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Summary

The current droughtas focused and reneweidcussion aboutow California curtais water
rightswhenwateravailability is insufficient Prior to the 201-34 water year, the most recent
curtailmenteffort dates back almost 40 years to 1978. Since thenmanychanges and

advances haveccurred m water usepolicies and technologyiNew complicatingssuesnclude

the growth ofenvironmental and water qualitgquirementsGiven thdikely growing frequency

of the need for water right curtailmerstsdthe centrality of curtailments to overall drght
managementhe State Water Resources Control Board needs a comprehensive, quantitative
water rights curtailment prograrateliminary phases cfuch gprogram have already been
developed and applied in the Eel and Russian River hasahsdng aDrought Water Right
Allocation Tool (DWRAT)thatestimates ideal curtailments given data sets on water rights and
water availability Extending this program tmther basinsncluding the Sacrament&an Joaquin
Deltawatershedwill require decision®n water rights and watevailability quantification and
resolution ofseveralambiguous or conflicting policieSupporting the development of DWRAT
as the basifor water rights curtailmerdecisiors will provide a longtermapproactthat brings
structure quantification andtransparencyo acomplexand difficultadministrativeprocess.

Introduction

The 201314 water year was the driest since 1:976andthe first water year since thém
require extensiveadministrativewater right curtailments by tHgtate Water Resources Control
Board. Preparation for such administrative curtailmesats not extensiverheprocedures and
documentation from thiastcurtailments, more than a third of a century ago, provide only
imperfect and potentially outdated gaitte.

The 201314 water yeawas dry butshould not be seen as exceptionallywhen preparing for
the future In terms of precipitationthis drought year is only t/8¥ driest in the 106/ear
historical record. Water demands have gremte 197677, particularlywith expanding
environmeral requirements and hardeniogban and agriculturatateruses. Climate change is
likely to increase the frequency of extremes. So the need for administrative water right
curtailmentss likely to become morfequent, increasinffom once in 37 yeais the recent
pastto perhap®nceevery 510 yearqfrom perhaps a 50% chance over the span of a
professional careeo several times in a professional care®ater right curtailments will go
from rare to almst routine, justifying more investments in developing and exercising more
routine and transparent administrative procedures, methods, and data for protecting senior water
right holdersand other state responsibiliti@ath additional benefits fothe trarsparency and
reliability of CaliforniaOs water rigahd water managemesystens.

This short report summarizes a range of ideasyiproving any administrative water right
curtailments needed for the ongoing 2aBAwater year and for improving the pieel
effectiveness of CaliforniaOs water rights system for the longer term.



Like almost everyone reading this document, we have only written and some oral experience
passed down from the 197G drought. We rely here on our experience trying to quickl
develop more formal water right curtailment procedtinesfollow water rights lawn 2014 and
our broader experiena@th water management and modeling in California.

Brief Review of 2014 Water Right Curtailments

The 2014 administrative water right curtailments were done largely baggdaatures
(gleaned fromdocuments ancecollections) used ithe nowremote 197677 drought year State
agencies (SWRCB, DWR, DFW, and CDPH) had made little preparation fommaptag

broad administrative water right curtailmentdowever, greater demandadshifting types of
demanddor water in 2014 meant that potential economic and environmental damages from
misallocating water are much greater now than in 4876Under lhese conditions,
administrative artailments were necessarily somewhat crude, based on broad priorityaddtes
applieduniformly over large basinfr many months.

In addition to the coarse approach applied to the -IF7éurtailments,ittle formal incorporation

of environmental and water quality flows occurred, Bavd exceptionsvere maddor public

health and safetyesponsibilities The lack of preparation for managifay environmental

purposes during drought seemed especially pronourtéedlly, the interaction with drought
stressed groundwater systems (a difficult technical and policy issue) was generally neglected.

Recentadvance$ave improved the stateOs ability to curtail water rights since th& 1976
experienceFortunately, 204 was the first year for which monthly water use ded¢aeavailable

for an entire prior year (201,13ubmission of whiclwasrequired of all water right holders

(including riparian and pr&914 appropriative users). These water use data, with all their
substantial imperfections, are on the whole far more reliable indicators of water use than the face
value of each water rightltilizing these selfeported water usage numbdmubtlessly

improved the accuracy of curtailment®mpared to using the registd quantity of each water

right.

Overall, agencies responded with deliberation and unusual flexithiripg the eventWater
right curtailmentdave not, and canndynctionin perfectaccordncewith the intent of current
water lawgivenimperfections irthe availability andaccuracyof water useandhydrologic data,
water rights enforcemerdnd delays inissuing, implementing and communicaticigtailments.
Nevertheless, several technical steps could significantly improve the adativestwater right
curtailment process during droughts.

In 2014, the SWRCB experimented with developing a more formal and analytical approach to
curtailing individual water rights during droughtcollaboratiorwith the author®f this textand
others atUC Davis. Tlegeneral approactnat resulted from this effovtas applied for the Eel
River and is summarized in Figureuith details in AppendidA. The approaclkhows
considerable promise amlthe basigor many of our suggestions for ngarm and longerm

state water right curtailmestA demonstration link for results of this work is available for the Eel
River athttp://watershed.ice.ucdavis.edu/drought/#date=2AD%4
28&river=EEL%20RIVER&zoom=9&I1=39.95291166179976%AQR22.49618530273438
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Figure 1 - A Water Right Curtailment Calculation Process(Details in Appendix A)
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The problem for 2015

Without sufficient precipitation in the coming months, administrative water right curtailments
will be required (continued, renewed, or expanded) to effectively enforce water rights.
Diminished reservoir andjaifer storage means that more precipitation would be needed to have
an equivalent overall water availability 2014 Statistically, there is about a 50% chance that

the new water year will be dry or critically dry. Itis prudent to prepare for codtioiue

additional water right curtailments for the new water year.

Last yearOs water right curtailments were based on necessarily coarse calculations and
judgments. To base water right curtailments on more precise calculations will require the
SWRCB to mé&e interim policiesusingthe most suitable available datietailed beloywon
some ambiguouand importanaspects of water allocafis and curtailment priorities€Even
with such interim policies for calculation purposes, it would be prudent fordiiloahtion and
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curtailment decisions to be coarser than these calculations to reflect the judgment of the
SWRCB.

Althougha comprehensive approach to curtailing water rights will involve work beyond 2015,
several issues will need to be resolved more quiGdyne interimmethod ompolicy judgments
are needed to support ngarm curtailment calculations. Theselude:

1. Quantifying water use by water right holders.Thefacevalue of a water rightften
substantiallyexceedsctual water use&so using face values of water right quantities would
usuallylead toextensiveandunnecessary curtailmends junior rightholders and
underutilization of total water available to the water rights systemhne curtailment
calculations, it seems most important that thvester rightquantities represent tlaetual
guantity thateachuseris expected toise, so fuller use of availablvater can be mad@ptions
for quantifying water use for curtailment calculatiomslude a) historicaly reported monthly
use,b) face value quantity of water rigtd) a formal OcallO on the right by the rilgblder
(especially larger righholders),or d) some other forecast amount of water use

Of these options, implementing a OcallO system is recommHéntedargest senior water users
can OcallO use of their rights in advance, it sthalanake fullerand more reliablese of the
available waterHaving users OcallO their rights during $infeshortage is a common

expectation in traditional appropriative water rights syst@msh asColoradoandUtah).

Sometimes a senior righblder OcallO instigates an administrative water rights curtailment on a
basin over the course of the season. In other dhagesall can indicate the amount of water a
senior water right holder intends to use, in advance, so that water flows and uses can be more
tightly coordinated. Both senses of OcallO could belti§ehllsO are made electronically for
major water userperhaps up to several days in advaiicghould be possible to
administrativelytighten water allocations considerably, and provide much more timely
information and adaptability for water users.

2. Use ofObufferQreliability, or safety factor flow quantitiesto account for
uncertaintiesinherent in flow and use estimates Physical reality will always deviate
somewhatrom water right calculations. Requiritigathigher ObufferO flowsmainafter
allocations and curtailmensse calculatethcreases theeliability of senior allocations and
priorities However,including higher ObufferO flows aisoreases the likelihood that junior
water right holders will receive less water in some casesntiag be physically possibleWith
time and eperience, it should be possible to reduce this safety factor in the calcul&mms.
numerical experiments using Monte Carlo modeling can help guide selection of proper buffer
flows in the meantime. (Buffer flows need to be larger if OcallsO are dwimadvanceand
might be negative where large return flows exist from senior water right holders

3. Quantifying available water resources at thdéasin andsub-basin scals. Full natural
flow estimaesare uncertain during drought, particularly for smedind highetelevationsub
basins. A host of technical decisions regarding the appropriate sizelodsub, methods and
models for estimating full natural flows at basin and-kabin scales, groundwater interactions,
and return flows and locatiofi®m water diversions will need to be made or explicitly
neglected.The National Weather Service can provide estigwaitéull natural flow for some
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locations, but mathematical models (bases on a combination of physical processes and field data)
are neede todisaggregate suatatural flow estimatet® smaller sukbasins. UC Davis

currently uses a USGS model to disaggregate suals io the HUC 12 level (Appendix B,

Section 2).

4. Establishing methodsand policiesto estimate and prioritize environmental,water
guality, and public health and safety uses during drought Legal priorities for allocating
water during drought might include more than water right priorities for water allocation.
State Board would probably initially judge the priority balaot&hese and other water uses, but
estimates of these quantities and locations might involve CDFW (for fish and ecosystem flows),
RWQCBs (for water quality flows), and CDPH (for public health and safety).

Shortterm optionssometimesnclude expanding usg 1707 dedications to add flexibility to
water use within the existing water rights framewonkSiskiyou County, two water rights
holderswith primarily agricultual use successfully petitioned to add environmental objectives
to their beneficial use (SWRCB 2014&\\WRCB 2014b, CA Superior Court Decree No. 7035
Through water transfers, this water was transported insti@aemvironmental objectives; it also
had thepotertial to transfetto more junior water rights holders located downstream of high
value aquatic habitatho might not have otherwise received water during a curtailmbig is

an important longetermoptionas well.

Different public health and safety aadvironmental flows might have different legal or policy
priorities and quantities in the context of drought emergency authority and administration.
Different priorities might be assigned to different environmental flows, based on their legal
basis. Som potential categories of environmental flows might include:

¥ Biological opinions pursuant to the Endangered Species Act

¥ Clean Water At flows for water quality

¥ Migratory bird treaty requirementsr wetlands

¥ Fish and Game Code 5937, requiring fish flalesvnstream of dams
These quantities might hagenditionalvalues duringlroughtto balan@ interestaunder the
general authorities dhe California constitutiorirticle X, Section 2andthe Public Trust
Doctrine

Anotherdifficulty in balancing enviramental flows during drought is the possibtsmsequence
of low environmental flowsAdditional endangered speciegings may result from drought
conditions as happened following the 1982 droughtwhich could furthereduce water
availability to wate right holders

5. Public reporting of water right curtailment information. In basins where detailed
calculations have provided most of the justification for curtailment and allocation dedigions
the Board these calculationsanbe made publicTo do so wouldequire interim policies or
decisions for making data and calculations puBilransparent calculation and decision methods
build credibility to the water right curtailment processlhelp water right holders anticipstad
prepare focurtailmens. If the processs extended to include forecasted curtailment estimates,
similar issues would apphalthough existing data might mekurtailment forecast®irly crude
in the near term.



These actions, as well as letegm considerations, ararsmarized in Table i this documentOs
conclusions section.

State Board calculations for water right curtailments, using methods from7¥9a6e

inherently coarself the State Board would like to use more detailed calculations for identifying
legally appropriate curtailments and allocations across many more basins in 2015, it would be
necessary to enlist a broader range of state and local expedser, organize, and
appropriately employ existing ddiar more detailed water right curtailmentghis might

involve district offices of the Department of Water Resources and some of the larger county or
other regional water agencies, perhaps with some RWQCB staff, where suitable staff are
available. With proper motivation, leadership, resourcesaatitbrity, many more basin
curtailment calculations could be formalized in 2015, but such an effort would have to begin
almost immediately.

At the end of 2015, or perhaps at the end of the drought, a formal assessment should occur of
technical, legal, anshstitutional issues that have arisen, along with options for making
improvements for the future.

Beyond 2015 Modernizing technical aspects of water right administration

While the previous suggestions may address 4bort needs in the water right taitment

process, additional measures are needed to develop a practical and systerggimlong
approachin the longer termCaliforniaOs water right curtailment system is likely to see more
frequent use. Increased frequency in administrative curtaimeéth growing water demands
from most sectors will increase the economic, legal, and environmental importance of making
curtailments consistently, reliably, and timely, so that water users can better make alternative
advancerrangemerstfor water supply and demand reductioNgater right curtailmentalso

will need to more explicitly fit with other legal and social water management objectives,
particularly environmental and urgent public health and safety demamdisipating its rouine
implementation as drier conditions occur more frequentlyater righs curtailment system for
droughtsalsoshould take advantage of more modern data, computation, and communications
technology to make more complete and appropabdeationsof avalable water, with greater
transparency and forewarning to water right holders and other interests.

At the UC Davis Center for Watershed Sciences, we have been thinking about what such a water
right curtailment system might look like. This is represestdmatically in Figure 1At the

center of this system &sDrought Water Right Allocation Tool (DWRAT& mathematical

model toestimate the most appropriate legal curtailments of water rigaged on the decisions

made regarding the critical interilssueddentifiedabove these curtailments integrate

information about local hydrology, regulatory policies, individual water use, and wateamigjht
usepriorities. This explicit approach, which is being experimentally applied to the Eel River and
devebped for the Russian River, provake frameworkfor makingfuller use of available water

during a drought with a more timely response to changing hydrologic condiffosismmary
description of this process and current data and methods used in easlnséggpendix A
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This approach brings together fundamental data on water availability, water rights, and other
water management concerns from varilmesil, state and federal agenciefReducing the
calculation of water right curtailments to mathematical logguiresexplicit interpretations of
water rights law by the SWRCB in cases of ambiguity,wadld accommodattiture
modificationsassuchissues are resolved his type of frameork should allow for a far more
transparentprecise and minimakurtailment ofwater righs, with benefits for legal justification

as well as timeliness of proceedingad improved ability to forecast the duration of
curtailmentsSuch a frameworklsowould allow for the more precise and increasingly accurate
guantification of water availability, rights, and us@gh time and experience

Such a framework for water right curtailments during drought will initially identify gaps and
problems with datdn the future, remote sensing, groundwater interactietstn flows,and

gage data can be more explicitly integrated to update and improve water availability accounting.
In terms of policy, such a framework would allow for more explicit and transparen
representation of water rights and other related law, regulations, and policies, and the more
timely implementation and enforcement of the law.

It is reasonable to expect that early applications of these more formal methods will be more to
inform exiding water right curtailment administrative judgments than presenting exact
prescriptions for curtailments. However, these methods and their results, when compared with
field and other data, would be improved to make more reliable and direct estimatgslpf

ideal water right curtailmentfn-going studies have already begun to explore these issues;
AppendixB to this report includesome technical description$this work so far.

Some additional suggestions
The process to develop a comprehengjuantitative, and transparent curtailment process would
benefit from additional information in several areas. Recommendations for next steps include:

1. Build on existing experiences elsewhereéalifornia is not unique as a dry part of the
world with a large agricultural sectand populatiorthat faces occasional or frequent drought. It
would be useful to commission a comparison of California with other Western States and other
developedsemtarid and arid region® terms of technical, institutional, and legal procedures for
curtailing water rights during periods of shortagéhese states and regions might include:

¥ Arizona, Colorado, ldaho, Kansas, Nebraska, Nevada, New Mexico, Otégbnand

Washington State

¥ Australig Spain, Italy, southern Franc®outh Africa, Chile, etc.

The1874plan for irrigating the Central Valldyenefitted immensely from such a globatvey;
such a surveghould be updated

2. Water use reporting. As water rightcurtailment becomes more frequent, the quality of
reportedwater usaelatabecomes more important. If reported issa frequenbasis for water
right curtailment calculationshenoverestimates of use detracts from junior ritpolders, and
vice-versa. Additional quality control and enforcement on reported water use, particularly for
larger uses, will be useful. Return flow estimates, timing, and locations also will be eded
further reduce uncertainties in net water use, particularly for large water users with substantial
return flows to streamd-or some uses, it might be possible to replace, supplement, o cross
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check reports with remotely sensed measurements of teaappiration. This is done Idahq
for examplegconomically and apparently to good effect.

3. Refine estimates of ObufferO floguantities. Efforts toquantify error should be
included inprograms to systematically improve data and estimation methods, particularly for
estimates of full natural flows at basin and-falsin scales. This would likely involve the NWS
and DWR as well as agencies with local hydrologic expeatisiegagmatic hydrology experts

4. Policies for quality control and documentation of data, calculations, and decisions.
These will be useful for improving the transparency, calculations, and quality of more routine
water right curtailment decisions.

5. ODry runsCPHavingdrought curtailment exercisesachyear or in alternating years
would betterensure that State Water Board staff are prepared for more intensive periods of
drought water right curtailment, prepare collaborating agefsueh as DWR and CDFW and
local agenciesfor providing data needed for effective water right administration during drought,
and establish public and water rigidlder expectations, procedures, and advance feedback for
how water right curtailments would proceed during droug8teh exercises would be similar to
flood, earthquake, fire and other emergency exercises commonly used to prepare agencies and
stakeholders for rare and common times of critical decisidmesse exercises might be held for
different basins around the statecach year, to foster better collaboration and information
sharing with local agencies and water users.

6. Incorporate forecasting capabilities.Forecasts of curtailments mighdveconsiderable
benefitfor water right holders with economic nedtat coutl benefit from buying and selling
water or making alternations to water demands during a drought. Idealtiyotight
curtailment system woulieshterface well with the administration of temporary water market
transfersor temporary changes in diversio&bion perhaps partially automating approval of
water transfer agreemergseven allowing identification of promising water transférbese
processes require similar dagadcould provide broader functionality. This should be explored.

7. Public communication and outreach.Communications with the public and water right
holders could likely be made more useful, informative, and effective using a web interface,
perhaps with email or text messages, and including forecasts of curtailmelais.onstation
link for such a website is available for the Eel River at
http://watershed.ice.ucdavis.edu/drought/#¢201404-
28&river=EEL%20RIVER&zoom=9&11=39.95291166179976%A22.49618530273438

Overall conclusionsand recommendations

Drought water right curtailments are likely to become more frequent and consequential to
California. It behooves the statedevelop a more formal and routiframework for assembling

the data, policies, procedures, and authorities needed to implement water right curtailments in a
timely, transparent, and reliable way. This approach will take advantage of more modern
analytical data management, and communications methods, and if properly done, will provide



many additional benefits to water usarsl state agencielsiring droughts, and in preparing for
droughts.

Specific recommendatiosve been identifieth move the state ithis direction in the near
term and in the longer termihese recommendations are summarized in Table 1.

Table 1. Some actions worth considering

Near-term Actions (2015)

Administrative

¥ Expand use of formal water right curtailment calculations

¥ Develop an explicit interim standard method for estimating water right holder use and full natural
flows for water right curtailment calculation purposes

¥ Develop explicit interim methods under existing state authorities and policies to estimate and
prioritize environmental, water quality, and public health and safety uses in drought

¥ Develop an explicit interim method or policy for the use of a buffer or safety factor quantity for
water right curtailment calculation purposes

¥ Have large water users OcallO usef their water rights to tighten water allocations.

¥ Develop online mechanisms to publically report and gather curtailment and use information

¥ Gather local, state, and federal expertise and data to better quantify drought water availability in
major basins

Scientific

¥ Improve quantification of water use, available water resources, and ObufferO flows to account for
inherent uncertainty, to improve allocation reliability

¥ Monte Carlo numerical study to estimate trade-offs water right and full utilization reliabilities for
different ObufferO flow values

¥ Multi-agency review of accretions and depletions estimates in large watersheds

Legislative

¥ No legislation seems needed unless for confirmation of authorities or for funding

Long -term Actions (becoming eff ective after 2015, but often started sooner)

Administrative

¥ Refine water use reporting and enforcement to improve estimates of actual use

¥ Implement Odry runO training to prepare for curtailment periods

¥ Develop and implement policies for quality control and documentation of data, calculations, and
decisions

¥ Establish a communication network with public and water right holders using a web-interface, e-
mail, or text message

¥ Expand forecasting capabilities and reporting for water right holders for finer time scales

¥ Explore expanding water right curtailment forecasting system to support water transfer permitting
and promising water transfer identification

¥ Manage the surface water system conjunctively with the local groundwater system

¥ Expand water right curtailment calculations to additional basins

Scientific

¥ Identify potential strategies through a review of curtailment methods elsewhere

Collaborate with partnering agencies to reduce errors in data and estimation methods

Assess forecast potential for curtailment decisions

Investigate use of remote sensed ET for consumptive use estimation

Develop methods to quantify return flow locations, quantities, and timing for larges water rights
Improve disaggregation of basin flow forecasts to sub-basins

¥ Refine full natural flow calculations to better account for groundwater interactions

K K K K K

Legislative

¥ Expand routine data collection and information sharing on water use and return flows for large
water right holders.
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Appendix A BComponents and datasourcesfor formal water right curtailment (from Figure 1)

1. Basin Forecasts of Full Natural Flow

The National Weather Service (NWS) operates a network of river flow monitoring and flood forecast
stations throughout the nation. Ensemble forecast models of natural (unimpaired) surface flows are
available forsomeof these stations. Thegsatural surfacflow forecasts provide the input to the spatial
disaggregation modébr estimating water availability in sttbasinsdescribed in AppendiB, Section 2

2. Sub-basin Full Natural Flow Estimates

To date, full natural flows for each HUC12 shiéasin have beesstimated with a spatial disaggregation

model developed at UC Davis. This model applies data mining techniques to geospatial data to distribute
flows throughout a basi.his processs describedn Appendix B, Section 2.

3. Water Right Quantities and Prior ities

Data for water rights, includingater right type (riparian or appropriative) and priorface value, 2013
monthly reported use, filing date, and pedafitdiversion locationareprovided by the State Water
Resources Control Board (SWRCB).

4, Other Water Allocation Priorities and Quantities

To date, priorities and quantities for environmental flows, public health and safety, and flows necessary to
maintain water quality standartave not been definellut are available for use in the data and madeli
framework

5. Drought Water Right Allocation Tool (DWRAT)

This tool mathematically estimates the legathguired curtailment of water rights, given explicit
interpretations of water law and data on water availability, uses, and legal pridd@eBavis has
developedsucha tool to maximize water allocations to righdlders in a basin while following riparian,
appropriative, and other legal priorities as interpreted by the SWRCB. Appendix B, Sedéiscribes
the initial version of this toolivhich has been applied to the Eel River

6. Calculation Results

DWRAT results are ugkto inform and document inpfiir SWRCB curtailment decision$he SWRCB

will verify the results and check for anomalous allocations or model belendomake final wateiight
curtailment judgments given model results and their agency judgment given uncertainties in data and
conditions.

7. Public Rights Forecast Information
The curtailment moddDWRAT) can be run in advance with full natural flow forecasts from the NWS,
allowing the SWRCB tdorewarnusers of curtailments before they go into effect.

8. Communication of Curtailment Decisions

UC Davis has developed a wbhsed map interface for communicating curtailment decisions. Each water
right is displayed, along with the wesponding demand, priority date, and allocatiérdemonstration

link for this website is availabl®r the Eel River ahttp://watershed.ice.ucdavis.edu/drought/#date=2014
04-28&river=EEL%20RIVER&z00m=9&11=39.95291166179976%A22.49618530273438
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Appendix C BSomeWater Right Curtailment Problems and Technical Solutions

General Datamanagementneeds

¥ Existing water rights data has been essential to the curtailment process to date. Diligent database management
practices, such as consistent formatting and thorough documentation, lsklputdprove existing data.

¥ Existing databases should be surveyeavoid redundant work, with realistic expectations set for acquiring
further data.

¥ Databases should be checked periodically for consistency and updated as necessary. Preventative maintenance
can solve many problems before they arise.

¥  Sources of error shoulte noted and efforts should be made to estimate uncertainty.

¥ Each curtailment processepshould undergo careful scrutiny for quality control and improvement needs. This
can be simplified with thorough documentatamdmaintairing transparency at allages.

¥ Designated personnel responsibilities for each step of the curtailment process should be made clear to all
involved.

Water Availability and Sub-Basin Flow estimates

1. Full natural flow forecasts are required for curtailments. The National Weathdgc&has a network of flood
gages throughout Californighich have been used for this purposgate and local agencies will likely play a
role in refining these forecasasd their application for drought curtailments

2. A spatial disaggregation modelusedto estimate the full natural flow available in each HUC12 basin. Results
from this model should be verified for accuracy with contribution from local agencies anchstdkes.
Improvements, including perhaps development and state approval dfuitabistal and regional models, can
occur with time.

Water Right Quantities and Priorities

1. Water use data for righitolders can be determined by historical reported monthlythséace value of water
rights or remote sensing or water use forecastlels A consistenaipproach is needed éstablish explicitly
quantitiesof normaland droughtvater ug for basin curtailment calculation purposes

2. Users may hold both riparian and appropriative water rights with multiple pafiliversion. These casaeed
to be identified and accounted for to avoid eskocation of water to certain users.

3. Return flow quantities must be estimated or neglected. Currently, return flows are neglected, due to lack of
data, which essentially becomes a safety factardease the reliability of water for senior water right holders.

Other Water Allocation Priorities and Quantities

1. Water allocations for environmental flows, public health and safety, and fleededo maintain water quality
standards are subjectlegal priorities outside the doctrines of riparian and appropriatiggerrights. Specific
guantities and locations for thegsesmust be established by the relevant agencies.

DWRAT BDrought Water Right Allocation Tool

¥ A factor of safetyor Obuffer@ow, is introduced in the allocation model to account for error introduced in any
of the above steps.

¥ This safety factor will increase reliability for righblders at all levels and will likely become smaller with
experience.

¥ The model also currentlyssumes that all water right use is entirely consumptive with no return flows to
streams.Data is not generally available on return flow locations, volumes, or timing.

¥ Each rightholder currently has access to only its largest point of diversion. Wetawrpexpand this.

¥ Asthe model is updated, a thorough update log must be maintained. All documentation explaining the
curtailment model and process should be made public to increase transparency and trust.
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