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There is a high likelihood of substantial
climate change in mediterranean regions.

This places an imperative to
measure, understand and plan
for climate change impacts across
the Southern California landscape.



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 Mike Dettinger




Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawaii
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the rapid, continuing rise of CO2 and other greenhouse gases -- a critical concern
*  they “trap” terrestrial radiation and heat the earth
*  they reside in the atmosphere for decades-centuries



ecent warming accentuated over No Hem land masses

2001-2006 Mean Surface Temperature Anomaly (°C)
Base Period = 1951-1980 Global Mean = 0.54




Variations of the Earth’s surface temperature
Departures in temperature in °C (from the 1990 value)

Projections
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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




Annual Temperature Projections, San Diego area
from IPCC AR4 global climate models, SRES A2 and B1
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GFDL CM2.1, CNRM CM3 and NCAR CCSM3
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Swarm members:
MPI ECHAM5 -- NCAR PCM1 -- MIROC3.2
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Sacramento region maximum temperature
GFDL CM2.1 CA downscaling
1961-1990 climatology (solid black line)




Nocal temperature anomaly
2070-2099 minus 1970-1999
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Days exceeding 1961-1990 99th %ile Tmax San Diego region MJJAS
GFDL CM2.1 SRESA2 34.3°C (93.7°F)
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Days exceeding 1961-1990 99th %ile Tmax San Diego region MJJAS
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GFDL CM2.1 SRESA2 (triangles) and SRES B1 (circles)




Annual Precipitation mchec)
1961 90 Average (PRISM SU/WR C)
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Annual Precipitation Totals (Water Year= Oct-Sep)
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. Ventura, CA: avg= 14.32 in. (1927-2010)

Ventura precip totals for 1991-1996 are estimated from Oxnard




Annual Precipitation Totals (Water Year= Oct-Sep)

(line = 9-yr running means)
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Ventura precip totals for 1991-1996 are estimated from Oxnard




Annual Precipitation Totals (Water Year= Oct-Sep)
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Ventura precip totals for 1991-1996 are estimated from Oxnard




Annual Precipitation Totals (Water Year= Oct-Sep)
(line = 9-yr running means)
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Annual Precipitation Totals (Water Year= Oct-Sep)
(line = 9-yr running means)
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. Ventura, CA: avg= 14.32 in. (1927-2010)
. UC Los Angeles, CA: avg= 16.66 in. (1933-2010)
. Topanga Patrol Stn, CA: avg= 21.94 in. (1949-2010)

Ventura precip totals for 1991-1996 are estimated from Oxnard




Annual Precipitation Totals (Water Year= Oct-Sep)
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California’s history is marked by extended dry spells

California Department of Water Resources photos



multi-model
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February 1980 after a “pineapple express” warm moist storm episode
Confluence of Etcheverry Creek and Santa Maria Creek
Westerly view from Voorhes Lane, Ramona, CA




The Atmospheric River
California’s primary flood
generator.

SSM/I IWV Image: 16 Feb 2004

17 Feb 04 daily
streamflow rank

@ Record

O Top 0.2 percent

© Top 1 percent

@ Top 2 percent

* Remainder of sites

IWV (cm)

Figure 5. Composite SSM/I satellite image of IWV (cm;
color bar at bottom) constructed from polar-orbiting swaths
between ~1400 and 1830 UTC 16 February 2004, and
ranking of daily streamflows (percent; see inset key) on
17 February 2004 for those gauges that have recorded data
for >30 years. The streamflow data are based on local time
(add 8 h to convert to UTC).

Flooding on California’s Russian River: Role of atmospheric rivers

F. Martin Ralph,' Paul J. Neiman,' Gary A. Wick,"' Seth L. L':'LLJJmIL'
Michael D. Dettinger,® Daniel R. Cayan,® and Allen B, White®




Most frequent heavy 3-day precipitation events
California experiences extremely heavy precipitation!
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NUMBER OF 3-DAY EPISODES
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Temperature Anomalies (F)
Jul to Sep 2001
Versus 1950—-2007 Longterm Average

Influence

SoCal coastal temps
Were decidedly cool

in contrast to anomalous
warmth in interior

NOAA/ESRL PSD and CIRES—CDC
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LOS ANGELES, CALIFORNIA

PHOENIX, ARIZONA

g Daily Average and Normal Temperatures ';35 E‘ Daily Average and Normal Temperatures
30 - 30 57
304

251 25 75

204 20 204

154 15 127

104

101 H10 ‘.

5 ] o] u]
WAY  JON  JUL AUG  SEF OCT WDV DEC MM FEE MR AFR MAY  JON  JUL AU SEF OCT  NGW  DEC 4N FEE MR AFR
2010 2011 2010 201
31—Day Running Mean of Daily Termperature Departures 31—Day Running Mean of Doily Termperature Departures

2 {%rean Line dapicts mean daportura for the pericd: —0.72'C

4 J%rean Line dapicta mean daportura for the peried: 1.33*C

TYWA WM UL Al SEF OfT WOV GEC N FRE WR PR T2 WM UL Al S 00T NBv DR N FEH WR APR
21010 3011 21010 2011
45DGT|}F Maxirmum {red) and Minimum {blue} Tem ;:uvs:rr::’u.n*fs@:45 5I:I[Z‘h:ﬂlj,.r Maximurm {red) and Minimum {blue} Tem peruturesﬁu
40 L 40 451 - 45
a0 F40
35 ]
25 ]
30 r 30 304 -3
251 23 251 24
a0 20 a0 1 F20
154 & 15 : 3 M I : 3
104 10 54 -5
ch B 0 -0
0L . ; ; : : ; : . : : ; 0 -5 . ; . : : ; : . : : ; -5
Mt JON JIL a0e SER OCT  HEv DEC  JAH FEB MRR  APR Mt JON JIL a0s S OCT  Wiv  DEC  JAH FEB  MAR  APR
2013 011 201 2011

ota updated through 24 APR 2011 ota updated through 24 APR 2011

CLIMATE PREDICTION CENTER

CLIMATE PREDICTION CENTER/NGC




MODIS Terra: Jun 5, 2010

Iv..



jun 1600 Z Satellite Correlation COOP tmin Oceanside jun 1600 Z Satellite Correlation COOP tmax Oceanside
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Daytime Low Cloud Fraction
June

Cloudiness is highly v
over yearly and dec
time scales
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since 1985 the number of large wildfires in western U.S. increased by 4X

Anthony Westerling et al. Science August 2006
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Anaheim
Long Beach

San Diegé': :

13 major fires in CA&
Mex.

> 300K hectares (750K
acres)

24 lives lost
239 injured
4866 structures lost

> $2 billion in insured
losses

$176 million in disaster
relief

$116 million in
suppression costs

Largest fire (Cedar) and
largest fire siege in
California history



Fall Santa Ana hours
percent of valid hourly observations

Sep 1 - Dec 15
Los Angeles (KLAX)

L B
1950 1960 1970 1980 1990 2000 2010

Great Basin site at Elko (KEKO) used for pressure gradient
updated through June 2010




Four Forests, RRU, LAC, ORC, sSBC

1940 1960 1980

Area Burned 1930 — 2008: an increasing trend?
four national forests, Riverside Co, Riverside Co, LA Co, Santa Barbara County




r during high sea levels, the sea is often not quiescent ‘
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OBSERVATIONS AND MODi‘ELS INDICATE:

Southern California’s dry, volatile climate will'likely'p
climate changes ramp up during the next seve e

gént even more challenges as global

e exacerbated in a
gon are scattered, but
anedgregions globally.

Southern California’s hydrology is proRgs C
warmer climate. Recent climate md
several show moderate drying as tend

Sea level rise could pose enormous ch AN |‘_" e ms and society.
Recent estimates are varied, but many & | 3|3 Bcvel g d rise 1 meté

more above present-day levels by 2100, a BRI for ndBliea| and human
systems to adjust to 2
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Recent climate model projections suggest that W mer.

Sustained monitoring of climate and climate-3 al to detect and

understand changes and to plan for the future.
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Frank Gehrke,

kalifornia \;7', . 8 Snow Surveys, DWR
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SENSITIVITY TO A +3°C WARMING...

FRACTION OF ANNUAL PRECIPITATION FALLING
landscapes of IN THE DAILY TEMPERATURE RANGE: -3C < Tavg < 0C
the western [from 1950-1998 VIC 1/8-degree INPUT DATA]

United States, LI b i)
such as the west Wy | i
slope of the 1 |
Sierra Nevada, |
have a
significant
fraction of their
water budget
falling in a 1
temperature
zone that is
vulnerable to
climate warming.

0.35
More vulnerable

Less vulnerable FRACTION

“Rain vs Show”

Computed by Mike Dettinger from gridded historical US
weather data (from Bates et al,2006 WRR)




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

L L A A A 1 " i " L 1

| ”M“'( {f

A
if
“l

i
%'néuhm& ‘ "t"}\'”}"‘}‘ A )‘"‘\\ '“"

H'n»u

b ol

—
1900

historical commit

GFDL CM2.1 ——- NCAR PCM1 —- MIROC3.2 -- CSIRO Mk3.0
IPSL CM4.0 -— MPI ECHAM5 —— CNRM CM3.0 —— UKMO HadCM3




Mediterranean Coast NPS, Ventura 4/14/2011

Southern California’s vulnerability

to.climate change
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Carbon Dioxide Variations
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L&67: Time (days) to accumulate 67% of annual total precip
Mean of lkength of record, daily CO-OP and 1st order stations
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Jays, California
must accumulate two thirds of
Its annual precipitation




mar 1600 Z Satellite Correlation COOP tmin Oceanside mar 1600 Z Satellite Correlation COOP tmax Oceanside
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aug 1600 Z Satellite Correlation COOP tmin Oceanside aug 1600 Z Satellite Correlation COOP tmax Oceanside
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Correlation of Monthly Means
Morning Low Cloud Fraction vs. Inversion Strength
San Diego Jun-Sep 6am - 9am (Local Time)




Inversion Strength from Radiosonde Measurements
Time period = 1960-2008 Subsidence Inversions Only

Green Curve = 6-month running mean
Red Curve = 5-year running mean
Blue line = long-term trend

San Diego

Inversion Measure=DTINV Time=00Z Subsidence Inversions Only

DTINV Anomaly (K)

Oakland

Inversion Measure=DTINV Time=00Z Subsidence Inversions Only
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Climat

GFDL CM21
SRES A2
MIDMID

thresh=840
no migration
2050

Under warmer and some
Drier climate by 2050, ¢
Statistical model indi
Increases in wildfi

by 100-300%




Height

the Southern California atmosphere
often experiences a low level temperature inversion

Inversion Layer
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