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Vulnerability Study of the Central Valley
under Likely 2020 Conditions
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Many existing climate change studies are either

very general, or very focused -z
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The WEAP modeling system
provides a physically based
Integrated model to assess
climate change impacts on
California’s water at regional
and statewide scales.

Reservoir Storage Volume  ~ | (Thousand Acre-foot)

v — Almanar | %
; i ¥ — Berryessa ii
I Black Butte P
= A o EREE R 113 d [¥ — Camanche Reservair
!:’”wﬂ*"‘ﬁ.”*’s*{"m‘;mw‘%?“”1Eﬁﬁﬁfw b Camanche e .
n X | Ei}"jijli: IE CCSF Water Bank L E
v = Clair Engel
B il .'i---"i'ifﬁ" { N M= Clear Lake z
1,500 :'-:'-"i,;I { "_,1. ,FT ‘|'1\ ‘*.'l-_ 1 ¥ — Don Pedro Reservair =
1,000 .“--2--;: 5= ory- L i Aa Mt oo | | —— Eastman_Hensley o
| e B ERE RehG Sete AU SR [¥ — EBMUD Terminal R i =
o GG R e o [©— oo |
a o ELF e A T o o N S F___I bella Lak |
Oct Feb Sep har Oct Spr Mow May Dec Jun Jan Jul Feb Aug har o ¥
100010041007 1011 10141015 1021 1025 1025 1032 10356 1035 1045 1046 1050
CALIFORNIA WATER PLAN UPDATE 2023 f o # o

WEAP: 2021.0202  Area: Central Valley - Paleo - Oct2022 7 Scenarios (1 Active)  1001-10530 (monthly)  Licensed to: Paul Shipman, California Department of Water Res




Population growth will affect demands on water
supply in ways not yet considered

. . Central Valley Population
The future scenarios project

uses population growth
numbers as forecasted by the
California Department of
Finance and informed by local
government development plans.
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ENHANCEMENTS TO FUTURE
SCENARIOS FROM WATER PLAN
2018 TO WATER PLAN 2023



Analysis Technique
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Downscaled GCMs provided high

level trend analysis from 2006-2100 Decision scaling provides regional
risk-based insights at current

(2020) and future (2070) level of

development
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Delta Representation

Update 2023 includes:
» Delta Biological Opinions

* Coordinated Operations
Agreement

 Sea level rise ANN used by
Cal-SIM (1.8 feet) for 2070
level of development
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Land Use

Update 2018

* Native lands (NLCD 2006)

* Agricultural lands (county surveys)
* Projected future land use

Update 2023
 Native Lands (NLCD 2016)

« Agricultural Lands (Statewide land use
2018 based on Land IQ remote sensing
data)

* Projected future land use for urban only
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Water Use

Update 2018
« Based on 2006 and 2009 data ;

* Included background conservation
projections for future and different
adaptation strategies level of conservation

&

Update 2023
 Updated based on 2015 Urban Water

Management plan data SAVE OU R WATER

* Includes current background conservation
as a result of already enacted laws, but
does not include adaptation strategies or
pending legislation
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Water Plan Update 2023 Vulnerability Metrics

. Surface Water: End of water year surface water storage
Environmental: % of time Instream Flow Requirement met
. Agriculture: % of demand met

Urban: % of demand met

Flood: 90th percentile (10% exceedance) monthly flows at
control points

. Groundwater: Groundwater % of total supply
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Future Scenarios Update 2023 by the numbers

* 1 Integrated Hydrologic Model (CVPA WEAP)
« 1000+ updated model files
« 2 levels of development analyzed (2020 and 2070)

* 946 model runs
— 43 climates
— 1100 years of simulation per climate

« 33,000+ output files for post processing

» 138 detailed response surfaces

68 GCMSs processed for probability weightings

 1000s of Monte Carlo simulations to develop cumulative probabillity plots

» 3 Hydrologic Regions with assessments of vulnerabllity in 6 aspects of water
management
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ANALYSIS PROCESS TO DEVELOP
METRICS



Decision Scaling

» A stress test under the
full range of relevant and
credible changes

 Estimate risk conditional
on climate projection-
based evidence
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— Change in Temperature (°C)

simulated sfystem responsfe under
incrementally perturbed conditions

Some important system metric
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relevant and
credible variables
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Some important system metric
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Some important system metric
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GCM-informed probability density
Y - .
—~ - —40
>
o ° ] ‘AR S ] - -80
=
L
S -120
=
()
— -160
£
>
= -200
®
L
© ~240
I
.................. —-280
simulated siystem responsfe under GCI\i/I states of the iworld
incrementally perturbed conditions | ' —320
I i I | I | -
| -20 ~10 0 10 20 30
relevant and — Change in Precipitation (%)
credible variables —

5 CALIFORNIA WATER PLAN UPDATE 2023




o
o

m 50
B
-
1 )

1 ®

1 O
{2

: QO '50
: =

I ®©

l o

i = -100
1 ®)

l N

l S

: e

i 2 -150
1 c

! c

I @

i o -200
: =
-

l <

: G,) '250
1 (@)

I c

I S

: -

I § -300
5

i o

v -350
)

N

=

0, +30%
1, +30%
0, +20%
2,+30% _— 1, +20%
3, +30% 0, +10%
2, +20%
- 4, +30%
i 8,+20% 4, +20% 0. 0%
BN TR AR G EEEE
4, +10%
3, +10%
2, 0%
i 0, -10%
J 3, 0%
15% L . .
1, -10%
i I 36%
/ 3, -10%
. Accumulate GCM-informed b Tads
conditional probabilities 1, -20%
4, -10%
i 2,-20%
3, -20%
] 4, -20%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Exceedance Probability

CALIFORNIA WATER PLAN

UPDATE 2023




o
4
50 0, +30%
m 1, +30%
i 0, +20%
i 2 2,+30% — 1 +20%
i D 0 3, +30% 0, +10%
I N 2, +20%
! @ 4, +30%
I o " 8,+20% 4, +20% 0. 0%
I @) L ' . .
| AR R R TR e e S e Looi - Likelihood of future
I > - » +10% B i !
. — 4, +10% 67% «—— performance worse
P2 100 & 5. 0% 6 Lt than threshold
I c - T
I Q i 3, 0%
: o) 1,-10% 4, 0%
I < N
: g; -150 + 2,-10%
i = [
i c
I ‘_g_ I 3,-10%
i ) -200 1 0, -20%
i >
: é’ 1, -20%
! — : 4, -10%
i O -250 T 0
i O I 2, -20%
I c
i © 3, -20%
i E -
: .§ -300 ¢ 4, -20%
{5 '
i o
v -350_'"'I""I""I""I""I""I""I""I""I""I
17 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
C;D Exceedance Probability

CALIFORNIA WATER PLAN UPDATE 2023




Some important system metric
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Some important system metric
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N-samples from GCM PDF
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Some important system metrics

Metric 1 Metric 2 Metric 3
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Some important system metrics
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FUTURE SCENARIOS UPDATE
2023 RESULTS



Results will be based on 0 to 5°C change In temp.
and -30% to +30% change Iin Precipitation

Model Scenarios
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Metric 1 Surface Storage — Oroville

No Change in Precipitation, 3 Degree Increase in Temperature for Oroville Storage

Model Scenarios
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Metric 1 Surface Storage — Oroville

No Change in Precipitation, 3 Degree Increase in Temperature for Oroville Storage Percent Change in Oroville Reservoir I End of Water Year (September)
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Metric 1 Surface Storage — Oroville

Percent Change in Oroville Reservoir | End of Water Year (September)

Surface Storage "
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Metric 1 Surface Storage — Oroville

Percent Change in Oroville Reservoir | End of Water Year (September)
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Metric 1 Surface Storage — Oroville

Percent Change in

ville Reservoir | End of Water Year (September)
Surface Storage
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Metric 1 Surface Storage — Oroville

Percent Change in Oroville Reservoir | End of Water Year (September)

Surface Storage
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Metric 1 Surface Storage — Oroville

Percent Change in Oroville Reservoir | End of Water Year (September)
Surface Storage
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Metric 1 Surface Storage — Oroville

Percent Change in Oroville Reservoir | End of Water Year (September) l
Surface Storage Oroville Reservoir | End of Water Year (September)
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Metric 1 Surface Storage — Oroville

Oroville Reservoir | End of Water Year (September)
Surface Storage [% Change]
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Metric 1 Surface Storage — Oroville

Oroville Reservoir | End of Water Year (September)
Surface Storage [% Change]
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Metric 1 Surface Storage — Oroville

Oroville Reservoir | End of Water Year (September)
Surface Storage [% Change]
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Metric 2 Environment — Merced River IFR
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Metric 2 Environment — Merced River IFR

Merced IFR | Instream Flow Requirement [%]
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Metric 3 Agriculture — PA 509

PA509 | Frequency of Ag Delivery
Shortages

This area encompasses the
west portion of C2VSIM
Subregion 6 or Depletion
Study Area (DSA) 65 and
represents Woodland, Davis,
Dixon, and Vacaville areas.
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Metric 3 Agriculture — PA 509

PA509 | Percent of Agricultural
Demand Met [%]
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Metric 4 Urban — PA 606

PA606 | Frequency of Urban Water
Delivery Shortages

This area is the same as
Subregion 10 of C2VSIM or
Depletion Study Area (DSA)
49A and represents the Delta-
Mendota Basin and includes Los
| | | Banos, Newman, Gustine,

3 B ) i Patterson and Firebaugh.
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Metric 4 Urban — PA 606

PA606 | Frequency of Urban Water
Delivery Shortages [%]
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Metric 5 Flood Potential — Vernalis

Percent Change in San Joaquin River 67
San R IFR Vernalis | 90th Percentile Streamflow
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Metric 5 Flood Potential — Vernalis

San Joaquin River 67
San R IFR Vernalis | 90th Percentile Streamflow [% Change]
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Metric 6 GW System — PA 507

PA507 | Percent groundwater contributions

to combined Ag and Urban sectors
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Metric 6 GW System — PA 507

PA507 | Percent groundwater contributions l
to combined Ag and Urban sectors PA507 | Percent groundwater contributions
5 PR e Bl e SRR S S s | to combined Ag and Urban sectors [%]
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Metric 1 — All Response Surfaces
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Metric 2 — All Response Surfaces
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Metric 3 — All Response Surfaces
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Metric 4 — All Response Surfaces
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Metric 5 — All Response Surfaces
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Metric 6 — All Response Surfaces
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Metric 4 — All CDFs
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Metric 5 — All CDFs
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Metric 6 — All CDFs
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Sac River HR spider plot

Sacaramento | All Metrics: 2070 Expected Value as Percentage
of 2020 Baseline/Threshold
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Sac River HR spider plot

Sacaramento | All Metrics: 2070 Expected Value as Percentage
of 2020 Baseline/Threshold
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Sac River HR spider plot

Sacaramento | All Metrics: 2070 Expected Value as Percentage
of 2020 Baseline/Threshold

() 2020 Conditions

. ) 2070 Conditions
as compared to
2020

Percent of Agricultural '
Demand Met Instream Flow Requirement

Percent of Urba
Demand Met

Percent groundwater contributions
to combined Ag and Urban sectors

s ?,::f'il"’m
’.‘{.L =i S CALIFORNIA WATER F 90th Percentile Streamflow
i |

of Water Year (September)
burface Storage

ompared
conditions

In most likely
2070 conditions,
the Sacramento

River Hydrologic
Region will only
have 90% of the

water in storage

compared to
current average
conditions.



San Joaquin River HR spider plot

San Joaquin | All Metrics: 2070 Expected Value as Percentage
of 2020 Baseline/Threshold
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Tulare Lake HR spider plot

() 2020 Conditions

. ) 2070 Conditions
as compared to
2020
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Tulare | All Metrics: 2070 Expected Value as Percentage
of 2020 Baseline/Threshold
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xploring Ways to Convey Uncertainty

End of Water Year (September)
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Future Scenarios Update 2028

* Improved model representation

* |mproved metrics

— Are these metrics informative or are there improved metrics that could be
used?

* |ncreased spatial coverage

— Which regions of California would you be most interested in seeing this
analysis extended to?

* |nclusion of adaptation strategies to mitigate future vulnerabilities

— What adaptation strategies would you be most interested Iin seeing for
Update 20287
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