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What do we expect?What do we expect?

• Rising snowline and earlier 
snowmelt cause shifts in 
seasonal runoff patterns

• Rising sea level impacts Delta

• Increased evapotranspiration
leads to increased demand



Precipitation and Air Temperature ProjectionsPrecipitation and Air Temperature Projections

PCM

GFDL

B1A2Scenario/
Model

Four scenarios:
2 GCM models x 2 GHG emissions scenarios



Modeling SequenceModeling Sequence

GFDL or PCM

Air Temperature
Precipitation

Humidity
Radiation

Global 
Modeling

VIC

Streamflow
Snowpack
Snow melt

Soil Moisture

Regional 
Downscaling

CALSIM

Reservoir Ops
Deliveries
Storage

Delta Outflow

SWP & CVP 
Operations

Delta Flow &
Water Quality

DSM2

Flow
Salinity



Lake Oroville Inflow Adjustments Lake Oroville Inflow Adjustments 
for 2050 Climate Projectionfor 2050 Climate Projection
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Study AssumptionsStudy Assumptions

• Delta regulated by D1641
• CVPIA 3406 (b)(2) and EWA are not 

included
• 2020 level of development
• Climate change study inflows perturbed to 

reflect 2050 climate signal
• No changes in operating rules from base to 

climate change studies



Qualification of ResultsQualification of Results

• Two climate scenarios with no probability 
of occurrence.

• Perturbation method accounts for seasonal 
shift in runoff, not potential changes in 
weather variability.

• Not accounting for sea level rise or changes 
in demand.



ExceedanceExceedance Plot for SWP Annual Plot for SWP Annual 
Table A DeliveriesTable A Deliveries
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BASE GFDL A2 PCM B1

BASE 2754
GFDL A2 2464
PCM A2 2445
GFDL B1 2261
PCM B1 2878

75% Exc. (TAF)
BASE 3551
GFDL A2 3154
PCM A2 3186
GFDL B1 3169
PCM B1 3527

50% Exc. (TAF)
BASE 4089
GFDL A2 3928
PCM A2 3950
GFDL B1 3918
PCM B1 4048

10% Exc. (TAF)
BASE 3887
GFDL A2 3574
PCM A2 3686
GFDL B1 3577
PCM B1 3875

25% Exc. (TAF)

BASE 1529
GFDL A2 1401
PCM A2 1423
GFDL B1 1376
PCM B1 1761

90% Exc. (TAF)



ExceedanceExceedance Plot for SWP Plot for SWP 
Carryover StorageCarryover Storage
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ExceedanceExceedance Plot for CVP Annual Plot for CVP Annual 
South of Delta DeliveriesSouth of Delta Deliveries
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ExceedanceExceedance Plot for CVP Annual Plot for CVP Annual 
North of Delta DeliveriesNorth of Delta Deliveries
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ExceedanceExceedance Plot for CVP Plot for CVP 
Carryover StorageCarryover Storage
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Months of NOD Critical Shortages Months of NOD Critical Shortages 
(Storage at Dead Pool)(Storage at Dead Pool)
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Net CVP Power GenerationNet CVP Power Generation
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Change in Water TemperatureChange in Water Temperature

0

0.5

1

1.5

2

2.5

3

3.5

Sacramento River Feather River American River

C
ha

ng
e 

in
 T

em
pe

ra
tu

re
 (F

)

GFDL A2 PCM B1



SummarySummary

• Lower water supply reliability in drier 
climate scenario (GFDL A2)

• Slightly higher water supply reliability in 
wetter climate scenario (PCM B1)

• Reduced net power generation in drier 
scenario, slightly higher in wet 

• River temperatures increase in both 
scenarios
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 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
Smith R at Jed 
Smith State Park 0.66 0.80 1.19 1.12 1.06 1.01 0.76 0.64 0.62 0.67 0.78 0.85 
Stanislaus R at New 
Melones Dam 0.97 0.78 1.30 1.34 1.20 1.37 1.07 0.72 0.57 0.43 0.64 0.84 
Kings R at Pine Flat 
Dam 0.81 0.83 1.35 1.33 1.36 1.35 1.24 1.00 0.61 0.38 0.52 0.72 
Merced R at Lake 
McClure 0.81 0.56 2.04 1.30 1.10 1.38 1.26 0.83 0.48 0.25 0.39 0.69 
Yuba R System 
Outflow 1.16 0.80 1.37 1.16 1.20 1.24 0.86 0.62 0.49 0.47 0.64 0.77 
NF American R at 
NF Dam 1.34 0.73 1.43 1.07 1.17 1.25 0.83 0.56 0.40 0.26 0.48 0.69 
Sacramento R at 
Shasta Dam 0.90 0.92 1.36 1.12 1.13 1.06 0.84 0.71 0.77 0.78 0.86 0.92 
Feather R at 
Oroville 0.98 0.87 1.31 1.25 1.24 1.22 0.89 0.69 0.58 0.68 0.81 0.84 
American R at 
Folsom Dam 1.22 0.70 1.35 1.13 0.95 1.28 0.77 0.48 0.45 0.44 0.67 0.83 
Tuolumne R at New 
Don Pedro 0.88 0.80 1.36 1.31 1.08 1.31 1.19 0.84 0.49 0.48 0.68 0.81 

 

Streamflow Perturbation Factors for Scenario GFDL A2 
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Lake Shasta Average Monthly Inflow (1922-1994) 



    BASE GFDL A2 PCM A2 GFDL B1 PCM B1 
Value 5492 5442 5177 5601 5854 Long-term (1922 – 

1994) Change -- -51 -315 109 362 
Value 3332 3227 3114 3321 3545 May 1928 - Oct 1934 
Change -- -106 -219 -12 213 
Value 3817 3720 3603 3859 4115 WY 1987 - WY 1992 
Change -- -97 -214 42 299 
Value 7582 7599 7223 7829 8143 WY 1980 - WY 1983 

(Wet Period) Change -- 17 -359 247 561 
 

Lake Shasta Annual Average Inflow (TAF)



0

100

200

300

400

500

600

700

800

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

M
on

th
ly

 A
ve

ra
ge

 R
es

er
vo

ir 
In

flo
w

 (T
A

F)

BASE GFDL A2 PCM A2 GFDL B1 PCM B1

Lake Oroville Average Monthly Inflow (1922-1994) 



401-69-128106--Change
64655995593661706064ValueWY 1980 - WY 

1983 (Wet Period)

161-38-3430--Change
21631964196820322002ValueWY 1987 - WY 

1992

108-136-113-66--Change
22822038206121092174ValueMay 1928 - Oct 

1934

245-111-1226--Change
40793722371238403833ValueLong-term (1922 –

1994)

PCM B1GFDL B1PCM A2GFDL A2BASE

Lake Oroville Annual Average Inflow (TAF)



Single dry year 2-year drought 4-year drought 6-year drought 6-year drought
1977 1976-1977 1931-1934 1987-1992 1929-1934

BASE 2716 1358 1704 1362 1806 1538
GFDL A2 2435 1108 1434 1217 1529 1320
PCM A2 2545 1243 1583 1225 1580 1341
GFDL B1 2489 1217 1546 1240 1634 1344
PCM B1 2785 1354 1686 1541 1953 1688

Average

CVP South-of-Delta contractor deliveries (TAF) 
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Exceedance Probability Plot of CVP South-of-Delta Deliveries 
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Exceedance Probability Plot of CVP Carryover Storage 



Single dry year 2-year drought 4-year drought 6-year drought 6-year drought
1977 1976-1977 1931-1934 1987-1992 1929-1934

BASE 2251 1847 2076 1815 2061 1940
GFDL A2 2181 1803 2026 1551 1937 1742
PCM A2 2204 1798 2040 1572 1999 1759
GFDL B1 2204 1823 2048 1669 2024 1823
PCM B1 2265 1847 2073 1849 2089 1967

Average

CVP North-of-Delta contractor deliveries (TAF) 
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Exceedance Probability Plot of CVP North-of-Delta Deliveries 



Single dry year 2-year drought 4-year drought 6-year drought 6-year drought
1977 1976-1977 1931-1934 1987-1992 1929-1934

BASE 3186 222 1620 1521 1786 1679
GFDL A2 2879 229 892 1355 1396 1554
PCM A2 2964 279 1049 1343 1651 1458
GFDL B1 2861 285 952 1386 1502 1507
PCM B1 3224 267 1413 1870 1807 1949

Average

SWP average and dry year Table A deliveries (TAF) 
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Exceedance Probability Plot of SWP Table A Deliveries 
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Exceedance Probability Plot of SWP Carryover Storage 



Single dry year 2-year drought 4-year drought 6-year drought 6-year drought
1977 1976-1977 1931-1934 1987-1992 1929-1934

BASE 99 0 0 157 34 111
GFDL A2 106 0 0 188 119 133
PCM A2 103 0 0 194 27 149
GFDL B1 101 0 0 170 52 132
PCM B1 88 0 0 54 39 42

Average

SWP average and dry year Article 21 deliveries (TAF) 
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