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1. California’s Wild Precipitation Regime

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

California precipitation
S uniquely variable

Std Dev of Annual Precipitation
Mean Annual Precipitation
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Dettinger et al, 2011



1. California’s Wild Precipitation Regime

c) AVERAGE NUMBER OF DAYS/YR TO OBTAIN HALF

OF TOTAL PRECIPITATION, WY 1951-2008
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Just a few storms
each year are the
core of California’s
water supplies

Dettinger et al, 2011



1. California’s Wild Precipitation Regime

Three-day episodes with > 40 cm precipitation since 1950
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2. Classical MidLatitude Cyclone

Geometry

“Dry intrusion” from the
upper level (mainly from
the upper troposphere and |, “Warm Conveyor Belt” from

lower stratosphere) the lower level in the
atmosphere

A sketch of relative isentropic flow in a
baroclinic life cycle, from Thorncroft et al. [1993]



2. What are Atmospheric
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Atmospheric rivers contain 95% of poleward water vapor flux outside the Tropics,

in <10% of the zonal circumference



2. What are Atmospheric
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SSM/I = Special Sensor Microwave Imager



Latitude

2. Atmospheric Rivers

72 hours ending on 16 June 2011 (Last Week)

Morphed composite: 2011-06-13 16:00:00 UTC
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2. Classical MidLatitude Storm %
Geometry é =

“Warm Conveyor Belt” from
the lower level in the
atmosphere
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A sketch of relative isentropic flow in a
baroclinic life cycle, from Thorncroft et al. [1993]



2. Atmospheric Rivers

Ralph et al., 1998-11: NOAA PACJET/CALJET/HMT/CalWater field campaigns
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-Lateral structure from satellite data (~400 klm vlvlidth & ZbOO km long)
-Vertical structure from airplanes & radar (intense jet of vapor transport

between 1 — 2 km above sea level)



2. Atmospheric Rivers

West Coast Landfalling AR:
72 hours ending on 30 Dec 2010

Morphed composite: 2010-12-27 00:00:00 UTC
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3. Why do Atmospheric Rivers Matter?

HOW TO RECOGNIZE AN AR...

SSMI Vertically Integrated Vertically Integrated

LRI I Cpntent Water Vapor Transports

Iy
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Dettinger 2004; Dettlnger etal, 2011

Remote Sensing Systems | -
www.remss.com .
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A typical AR transports between 7

s — 15 times the amount of water
(> 2000 km long; < 1000 km wide; that the Mississippi discharges
IWV >2cm)

into Gulf of Mexico (on avg)



. Cataloging atmospheric rivers

* Pineapple-Express (PE) chronology, 1948-2008,

based on total Water-Vapor Transports (pettinger 2004; dettinger
et al, 2011)

[61 years; 6.4 events per Nov-Apr; 390 total]

* AR chronology, 1998-2008, based on SSM/I
Imagery (Neiman et al, 2008)

[11 years; 16 events per Nov-Apr; 176 total]

In period of overlap, 71 of 73 PE events are also in
the AR ch ronology - PEs are just a “subspecies” of AR



17 Feb 04 daily
streamflow rank

@ Record

O Top 0.2 percent

O Top 1 percent

© Top 2 percent

* Remainder of sites

1 * All major floods of Russian River

Atmospheric
river

Atmospheric-total water vapor

mmmmmm

since 1997 have been atmospheric rivers (ARS)

» The 9 largest winter floods of Carson River since

1950 have been pineapple expresses (just a particular
AR config)

* In Washington, 46 of 48 annual peak daily flows
have been associated with ARs.

DECEMBER-FEBRUARY DAILY DISCHARGE-CHANGES
°
Respo nSGS Of North Fork American River, 1949-1999
daily flows in 1000 —— -
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Ralph et al., GRL, 2006; Dettinger, 2005, Neiman et al., in press



3. Atmospheric rivers and flooding

...and when it came right down to it, when asked for make a Franken-

storm for California emergency managers:

AR in ARkStorm = Atmospheric River
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Porter et al, 2010; Dettinger et al, in press




CONTRIBUTIONS TO TOTAL PRECIPITATION FROM:

AR episodes (days 0 + 1), PE episodes (days 0 + 1),
WY 1998-2008 | WY1951-2008
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Recall: Only 40% as
PERCENTAGE OF TOTAL many PE/yr as ARs
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Dettinger et al, 2011




E

a) OF AR EPISODES

days 0 to +3), 1998-2008

CONTRIBUTIONS TO TOTAL STREAMFLOW
b) OF PE EPISODES
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days 0 to +3), 1949-2008

Dettinger et al,
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Hourly GPS IWV from BBY (cm)
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Observed Rainfall Intensity (colors) vs
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4. Recognizing Atmospheric Rivers in

simulations

Simulated Forcings (upslope wind) and
Fuel (water vapor) on Central CA Coast

Dec-February Daily Conditions, 37.42N 126.25W

GFDL CM2.1 GCM under Historical & A2 Emissions
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4. Future Atmospheric Rivers
(under A2 emissions)
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DISTRIBUTIONS OF INTENSITIES

OF DJF AR DAYS
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4. Future Atmospheric Rivers

(under A2 emissions)

Average numbers of AR storms on Central California
coast in 7 climate-change projections & historical

Reanalysis 5.8 days/yr 42 % of yrs 3 % of yrs

1961-2000

Projections

1961-2000 8.7 26 16

2046-2065 11.6 12 28

2081-2100 11.7 16 32
25% 46% 100%

Dettinger. 2011 increase decrease increase



4. Future Atmospheric Rivers

(under A2 emissions)

* More vapor content’ bUt Changes in AR Intensitities, 2046-2065 vs 1961-2000
weakening westerlies Wor—T—7T 1 1 T T T T
—~Net increase in gt —
“intensity” E L l
%125 w  ® . .
Sobron : -
* Warmer ARs (+1.8 C)but 2z | [ = . E
warming of ARs is marginally © 00 s ————— -
less than overall winter warming %" I . = = .
20 |
. | 1 | | | | 1 1
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Dettinger, 2011



5. ARs & Delta ecolosystems

Yolo Bypass
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5. Recent Yolo Bypass Outflows
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5. Recent Yolo Bypass Outflows > 2 weeks

Begin date Duration of Additional ARs
>4000 cfs (maintaining
flows, in inundation?)
days

. - Jan 16 1998 87 199801 15 1998 02 02/03
Of 10 occasions with O GRE

outflows > 2 weeks from 1998 03 22/23
WY 1998-2009, 8 of 10

, Feb 10 1999 32 199902 07 1999 02 07
periods of foodweb-
a 0 ccl\lll‘\f\f\f\ﬂ"\'lap
worthy Yolo inundations ~ Feb 142000 3 20000305
were initiated by ARs, Dec 30 2001 202201 129%a0 - 20020102
and a 9t began with a 20020106
possible-AR. Dec 17 2002 43 20021216 2002 12 27
2003 01 12/13
Dec 30 2003 18 _Bigsbiie
Feb 18 2004 26 “zvomuZ 16/17
Jan 12005 16 2004 12 27 2005 01 10
Dec 25 2005 30 2005 12 22 2005 12 28
2005 12 30/31
Feb 27 2006 67 20060227 2006 03 06

2006 03 25 ...



5. Recent Yolo Bypass Outflows > 4 weeks

Thus, of 6 outflows
persisting > month from
WY1998-2009, 5/6
periods of splittail-worthy
Yolo inundations were
initiated by ARs, and the
6t began with a possible
AR.

All maintained by
additional ARs.

87 199801 15

32 1999 02 07

/\
33 “SSMI200002137
\

43 2002 1216

30 20051222

Begin date Duration of
>4000 cfs
flows, in
days

Jan 16 1998

Feb 10 1999

Feb 14 2000

Dec 17 2002

Dec 25 2005

Feb 27 2006

67 200602 27

/

Additional ARs
(maintaining
inundation?)

1998 02 02/03
1998 02 05
1998 03 22/23

1999 02 07

2000 03 05

2002 12 27
2003 01 12/13

2005 12 28
2005 12 30/31

2006 03 06
2006 03 25 ...




5. Possible AR...what do you think?

Integrated Water Vapor Imagery for 13 Feb 2000:
SSM/I F13 v6 Atmospheric Water Vapor: 2000/02/13 - AM Hours: 0-~12 UTC - Global

90 120 150 180 210 240 270 300 330

Remote Sensing Systems ,f
WWw.remss.com
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5. ARs & the Yolo Bypass

» Annual peak Yolo Bypass outflows have been associated with
ARs or possible-ARs in 7 / 8 recent (1998-2009) water years that
experienced substantial Yolo flows (>8K cfs).

» Of 10 recent episodes with the kind of > 2-week-long Yolo
outflows > 4000 cfs necessary to get inundated-flooplain
foodwebs up and cranking, 9 / 10 were initiated by ARs or
possible-ARs.

» Of 6 recent episodes with > 4-week-long Yolo outflows > 4000
cfs necessary for a complete spilittail life cycle, 6 / 6 were initiated
by ARs or possible-ARs.




5. ARs & estuarine salinities...not yet, sorry

DELTA INFLOWS
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Conclusions
* ARs are major flood generators in California.

* ARs also contribute about 25 — 50% of all
precipitation and 20 — 50% of all streamflow In
central & northern California, 1998-2008.

* ARs are projected to increase modestly on avg,
but also to include seme much more extreme
cases under climate change.

* ARS play a key role in (recent) Yolo floodplain
inundations and prebablyinfmany aguatic Ilfe-

history settings. - R
A

| j ~(Callfe>rma Is implementing a world-class obs
- netyvork to better track/fcast ARs in flood Coﬁtext)




