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t climate drivers,
est Coast environment:

+Natural climate “modes"
ENSO
PDO
NPGO
Intraseasonal bursts—atmospheric rivers

+ Anthropogenic changes from greenhouse gases




CHANGE IN NUMBER OF GROWING-SEASON DAYS/YEAR
UNDER ASSUMED +3C WARMING
[GROWING SEASON = INTERVAL FROM FIRST TO LAST 3-DAY > 5C]

DAYS PER YEAR



and cool phase ENSO

SST, SLP, and sfc wind stress anomalies

El Nino Southern Oscillation
El Nino La Nina

Interannual
a-alr mode

pics involved
ale: 2-7 years

Aracteristics vary
siderably within different events
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Composite NDJFM 700 Ht. Anoms (m)
No. California Large Low Freq Wave Energy
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sfo ann & mon tide 1900-2007
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West Coast sea level has a strong EIl Nino signal

Interannual peaks at San Francisco are nearly all large El Nino years
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evel atmospheric high/low pressure features

500mb Height Anomalies 40N
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evel atmospheric high/low pressure features

500mb Height Anomalies 40N

Two La Nina ye
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NCEP Reanalysis | Daily Mean Data 9 December 1999
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South Coast California October thru March Precipitation
(versus Southern Oscillation Index for prior June - Movember)
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/ors high streamflow

‘ u t I We St El Nino vs. La Nina Daily Hydrographs
{1948-1995)
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NINO3 SST INDEX, 1904-1990
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acific Gyre Oscillation

NPGO Mode

defined: as 2nd EOF of SSHa
in the Northeast Pacific

E., Schneider N., Cobb K. M., Chhak, K,
J. S., Miller A. J., McWilliams J. C., Bograd
ngo H., Curchister E., Powell T. M. and P.
2008: North Pacific Gyre Oscillation links
climate and ecosystem change. Geophys.
Lett., 35, LO8607, doi:10.1029/2007GL032838.
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he North Pacific Gyre Oscillation (NPGO) Is a climate pattern that
' merges as the 2nd dominant mode of sea surface height variability
(2nd EOF SSH) in the Northeast Pacific. The NPGO is significantly
correlated with previously unexplained fluctuations of salinity,
nutrients and chlorophyll-a measured in long-term observations in the
California Current (CalCOFI) and Gulf of Alaska.




1 Northeast Pacific 2 California Current 3 Gulf of Alaska
Physical-Biological Variability CalCOFI Observations Line P Observations

explains
PDO mode  _=°*P
Pacific Decadal Oscillation (PDO}
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Morth Pacific Gyre Oscillation (NPGO)
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year

D Lovenzo et al., GRL 2008.
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PDO Difference in Frequency of precip > 90th %ile
PDO(warm) - PDO(cool)
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heaviest precipitation
has occurred more/less
frequently during
warm PDO phase




a. L67: Time (days) to accumulate 67% of annual total precip
Mean of length of record, daily CO-OP and 1st order stations

Along West Coast, particularly California, there is a short
isonal window during which the year’s water supply is delivered




AVERAGE NUMBER OF DAYS/YR TO OBTAIN HALF OF
TOTAL PRECIPITATION, WY 1951-2006

days/year
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And, the
number of days
during which
most of the year’s
precipitation occurs
IS relatively few




alifornia's arsenal...

» All 7 major floods of Russian River
3 since 1997 have been caused by
17 Feb 04 daily ALy atmospheric rivers

SSM/ WV Image: 16 Feb 2004
I I

streamflow rank

® Record
O Top 0.2 percent

O Top 1 pereont | » The 9 largest winter floods of Carson

@ Top 2 percent

* Remainder of sites ; :- " Rlver SinCe 1950 have been
5 N atmospheric rivers (l.e., pineapple

expresses) Stations with Mean Precip > +2 mm
on Russian River flood dates

Corresponding
precip patterns
tend to be

Ralph et al, GRL, 2006; restricted mostly

Neiman et al, in press; "
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Dettinger 2004 to Pacific coast
states
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Upward trends
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gRghrtides in Winter 1983 -- heavy coastal damage

Two high tides and two low
Scripps Pier (SI0) daily tides, unequal in
I amplitude.

150 — T T T T 1
+ storms

100y ' | | Monthly tidal changes

t 1 dominated by spring-neap
‘E‘ % N |. cycle, with two periods of
E “ l I “ l“” I' “ “ relatively high tides
% " “ l ‘ (springs) around full and
T g0l new moon. One spring tide
a range per month is usually

~100/ higher than the other on

this coast.
—150 L1 L 11
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The highest monthly tides in

December 1982 - March 1983 the winter and summer
High tide levels vary by about 1 m months are higher than

Highest storm-forced level = 28 cm el Ty EnichiE]
as a result of lunar and

solar declination effects.




San Francisco Bay/Delta
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http://earthobservatory.nasa.gov/INewsroom/NewImages/Images
Incalifflood_amo_2006004_Irg.jpg




NDJFM 1997-1998 hourly river stage
(river monitor stage marked)

Sacramento River at Mallard Island
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and ocean tides




High Emissions

Medium- High Emissions

Low Emissions

High Emissions

Medium- High Emissions

Low Emissions

Figure 1. IPCC SRES Emission
Scenarios ((Nakicenovic, N. et al..
2000 ).

le

sres.ciesin.columbia.edu

www.cgd.ucar.edu/cas/wi

magicc/index.html




Global sea level projections

the B1 and A2 emission

enarios using the Rahmstorf (2007)

heme for each of the three models.
Both the original Rahmstorf (dashed
curves) and a version adjusted for the
affect of reservoirs and dams (solid)
are shown. Historical (blue) and
projected simulations (red shades) are
shown along with observed global sea

level (aqua).

CHRM CM3 — GFOL CM2.1 == MIRDC3.2 (med)
MF| ECHAMS —— NCAR CCSMZ — NCAR PCM1

sllor Rahmsbedl (30607) Science VOL 315 pp 368-3T0
Chao ol al. {2008] Scenoeapiess 13 March 2008 10.1126'sclence. 11 54580




San Francisco hourly sea level
GFDL CM2.1 historical (20c3m) and climate change (SRESAZ2) simulations

San Francisco
continuous hours sea level exceeds historical 99.99th percentile
GFDL CM2.1 20C3M and SRESA2 effects of dams not included
longest number of continuous hours for each year

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
year

Projected sea level
San Francisco

Under projected global
warming, such as in
the GFDL A2 simulation
sea level rises considerably
by 2100, in this scenario by
approximately 0.9m.

At San Francisco
high sea level events,
exceeding high threshhold
occur increasingly often and

persist for longer durations.



Annual Temperature Projections, Sacramento area
from 8 IPCC AR4 global climate models, SRES A2, B1 and commit
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regional
and global
surface

temperatures
rise markedly

This impacts
Sea level rise
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GFDL A2 1km downscaled to 1km
Hugo Hidalgo Tapash Das Mike Dettinger




GFDL CM2.1 Jun-Aug air temp change
2070-2099 minus 1961-1990

sfa air tomp difference
(2070-2099 minus 1961-1990)
sresa idl em2.1

lia
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EDECIVI2.1 IS a medium-high sensitivity
eI Other models produce less (or

Ore) warming
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Global land data from the Global Historical Climatology
Network (GHCN; Version 2) and global SST data from
the UK MOHSST and NCEP Ol SST (Version 2)
anoms based on 1880-2002 mean

Western U.S. data from the time bias corrected NCDC
statewide-regional-national dataset (Climate Division data)
anoms based on 1895-2002 mean




SENSITIVITY TO A +3°C WARMING

FRACTION OF ANNUAL PRECIPITATION FALLING

IN THE DAILY TEMPERATURE RANGE: -3C < Tavg <0C
[from 1950-1998 VIC 1/8-degree INPUT DATA]

on da.ys Wit
AvVerage

FRACTION

*““Rain vs Snow™
Computed by Mike Dettinger frgm gridded

historical US weather data (from Bates et al, in
rev)




g spring warming 1950-1997

la warmed 0.5-1.5C

Spnng temperature trends
1950-18997 (deg C)
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less snow, more rain
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More Rain
L_ess Snow
WY 1949-2004

ier (Nov-Mar) SFE/P trends at western US
lher stations: symbol area is proportional to
ly-period changes, measured in standard
ations as indicated; circles indicate high trend
nificance (p<0.05), squares indicate lower trend Noah Knowles et al. 2006

ificance (p>0.05). in press J. Climates;




1t bloom timing
anced by 1 wk
at cooperative
)Server sites in the
stern United States
- 1957-1994

an et al., 2001;: Bull Am Met Soc

b

lilag bloom t:lat.es.
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| spring temperatures, lilac bloom dates and streamflow pulse dates
Western United States
___ Padific MYV temperaturas F \1
4o PCA of lilag bloom dates
- PCA of streamflow pulse dates
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e number of large wildfires in western U.S. increased by 4X -

Anthony Westerling et al. Science August 2006
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cant losses of spring snowpack

2060 SWE

2030 SWE 2090 SWE

e |_ess snow, more
rain

.........

o Particularly at
lower elevations

........................................................................................................

e Earlier run-off

 More floods

_______________ s 'S SIS R e, T S L S P T e e |_ess stored wate
- April SWE: 95% ® ) | April SWE: 64% =, % | | April SWE: 48% 'v,,“ .
U O - . T Y

42
Knowles and Cayan 2001




erns of precipitation changes

90-2099 versus 1980-1999
multi-model A1B
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Sacramento region precipitation change from 1961-1990

.|

| ESRES B1

1 OsREs A2
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2005-2034

San Diego region precipitation change from 1961-1990
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12 AR4 GCMSs,
2 emissions s
scenarios---
an uneven

CONSensus
toward lower
California
precipitation
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In future decades, Sierra floods would be more active as larger portions
“of mountain catchments are likely to produce rainfall runoff
instead of snowpack.

Events having high\open_coast sea levels and large fresh
water flows into Delta and Bay increase considerably.




reservoir daily inflow on high sfo sl days
from VIC 1949-1999 simulation and sl model (2001-2099)
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Sacramento + San Joaquin

Sacramento+San Joaquin Flows during High San Francisco Sea Level:
simulated by Bay watershed model driven by GFDL A2 simul
marked increase in number and intensity




Annual Precipitation Projections, San Diego area
from IPCC AR4 global climate models, SRESA2 and B1
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| GFDL CM2.1, CNRM CM3 and NCAR CCSM3
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