objectives will be met (Figure 6). The goal of translat-
ing stakeholder objectives into functional requirements is 
ultimately to inform development of data system protocols 
and design in ways that increase usability. 

B . 	 S U M M A R Y O F  U S E  C A S E S

By covering a diversity of topics and ways of using data to 
meet objectives, the use cases together illustrate a range 
of ways in which data are used for decision making in the 
water management sector. Table 2 provides a summary of 
the use cases developed and analyzed for this report. The 
full text of all of the use cases, including a description of 
decision makers and decision contexts for each, is avail-
able online at law.berkeley.edu/datafordecisions. 

U S E  C A S E  E L E M E N T D E S C R I P T I O N

Objective Decision, goal or desired action

Description Important context and background information

Participants The main decision maker; other parties involved or affected

Regulatory context Legal, regulatory, and reporting requirements 

Workflow Progression of steps and specific actions taken to accomplish 
objective

Data sources Existing data sources; also data gaps

Data characteristics Notes about type and format of data 
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U S E  C A S E  T I T L E O B J E C T I V E

1.	 Planning a groundwater 
recharge project 

Determine when, where, and how to recharge groundwater, with 
what water, in order to avoid undesirable results including declining 
groundwater levels. 

2.	 Financing a groundwater 
recharge project using 
Proposition 1 funding

Maximize expected return on investment for a groundwater recharge 
project financed under Proposition 1, based on an evaluation of costs, 
benefits, risks, and expected return on investment.

3.	 Management of 
environmental flows to 
protect salmon habitat

Manage environmental flows for winter run Chinook Salmon in the 
Upper Sacramento River through reservoir management.

4.	 Groundwater basin 
water budgets (DWR)

Quantify inputs, outputs, and changes in storage (i.e., water 
budget) within the basin, at appropriate spatial and temporal scale 
and resolution, with accuracy sufficient to inform groundwater 
management and pumping.

5.	 Delta hydrographs Establish thresholds (e.g., mean sea level; levee conditions; water 
quality) as a proactive alternative to Temporary Urgency Change 
Petitions for management in the Delta. 

6.	 Water transfers for 
environmental purposes

Assess a plan for a 1-year instream water transfer on a small stream in 
upper Sacramento River watershed. The goal of the water transfer is to 
maintain or enhance instream flows for environmental purposes.

7.	 Capital investment in 
headwaters restoration

Restore and maintain headwaters in a sustainable condition by building 
public support and knowledge, and quantifying the suite of benefits 
from headwater management and restoration.

8.	 Wetland and riparian 
mitigation and 
monitoring

Produce “State of the State Wetlands report” to provide regional 
estimates of the ecological integrity and biological conditions of 
wetlands, to ensure no overall net loss and achieve a long-term gain in 
the quantity, quality, and permanence of wetlands acreage in California.

9.	 Central Coast Ambient 
Monitoring Data 
Navigator

Acquire data to populate the CCAMP Data Navigator, an online data 
visualization and analysis tool used by Water Board staff, decision 
makers and the public to inform them about water quality status and 
trends. 

10.	 Urban Water Efficiency 
Explorer tool

Provide a data visualization and scenario planning tool to help California 
water retailers estimate residential water efficiency targets in order to 
visualize the changing water conditions to enable them to effectively 
make decisions about adaptations.

Table 2: Summary of use cases and objectives. Use case numbers are based on the order of initiation during  
our process.
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11.	 Sacramento River real-
time water and fishery 
coordination decision 
platform

Integrate flow, water operations, fishery, and water quality data into a 
single, open data platform that improves Sacramento River operation 
of the CVP and delivery of flows for fishery temperature management 
and downstream diversions.

12.	 Water availability 
analysis for curtailments 
to protect senior water 
rights

Determine, based on a drought water availability analysis, at what time 
and to whom notices of water unavailability (also called curtailment 
notices or water shortage notices) would be issued to protect senior 
water rights. 

13.	 Water rights licensing 
process

Determine the circumstances under which the State Water Resources 
Control Board (SWRCB) can make the necessary findings to issue 
a license for a permitted consumptive use of water for a minor 
agricultural project.

14.	 Water shortage 
contingency planning 
vulnerability assessment

Conduct a vulnerability assessment of a rural community in the San 
Joaquin Valley to determine the extent to which water shortage puts it 
at risk of not having sufficient clean water supplies for household use, 
including consumption.

15.	 Decision support 
system for harmful 
algal bloom response, 
communication and 
mitigation

Effectively manage and utilize data regarding harmful algal bloom 
(HAB) incident verification, communication and mitigation to support 
and inform decision making. 

16.	 Decision support system 
to track and evaluate 
mercury control actions

Implement mercury control actions to maximize effectiveness of 
reducing exposure to humans and wildlife. Evaluate the potential of 
wetland restoration, salmonid population restoration, and other on-the-
ground projects to increase mercury exposure to humans and wildlife.

17.	 Groundwater basin 
water budgets (SWRCB)

Quantify groundwater basin water budgets so that SWRCB can 
determine: 1) whether probationary designation is required; 2) whether 
an interim plan is required, and if so; 3) how to manage extractions 
within the basin, consistent with established Water Rights law, so that 
the basin progresses toward sustainability. 

18.	 Agricultural water 
management plan

Improve water management and water use efficiency, as well as plan 
and prepare for periods of limited water supply and severe drought 
by developing an Agricultural Water Management Plan (AWMP) to 
serve as a water management planning tool within an agricultural water 
supplier’s service area. 

19.	 Urban water 
management plan

Document current and future water supply reliability through the 
preparation of Urban Water Management Plans (UWMPs), to ensure 
that California communities have adequate water supplies especially in 
times of drought. 

20.	Source-water basin 
water budgets

Quantify inputs, outputs and changes in storage (i.e. water budget) 
within a basin, at appropriate spatial and temporal scale and resolution, 
with accuracy sufficient to inform reservoir operations, hydropower 
generation, downstream water deliveries, allocation decisions, 
infrastructure investments, flood protection, groundwater recharge 
and other economic and regulatory decisions.
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The sample of 20 use cases is by no means intended to 
comprehensively cover the vast landscape of decisions 
in California water management. The use cases do, 
however, exemplify the complexity and range of water 
management contexts in California. An initial set of 
topics selected for development in the workshops were 
augmented by additional topics, which were prioritized 
to cover a wide range of subjects across California’s water 
management landscape (Figure 7). The categorization 
of use cases by topic in the Venn diagram in Figure 7 
represents only one possible way of doing so; cases could 
be categorized according to other topics as well. 

Additionally, Figure 7 illustrates the variety of decision 
objectives represented by the use cases. Some of the cases 
address high-level investment and policy decisions; oth-
ers focus on mid-level programmatic implementation; 
and still others address day-to-day operational decisions. 
Likewise, some of the cases draw directly upon data to 
answer a question or inform a decision, while other cases 
involve integrating disparate data sources for a decision 
support tool that, in turn, can be used to inform deci-
sions or answer questions. 

The sample of use cases also align with broader goals 
for California water management. The Governor’s 
California Water Action Plan52 is intended as a roadmap 
towards sustainable water management. Alignment 
between the use case topics and the Water Action Plan 
goals is illustrated in Figure 8.

C . 	 M E T H O D O L O G I C A L 
L I M I TAT I O N S

The process of identifying stakeholder objectives and 
translating these objectives into functional requirements 
comes with some limitations and caveats. 

First, the 20 use cases represent a small sample among the 
many water-related decisions made in California each 
year. The aggressive timeline of AB 1755, while help-

ful in motivating stakeholder engagement, limited the 
feasibility of conducting multiple iterations and the total 
number of use cases. As such, the following analysis may 
not be representative of broader water management data 
needs. Rather, the following analysis illustrates some gen-
eral trends and provides broad and potentially informa-
tive observations, not statistically significant conclusions. 

Second, in our analysis, we did not fully characterize data 
sources by usability. For example, we did not examine 
whether the data sources provided for a use case were 
interoperable, whether temporal or spatial resolution 
matched decision maker needs, or whether they were 
accessible in a format suitable for analysis. As a result, a 
closer analysis of use cases may find that some stakehold-
er-listed data sources are actually low in usability, requir-
ing additional processing to render them interoperable 
and useful as part of a data system. Further analysis could 
address the extent to which less-than-adequate data 
sources are currently being utilized, and what this means 
for the information that is produced using this data. 

Third, the method of developing use cases was intended 
as the start of an ongoing and iterative process. We refined 
the method throughout the project, and as such, several 
challenges and limitations were raised during the course 
of the project. The process revealed that decisions are 
not always obvious or easy to articulate, and in a group 
format, agreeing upon the most important decisions was 
time consuming. Moreover, while our process focused on 
identifying ‘decisions,’ not all data uses necessarily take this 
form; for example, research may draw upon data sources 
to produce useful information that can inform decisions, 
but in and of itself does not represent a ‘decision’ per se. 
We learned that engaging stakeholders with a detailed 
understanding of workflow and data needs is crucial, as 
the use case format depends upon clear working knowl-
edge of data sources (both existing and desired/gaps) 
required to make decisions. Sufficient buy-in to the process 
and outcome matters: clearly communicating purpose to 
stakeholders is important, and quality of facilitation can 
influence the quality of use case results. Finally, use cases 
were each generated by a different group of stakeholders, 
creating some inconsistencies in format and style.
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Figure 7: Classification of use cases by topic and decision objective
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5 .  	D A T A  A V A I L A B I L I T Y ,  S O U R C E S , 
A N D  G A P S 

Examination of use cases revealed preliminary insights 
into data availability and data gaps. In this report, data 
source refers to an individual unique access point (for 
example, a URL) for data. A complete list of data sources 
cited is available online at law.berkeley.edu/dataforde-
cisions. Data sources were compiled and categorized 
by topic and by organization providing the data source. 
Data gaps and limitations were also identified. Results 
from these analyses are presented below. Throughout this 
section, it is crucial to recognize that the results describe 
general trends based on an examination of a limited 
number of use cases, rather than statistically meaningful 
analysis.

A .  	A S S E S S I N G  D ATA  N E E D S

Coding data sources cited in use cases by topic (Table 
3) allowed for several observations. 53 First, data sources 
were diverse, spanning topics far beyond those directly 
related to the hydrologic cycle, such as precipitation and 
streamflow (Figure 9). Second, each use case drew from 
a variety of data spanning a range of topics to meet the 
stated objective (Figure 10). Third, while a few core data 
sources were common to many different use cases with 
markedly different objectives, the majority of data sourc-
es were only used in a few specific contexts (Figure 11). 

Over half of the data sources cited in the 20 use cases 
were related directly to water, including water supply, 
demand, groundwater, water quality, and water storage 
(Figure 9). However, data on a wide variety of other 
topics were also often needed to support decisions. This 
suggests that a water data system will need to incorporate 

not only water data, but also other relevant data in order 
to fully serve the purpose of supporting water decisions.

The majority of use cases required data sources spanning 
diverse topics, regardless of the decision objective (Figure 
10). This supports the argument that there is a need 
for data systems to not only focus on interoperability, a 
crucial point recognized by the authors of AB 1755, but 
on a broadly defined notion of water data. A system with 
high interoperability between different data sectors and 
topics could increase the ability of decision makers to 
integrate data from multiple data sources and sectors. 

Only a very few data sources (individual URL access 
points) were commonly used across many use cases 
(Figure 11). For example, USGS streamflow was cited 
as a data source in 16 of the 20 use cases.54 On the other 
hand, about three quarters of the unique data sources 
were each only cited in one of the 20 use cases. 

If commonness of use reflects importance for decision 
making, then it is particularly important to ensure acces-
sibility, interoperability and completeness for the very 
few data (e.g., streamflow and precipitation) that were 
common across many use cases, within a data system. 
However, usage across many use cases is not necessarily 
the only indicator of importance. Many of the less-fre-
quently cited data sources may be crucial in certain 
decision making contexts. Moreover, importance of the 
decisions themselves varies. The wide diversity of topics 
and difficulty in assessing importance of data sources 
and of use cases themselves may present a challenge to 
data system designers seeking to ensure accessibility and 
interoperability.
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T O P I C S U M M A R Y O F  D ATA  PA R A M E T E R S  I N C L U D E D  W I T H I N  T O P I C

Agriculture Agricultural land use, crop types and acreage, evapotranspiration, maps of 
farmland, pesticide use

Ecology Habitat parameters, biodiversity, fish counts, bird counts, invasive species, 
estimates of wildlife population and extent, forest conditions, fire vulnerability, 
native plants, timber harvest plans, vegetation classification and maps, aquatic 
resources, wetland boundaries, wetland mitigation sites

Geology & soils Geology, hydrogeology, subsidence, soil types

Infrastructure & 
utilities

Service area boundaries, hydropower plans, water utility boundaries, pumping 
records, roads, water sources for particular communities, utility data on water 
and energy use

Land use Aerial imagery, city and county land use, land cover, land use surveys, Landsat 
data, remote sensing data

Mapping & 
modeling

Watershed boundaries, surface waterways, terrain models, topographic surveys, 
elevation, county boundaries

Socioeconomic Cost-benefit analyses, water pricing data, willingness to pay, economic impact 
assessments, policy analyses, population and demographics, population growth 
projections

Water Includes subcategories of demand, supply, storage, quality, and groundwater—
see below. 

•	 Water demand 
& use

Water demand for different interests, water rights, water transfers, water 
usage, conservation, conjunctive use, urban water demand, water deliveries, 
imports and diversions, pump locations, per capita water use, consumptive use, 
beneficial use vs storage, domestic well data

•	 Water supply Precipitation, hydrologic conditions, streamflow, stream gage data, 
hydrographs, full natural flow, flow projections, snowpack, return flows, river 
stages, volume, availability, water year type 

•	 Water storage Reservoir capacity, reservoir levels, reservoir surveys, snowpack storage, flood 
storage capacity

•	 Water quality Water quality, temperature, Total Maximum Daily Loads (TMDLs), water 
chemistry, sediments, contaminants, bacteria, algal blooms, biological 
indicators

•	 Groundwater Groundwater basin maps, elevation, models, pumping, quality, recharge 
suitability, storage, groundwater-dependent ecosystems, groundwater-surface 
water connectivity, GSA boundaries, well locations, well logs, aquifer storage 
capacity

Weather & climate Temperature, weather forecasts, climate change forecasts and scenarios,  
climate patterns

Table 3: Data types and parameters included within topic categorizations
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B .  D ATA  P R O V I D E R S 

A relatively small number of organizations provided a 
large fraction of the data sources cited in the sample of 
use cases. Categorizing data by the organization provid-
ing each data source55 showed that just six organizations 
provided approximately two thirds of the data sources 
cited across the sample of use cases (Figure 12). 

State agencies provided approximately half of the data 
sources cited. Federal agencies provided over forty 
percent of the data sources. These two types of agencies 
combined make up for over 90% of the data sources 
(Figure 12). University and other research institutions, 
private, and nonprofit sources together made up the 
remainder of data sources cited in use cases. 

While many of the state and federal data sources were cited 
across numerous use cases, the majority of private, nonprof-
it, and university data sources were more specialized, and 
for the most part were only used in single use cases.56 

If a water data system seeks to support the full range of 
data providers contributing to California water man-
agement, then it should consider how data provisioning 
and integration beyond state agencies can be supported. 
This analysis shows that data providers span beyond AB 
1755 governance partners (including DWR, SWRCB, 
CDFW, and CWQMC). This points to a need for 
developers of a data system to consider not only how the 
system will support these important partners, but also 
to take into account how other organizations (includ-
ing federal organizations such as USGS, NOAA, and 
USDA) will participate.

END USER DATA AND 
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C . 	 D ATA  G A P S  A N D  L I M I TAT I O N S

Some data and information critical to decision making 
were not available at all, while other data and informa-
tion were available, but were not interoperable or were 
hard to access or use. 

Limitations in data and information availability were 
identified primarily based on stakeholder input during 
use case development. In our selection of use cases, com-
monly cited limitations included limited availability of 
economic information (water pricing data, economic im-
pacts, and willingness to pay); the need for more accurate 
characterization of water rights; and the need for better 
data related to groundwater pumping and withdrawals. 

Limitations in connectivity and accessibility mean that 
some data sources can constitute effective data gaps even 
if, strictly speaking, data are available (Sidebar 3). 

Further analysis beyond the scope of this study could 
evaluate not only limitations in data availability and acces-
sibility, but also the significance of these limitations. That 
is, some data limitations may represent a critical bottleneck 
to decision making, while other missing or limited data 

availability may not actively constrain effective decision 
making. Further analysis could also examine the costs 
and benefits of decision makers’ reliance upon stand-in 
data sources that are less than ideal when the desired data 
are not available. Decision makers often “make do” with 
existing data because they need to proceed in making a 
recommendation or decision, even though additional 
or higher-resolution data would improve accuracy and 
analytical capacity. The use of less-than-adequate stand-in 
data sources to fill gaps in data availability, accessibility or 
usability may mask the existence of data gaps. 

D . 	 A D D I T I O N A L  S TA K E H O L D E R 
O B S E R VAT I O N S  A N D 
P E R C E P T I O N S

During the workshops, and in additional meetings and 
interviews, we tracked comments and responses from 
stakeholders. We coded and qualitatively synthesized 
this stakeholder input. Table 4 summarizes a number of 
stakeholder concerns and perceptions, sorted by themes 
including interoperability; data format and resolution; 
uncertainty and metadata; distinctions between data 
and information; and potential barriers to an open and 
transparent water data system. 

Other (NGO, university, private)

Federal–other

USDA

NOAA

USGS

State of CA—Other
CDFW

SWRCB

DWR

Figure 12: Percent of data sources cited in use 
cases provided by specific agencies (state agencies 
shown in blue, federal in yellow, other in grey)
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S I D E B A R  3 :  A S S E S S I N G  D ATA  U S A B I L I T Y

A selection of data sources were examined in depth to better understand the process 
of developing technical parameters out of the stakeholder-generated use cases. This 
exercise was meant as a starting point for the development of functional requirements 
for a data system. The analysis found that, when examined in closer detail, a number of 
data sources listed in the use cases did not, in their current form, contain the requisite 
parameters for integration into a data system. We identified several themes that 
presented challenges for integration of data: 

•	 Some data sources were logistically difficult to access: 

˚˚ Data were accessible via maps or visualization tools for public use, but 
downloading data to create those visualization tools was not possible or 
unclear.

˚˚ Data were only available in PDF formats. 

˚˚ Data were accessible only using an institutional login name and password to 
access.

•	 Some data sources lacked precision in definition: 

˚˚ The need to include “physical habitat parameters” was mentioned, many of 
which are available via US Fish and Wildlife Service, but it was unclear which 
habitat parameters were needed.

•	 Some data sources represented protocols and methodologies to gather data; the 
data themselves were not readily accessible:

˚˚ An academic article described a method for data collection, but did not 
provide the data themselves. 

•	 Some data sources lacked consistency in terms of availability and spatial and 
temporal resolution: 

˚˚ Reports were made available infrequently or inconsistently.

˚˚ Spatial or temporal resolution of data was limited. 

˚˚ Parts of data were available digitally while older versions were only available as 
PDF. 

These practical issues of data accessibility and interoperability present challenges for an 
integrated water data system because they hamper automated integration of data from 
multiple sources. 
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Interoperability •	 Data standards vary across different agencies and organizations. 
•	 Multiple entities have their own processes for data collection, storage, and 

metadata documentation. 
•	 Data sources are not always connected to one another, nor to regulatory 

activities or decisions. 
•	 Data must be comparable and connectable across different agencies and 

different geographic locations. 

Data format & 
resolution

•	 Not all data are digitized.
•	 Data should be in a format that can accommodate a range of post processing 

and analysis. 
•	 Data may be collected at different resolutions than decisions call for (e.g., some 

data are collected seasonally, monthly, or daily; however, data collection must 
ideally be real-time in order to support decision making).

•	 Different decisions require different resolutions of data. 

Uncertainty & 
metadata

•	 Data are laden with uncertainties; it is important to reduce uncertainties where 
feasible, and then to characterize remaining uncertainty.

•	 Describing uncertainties makes it possible for a decision maker to decide 
whether the uncertainties hamper decision making capacity. 

•	 Documenting uncertainties can help communicate not only what data can be 
used for, but what data should not be used for.

•	 Quality assurance and quality control procedures must be documented.
•	 Ensuring consistent and complete metadata is an important part of addressing 

concerns around uncertainty. 

Transforming 
data into 
information

•	 Information gaps exist where relevant data may be available, but processing 
and synthesis to make data more useful have not yet taken place (for example, 
information on long-term historical impacts of groundwater pumping; or a 
system for tracking net loss of wetlands over time). 

•	 Transforming data into information requires knowledge of system workflows and 
tools that are used to inform decision making, such as graphs, figures, or reports. 

•	 Models are examples of useful decision support tools that connect multiple 
types of data. Hydrologic and groundwater models, while not strictly necessary 
for all types of decisions, can be a useful way to integrate data on precipitation, 
streamflow, evapotranspiration, soils, land use, and climate. 

Potential 
barriers to 
an open and 
transparent 
water data 
system

•	 Time lags in data review and availability.
•	 Issues of outdated technology. 
•	 Issues around sharing of data, including legal, privacy, and trust. 
•	 Cross-sector communication issues. 
•	 Lack of clarity regarding allocation of resources and responsibility between 

agencies for various aspects of data collection and provisioning. 

Table 4: Stakeholder concerns and perceptions
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6 .  	L E S S O N S  F O R  O P E N  A N D 
T R A N S P A R E N T  W A T E R  D A T A

This section discusses lessons and considerations for 
open and transparent data system development. The 
material in this section emerged from the process of de-
veloping and analyzing use cases, as well as from review 
of literature and experience in other contexts. Lessons 
include (a) basic cyberinfrastructure considerations, and 
(b) stakeholder engagement and data system governance 
considerations. 

A . 	 B A S I C  C Y B E R I N F R A S T R U C T U R E 
C O N S I D E R AT I O N S

Interoperable water data systems

Water management involves a wide variety of decisions 
drawing from many different forms of data and infor-
mation. If the California water management sector is 
to reach a point where decisions are informed by the 
synthesis of disparate sources of data, then information 
infrastructure needs to ensure interoperability between 
existing data sets and systems.57 This means that data 
themselves must be interoperable. Currently, this is not 
always the case. Data are often collected for a particular 
purpose without consideration of potential other uses or 
how they may intersect with other data sets. For example, 
DWR and USGS collect groundwater data from the 
same wells but use different well station identifiers for 
the same wells, reducing the ability to compare the two 
data sets. 

Because decisions draw on a wide variety of data sourc-
es, interoperability is important among disparate data 
topics (i.e., not only data on flows and quality of water, 

but also ecological data, agricultural data, etc.). While 
many decisions use a few core data sets, they combine the 
data with other, more specific data sources in different 
ways depending upon context. Moreover, a few agen-
cies are sources for a large fraction of those data; robust 
interoperability within and between these organizations 
is particularly important. Integrating data and data pro-
viders into an interoperable system will require a flexible 
or possibly phased approach. 

Considering federated data systems as a 
strategy for increasing interoperability

Given the distributed nature of data, the independence 
of disparate agencies, and the need for interoperability, a 
federated data system is likely to have distinct advantages 
over a more centralized system. A federated data system 
connects multiple independent data systems through 
common standards and conventions, while keeping 
those independent systems as autonomous entities (for 
example, see Sidebar 4). Such systems can allow indi-
vidual data providers to continue to control their own 
data management while increasing interoperability.58 
Maintaining control can be important for agencies and 
programs with mandates to collect, host, or present data 
in a specific way. Moreover, some agencies must stew-
ard their own data in order to maintain credibility and 
legitimacy. 

However, federated data systems can also present 
challenges. Technical issues exist, given the difficulty 
in ensuring that data can be used beyond their original 
purpose.59 Designing and enforcing versioning and meta-
data standards is also non-trivial. Institutional challenges 
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include potential disagreement around who sets stan-
dards; difficulty in securing buy-in from data producers; 
potential concerns around data ownership and control; 
and ensuring stable funding for data providers. Having 
some degree of centralized data storage can enable redun-
dancy and backup, as well as facilitate value-added data 
processing, although the dispersed liability of federated 
data systems can also have value. 

Despite these challenges, a federated data system could 
help ensure interoperability of data across multiple orga-
nizations. Clear standards for data quality, metadata, and 
technical requirements are key to the technical success 
of any interoperable data system. Governance mecha-
nisms such as broad mandates for incorporating standard 
procedures could help ensure that agencies participate in 
a federated data system. 

Spatiotemporal data

To be useful for water decision making, data must be 
spatially and temporally referenced, which presents sev-
eral challenges. Differing scales and resolutions60 of data 
collection and availability can hinder interoperability. 
For example, California’s hydrologic regions are divided 
into Detailed Analysis Units (DAUs) by the Department 
of Water Resources, but these boundaries do not exactly 
match USGS hydrologic boundaries. This issue extends 
to field data collection: for example, flux tower mea-
surements used to calculate evapotranspiration have a 
footprint about the size of a football field, while esti-
mates of groundwater storage from the Gravity Recovery 
and Climate Experiment Satellite (GRACE) have a 
footprint larger than the Sacramento and San Joaquin 
basins combined. The variety and lack of consistency in 
spatial boundaries and resolutions hinders integration of 
different types of data.

A useful, responsive data system must consider how 
stakeholder data needs vary across decisions and deci-
sion makers, even when considering similar topics in a 
given location. For example, in the development of a 
groundwater basin water budget use case (Use Case 4), it 
became clear that the resolution of data needed to meet 
GSA reporting requirements differs from data resolu-
tion needs of individual groundwater pumpers. The 
Sustainable Groundwater Management Act (SGMA) 
requires groundwater basins to report annual aggregate 
basin-scale measurements. However, water pumping de-
cisions by individual land managers require data at a finer 
spatial and temporal resolution. To address this issue, 
DWR is encouraging basin managers to collect data at 
more refined temporal and spatial resolutions to better 
define and meet sustainability objectives. 

Another consideration regarding spatiotemporal data 
is that full datasets can be prohibitively large. A usable 
data system would ideally enable data users to retrieve 
data tailored to an area and time period of interest. This 
would enhance data usability, but presents a challenge for 
a federated data system because it requires data selection 
capacity that might be unavailable. For certain types of 

S I D E B A R  4 :  E A R T H  S Y S T E M  G R I D 
F E D E R AT I O N  ( E S G F ) 

The Earth System Grid Federation (ESGF) is 
an example of an open source federated data 
collaboration sponsored by NSF, NASA, NOAA, 
DOE, and others. For over 10 years, ESGF has 
supported climate science research by providing 
a large-scale data management platform for 
observational data, model simulations, and 
analysis products related to Earth System 
Science. ESGF is a foundational data tool for the 
Intergovernmental Panel on Climate Change 
(IPCC) process among other research activities, 
and facilitates global data access, management, 
and use. The system includes decentralized 
“peer nodes” that are independently 
administered, yet are linked through common 
protocols and interfaces. The platform is being 
adapted for use in energy infrastructure and 
pharmaceutical development. 
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data (for example, very commonly used data sets, as well 
as very large data sets), a centralized server hosting a copy 
of the original data with additional search functionality 
might be a good solution. For other types of data, the 
opportunity to find data via a federation of data suppli-
ers may better serve the needs of water managers and 
scientists.

Complete and consistent documentation  
and data quality

Clear standards for documentation can facilitate the 
incorporation of new data into a water data system, 
but developing them can be difficult and warrants care. 
Data must be traceable and sources clearly identified. 
Protocols and methods must be employed to ensure 
that data are properly collected, handled, processed, 
used, and maintained at all stages of the data life cycle. 
Documenting data lineage and quality is central for 
credibility. Documentation is also an essential compo-
nent of integration of data from multiple sources. Data 
must be structured according to standards in order to 
facilitate integration and automated search capacity.61 
In the case of water data, it is also often important to in-
clude coordinates for georeferencing. Effective AB 1755 
implementation may include developing new standards 
for documentation or implementing existing ones.62Ar-
chiving practices are important to protecting data against 
losses. One simple partial solution is the use of digital ob-
ject identifiers (DOIs), unique handles used to identify 
digital objects (such as data sets).63 DOIs do not change 
even if, for example, agency websites are reorganized, and 
can also assist with versioning, quality assistance/quality 
control, and referencing sources. 

While error and uncertainties in data may persist, com-
plete documentation that describes and characterizes 
uncertainties enables a user to decide whether the uncer-
tainties are acceptable. Documenting uncertainty can be 
useful in communicating not only what data can be used 
for, but what data should not be used for. Data users have 
different needs regarding data quality and precision: for 

example, data used for regulatory compliance generally 
must meet agency-specified collection methods, whereas 
many other decisions can be based on best available data. 
The wide difference in user needs regarding data quality 
and precision highlights potential tradeoffs between 
cost of data collection and provision and data accuracy. 
Understanding user needs could clarify the costs and 
benefits of greater accuracy. 

Bridging the gap between data and 
information

Ultimately information, not just data, is necessary for in-
formed decision making. However, turning data into in-
formation can be an afterthought. For example, reporting 
requirements specified in regulations are often intended 
to ensure compliance, rather than being formulated to 
provide decision makers with the information they need 
to manage water resources. This can lead to large volumes 
of data but little useful information.64 

Numerous methods exist for converting data sources into 
useful information products, including models, decision 
support systems, or other analytic tools. Hydrologic 
models of surface water and groundwater, while not 
necessary for all types of water-related decisions, can be a 
useful way to integrate data. While models can be devel-
oped by public or private entities, the state of California 
encourages open development of models,65 and the 
University of California is working to create an open and 
organized venue for model development.66

Stakeholders suggested several principles for organiz-
ing and connecting data. Water budgets are needed at 
multiple scales and for multiple purposes, and regional 
approaches may also be beneficial (for example, connect-
ing data around the Sacramento Bay-Delta, or connect-
ing data across a watershed). 

The variety of decision objectives covered in the use cases 
shows that different data users require data in different 
formats. In some use cases, stakeholders seek to develop 
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decision support systems that will inform other decision 
makers. In other use cases, stakeholders seek to access 
data directly in order to process data into information 
themselves. For still other audiences such as academics 
and researchers, access to raw source data is key in order 
to produce or verify visualizations or other data products. 
If a data system is to facilitate the production of infor-
mation, these varying needs must be taken into account. 
Additionally, data user needs and technological capacities 
change over time; the overall system must therefore closely 
meet the needs of users67 but be modular enough that it 
can be altered as required.68

Considerations for open data

Open data can be of considerable benefit in efforts to 
make government more transparent, accountable, and 
efficient.69 Openness and transparency are important 
elements in water governance systems that seek to involve 
multiple stakeholders,70 and AB 1755 explicitly makes 
these ideas part of the approach to manage California’s 
water resources. 

Open data can ideally provide significant assistance in 
citizen empowerment.71 However, best practices in open 
data involve more than just making existing data more 
readily available. Without adequate processing capac-
ity or decision support systems, many individuals and 
groups may not have the capacity to use large volumes 
of data effectively. There is therefore a need to consid-
er access and usability issues, including the capacities 
of community and civil society groups to make use of 
large volumes of data. There may be a need to engage in 
outreach with the public and provide ongoing technical 
assistance.

Implementation issues may exist for open data. Data may 
carry legal restrictions or concerns around intellectual 
property, privacy or potential liability. There are costs to 
providing data, and to meeting metadata standards for 
effective data sharing. Data can also be misinterpreted 
by secondary users. Data providers may see the opening 

of their data as the loss of a potential source of revenue.72 
These concerns and other potential barriers to success-
ful implementation of an open data system should be 
considered. 

B .  S TA K E H O L D E R  E N G A G E M E N T 
A N D  D ATA  S Y S T E M  G O V E R N A N C E 
C O N S I D E R AT I O N S

Stakeholder engagement as an ongoing process

Proactively engaging data users helps to ensure that 
resource investments in data systems will ultimately be 
worthwhile.73 If AB 1755 governance partners want to 
ensure that a data system will be as usable as possible, 
then stakeholder engagement should continue formally 
as part of AB 1755 implementation and future data 
system development.

As new stakeholder needs and new technologies arise, 
a data system must take these changes into account to 
remain useful. Developing a responsive data system 
includes ongoing analysis of stakeholder objectives. The 
process of generating stakeholder objectives, translating 
objectives into functional and technical requirements, 
and informing development of data systems, should be 
repeated in numerous iterations over time. Data develop-
ment can be conceptualized as an adaptive management 
cycle involving multiple iterations of planning, imple-
mentation, and evaluation.74 

Stakeholder engagement is important, but not easy. 
Several lessons emerged from our process. First, stake-
holder engagement requires time, resources, and commit-
ment, but ultimately can help inform usability of a data 
system. Second, engaging knowledgeable stakeholders 
with sufficiently detailed understanding of data needs 
and workflows involved in decision making is crucial to 
identifying key aspects of data system usability. Third, it 
is important to clearly communicate with stakeholders in 
order to generate buy-in to the process and outcome. 
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Our use case efforts focused on identifying “who needs 
what data in what form to make what decisions.” An 
important next step could be to define ‘how are diverse 
datasets used to produce what output needed for what 
specific objective’ for select, representative use cases. In 
these future iterations, we envision state agencies and 
data users working together to refine use cases that reflect 
the specific analytical needs of decision makers. Such 
refined definitions could then in turn help inform data 
architecture design. 

Long-term investment and funding

Developing a water data system that serves stakeholders 
well is no small undertaking. Data systems are complex, 
and development of a useful system requires adequate 
funding for the institutions responsible for developing, 
processing, housing, maintaining, and analyzing data. 
Data system development and maintenance is a long-
term project that will require sustained investment of 
resources. Water data and information activities are often 
funded as a part of other projects targeting a different 
outcome. This funding model can be inefficient and inef-
fective. Water data and information systems are import-
ant enough to warrant independent funding. Data and 
information cost money both up front and over time, 
even though the real value of some water data may not 
become apparent until an infrequent event such as heavy 
precipitation, drought, or an infrastructure emergency. 

Investment in data collection, monitoring, processing, 
and sharing is important for improving water man-
agement in California—as long as that investment is 
targeted toward meeting the needs of decision makers.75 
Each new technological advance that is proposed should 
be carefully assessed in a long-term decision making 
context. Technological advances will require stakeholder 
capacity and buy-in to justify their cost. Stakeholder 
engagement is itself also a resource-intensive process that 
requires funding. 

Funding is important along the entire information 
pipeline, from data collection to quality control to 
analysis to archiving. Ensuring adequate funding for 
entities producing core data is crucial to the stability and 
utility of a data system. At the same time, investment in 
the less frequently used, more specialized data providers 
must be considered, since these data may be important in 
particular decision making contexts. Finally, investment 
in addressing gaps and limitations in data availability, 
accessibility, and usability is important. 

Data producers may well need incentives to participate 
in a system if adhering to protocols carries costs that 
outweigh perceived benefits. These incentives could 
come in the form of financial support or regulatory 
mandates. “Intervener funding” (financial support that 
helps stakeholders to effectively participate in agency 
proceedings) may be a useful mechanism to support 
engagement of data users and producers.76 Some mech-
anisms for participation already exist: for example, AB 
1755 requires recipients of state funds for research or 
water-related projects to adhere to protocols to be eligi-
ble for state funding.77 Moving forward, California may 
consider a requirement similar to the National Science 
Foundation’s requirement of data management plans for 
documenting and archiving data collected during a study. 
The state could likewise require all data collected during 
state-funded projects to be made available to the public 
in an interoperable format. 

More broadly, generating a sustainable funding source for 
a water data system must be given further consideration. 
A number of funding models exist, but any model must 
be carefully thought out with special consideration given 
to issues of equity and openness of data systems. 
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Importance of good governance

In addition to the technical development of information 
technology tools, an effective data system requires robust 
governance. An insufficiently strong institutional frame-
work runs the risk of expending resources on a system 
that may ultimately fail due to lack of coordination, lack 
of investment, or lack of trust and buy-in. Institutions 
are important in setting priorities in a cognizant fashion, 
encouraging creative research, building cross-disciplinary 
collaborations, and ensuring that once information is 
gathered, it is archived and accessible.78

However, developing and managing a cross-organiza-
tional network for the sharing, processing, and archiving 
of data is not straightforward.79 Currently, institutional 
and cultural barriers may stand in the way of an im-
proved data system. These barriers include potential trust 
issues around sharing of data, as well as communication 
issues—for example, terminologies may differ across 
different sectors and must be clarified. An institutional 
framework for an effective water data system for the state 
of California will need to take into account issues such 
as trust, confidence, and credibility, which are key to the 
ongoing work of water resources management but are 
not easily resolved by technical fixes.80 

A number of factors must be considered for institutional 
arrangements. Agencies must articulate a clear purpose, 
commit to building long-term partnerships, adopt meth-
ods to manage complexity, build teams with relevant 
expertise, organize a variety of resources, and engage rel-
evant stakeholders.81 Institutional frameworks will need 
to take into account information needs, the environment 
within which each organization operates, the diversity of 
operating processes and expectations, legislative contexts, 
and the importance of individual managers.82 Cross-
institutional agreements should be structured in a way 
that allows for flexibility and takes into account political, 
legal, financial, and technological constraints.83

Best practices for building robust institutional frame-
works for data systems include stable funding, long-term 
commitment by lead agencies to the processes of shared 
data management and preservation, as well as clear stan-
dards for data.84 Champions are needed across a variety 
of levels to successfully create organizational change and 
to push the project forward across the board. As we have 
maintained throughout this report, a strong institutional 
framework should include a plan for ongoing stakehold-
er communication and engagement. 
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7.  	L O O K I N G  F O R W A R D : 
R E C O M M E N D A T I O N S  F O R 
I M P L E M E N T A T I O N  O F  A B  1 7 5 5

AB 1755 is an important step towards developing an open and 
transparent water data and information system for California. 
However, by itself the bill does not ensure that such a system will 
improve water decision making. AB 1755 is a start but not an end 
point. Working beyond the letter of AB 1755 towards an open 
and transparent water data system for California will require not 
only careful consideration of technical cyberinfrastructure, but 
also good governance.

By emphasizing water data system governance, we emphasize that 
data systems are about more than database design. Data provi-
sioning involves multiple steps and stages, including production, 
curating, quality assessment/quality control, security, and access. 
Transforming data into information requires the development of 
workflows and tools that can integrate or perform analytics on 
diverse datasets to create specific output that can be used to guide 
decision making. Throughout these multiple steps, transparency 
must be preserved and goals of interoperability and usability must 
be maintained. Along each step, end user needs must be carefully 
considered. Over the long term, successful data systems require 
ongoing, stable funding, along with institutional commitment. 

The ‘decision first’ model that we describe in this report contrib-
utes to a stronger understanding of what a data system needs to 
do to be useful. A data system must be responsive to stakeholders’ 
needs in order to support the decisions made by water managers 
and other decision makers. A data system that cannot serve deci-
sion makers’ needs can be at best of limited utility, and at worst a 
waste of resources in a funding-constrained environment. 

Based on the analysis of use cases, we reiterate our considerations 
and recommendations for the development of an open and trans-
parent water data system. If the state of California is to successful-
ly navigate its opportunity to develop a robust water data frame-
work, it should incorporate the following considerations into its 
planning. 

1.	 To ensure relevance, an understanding of the way data is 
used in decision making should guide the development 
of data systems. Achieving relevance requires first under-
standing the intended purpose of data, and then designing 
data collection, provisioning, and analysis systems to serve 
decision making. Beginning with the questions that are of 
concern to stakeholders, and incorporating a recognition 
that these questions will evolve over time, can ensure that 
relevant data are collected and useful analyses are devel-
oped. This can help to avoid the costly need to re-engineer 
the system after it has been developed. Involving end users 
in a two-way conversation can help to ensure that scien-
tific information is truly useful for decision makers and 
policymakers. 

2.	 A wide variety of data must be highly accessible and 
interoperable to serve many different contexts. Water 
decisions in California draw from a wide range of data types 
and data sources, including not only data about the flows 
and quality of water, but also agricultural, land use, and 
ecological data, among many other classes. A system with 
high interoperability among different data sectors and topics 
could increase the ability of decision makers to integrate data 
from multiple data sources and sectors. Measurable metrics of 
data interoperability and accessibility should be used to gauge 
success. 

3.	 Data gaps take a variety of forms, and will need to be 
filled in distinct ways. Some data and information critical 
to decision making are not available at all and will need to 
be estimated or collected in order to move forward. Other 
data and information are available, but are not in a suitable 
format to be useful for decision making processes—for 
example, data are not interoperable or are hard to access 
or use. The latter can form an equally significant barrier 
to informed decision making. Thus, the state’s efforts to 
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identify and address data limitations will need to take into 
account not just presence of data, but also accessibility and 
interoperability.

4.	 For California water, an integrated data system will need 
to connect data from multiple independent sources, while 
keeping those independent systems as autonomous enti-
ties. Water data are produced and distributed by numerous 
state and federal agencies. Given the distributed nature of 
water data in California, the independence of disparate 
agencies, and the need for interoperability, a federated data 
system that enables exchange across distributed data sources 
is likely to have distinct advantages. However, the institu-
tional, financial, and computational costs and benefits of 
any approach should be considered carefully. Any form of 
data system integration must provide clear standards for 
data quality, documentation, and archiving. To facilitate 
data integration, protocols and methods must be employed 
to ensure that data are properly collected, handled, pro-
cessed, used, and maintained at all stages throughout the 
data life cycle. 

5.	 A water data system must address needs for data at 
multiple resolutions, and in multiple distinct forms and 
formats. Analysis of use cases reveals that different decision 
makers have varying data and information needs, even on 
similar topics. Different formats and resolutions of data 
and information are necessary for different decisions, and a 
useful data system must take these needs into consideration. 
Enabling flexibility of data uses, while maintaining data 
quality and integrity, are non-trivial but crucial challenges. 

6.	 A water data system must enable the production of infor-
mation. Ultimately, the goal is not only data provision, it 
is enabling the production of information (data that have 
been processed in such a way as to be useful). To this end, 
decision makers need data sources that can be readily inte-
grated with one another, that are consistently updated with 
quality data, and that can support specific outputs such as 
analytical tools to guide informed decisions. Many models 
and decision support systems that process data into infor-
mation incorporate a range of disparate data sources, which 
is particularly important since water resources management 
is often integrative by nature. At the same time, for many 

audiences such as academics and researchers, access to raw 
source data is key in order to produce or verify visualizations 
or other data products. 

7.	 Engagement between data system developers and end 
users is, ideally, an ongoing and iterative process. Our use 
case efforts focused on identifying “who needs what data in 
what form to make what decisions.” An important next step 
could be to define “how are diverse datasets used to produce 
what output needed for what specific objective” for select 
representative use cases. In tandem with production of data 
system architecture, the state and end users of data could 
work to develop on ongoing process of assessing data user 
needs, including the specific analytical needs of decision 
makers, and developing a process for long-term follow up on 
use case implementation. Such ongoing iterative develop-
ment could help ensure continuing usability of data system 
design. 

8.	 Basing water data on principles of usability and stake-
holder engagement requires robust cyberinfrastructure, 
good governance, and stable funding. Stakeholders 
described needs for interoperability, data quality, and 
documentation that must be addressed in the development 
of a data or information system or platform. Beyond these 
basic cyberinfrastructure properties, a data system that is 
sustainable over the long term requires good governance 
and stable funding. Specific resources should be dedicated 
to information management and operability. Commitment 
to ongoing communication with end users is fundamental 
to ensuring that a data system will be able to contribute to 
improved decision making by meeting users’ needs. Water 
data infrastructure should be conceptualized as a complex 
adaptive system: it must meet the needs of users, but be 
modular enough to be altered as required. A functional in-
stitutional framework will require clear, long-term financial 
commitments by lead agencies and data providers. Both an 
initial investment and consistent and ongoing resources will 
be required. 

The principle of open data is increasingly becoming a standard for 
state governments, and it is promising that this is beginning to apply 
to water data as well. Developing data systems that are not only 
open and transparent but also useful and usable is an ambitious 
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but worthwhile project. Attaining these goals will require 
funding as well as commitment to the sometimes lengthy 
and time-consuming processes of building relationships 
and working with stakeholders. We recognize that this 
project is likely not possible in a single step; instead, 
achieving the goals outlined in this report will require 
adaptive management and commitment to an iterative 
process, with progress and improvement over time. 

Evaluating success of such a project should reflect not 
only technical considerations, but also the importance 
of good governance and usability for decision making. 
Here, we summarize our key considerations in the form 
of a checklist to evaluate the success of data system im-
plementation (Sidebar 5). 

California’s efforts thus far to implement AB 1755 have 
been significant and admirable. State agencies have taken 
on the substantial task of engaging decision makers in 
working towards a data and information system that 
informs modern water management—a task that we 
hope will continue not only as part of AB 1755 im-
plementation, but also as a broader project. Given the 
extensive groundwork laid since the passage of the Act, 
there is reason for optimism that the law can be used as 
a springboard to achieve a larger and more potent vision 
of useful and usable water data, for the benefit of the 
Californians who will continue to rely on efficient and 
effective management of water resources. 

S I D E B A R  5 :  C O N S I D E R AT I O N S  F O R 
E VA L U AT I N G  I M P L E M E N TAT I O N  S U C C E S S

There are several key questions to ask when 
evaluating the success of implementation of a data 
system or platform.85 These questions touch upon 
institutional as well as technical elements. 

Usability considerations: 
•	 Is the system based on an understanding of 

decision making contexts and user needs? 
•	 Do users believe the system is credible, salient, 

and legitimate?
•	 Is the system actually used in practice to inform 

decision making? 

Cyberinfrastructure considerations: 
•	 Are appropriate data available and accessible in 

usable formats?
•	 Are data from multiple sources interoperable?
•	 Are data available at appropriate spatial and 

temporal resolution? 
•	 Is documentation complete and consistent?
•	 Does the data system support synthesis and 

analysis to transform data into information?
•	 Are the system, data, and models included 

regularly updated?
•	 Is data open and transparent? 

Governance considerations: 
•	 Are data users engaged meaningfully in an 

ongoing way?
•	 Are sufficient resources allocated to data 

system development and maintenance?
•	 Is there sufficient institutional commitment 

by key organizations to use and maintain the 
system?

•	 Do incentives exist to ensure participation by 
data providers and users? 
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I N S T I T U T I O N A L  A C R O N Y M S 

CCST  California Council on Science 
and Technology

CDEC  California Data Exchange 
Center

CDFW  California Department of 
Fish and Wildlife

CEDEN  California Environmental 
Data Exchange Network

CIMIS  California Irrigation 
Management Information System

CLEE  Center for Law, Energy & the 
Environment

CWQMC  California Water Quality 
Monitoring Council

DWR  California Department of 
Water Resources

eWRIMS  Electronic Water Rights 
Information Management System

NASA  National Aeronautics and 
Space Administration

NOAA  National Oceanic and 
Atmospheric Administration

SGMA  Sustainable Groundwater 
Management Act

SWAMP  Surface Water Ambient 
Monitoring Program

SWRCB  State Water Resources 
Control Board UCOP  University  
of California Office of the President

UC Water  University of California 
Water Security and Sustainability 
Research Initiative 

USDA  United States Department of 
Agriculture

USGS  United States Geological 
Survey
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G L O S S A R Y 

AB 1755: The Open and Transparent Water Data Act, 
legislation passed in 2016 that requires the creation, 
operation, and maintenance of a statewide integrated 
water data platform. 

Data system: A software or hardware system that collects, 
organizes, archives, distributes, or integrates data. 

Data: Quantitative or qualitative representations or 
measurements of basic properties of the world.

Data-driven decision making: The practice of making 
decisions based on analysis of data rather than experience 
or intuition. 

Decision support system: A modelling or analytic 
tool used to help guide decisions by processing and 
synthesizing data into information. 

Decision-driven data provision: An approach that 
recognizes that decision makers’ needs must inform the 
development of data provisioning systems themselves. 

Federation: A federated data system connects multiple 
independent data systems through common standards 
and conventions, while keeping those independent 
systems as autonomous entities.

Functional requirements: The translation of objectives 
into engineering terms and technical language describing 
how the objectives will be met.

Georeferencing: Associating data with locations in 
physical space. 

Information system: A software or hardware system that 
supports the processing, analysis, or synthesis of data so 
they can be used to answer questions. 

Information: Data that have been processed, analyzed, or 
synthesized so they can be used to answer questions. 

Interoperability: The ability of computing systems to 
operate on the same data and obtain the same analytical 
analysis. 

Metadata: Data that describes and gives information 
about other data. 

Objectives: The stakeholder-generated goals defined 
through use cases. The goals for the data system’s 
intended uses and outputs. 

Open Water Information Architecture (OWIA): An 
organizing structure for an open and transparent water 
data system created in response to the mandate of AB 
1755. 

Open: The provision of access to data using open-source 
and open-architecture protocols and methods.

Salience: The relevance of data and information to the 
needs of decision makers. 

Stakeholder: For this report, defined as those with an 
interest in the outcomes of California’s progress on water 
data, including data users and data producers from a 
variety of sectors.

Usability: Data that meets the needs of decision making 
processes in practice. Data that are readily available in 
formats that suit users’ needs for making decisions.

Use case: For this report, defined as an example of a water 
decision making process and the data needs associated 
with that process. An answer to the set of questions of 
who needs what data in what form to make what decision. 
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