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An Overview o
California Climate
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 Many islands in Sacramento/San Joaquin
Delta lie ~20 feet below sea level
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Comparing Regions

DWR Hydrologic Regions CA Climate Tracker
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Climate Change Variables

e Temperature
* Precipitation
e Snowpack
 Annual and Seasonal Runoff
 Peak River Flows

e Mean Sea Level



Statewide 20" Century
Temperature and Precipitation



WRCC'’s
California
Climate
Tracker
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WRCC'’s
California
Climate
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California Statewide
Precipitation Oct-Sep
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Spatial Variabllity



Minimum Temperature: Annual Climatology (1971-2000)
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http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmin/Normals/us_tmin_1971_2000.14.png&year=1971_2000&vartype=tmin&month=14&status=final&zoom=yes

Maximum Temperature: Annual Climatology (1971-2000)

=

Temperature (F)
104+ []77-50 J56—54
Wio0-104 [J74-77 5356
WEs—100 [71-74 Bs0-53
OHz—-49  [Ose—71 [O46-k0
Mac-9z  WEE—68 []47-46 :
Cla4-a8  M62—6E []38-42 . -

[Clan—a4 WsE—62 []34-38 Copyright (¢) 2006, PRISM Group, Cregon State T_Tniveréi.t:y;
- httpyfwww prismelimate.crg — Map created Jun 16 2008



http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmax/Normals/us_tmax_1971_2000.14.png&year=1971_2000&vartype=tmax&month=14&status=final&zoom=yes

Annual Precipitation Map
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Seasonal Variability



Minimum Temperature: August Climatology (1971-2000)
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Maximum Temperature: August Climatology (1971-2000)
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Minimum Temperature: December Climatology (1971-2000)

Temperature (F)

W73+  [Js2—55 P31-34
7579 [49-52 [Wlzs-31
B71-75 [J46—43 [@25-28
E67-71 [@43-46 [@21-25
E63-67 W40-43 [O17-21

[55-63 W37-40 1317 o L.
[I55-59 [l34—37 513 Copyright (c) 2006, FRISM Group, Cregon State University
httpyfwww prismelimate.crg — Map created Jun 16 2008

..



http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmin/Normals/us_tmin_1971_2000.12.png&year=1971_2000&vartype=tmin&month=12&status=final&zoom=yes

Maximum Temperature: December Climatology (1971-2000)
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Inter-Annual Variability



Year to Year Precipitation Variability

a) COEFFICENTS OF VARIATION OF
TOTAL PRECIPITATION, WY 1951-2008

California precipitation
IS uniquely variable

5
Std Dev of Annual Precipitation
Mean Annual Precipitation

———
01 02 03 04 05 06 0.7

Higher values are higher variability

Dettinger et al, 2011



Precipitation and Runoff

Northern Sierra



Northern Sierra 8 Station Index

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Monthly precipitation, inches

Annual Average: 50 inches
Maximum Year (1983): 88.5 inches
Minimum Year (1924): 17.1 inches
Period of Record 1921- Present

Average of:

Mt. Shasta City
Shasta Dam
Mineral

Brush Creek RS

Lower
elevation
mountains

Quincy

Sierraville RS
Pacific House
Blue Canyon



Northern Sierra 8- Station Index Precipitation in Inches

Never exceeded 80 in/yr prior to 1980
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Monthly Average Runoff of Sacramento River System
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Runoff is a mixture of direct runoff and snowmelt W 1906-1955
Increasing winter runoff, decreasing spring runoff B 1956-2007
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Precipitation and Runoff

Southern Sierra



San Joaguin 5-Station Index

Monthly precipitation, inches

Higher
elevation
mountains

Average of:

Calaveras Big Trees
Hetch Hetchy

Yosemite HQ

North Fork Ranger Station
Huntington Lake

Annual Average: 40 inches
Maximum Year (1983) 77.4 inches
Minimum Year (1924) 14.8 inches
Period of Record 1949 - Present



San Joaquin 5 Station Index Precipitation in inches

1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005

Water Year



Runoff (million acre-ft)

Monthly Average Runoff in San Joaquin River System
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Runoff is dominated by snowmelt m1901-1955

B 1956-2007
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decreasing spring runoff

o
foe

O
o

o
N

o
N

©
o
|

Oct

Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Flood Control Operations Water Supply Operations

Sep




Snow Pack



Statewide Percent of Average
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California Snow Water Content - Percent of April 1 Average For: 08-May-2014

230 NORTH B Percent of Apr 1 Avy: n/a
] ' Percent of Normal: n/a
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Snowmelt
April-July Runoff



Sacramento River (SBB+FTO+YRS+AMF Combined)
April - July Runoff in percent of Water Year Runoff

70%

60%

50%

Linear regression (least sugares) line showing historical trend

3-year running average

y =-0.0008x + 0.4312
R2 =0.0938
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60%

45%
40%
35%
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20%
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Water Year (October 1 - September 30)



Percent of Water Year Runoff
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San Joaquin River (SNS, TLG, MRC, and SJF Combined)
April - July Runoff in percent of Water Year Runoff

90%
Linear regression (least sugares) line showing historical trend 3-year running average
y =-0.0006x + 0.7107
R2 = 0.0583
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Peak Runoff



20th Century Annual Peak 3-Day Flows
without the Influence of Reservoirs
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20th Century Annual Peak 3-Day Flows
without the Influence of Reservoirs
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20th Century Annual Peak 3-Day Flows
without the Influence of Reservoirs

250,000 , :
Max Avg Min Max Avg Min
American 98,000 27,000 3,200 American 166,000 39,000 1,500
1950
200,000 Feather 150,000 43,000 5,000 Feather 245,000 55,000 3,000
%) Extremes are more extreme
o I Average is higher
< 150,000
5 I
L
100,000 | 1 m Il I
- r I w h I J r r
o, I HFHHJ i Al MFH f ILEIL ”P (r!l altlih Jrr ”

1902 1910 1918 1926 1934 1942 1950 1958 1966 1974 1982 1990 199¢

B Feather River American River




Climate Signals




El Nino Southern Oscillation (ENSO)

« Warm equatorial Pacific ocean  * Cool equatorial Pacific ocean

e Flat Zonal Pacific Jet Stream « Variable Loopy Pacific Jet Stream
« Enhanced storm track, flooding ¢ 1985, 1995-96, 1999-2001,
. 1983,1986-87, 1991-92, 1993, 2007-8, 2010-11, 2011-12

1994 1997-98, 2002 3, 2009 10

Extended Pacific Jet Stream
& Amplified Storm Track

7 Climate Prediction Center/NCEP/NWS



Ocean Temperature Differences during
El Nino and La Nina

El Nino

http://www.climatewatch.noaa.gov/wp-content/uploads/2009/10/ENSO-states-viz.jpg



Sea Surface Elevation Changes
during El Nino and La Nina

higher in west
Feb "84
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Change in ocean levels

http://sealevel.jpl.nasa.gov/files/archive/science-elnino/el-nino-la-nina.jpg



When do we have El Nino/La Nina?

* Develops April-June, strongest in December-February
» Typically lasts 9-12 months, can last up to 2 years
 Typically occurs every 2-7 years

Oceanic Nifio Index (ONI) Blue La Nina

-0.4|-0.1]0.2 0.7 1.2 | 1.5 1.8 2.1 | 2.5 2. pRcIl Strong El Nifio
1.8 '1.4 0.9 04 -0.2|-0.7 -1.0 -1.2 -1.3 -1.4 -1.5 97-98
-1.3 -1.0 -0.9 -0.9 -1.0 -1.0/-1.1 -1.1 -1.3 |-1.5 -1.7
-1.5 -1.2 |-0.9 -0.8 -0.7 -0.6 -0.5|-0.6 -0.6
4 1-0.2-01 -0.1 | -0.2
0.9 | 1.2
0.4 | 0.4
0.8 | 0.7
0.0 | -0.2
0.5 | 0.8
-0.8  -1.1 | -1.2
-0.1 | -0.2 | -0.5
1.1 | 1.4
-1.4 | -1.5 | -1.5
4 1-0.6 -0.8 | -1.0
0.4 . 0.6 | 0.2
.. -0.3 3 -0.2]-0.3
0.1 | 0.1 | 0.0 | 0.0

2014 Warming Ocean (switch from negative to positive values)
Updated 11-19-14 http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Is this year an El Nino year?

Most of the models predict weak El Niilo conditions for winter and spring
Published: November 6, 2014

During September through October the observed ENSO conditions retreated from those of a borderline El

Nifio to a warmish ENSO-neutral state. However, most of the ENSO prediction models continue to indicate
development of weak El Nifio conditions during the October-December season in progress, peaking at weak
strength during winter 2014-15 and lasting through most of northern spring 2015.

Early—-Nov CPC/IRI Consensus Probabilistic ENSO Forecast

100
- ENSO state based on rlqmos_at SST Anomaly Forecast
Neutral ENSO: -0.5°C to 0.5°C o
a0 EmE| Nifio
Bl Neutral
70 o
§, . | a Nifa
=
T 50 Climatological
Probabili
_§ 40 robal |'|Ey
E - - = El Nifio
30 Neutral
—— La Nifa
20
10
OND NDJ DJF JFM FMA MAM AMJ M JJA
014 Time Period 2015
Red bars: El Nifio conditions Blue bars: La Nifia conditions

Updated 11-19-14 http://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/



Pacific Decadal Oscillation

Long term pattern of climate
variability similar to ocean
component of El Nifio

20-30 years vs 6-18 months

Anomaly patterns during warm and cool
phases of PDO

Sea Surface Temp (colors),

Sea Level Pressure (contours) &
Surface Wind Stress (arrows)

Warm phase (positive) Cool phase (negative)

http://jisao.washington.edu/pdo/

pt)

Historical Pattern of PDO

™ -
=g

FDO Index
of May-

Warm Regime http://www.nwfsc.noaa.gov/
research/divisions/fed/oeip/
ca-pdo.cfm

1930 1940 1950 1960 1970 1980 1990 2000 2010







Group Activity

Group 1: Pacific Decadal Oscillation Group 3: Madden Julian Oscillation

Hands Down
Hands Down

Wet phase Dry phase
Atmosphere

Group 4: Seasons

Wet Season Dry Season
Geophysical
Group 5: Scientists

Big Storm Conditions Likely Drier Conditions

Hands Down
Hands Down
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c
>
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acorded as obs of rain,
snow, temperature |

» Alignment of processes necessary for
extreme events
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