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1. intRoDuCtion

When appropriately designed and implemented, water markets can 
enhance climate resilience for people and ecosystems in water-scarce 
regions. However, adequate information about water diversion and use 
is a necessary precursor. Based on expert discussions and additional 
research, this report explores what information on surface water 
and groundwater diversion and use is currently available in the U.S. 
Southwest, what diversion and use information is needed to support 
fair and effective water markets, and how existing information gaps can 
be addressed.

1.1. BACKGROUND & NEED 

Water scarcity is a growing problem for agriculture and ecosystems in the U.S. 
Southwest, where water supplies are overstretched and increasingly variable.1 
Due to the scale and nature of the challenge, addressing water scarcity requires 
more than supply-side solutions (such as importing new water supplies and 
augmenting groundwater recharge). It also requires reducing overall water 
consumption.2 

Water markets have the potential to enhance climate resilience for agriculture 
and ecosystems. As Box 1 explains, water markets encompass the activities 
and institutions involved in water trading. Because they enable voluntary 
redistribution of limited water supplies among water users and uses, water 
markets may help water users cope with abrupt changes in water supply.3 
When appropriately designed and implemented,4 they can also help water 
users adapt to long-term restrictions on water diversion and use needed to 
enable regional transitions to more sustainable water use.5 Box 1 describes 
water markets in more detail.

However, water markets are not always viable or appropriate. Successful market 
implementation depends on area-specific institutional factors, including how 
applicable laws and governance structures interact with the physical, social, 
and ecological conditions in the regions affected by trading. Trading changes 
where, when, and how water is diverted and used, which alters the impacts 
of withdrawing and using water. If markets are not carefully designed and 
implemented to ensure they are fair and effective, transactions that benefit market 
participants can generate unintended and potentially harmful consequences, 
injuring third parties and impeding broader sustainability goals.6
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This work is part of a larger project to better understand the potential for 
and barriers to new or expanded water markets in the Southwest by examining 
how the institutional contexts in three study areas affect the potential for 
water markets to enhance climate resilience for agriculture and ecosystems. 
The study areas, shown in Figure 1 are the San Joaquin Valley in California, 
Mesilla Valley in New Mexico, and Cache Valley in Utah. We selected these 
locations based on similarities in agricultural production, groundwater and 
snowpack dependence, and the importance of sustained water for ecosystems.7 
From this research, we aim to identify broader lessons about what legal and 
organizational features are likely to facilitate fair and effective water markets 
across the Southwest and where there might be opportunities to adapt existing 
institutions to more effectively support such markets.

We focus here on one such feature: adequate measurement and reporting of 
water diversion and use. In this document, “diversion” refers to any withdrawal 
of water from a natural water source, whether that source is considered 
surface water or groundwater (see Box 2). Adequate information about water 
diversion and use is a necessary precursor for fair and effective water markets 
because it defines what can be traded, enables tracking of trading transactions 
and changes in water supply and legal availability, and facilitates assessment 
of the impacts of trading on others. However, we hypothesize that, in many 
areas across the Southwest, current water measurement and reporting may be 
inadequate to meet these basic information needs. Additionally, we hypothesize 
that there are many opportunities for Southwestern states to improve water 
measurement and reporting to help meet information needs for fair and 
effective water markets and meet other societal goals. 

Figure 1. Locations of the three study areas.

Cache Valley
Utah

San Joaquin Valley
California

Mesilla Valley
New Mexico
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BOX 1. BACKGROUND CONCEPTS

A water market broadly encompasses the 
various activities and institutions involved 
in water trading, the voluntary transfer or 
exchange of water rights or other entitlements 
to use water.8 Water markets can be informal 
or formal.9 They may involve surface water, 
groundwater, or both.10 In some cases, water 
is physically conveyed from the seller to 
the buyer, while in other cases, the parties 
transfer a water access entitlement (such as 
a groundwater extraction allocation) that is 
fulfilled in the buyer’s location.11 

We intentionally did not define “water market” 
during or prior to the convening. Instead, we 
assumed that participants’ experiences and 
expert insights would reflect their unique 
understandings of what a “water market” can 
encompass. 

Fair and effective markets achieve the goals 
they are intended to accomplish12 without 
causing significant negative side effects (such 
as reducing surface water availability for those 
not participating in the market, causing shallow 
wells used by households and small farmers 
to go dry, dewatering wetlands and riparian 
areas, degrading water quality, or concentrating 
market power).13 Ensuring that a market is 
fair and effective requires careful design and 
implementation to account for the larger social, 
institutional, and environmental context within 
which water trading takes place. 

Important fairness and equity issues also arise 
when establishing initial allocations of water 
rights or other water use entitlements. That 
context is beyond the scope of this report. 

Institutional context includes the rules, norms, 
and practices that affect decision-making.14 
An array of area-specific factors—such as 
applicable laws, regulations, and governance 
structures—interact with the physical, social, 
and ecological conditions in a region to 
influence the viability and outcomes of water 
management decisions and actions.15

Resilience is the capacity of social systems, 
economic systems, and ecosystems to cope 
with a hazardous event, trend, or disturbance 
by responding or reorganizing in ways that 
maintain those systems’ essential functions, 
identity, and structure (including biodiversity, in 
the case of ecosystems) while also maintaining 
the capacity for adaptation, learning, and 
transformation.16 Taking actions that reduce 
climate risks for agricultural systems and 
ecosystems—by reducing climate hazards or 
those systems’ vulnerability and exposure to 
climate hazards—builds their resilience to future 
climate hazards and related uncertainty. 

Sustainable water use describes patterns 
and means of water use that are consistent 
with maintaining a region’s ability to meet 
critical social and ecological needs for water 
over time.17 This concept is closely related to 
resilience.
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BOX 2. DEFINING KEY TERMS

Diversion is the withdrawal of water from a 
natural surface water or groundwater source, 
such as a stream or aquifer. From the point of 
diversion,18 water usually flows or is pumped19 
into a conduit—an open channel (e.g., a ditch 
or canal) or a closed conduit (e.g., a pipe)—that 
transports the water to its place of use or to a 
reservoir or other storage location. 

Water use describes where, when, how, and how 
much diverted water is put to specific purposes 
or lost through evaporation, consumption by 
crops, leakage, or other processes. Consumptive 
use occurs when diverted water is “evaporated, 
transpired, incorporated into products or crops, 
consumed by humans or livestock,” or otherwise 
not returned to its source.20 Return flow 
occurs when water re-enters its source after use, 
becoming available for further use.21

Figure 2 illustrates several concepts related to 
water diversion and use.

Water measurement is a means of quantifying 
the volume or flow rate of water using some 
combination of measurement devices and 
methods. This report focuses specifically on 
measurements of water diversion and use. 
A diversion measurement device enables 
the direct measurement of some aspect of a 
diversion (e.g., flow rate, velocity, water level, or 
volume).22 A diversion measurement method 
provides an indirect means of estimating the 
volume of water diverted over time.23 Whether 
a particular device or method is appropriate 
in a particular situation depends on factors 
like the purpose of measurement, applicable 
requirements, and site-specific conditions that 
may affect the utility of the device or method. 

Reporting is the sharing—whether internal or 
external, voluntary or mandatory—of records of 
water diversion and use.

Figure 2. Overview of the fate of water diverted for agricultural irrigation24
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1.2. OVERVIEW OF THE CONVENING AND THIS 
DOCUMENT 

We held a virtual convening on measurement and reporting of water diversion 
and use with water experts from California, New Mexico, and Utah25 to explore 
this foundational prerequisite for fair and effective water markets. The convening 
sought to address questions about what information about surface water and 
groundwater diversion and use is currently available in different geographies 
and sectors; who needs what information about water diversion and use, for 
what purposes, and in what forms to support fair and effective water markets 
that enhance climate resilience for agriculture and ecosystems; to what extent 
currently available information about water diversion and use meets these 
needs; and how the sources and flows of information could be improved to 
better meet critical information needs.

The convening used a series of flash presentations, breakout discussions, and 
full-group discussions organized around three modules that sequentially tackled: 
(1) the institutional context for measurement and reporting of water diversion 
and use in the three study areas; (2) technical options for measurement and 
reporting; and (3) vision-setting for measurement and reporting to support 
fair and effective water markets that enhance climate resilience for agriculture 
and ecosystems.

This document synthesizes the convening discussions and notes, as understood 
and interpreted by the authors, with additional research and analysis.26 

• Section 1 provides background on water markets and the role of 
adequate measurement and reporting of water diversion and use, 
describes related concepts and definitions, and provides an overview 
of the convening. 

• Section 2 describes the broader institutional context for measurement 
and reporting of water diversion and use in California, New Mexico, 
and Utah.

• Section 3 examines current, and potential, technical options for 
measuring and reporting water diversion and use. 

• Section 4 considers what measurement and reporting of water 
diversion and use are needed to support water markets, in particular. 
It articulates a vision for fair and effective water markets supported 
by adequate information about water diversion and use, summarizes 
key takeaways from the convening, and identifies opportunities to 
address barriers to achieving the vision. 

We highlight several important background concepts in Box 1 and define key 
terms related to water diversion, use, measurement, and reporting in Box 2.
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2. institutionAL ConteXt

The legal, political, social, and environmental conditions in an area 
shape water measurement and reporting practices. These factors also 
determine whether measurement and reporting practices provide an 
adequate information base for a fair and effective water market.

Institutional context frames measurement and reporting of water diversion and use. 
Each location has a unique institutional context—shaped by laws and regulations and 
political, social, and environmental conditions—that influences water measurement 
and reporting practices and their utility for enabling fair and effective water markets 
that enhance climate resilience for agriculture and ecosystems.

Convening participants explored the following questions about the institutional 
contexts for diversion measurement and reporting in California, New Mexico, and 
Utah:

• What types of entities currently measure surface water or groundwater 
diversions? 

• What are the drivers for diversion measurement and reporting? 

• What needs are current diversion measurement and reporting intended 
to serve? How well are those needs being met?

For simplicity, we focused these questions on diversion measurement and reporting. 
However, water use measurement and reporting largely share the same institutional 
context, and Section 3 discusses technical options for both.

Understanding both water diversions and water use—especially the fate of diverted 
water and how much is consumptively used (see Box 2, Figure 2)—is essential for 
effective water management, including ensuring fair and effective water markets. 
In general, the amount of water the holder of a water-use entitlement can legally 
trade is the volume of water they would have consumptively used in the absence 
of a trade, not the total amount of water they would have been entitled to divert 
in the absence of a trade.27 
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2.1. WHICH ENTITIES CURRENTLY MEASURE WATER 
DIVERSIONS? 

In all three states, many different types of entities may measure surface water 
or groundwater diversions. These include municipal, agricultural, industrial, 
and environmental water users and a variety of local, state, federal, and tribal 
government entities that manage or have regulatory authority over water use.

2.2. WHAT DRIVES CURRENT DIVERSION MEASUREMENT 
AND REPORTING?

Participants identified many potential drivers for measuring and reporting 
water diversions. We have grouped these drivers into three main categories: (1) 
mandatory requirements to measure and report, (2) planning and management 
needs and goals, and (3) hybrid drivers that combine aspects of the first two 
categories, such as conditions for accessing a desirable funding source or 
participating in water trading. These categories mirror the broad categories 
of needs that diversion measurement and reporting are intended to serve: 
demonstrating compliance with legal or regulatory requirements and aiding 
water planning, management, and oversight.

2.2.1. Mandatory requirements 

Mandatory legal or regulatory requirements—especially requirements associated 
with acquiring and maintaining a water right—are major drivers for measurement 
and reporting of water diversion and use. Measurement and reporting can help 
establish the basis and validity of a water right and demonstrate compliance 
with applicable requirements by recording the amount and timing of water 
diversion and use. This information can also be used to defend the right 
against infringement or claims of non-use, to support a request for a water 
right change, or to demonstrate that water is available for transfer to another 
party. Convening participants noted that groundwater diverters are less often 
subject to measuring and reporting requirements than surface water diverters, 
but requirements for (and oversight of) groundwater diverters are increasing 
in many areas. Box 3 provides examples of water right requirements that act as 
drivers for diversion measurement and reporting in our three study area states.

Both water-specific legislation and more general environmental laws can 
drive measurement and reporting. For example, California’s 2014 Sustainable 
Groundwater Management Act (SGMA) is driving more measurement and 
reporting of groundwater diversions and use in the state.28 In the surface 
water context, water quality and ecosystem protections (like instream flow 
requirements established under the Endangered Species Act, the federal Clean 
Water Act, or state water quality law29) can drive improvements to diversion 
measurement and reporting. Similarly, water delivery and flow obligations 
under interstate compacts,30 international treaties,31 and tribes’ federal reserved 
water rights or treaty rights32 can spur diversion measurement and reporting.
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2.2.2. Planning and management needs and goals

Planning and management needs and goals are another important category of 
drivers for diversion measurement and reporting. For example, diversion data 
are crucial inputs for water balance models that account for water inflows, 
diversions, return flows, depletions and losses, and other parameters.33 Such 
models can inform near-term water management decisions (e.g., how much 
surface water is currently available for diversion) and longer-term planning 
and decision-making (e.g., identifying a groundwater basin’s sustainable yield 
and the scale and nature of demand reduction and/or supply augmentation 
needed to achieve it). Knowing how much water is diverted to irrigate crops 
and how much of that water is consumptively used can help growers identify 
opportunities to improve their operational efficiency and support more effective 
irrigation and nutrient management.34 This knowledge can also help water 
distributors, such as canal companies and irrigation districts, with planning. 
Other planning- and management-related drivers include improving near-
term water supply forecasting, reducing vulnerability to flooding and water 
scarcity, and adapting to climate change. For example, as droughts become 
more frequent and intense in the U.S. Southwest, regulators need better 
diversion data to support effective water rights oversight, inform analysis 
of when curtailments are needed, and track curtailment compliance during 
times of water shortage.35

2.2.3. Hybrid drivers

Hybrid drivers are requirements that arise because of voluntary management 
choices. For example, diversion measurement and reporting may be necessary 
to maintain eligibility for a particularly desirable funding source (such as 
a grant or low-interest loan) or may be a prerequisite for participating in 
groundwater banking (see example in Box 3).
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BOX 3. EXAMPLES OF DRIVERS FOR WATER MEASUREMENT AND REPORTING

Water right requirements are a crucial driver 
for water measurement and reporting across 
the Southwest. Utah,36 New Mexico,37 and 
California all require certain water rights holders 
to measure and report diversion and use under 
their water rights. While some requirements are 
longstanding, others continue to evolve, often 
in response to periods of prolonged drought. 
For example, to implement legislation passed 
during a major statewide drought in 2015, 
California’s State Water Resources Control 
Board established more detailed requirements 
regarding acceptable devices and methods, 
accuracy, and monitoring frequency that vary 
depending on the amount of surface water a 
party diverts and whether the water is used 
directly or stored before use.38 When strict 
compliance with these requirements is not 
feasible, a diverter can submit an alternative 
compliance plan (ACP).39 For example, the 
Sacramento-San Joaquin River Delta’s unique 
hydrology40 prompted local water agencies to 
develop a Delta ACP.41 In lieu of measuring 
and reporting diversions, the Delta ACP allows 
each participating agricultural diverter within 
the “Legal Delta” to report consumptive use 
data, calculated from OpenET’s42 satellite-based 
evapotranspiration (ET) estimates for their 
place of use, through an online platform.43 

The need for better data to support water 
management decisions is another common 
driver for measuring and reporting water 
diversion and use. The Utah Legislature created 
the Colorado River Authority of Utah in 2021 
to “protect, conserve, and develop Utah’s 
Colorado River system interests” by working 
with the other six states that have Colorado 
River allocations.44 To help it fulfill this role, the 
Authority commissioned a “Metering and Gaging 
Gap Analysis Study” to identify and prioritize 
gaps in water supply and use data—including 
diversion gaging—in the Utah portion of the 
Colorado River system.45 The study collected 
and synthesized information about existing 
and retired water measurement infrastructure, 
analyzed data gaps, and developed preliminary 
cost and prioritization criteria to guide strategic 

expansion of the metering and gaging system 
to enable better informed water management 
decisions for the Colorado River,46 a resource 
that provides more than 25% of Utah’s water 
supply.47

Accounting needs related to recharging 
groundwater for storage and trading can 
also drive measurement and reporting. For 
example, the Kern Water Bank, a semi-private 
underground water storage project in California, 
uses infiltration ponds to introduce surface 
water into the aquifer for later extraction and 
use (or sale) by member entities.48 Operating 
the bank requires tracking both water deposited 
in the bank, including water delivered under 
contract from the state and federal water 
projects and water diverted from the Kern 
River, and water withdrawn from the bank via 
recovery wells.49 The bank applies a 10% “loss 
factor” to all deposits to account for ET losses 
from the infiltration ponds and to address local 
groundwater overdraft.50 Selling banked water 
to a non-member entity for use outside Kern 
County incurs an additional 5% loss factor.51

The need to protect or increase environmental 
flows for ecosystems is another driver for 
measuring and reporting water diversion and 
use. For example, Utah allows transfers of water 
rights to instream flow, including under the 
2020 Water Banking Act.52 A pilot “water bank” 
in the Price River watershed will enable certain 
parties to lease water to improve instream 
flows from shareholders in the Carbon Canal 
Company who choose to fallow irrigated lands.53 
Leasable water is “limited to the consumptive 
use of alfalfa (prorated based on the amount 
of water available in priority) minus conveyance 
losses,” and the Canal Company must “install 
and maintain measuring and totalizing devices 
to meter all water used for water banking 
purposes” and to report those amounts.54 In 
California, water right holders can dedicate 
water to instream flow or carry out temporary 
or long-term transfers for instream use.55 These 
transactions must be supported by adequate 
information about water diversion and use.56
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2.3. HOW WELL DO DIVERSION MEASUREMENT AND 
REPORTING MEET CURRENT NEEDS?

Existing measurement and reporting of water diversion and use serve some 
purposes relatively well. For example, available data are often sufficient to 
identify large-scale conditions or trends, like a substantial mismatch between 
water supply and water demand or between reported water diversions and 
apparent depletion amounts. 

However, many convening participants expressed that current measurement 
and reporting do not meet most other information needs identified in Section 
2.2, including providing critical context for effective water planning and 
management. Although current water measurement and reporting may be 
sufficient to support water management decisions during times of surplus, 
convening participants suggested the same does not hold for times of water 
scarcity. In particular, they noted that data quality and accuracy, measurement 
and reporting frequency, and analysis of collected data are often insufficient to 
meet the heightened information needs that arise during times of shortage.57 
With water scarcity and rapid and unpredictable swings between drought 
and deluge becoming more common in many areas of the Southwest, this 
data sufficiency gap will make it increasingly untenable for decision makers 
to manage water effectively amidst these extremes.

Most concerning, participants suggested that water measurement and reporting 
in many areas are inadequate to support sufficient understanding of the spatial 
and temporal patterns of diversion and use in either wet or dry times. Although 
some participants suggested that flow in larger rivers and the amount and 
timing of significant diversions are relatively well measured and reported, many 
indicated that smaller streams, smaller diversions, conditions in particular 
stream reaches, and groundwater pumping are often poorly measured or 
not measured at all. 

Even when diversions are measured, other variables that affect water’s physical 
and legal availability—and, therefore, provide important context for water 
management—may not be. These include the amount of diverted water that 
serves its intended purpose, is otherwise consumptively used, or is reintroduced 
to the source as return flow. These water budget components can be more 
difficult to measure directly than water diversions.58 As a result, they are often 
estimated using proxies (e.g., crop type and acreage, irrigation method, etc.) 
or conflated with diverted or applied water.

Water diversion and use data are not always transparent or readily useful. 
Measurement and reporting requirements may be inconsistently applied or 
followed. Requirements may be imposed through multiple regulatory programs, 
each with different missions, perceived data needs, and data collection and 
reporting standards.59 The data water managers collect for internal decision-
making purposes may be proprietary or otherwise externally inaccessible. 
Fragmented, inaccurate, incompatible, or inaccessible diversion and use data 
prevent integrated analysis and interpretation and impede transparent, effective 
decision-making. 
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The political will to require or invest in measurement and reporting improvements 
often emerges in response to a discrete event such as a severe drought,60 and 
resulting data may not be available until long after the event has abated. Data 
improvements cobbled together from a reactive, ad hoc approach may not 
be adequate to support fair and effective water allocation decisions during 
times of scarcity, coordinated management of surface water and groundwater 
resources, planning for changes in water availability, or efforts to increase 
water security in a changing climate.61

These shortcomings suggest current measurement and reporting may be 
insufficient to support fair and effective water markets that increase resilience 
for agriculture and ecosystems in many parts of California, New Mexico, and 
Utah and across the Southwest.
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and effective water markets in a particular area.
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meAsuRement AnD RepoRting

Diverters select measurement and reporting technologies based on the 
goals information gathering aims to address, site-specific conditions, 
regulatory requirements that define acceptable methodologies, and 
other considerations such as data accessibility and usability. These 
considerations also shape what technical options will best support fair 
and effective water markets in a particular area.

Technical realities and practical considerations affect what water diversion and 
use parameters are actually measured. They also affect the pros and cons of 
specific water measurement and reporting options for meeting information 
needs in various physical and institutional contexts.

Convening participants discussed questions about existing and possible technical 
options for water measurement and reporting and explored those options’ 
potential utility for supporting fair and effective water markets that enhance 
climate resilience for agriculture and ecosystems:

• What technical options are currently used to measure water diversions? 
To measure water use? For reporting? What are their pros and cons? 

• What could be improved to better meet data needs for water markets? 
What are the roadblocks to that improvement?

• What other technical options might be possible? What are their 
pros and cons? 

• Which of these could better inform fair and effective water markets 
that increase resilience for agriculture and ecosystems?

This section addresses the first and third sets of questions. We synthesize 
discussion of the market-specific questions in Section 4.
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3.1. CURRENT TECHNICAL OPTIONS

3.1.1. Measuring diversions

A variety of devices and methods are currently used to measure or estimate water 
diversions. Figure 3 and Table 1 summarize many of these. Whether a device or 
method is appropriate and feasible in a specific situation depends on a range 
of factors, including the purposes measurement is intended to serve, applicable 
requirements (e.g., state regulations that define acceptable devices, methods, and 
levels of accuracy for water right reporting62), and site-specific considerations. Proper 
installation, calibration, and maintenance are critical for producing reliable data.

In open channels — Devices such as weirs, submerged orifices, flumes, and acoustic 
velocity meters are used to measure water diverted from a river or stream into 
a canal or other open channel.63 To calculate the volume diverted, the first three 
devices are used in conjunction with a water-level measurement device (such as 
a pressure transducer or staff gage) and information about the duration of the 
diversion and the relationship between water level and flow-rate. Acoustic velocity 
meters are primarily useful for measuring the flow of water with relatively constant 
acoustic properties in wide channels with low flow variability.64 Diversion calculations 
based on acoustic velocity meter data require information about the duration of 
the diversion and the cross-sectional area of the channel at different water levels.65 

In closed conduits — A flow meter is commonly used to measure water diverted 
into a closed conduit, such as a pipe.66 There are numerous types of flow meters. 
Mechanical flow meters have moving parts, such as propellers or turbines, that 
physically interact with the water in the conduit and require frequent checking and 
calibration.67 Electromagnetic flow meters use electrodes to measure the voltage 
induced when a magnetic field is applied to the conduit.68 Ultrasonic flow meters 
use an acoustic signal to measure flow, either by reflecting the signal off of floating 
particles or air bubbles in the water (Doppler flow meter) or by measuring the 
time it takes a signal to travel from one transducer to another placed further along 
the conduit (transit time flow meter).69 To calculate diversion volume, flow-rate 
measurements are used with information about the duration of the diversion and 
the cross-sectional area of the conduit. While mechanical flow meters generally 
cost less to install and require less electricity to operate, electromagnetic and 
ultrasonic flow meters are usually more robust and more likely to provide accurate 
measurements over time.70 

Other methods are sometimes used to estimate diversions:

• Proxies for diversions with low flow rates include storage tank refill 
records (records of the number of times an empty storage tank of 
known volume is filled), pump electricity records (when pump electricity 
consumption has been calibrated to flow rate), or, if the flow rate is 
constant, a bucket and stopwatch.71 The enduring use of rudimentary 
methods for estimating diversions (like a bucket and stopwatch) highlights 
that acceptable measurement methods and requirements can vary by 
jurisdiction, diversion type, and the purpose of measuring water diversion.
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• When water is diverted to a reservoir for storage, information 
about changes in reservoir levels over time and the relationship 
between reservoir depth and capacity is sometimes used to estimate 
the volume of water diverted. If some of the water diverted passes 
back into the water source, there are other water inputs to the 
reservoir, or water is withdrawn from the reservoir, these inputs 
and outputs must be factored into diversion estimates.72

• If water is diverted for agricultural use, estimates of consumptive 
use—the amount of water that crops consume or that is otherwise 
lost, such as through ET—are sometimes used as a proxy for water 
diversions (see also “Water use,” below, and Boxes 2 and 3, above).

• Source-water conditions are sometimes used as a proxy for 
diversions. For example, the reduction in streamflow downstream 
of a point of diversion is sometimes substituted for diversion data. 
Declines in monitoring-well water levels near a surface or groundwater 
diversion are sometimes used in similar ways.

Table 1 provides a high-level overview of the relative cost, accuracy, maintenance 
needs, and data collection possibilities of some technical options for measuring or 
estimating water diversions. This overview is both generalized and non-exhaustive. 
Note that listed devices and methods are sometimes used in contexts other 
than those mentioned here, and costs, specific applications, and maintenance 
needs can vary widely depending on geography and institutional context. This 
table illustrates the range and variability of measurement options.
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Figure 3. Some devices and methods used to measure or estimate diversions73

Surface Water Source Groundwater or Surface Water Source

Device used to directly measure 
some aspect of a diversion that is 
used to calculate the volume of 
water diverted over time

Device or method used to 
estimate the volume of water 
diverted over time

Weir

Submerged  
orifice

OPEN-CHANNEL 
DIVERSIONS 

Measure water levels in the diversion channel
(Used with a water-level / flow-rate curve 

and duration data.)

Measure flow velocity in the diversion channel 
(Used with data on cross-sectional area 

and duration data.)

Flume

SOURCE-WATER 
CONDITIONS

Measure the difference in streamflow 
downstream of the diversion 

relative to upstream

Acoustic 
velocity   
meter

Staff 
gauge

Pressure 
transducer

or or

or

+

Pair of 
streamflow 

gages

Measure flow rate in the 
diversion conduit

CLOSED-CONDUIT 
DIVERSIONS

Flow meter

Pump 
electricity 
records

Bucket and 
stopwatch

Storage 
tank refill 
records

CHANGES IN 
RESERVOIR STORAGE

Measure changes in reservoir levels
(Used with a depth-capacity curve; adjusted for 

bypasses (–), other additions (–), 
and withdrawals (+).)

or

Staff
gauge

Pressure 
transducer

CONSUMPTIVE USE 
IN THE IRRIGATED AREA

Estimate evapotranspiration (ET) 
within the place of use served 

by the diversion

Satellite 
data

+ models
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Table 1. Comparison of some devices and methods used to measure or estimate water diversions.74  Figure 3 provides additional context.

OPTION DIVERSION 
TYPE

ACCURACY
Low > 15% error 

Med. 5–15% error 
High < 5% error

DATA 
COLLECTION

SETUP COSTS MAINTENANCE NEEDS

Weir / flume 
+ staff gauge 

Open 
channel

Low–High In-person Weir construction requires forms 
and concrete. Precast structures 
require delivery equipment. 
Weir and flume costs can vary 
significantly (often several thousand 
dollars). Staff gauges typically cost 
$300–$500.

Relatively easy to maintain, although water 
level readings and diversion duration must be 
recorded manually and periodic streamflow 
measurements may be necessary to improve data 
quality. Gauge may need periodic cleaning to 
remove biological growth to maintain readability. 
The weir approach channel may need to be 
cleared of sediment and other debris periodically.

Weir / flume 
+ pressure 
transducer 
requirements

Open 
channel

Low–High  Downloaded, 
Telemetered

Weir construction requires forms 
and concrete. Precast structures 
require delivery equipment. 
Weir and flume costs can vary 
significantly (often several thousand 
dollars). Pressure transducers 
typically cost $300–$1,000. A data 
logger adds ~$500, while telemetry 
adds ~$1,500.

After establishing a rating curve, the pressure 
transducer and rating curve must be calibrated 
periodically to account for erosion and accretion, 
although incorporation of a weir and flume or 
use of a concrete-lined channel will minimize the 
need for re-calibration and frequent site visits to 
verify streamflow. The pressure transducer needs 
to be checked and maintained occasionally to 
ensure proper function. Weir approach channel 
may need to be periodically cleared of sediment 
and other debris.

Acoustic 
velocity 
meter

Open 
channel

Low–High  Downloaded, 
Telemetered

Acoustic velocity meter costs can 
vary significantly (e.g., $1,200 to 
$6,000). A data logger adds ~$500, 
while telemetry adds ~$1,500.

Acoustic velocity meters require a power source 
and must be calibrated to the local environment. 
Annual examination is often sufficient.

Bucket and 
stopwatch

Closed 
conduit

Low In-person Very low setup costs. Replace as needed.

Pump 
electricity 
records

Closed 
conduit

Low–Med.  Downloaded, 
Telemetered

Relatively low setup costs, although 
technical expertise may be needed 
for initial calibration. A data logger 
adds ~$500, while telemetry adds 
~$1,500.

Electricity consumption must be periodically 
calibrated to flow, particularly if water levels or 
pumping conditions have changed over time.

Mechanical 
flow meter

Closed 
conduit

Low–High In-person, 
 Downloaded, 
Telemetered

$800 to $3,500, (avg. $2,000) 
telemetry adds ~$1,500.

Propeller must be checked regularly to ensure 
nothing is tangled in the head. The meter must 
be checked periodically for leaks and function 
and calibrated frequently. Regular maintenance 
of moving parts and cables required. Reoccurring 
maintenance prolongs the life and accuracy of 
these meters

Magnetic & 
acoustic flow 
meters

Closed 
conduit

High In-person, 
 Downloaded, 
Telemetered

Typically cost ~$1,500 each. A data 
logger adds ~$500, while telemetry 
adds ~$1,500.

Require a power source. Magnetic flow meters 
may not function properly if placed near 
magnetic objects.

Staff gauge To  
reservoir

Low–Med. In-person, 
 Downloaded, 
Telemetered

Costs can vary significantly (e.g., 
~$300–$1,500). Surveying a 
reservoir to develop a rating curve 
can cost from ~$100 to ~$10,000. 
A data logger adds ~$500, while 
telemetry adds ~$1,500–$2,000.

Requires periodic calibration and reservoir 
survey to maintain an accurate rating curve.
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3.1.2. Measuring water use

Water use information complements information on diversion timing, location, and 
amount to provide a more complete picture of the diversion’s net effect on source 
water availability and quality. This includes information about the amount, timing, and 
location of water application; the irrigation technology and how much of that water is 
consumptively used (i.e., beneficially used or lost through evaporation, transpiration, or 
other means); and the amount, timing, and location of any return flows that re-enter 
the water source.

Crop ET accounts for much of the water diverted for agricultural irrigation that is 
consumptively used. However, crop ET does not account for other losses, such as water 
lost during conveyance or to seepage (see Box 2). There are numerous methods for 
deriving crop ET, including methods based on direct measurements, field-based estimates, 
remote sensing methods, or crop coefficient calculations.75 Many of these methods rely 
on sophisticated equipment or calculations.76

Both diversion data and ET data are valuable and, when used together, provide a more 
complete and accurate understanding of the water budget, including water use and 
movement through the environment.

3.1.3. Data collection and reporting

Diversion measurement data are sometimes collected and reported manually. However, 
partially or fully automatic data collection and reporting are becoming increasingly common 
and support more accurate, transparent, and timely decision making.77 Manual methods 
can require significant, ongoing time investments to take onsite measurements, record 
those measurements, and report the resulting data, either in paper form or electronically. 
When data are reported on paper, the receiving entity (e.g., state water rights regulator) 
must spend additional time entering and validating data. By contrast, automatic methods 
require more sophisticated data collection and reporting systems that involve more 
substantial up-front investment, but usually require less ongoing onsite attention and 
time investment. Partially or fully automated data collection and reporting also reduce 
the risk of inadvertent reporting errors and intentional misrepresentations of water 
diversion and use. Theoretically, telemetered data loggers can enable both internal data 
collection and external reporting in near real time. However, most diversion measurement 
data are still only reported on a periodic basis—often monthly or annually—regardless 
of the temporal resolution of data collection.78

Reported data are sometimes incorporated into a public, open-access data system.79 
In other cases, some or all aspects of reported data remain largely inaccessible due 
to privacy concerns80 or the limitations of existing data systems. Online databases, 
sometimes populated by data gleaned from mailed paper reports, are commonly used 
to capture reported data. 

Generally, less technologically sophisticated measurement and reporting methods offer 
less accuracy and precision at lower upfront cost, while more sophisticated methods 
improve accuracy and precision at higher upfront cost, but can potentially reduce long 
term costs. Cost is a reflection of human capital, technological capital, ongoing operation 
and maintenance needs, and measurement frequency.
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Some states require diverters to use certain devices or methods for measuring and 
reporting their diversion and use (see Box 3). Requirements may vary depending on 
factors such as the characteristics of the water source, the quantity of water diverted, 
or the purpose of use.

3.2. OTHER POTENTIAL TECHNICAL OPTIONS

There are other potential technical options for measuring and reporting water diversion 
and use, including some that exist but are not commonly used and others that are 
theoretically possible but have not yet been put into practice. Many participants 
suggested that more technologically advanced measurement and reporting options 
could provide a more detailed and thorough picture of water diversion and use, 
generally at a greater cost than current commonly used options. 

Participants mentioned the following possible technical options for measurement or 
reporting:

• Making fully telemetered measurement systems standard;

• More comprehensive mass-balance accounting that adequately accounts for 
various aspects of consumptive use, return flows, and groundwater–surface 
water interactions;

• Time-stamped photos of measurement devices (e.g., staff gauges) in operation, 
combined with information on channel geometry and geomorphology; and

• Computer-vision, non-contact flow gauging of streams and open-diversion 
channels that employs cost-effective stereo camera systems based on old 
cell phones.81

In addition to identifying an array of potential technical options for measurement and 
reporting, participants discussed ways to improve data accessibility, interoperability, 
and quality. For instance, a data aggregator or other centralized system—supported by 
open data requirements and data governance rules—could help bridge data-collection 
silos and provide broader, more equitable access to useful and usable diversion and use 
data. Standardizing measurement and reporting with clear data format and metadata 
requirements could improve equity, interoperability, and quality.

Participants emphasized the need for guidance on the appropriate use of different 
measurement methods and data types, including which are complementary and which 
can substitute for one another. Use cases could demonstrate helpful examples. 

Future measurement and reporting technologies and strategies could build in explicit 
mechanisms for feedback and adjustment. Such mechanisms might include frequent 
performance evaluation, independent verification and auditing, and reporting systems 
that incorporate consistent methods for flagging data quality assurance and quality 
control (QA/QC) concerns. 

Finally, some participants noted that if states used open-source water data platforms, 
they could share codebases and potentially improve data infrastructure without significant 
new financial investments in information technology.
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4. meeting inFoRmAtion neeDs 
FoR FAiR AnD eFFeCtive wAteR 
mARKets 

Adequate measurement and reporting are necessary components of 
a vision for fair and effective water markets. We outline that vision, 
summarize the current status of diversion and use information in the 
U.S. Southwest, and identify opportunities for researchers, diverters, 
and policymakers to advance the information foundation needed to 
support fair and effective water markets.  

To explore information needs for water markets, in particular, we engaged 
convening participants in collaborative vision setting for water measurement and 
reporting capable of supporting water markets that enhance climate resilience 
for both agriculture and ecosystems. The group explored the overarching 
questions: 

• Which entities need information about water diversion and use to 
enable fair and effective water markets? What information do they 
need? For what purposes? In what form?

• How well does currently available information meet these needs? 
How does it not? 

• How can information sources and flows be improved to enable 
water markets that enhance climate resilience for agriculture and 
ecosystems?

Together with our own research, the convening discussions clarified a vision 
for fair and effective water markets supported by adequate information about 
water diversion and use:

1. Water markets have clear goals82 that advance climate resilience for 
agriculture and ecosystems while avoiding unintended consequences.

2. The risks and benefits of water trading are adequately understood, 
including the potential impacts on third parties and ecosystems of 
changing the location, timing, or purpose of diversion and use.83 
Ideally, these risks and benefits are well understood.
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3. Measurement and reporting of water diversion and use 
are adequate—given basin conditions, vulnerabilities, and 
uncertainties—to inform trading rules, characterize how much 
water can be traded, and enable effective tracking of trades and 
their impacts.84 Because timely and accurate data best meet these 
needs, measurement and reporting would ideally be fully telemetered, 
capture not only the timing and volume of diversions but also the 
amount consumptively used, and feed into a centralized data system 
that provides high-quality, real-time data in proper context, including 
accounting by water right, point of diversion, and place of use.

4. Trading rules reflect local conditions, vulnerabilities, and 
uncertainties such that they prevent trading from causing significant 
negative externalities.85 Ideally, rules minimize harm to third parties 
and the environment, build climate resilience for agriculture and 
ecosystems, and serve other local needs and goals.

5. Potential parties to trades understand the rules and how those 
rules apply to their water rights or use entitlements, including 
how much water is physically and legally available for diversion, 
use, and transfer.86

6. Information about trading prices is transparent and publicly 
available, providing all potential parties to a trade with the same 
access to pricing knowledge.87

7. Frequent evaluations assess whether markets are functioning 
as intended.

8. Contingencies are in place to address serious unintended 
consequences that may arise from trading. For example, there 
are robust contingency plans for remedying negative impacts to 
water quality or access for historically marginalized and underserved 
communities and small farmers that rely on shallow wells.88

9. Adjustments to trading rules, market administration, and oversight 
are made as needed.89

In the remainder of this section, we summarize key takeaways from the convening 
and highlight opportunities to advance this vision for fair and effective water 
markets.

4.1. KEY TAKEAWAYS FROM THE CONVENING

The convening provided insights into the current information landscape for 
measurement and reporting of water diversion and use in the U.S. Southwest—
and how well it meets information needs for fair and effective water markets. 
Key takeaways include the following:

Water rights administration, particularly during times of drought, is a 
key driver for measurement and reporting of water diversion and use.

2 8  i n F o R m At i o n  n e e D s  F o R  wAt e R  m A R K e t s 



Many entities need information about diversion and use in areas with 
water trading, including parties (and potential parties) to trades, consultants, 
state water right regulators, entities with authority over water distribution and 
trading like watermasters, water users who are not participating in trading, and 
those whose interests may be affected by water trading, such as communities 
and small farmers that rely on shallow wells, environmental advocates, and 
ecosystem managers. For example, potential parties to water trades need to 
understand their individual use and tradable allocation; watermasters need to 
track trades to understand the implications for managing water within their 
service area; and water rights regulators need information that helps them 
analyze whether a water right change request in support of a water transfer 
meets the conditions required for approval, such as not injuring other legal 
water users or causing unreasonable impacts to fish and wildlife.

There is no one-size-fits-all prescription for measurement and reporting 
needed to support fair and effective water markets. Rather, area-specific 
hydrology, ecology, laws, and social and economic conditions determine minimum 
measurement and reporting needs.

In the U.S. Southwest, current water measurement and reporting are often 
insufficient to meet the basic needs they are intended to serve, much less 
to support fair and effective water markets. Where water measurement and 
reporting are poor, markets carry a heightened risk of causing unintended 
consequences to communities and ecosystems. There is a clear need for more 
timely, accurate, and accessible data on water rights, water diversions, water 
use, and changing surface and groundwater conditions—data that clarifies 
what can be traded, who can trade, and the impacts of trading on particular 
communities and ecosystems.

Expanded use of telemetry will enable more real-time and near-real-time 
measurement and reporting. However, implementing telemetry may not be 
technically or financially feasible for small water users. Additionally, effective 
data systems and governance practices are needed to ensure that telemetered 
data is useful and usable.

Data reporting and management systems improvements are needed to 
more effectively meet data needs for water markets and other aspects of 
water management. Systems that promote standardization, transparency, 
and an ability to audit data can build trust in the reliability of those data 
and any related market transactions. Standardization also allows for system 
consolidation and interoperability, which can in turn reduce cost barriers 
associated with reporting technology. 

There is currently institutional momentum in several Southwestern states 
to improve the timeliness, accuracy, and accessibility of water data by 
introducing more robust measurement and reporting requirements and improving 
the data systems state agencies use to organize, analyze, and provide public 
access to reported data. For example, in the face of growing challenges like 
increasing precipitation extremes, some states are working to modernize their 
water rights data systems and data governance practices to enable more timely, 
effective, and transparent water decision-making at all levels. 
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Measurement and reporting technologies and data systems can be expensive 
to develop, implement, and maintain. In addition to up-front costs, there 
are ongoing costs associated with maintaining infrastructure, training people 
to use the technologies, and achieving sufficient broadband connectivity to 
comply with advanced measurement and reporting expectations. 

Some water users may perceive efforts to increase the accuracy of water 
measurement and reporting as increasing their personal risk. They may fear 
that more accurate data will enable increased government scrutiny of their 
diversion, use, and reporting practices, heightening the threat of enforcement 
actions to address any violations. Some may intentionally overstate the amount 
of water they divert because they incorrectly assume that conservation-based 
reductions in water use automatically risk forfeiture of the unutilized portion 
of their water right.

Funding gaps exacerbate other barriers to fair and equitable water markets. 
More complete, transparent, and systematized data collection and reporting 
require more time, money, and staff than states currently allocate. While data 
improvements are sorely needed, meeting more stringent measurement and 
reporting requirements can be especially challenging and create disproportionate 
burdens for smaller, less well-resourced, less technologically savvy water users.

4.2. OPPORTUNITIES TO ADVANCE FAIR AND EFFECTIVE 
WATER MARKETS

The takeaways summarized above shed light on current barriers to meeting 
information needs for fair and effective water markets, but also on actionable 
solutions for overcoming those barriers. Table 2 outlines three categories of 
barriers and potential solutions for overcoming those barriers. It also highlights 
the types of entities that may be well suited to implement each solution, such 
as researchers, water diverters (or associations of diverters), government 
agencies (including state water rights regulators or other federal, state, or 
local agencies that oversee aspects of water allocation and management), 
and state legislatures.
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Table 2. Potential solutions for addressing barriers to meeting information needs for water markets, highlighting potential implementers.

BARRIER  POTENTIAL SOLUTIONS RESEARCHERS DIVERTERS GOVERNMENT 
AGENCIES

STATE 
LEGISLATURES

INADEQUATE 
UNDERSTANDING OF 
WATER DIVERSION  
AND USE

Establish or improve requirements for measuring 
and reporting diversion and use. This would help fill 
existing information gaps, support more effective water 
rights administration, and enable timely and accurate 
evaluation of potential water transfers.

No No
Yes Yes

Inadequate understanding of 
water diversion and use

Develop and maintain a publicly accessible data 
system for reporting diversion and use information to 
reduce fragmentation, inaccuracy, incompatibility, and 
inaccessibility concerns.

No No
Yes Yes

Inadequate understanding of 
water diversion and use

Provide clear guidance and more extensive 
educational outreach to help diverters understand 
measurement and reporting requirements and 
technical options.

Yes Yes Yes
No

Inadequate understanding of 
water diversion and use

Expand use of telemetry to enable near-real-time 
measurement and reporting. Yes Yes Yes Yes

Inadequate understanding of 
water diversion and use

Develop a more complete picture of consumptive 
water use. Yes Yes Yes Yes

Inadequate understanding of 
water diversion and use

Better integrate groundwater and surface water 
data to support more holistic analysis of the impacts of 
water diversions, consumptive use, and water trading.

Yes Yes Yes Yes

REPORTING AND 
DATA MANAGEMENT 
DEFICIENCIES

Establish clear data standards for collecting and 
reporting data. No No Yes Yes

Reporting and data management 
deficiencies

Provide guidance to help diverters understand 
applicable measurement and reporting requirements 
and improve the quality of the data they gather and 
report.

Yes Yes Yes
No

Reporting and data management 
deficiencies

Incorporate adequate QA/QC measures into 
reporting and data management systems. Yes Yes Yes Yes

Reporting and data management 
deficiencies

Examine similarities and differences in different 
parties’ data needs and how well available data are 
meeting those needs.

Yes
No

Yes
No

FUNDING AND 
AFFORDABILITY 
CHALLENGES

Identify stable, long-term funding sources for 
collecting, maintaining, and analyzing water rights 
data—including diversion and use data.

Yes Yes Yes Yes

Funding and affordability 
challenges

Identify critical broadband gaps that would 
need to be addressed to support fully telemetered 
measurement and reporting systems.

Yes Yes Yes Yes

Funding and affordability 
challenges

Subsidize the buildout of telemetered measurement 
and reporting mechanisms for under-resourced 
diverters, such as via cost-sharing programs.

No No
Yes Yes

Funding and affordability 
challenges

Develop and share open-source reporting and data 
management platforms. Yes

No
Yes

No
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5. ConCLusion

Water markets have the potential to enhance climate resilience for agriculture 
and ecosystems, helping water users in the U.S. Southwest adapt to both abrupt 
short-term variations in water supply and long-term restrictions on water 
diversion and use needed to enable regional transitions to more sustainable 
water use. However, this promise can only be realized if markets are truly 
fair and effective—able to achieve the goals they are intended to accomplish 
without causing significant negative side effects. Adequate information about 
water diversion and use is a necessary precursor for fair and effective water 
markets because it defines what can be traded, enables tracking of trading 
transactions and changes in water supply and legal availability, and facilitates 
assessing the impacts of trading on others.

We held a convening to explore this foundational prerequisite for fair and 
effective water markets. The convening sought to identify the institutional 
context and technical options for measuring and reporting water diversion 
and use in the Southwestern United States, with a focus on California, New 
Mexico, and Utah. It explored overarching questions about what information 
regarding surface water and groundwater diversion and use is currently available; 
who needs what information about diversion and use, for what purposes, 
and in what forms to support fair and effective water markets that enhance 
climate resilience for agriculture and ecosystems; the extent to which currently 
available information meets those needs; and how data sources and flows could 
be improved to better meet critical information needs for water markets. 
This document synthesizes the convening discussions and notes along with 
additional research and analysis.
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The convening surfaced many relevant insights regarding the current information 
landscape, the barriers it presents to meeting information needs for fair and 
effective water markets, and opportunities for overcoming those barriers. 
Key takeaways include the importance of water rights administration as a 
central driver for water measurement and reporting; significant variation, both 
within and across states, in who measures water diversion and use, why they 
measure, how they measure, and what information is needed to support fair 
and effective markets; and the need for more timely, accurate, and accessible 
data on water rights, water diversions, water use, and changing surface and 
groundwater conditions in many parts of the Southwest. However, there are 
also clear opportunities to improve water measurement and reporting in the 
U.S. Southwest. Researchers, diverters, and policymakers at government agencies 
and in state legislatures can all take concrete steps to improve understanding 
of water diversion and use, increase the accuracy and utility of reported data, 
and address long-term funding and affordability challenges.

Creating the information conditions to support fair and effective water markets 
that enhance climate resilience for both agriculture and ecosystems is feasible 
in the U.S. Southwest, but will require adequate political will and financial 
resources.
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