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Objectives

Most Californians rely on the Delta and its watershed

= 1980-2021: insights into recent dry
and wet years

I Delta watershed (upstream diverters)
M Legal Delta and Suisun Marsh
Out-of-basin diverters

I Off-shore commercial and recreational fishing

= Looks upstream: runoff, depletions
upstream of Delta

Hydrologic regions

= Unpacks shifting trends: climatic,
regulatory effects

Tulare Lake
Lahontan

= Recommends improvements: for
accounting, management

Colorado
River
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1980-2021 water accounts: sources, uses, outflow

= Sources = Delta outflow (building block
— Runoff approach)*
— Reservoir storage/releases — “System” outflow for salinity
_ Delta inflow - Export water quality
— Delta precipitation - Delta M&I, ag standards
— Ecosystem outflow (net increment)
= Uses

. * Flows (D1641, CVPIA, VAMP, ESA)
— Upstream depletions (annual,

calculated by difference) * Water quaIity_ (sp!'in_g, fall )_(2)
~ In-Delta uses (farms, cities, nature) * Export pumping limits (various)
— Exports (SWP, CVP) — Uncaptured outflow

*Although system outflow also supports
habitat, /t would be needed even if there
were no ecosystem objectives for the Delta.

3 PPIC



3¢ PPIC

Water availability and uses in the Delta watershed have been changing
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SOURCE: Uses and outflow: Technical Appendix A to this report and PPIC Delta Water Accounting spreadsheets; dry
years: Department of Water Resources.

Prior to
1995,
exports
were
highest in
dry years,
now they
are lowest,
especially
since 2010



We are in the era of the hot drought
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The big change: evaporative demand

Evaporative Demand Water Year 2021 Water Year Evaporative Demand
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Storage and temperature: 2" Law of
Thermodynamics

Cold-Water Drought in Lake Shasta
Here is how water temperatures & volumes in Lake Shasta
have evolved {with depth) over the past several yrs,
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Upstream depletions are increasing in dry years,

reducing inflow to the Delta

® 1980-1999 @ 2000-2021
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Comparing 1977 and 2021: Watershed Balance

Unimpaired runoff + 7.2 maf 9.1 maf
Delta Precip

Reservoirs and Imports 4.8 maf 5.6 maf
Upstream Depletions 6 maf 7.6 maf
Delta inflow 6 maf 7.1 maf
Delta Depletions 1.7 maf 1.7 maf
Exports 2.1 maf 1.5 maf
Delta Outflow 2.5 maf 4.1 maf
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Outflow trends have changed

Delta Outflow/Unimpaired Outflow

= Since early 1990s, more outflow is Ay 0 e ervendme sy momvens
needed to meet salinity standards , 09

= Ecosystem regulations post 1995,
2008 also increased outflow share;
species declines continue 02

- Both trendS—plus increases in v'f!.",-.'! 18940 1950 1960 1970 - 1980 990 200 2010 202
upstream use—are increasing R RUIRESCE
pressure on CVP, SWP reservoirs

= Uncaptured outflow makes up the
bulk of outflow during wet years
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Comparing Delta flows in recent wet and dry years

PPIC

Where water goes in the Delta watershed
2017
Water sources
Water uses
Delta outflow

2021
Water sources

Water uses

Delta outflow
| T T T T T T 1
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B Net runoff M Upstream use Ml System outflow
M Storage release B In-Delta use M Ecosystem outflow
Exports M Uncaptured outflow
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Wet year sources and uses: 2017

Sacramento
River inflow

= Just over a quarter of runoff went to 46.6 maf

uses: upstream (15%), in-Delta '
i
6.6 maf iD‘IeI;a rzlfn

(3%), exports (10%)

4.8 maf
i . System 3m
= Less than a fifth went to regulatory \ UV cosyem
outflow: ecosystem (10%), system o, g == ‘M
(70/ 0) I \\'\_\;\ : ‘:\; ol . Use‘:rlwstl:ga[f)elta
= More than half (55%) became faleh
uncaptured outflow N 37.2 maf
L i Uncaptured
.. 3 "L outflow an Joaquin
= Lack of storage south of Delta limited \ ' River infiow
export pumping by > 400,000 af fgmar 2.5 maf
. J exports
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Dry year sources and uses: 2021

= 84% of unimpaired runoff was used
upstream of the Delta

= 16% of unimpaired runoff was used
in-Delta

= Ecosystem + system outflow, exports
came from CVP, SWP reservoirs

= Salinity barrier and Temporary
Urgency Change orders helped

R =
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Sacramento
River inflow
6.3 maf
3.2 maf

System o 8 maf x\(}.4 may
outflow cosystem
ouEIOW/

1.8 maf
Use in the Delta

0.1 maf

Uncaptured
outflow
San Joaquin
River inflow
BE . 0.7 maf
Delta
exports
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Dry year sources and uses: 2021
a) Upstream of the Delta

Total Sacramento River
10.9 maf

Runoff
6.9 maf

Reservoir
releases
4 maf

= 84% of unimpaired runoff was used
upstream of the Delta

Upstream

= 16% of unimpaired runoff was used
in-Delta

Delta inflow
6.3 maf

Delta inflow
0.7 maf

= Ecosystem + system outflow, exports
needed CVP, SWP reservoirs

= Salinity barrier and Temporary U
epletions
Urgency Change orders helped 2.7 maf
Runoff
1.8 maf

Reservoir releases
1.6 maf

Total San Joaquin River

5 maf 3.4 maf
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Where we need more information
= Sources of higher accuracy

Runoff

Reservoir storage/releases
Delta inflow

Delta precipitation
Exports (SWP, CVP)

= Uses: low accuracy or by
difference

Upstream depletions
 Diversions, seepage, ET

— In-Delta uses (farms, cities, nature)

€ PPIC

Delta outflow

= Delta outflow
— “System” outflow for salinity
-+ Export water quality
 Delta M&l, ag standards
+ Requires outflow/salinity relationships
— Ecosystem outflow (net increment)
Flows (D1641, CVPIA, VAMP, ESA)
Water quality (spring, fall X2)
Export pumping limits (various)
+ Requires outflow/salinity relationships
 Outflow by difference
— Uncaptured outflow by difference
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Depletions vs. Consumptive Use
= In the Delta = Delta outflow

— Annual: methods are similar -
— Monthly to daily: differ by ~1000 cfs —
— Matters when salinity is important -
— Matters when outflow controls -

= Uses: low accuracy or by

Water quality

Modeling water quality

High risk of errors or mysteries (1987-88)
Annual: CU probably ok

Daily or Monthly operations: Depletions

difference = Upstream Depletions or CU

— Upstream depletions

 Diversions, seepage, ET
— In-Delta uses (farms, cities, nature)
— Unmeasured sources/sinks

>¢  PPIC

Water right monitoring
Reservoir operations
Effects of Climate Change
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How to get better estimates?

1. Improve upstream water
accounting

— Overall accretions and
depletions

— Measure and report
diversions (all)

— Measure and report return
flows (all)

— Et real-time estimates

— Groundwater changes
(especially near rivers)

— Other: precip, valley runoff

¢ PPIC

2. Delta accounting

— Need for both channel
depletions AND consumptive
use

— Seepage

— Precipitation

— Direct diversions

— Return flows

— Soil moisture changes
— Et real-time estimates
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What does better accounting give us

3. Real-time estimates 4. Dry year management
— Delta outflow — Water right priorities
— Model calibration on a daily — Extraordinary measures: are
basis they working?
~ Salinity management - Management of:
— Water management * HABs

» Special species
» Ecosystem

* Future plans with stressed
system

€ PPIC
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Thank you!

Photo C. Jeffres
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For more information about this study

= Policy brief (6 pages)

= Technical appendix (detailed analysis--~50 pages)
= Data Set

« Commentary in CalMatters (1-page highlights)

3¢ | PPIC
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https://www.ppic.org/publication/policy-brief-tracking-where-water-goes-in-a-changing-sacramento-san-joaquin-delta/
https://www.ppic.org/wp-content/uploads/0522ggb-appendix.pdf
https://www.ppic.org/data-set/ppic-delta-water-accounting/
https://calmatters.org/commentary/2022/05/four-strategies-for-managing-californias-crucial-watershed/

About these slides

These slides were created to accompany a presentation. They do
not include full documentation of sources, data samples, methods,
and interpretations. To avoid misinterpretations, please contact:

Greg Gartrell (greggartrell@ix.netcom.com)
Ellen Hanak (hanak@ppic.org)
Jeff Mount (mount.jeffrey@gmail.com)

Thank you for your interest in this work.
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