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NV eather and Hydrology.

Winter rain: Western WA & OR

“Flashy” basins; flood develops 12-36hrs
Intense rainfall — from Atmospheric Rivers
Steep terrain means rapid runoff concentration
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== NV eatherrand Hydrolegy

Average Annual Precipitation, Pacific Northwest,
1961-1990

Legend (inches)

« Wet / Mild

* Dry Summers{g &
« Winter Rain ﬁ _
= '{t 'ﬁ"ﬁ :

The Cascade mountains divide the wetter west from the drier east. Source: Mapping
by C. Daiy, graphic by G. Taylor and J. Aiken, copyright ' 2000, Oregon State University.
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==EAN At 1S ant Atmoespheric River (AR)?
\What 1s the Pineapple Express?
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= . All'Major Western Washington Floods are

caused by Intense AtmoespReric RIVErS

RIVELS INIhE SKY/

RT MGR IR NORM 16012 7 FEE 1896

Result in Flooding
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s O1LeN Set rainiall recoras
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ATMOSPRERIC RIVEXS

Occupy: 10% of:the mid-latitudes

Carry: 90% of poleward moisture — a link
Petween weather: and climate

3-5 almOSPREric rIVErs per hemisphere
Trransports three times as much water as the
MIISSISSIppI

One hundred yard wide pipe gushing water
at 30 mph
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HEAVY RALN, BREEZY
Tigh, 52 Low, 45.
> LOCAL BI4

Deluge
will hit
Cascade
snowpack

BY SANDE DOUGHTON
Seattie Times schence repaeter
Cities across Western Washingron
are bracing for arsoher sk
season that has aleeady
gionasenesof nasty blows.
‘This time, the pain will comse in
the foens of drenching eain followed
socds asd the threat of lad.

It the re-

tie uImI) i1 Lewss Coun
reach recued Jeve ls an

Flooding
may close
I-5 again at
Centralia

Avalanche
shuts down
Stevens
Pass

cral dans in Decomber 2007,

Major flooding also was forecast
on the Skagit River near Concrere,
the Snohoesich River near Monzoe,
the Tolt River near Caamation, and
the Snoqualmie River near Cama
tion and Snoqualmie Falls.

Please see > FLOODING, A

© WERB EXTRA

The Latest forecast, traffic alerts
ond o [isf of fleoding refored
resowrces eve ot W

WEDNESDAY,

TheSe

JANUARY 7, 2009

attle Times

Indcpendont and kocally owned sioor 13

seattictimes.com

1.3 o seaiirs wenhly b8 Wiesied 5 WASHARS A I (Ve and (oline

COURTNET SETTHAN / FXE SRATILE SoMEs

Hegh winds and rein on Tuesday caused cars to inch along the 520 bridge.

City never
responded
to Metro’s
plea to plow

CALLS WEREN'T RETURNED,
BUS-SYSTEM CHIEF SAYS

Poor communication
crippled transit snow plan

BY EMILY MEFFTER
raff repovter
mmand censer and poor
on with Seartle road ceews
kept 50 nsany buses outof seevice that
Metro's esnergency snow plan was all but
useless during the Christmas snowstorm
h srmndcd thousands of riders, a Mesro

Kang County Mt
Kevin Desmond told ¢

Contribute significantly to seasonal rainfall and

SnowW pack

Produce Intense, extreme precipitation
Results In flooding and landslides
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= Pineapple EXPress IS a type of
ATmespheric RIVer

mospheric river which originates near Hawalii ,
tapping tropical moisture.
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== ATMoSPhERC RIVER Anomalies
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Viethoead of: Study/

IMatch peak annual flovw with known
alMOSPRERIC rVEr: patterns for water year
1997 - 2008

Locations of river basins in study



Peak Annual Flow and AR Events

Green River Inflows

oy
Green River, reservoir peak inflows and AR events
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The largest floods were atmospheric rivers
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Results

ATMOSPRENIC rVer Weather patterns were
responsible forallimajor floods and most
modest floods

Mud/Mountain' Dam -- Enumclaw, WA
Nov. 2006 - Evacuation discharge of 12,000 cfs, after AR induced flood peak



Peak Annual Flow and AR
Events

Skagit Basin, peak Sauk River flows and AR Events
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antecedent flood conditions
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October 2003 Flood Event
Skagit River Basin, WA
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Flow (cubic meters sec)

Peak Annual Flow and AR
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Annual Peak Flow

Sauk River

Annual Peak Streanflow, in cubic feet
per second

USGS 12189500 SAUK RIVER NEAR SAUK, WA
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Precipitation

Rainfall

Central Cascades
NS Heavy Rain Confinues

+ DARW

Flood of Record: Skykomish, Carbon & Puyallup

e

A Ngﬂh_Ca.sgad
(& Rain tapers off

A+H®

Atmospheric river shifts
slightly south
Skagit avoids catastrophic flood

11/2/2006 11/3/2006 11/4/2006 11/5/2006 11/6/2006 11/7/2006 11/8/2006 11/9/2006

0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00
Time (hr)




s SKYKOMISAIRIVET
Noevember 2006 — record 129,000cts
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Courtesy of Professor addle \Website



L White River,, OR
SEside oMt Eood;, FIVAEY: 35

of Engineers.

[Downstream

November 2006 April 2008
After Nov 71" AR After clean up
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January 2009 Flood

24" hour rainfall
Forecast model

G-11 IMG 7 JAN 09 TIME=18:00 UTC RES - nail Init: 12 UTC Wes

9
k(d o 1 . " % Fest > Thu 08 Jan 09 (04 PST Thu Jan 0f
Mx % T in past 24 hr
o " 1307 1257 15 ¥ 1mow

SSM/I Microwave Image
Low level moisture

2009 01 07 1539



http://seattletimes.nwsource.com/ABPub/zoom/html/2008670741.html
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Conclusiens

Allimajor: floods i \Western Washington were caused by
alMOSPRERIC FIVErS

Major: flooding canibe caused solely by an AR without
typicalipre - existing flood conditions. ARS are a necessary.
and sufficient condition for flooding

Understanding the nature oft ARs will assist forecasters
evaluating flood potential

Basin orientation, narrowness and specific location of AR
core precipitation should be noted and respected.



of Engineers.

Amazing ARs

Continuous Intense Rainfall
o 10-.30//Ar- common - (12 -72 hrs)
AR Core
o . 30/-.50// hr— not unusual — (6-24Ars)
» .60-1.20 /'hr — occasional — (few hours)
Storm Totals (24-72hrs)
10~ 40>
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El Nifio / La Nina

ARS and ENSO

ENSO Neutrals IMost Extreme ARS e
\\/fest Coast (California & NW) .- RS

I—a Nina: Pacific NW — Highest Frequency ARS
California — LL.owest Freguency ARS

EI'NIno: California — Highest Freguency ARS
Pacific NV — [Lowest Frequency of ARS

MJO Connection - Currently Researched
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Amazing ARs

24 hour: raintall

Cushman Dam (7601t): 13.107 Dec 2007
Seattle (1001t): 5.02> Oct 20, 2003
Shelton (201t):  7.68™ Dec 2007
Raccoon Creek (10861t) 9.29” — 10hrs Dec 2007
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NV Eleeding IMVIRS

Rain Causes Major: Flooding

Rain on Snow and resulting Snow Melt
Causes Flooding
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NV Eleeding IMythas

Rain Causes Major: Flooding
INFPENSE Rain causes Major Flooding

Rainion Snow and: resulting Snow Melt
Causes Flooding

Snowmelt contributes 10 — 20% of runoff
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Amazing ARs

Not just Rain— INTENSE Rain
November 2006

\\ettest of:any month on Record
» Seattle — 15. 59~
o (Cascades foothills: 27.35”

Only one flood: Nov 6 -7 — One atmospheric river
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Amazing ARs

Impact on Snow.
[Depends on: elevation and AR core location

Increases snowpack
IMelts snowpack (limited)
ABSorps & stores rainfall into snowpack

January 2009 Washington Cascades - all three
effects
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Amazing ARS

Avalanche Risk Increases
- [Heavy/ Snow or: rain
- High winds
-\\farmer: temperatures
Road Closures More Likely

Interstate 90 - Snoqualmie Pass, WA
Elevation 3000ft
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Amazing ARS
|_andslide Risk Increases
IHeavy. rain on saturated slopes

1500+ landslides western \Washington:  Soutnem

California
January 2005 AR
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@ ARS — What's Next?

AR Rapidinstrumentation Deployment — Western WA Nov 2009
WA Coast/HHDam to support NWS/Army: Corps from NOAA/ESRL

AR Detection, Magnitude, Evaluation, Research
N[OJAVAVASS I

AR Imagery
CIRA Program, Colorado State and NOAA

AR magnitude/frequency & Climate Change
University of \Washington



°°°°° Hoeward Hansen Dam
Green River /[ Kent VValley

o Safety #1
o [Flood Pool Restrictions &
 Buy Flood Insurance
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[Histeny oftEloeding: Kent \/alley

of Engineers.

1938 = Near: current HWY: 18 ooking NE
towardnorth Auburn. People demanded action
— a dam to control flooding

Nov 24, 1959 — Before Howard Hanson Dam
near Longacres. Unregulated ( no dam) 1959
Flow: 27,000cfs

Estimated unregulated flow 2009: 36,000cfs
Actual regulated flow 2009 ~ 12,000 cfs
In 2009 HH dam held back major flood
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AnnualiReaks BIoWS
Stalle peaks after dam: built

ZUSGS |

USGS 12113000 GREEN RIVER NEAR AUBURN, WA 1996
|

Estimated peak

Howard Hanson Dam Ja_n 2009 -
Begins Operation without HH

1962 dam:
36,000cfs

Levee capacity
12,800 cfs
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1950 Eloed (befiore dam) & Now
Peake o ol Jani2009 was 25% higher




South Center

dam) & Now
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1959 FEleodl(efore dam) & Now




MituahiVieuntain Dam
VI AITE RIVEr:
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s INever:-underestimate the power. of:water:

Thank You

Impacts oft Atmospheric Rivers on Flooding In
\Western \Washington

Larry Schick-us. Army Corps of Engineers -- Seattle
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\Winter o1: 1861 - 1862

Several ARs move into West Coast, Noyv - Jan.

Major: rain/flooding: Oregon, Northern and
Soeuthern California

Califernia major: flood: Rainfall, LA-35
SkE-24 Central Valley floods
Willamette River: Salem — 490,000 cfs
Flood of Record

Frazier, Colombia, Willamette all freeze — Lake
Union freezes 6
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us gy o Histe £/

NoRWestNanVerAmEenR can Eistery

VWashingreniandi@regon are
IENIONES
WINtER 018641862 Gne ofithe
WOIStHon
Lecordion WA, BE, OR;CA

Viajerrains move from Britishr Columbia to
California
Erom Noev.=kEebr  NMajor: flooeds, then bitter. cold
In the N\W
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T e @verland Press Olympia
[DEcEmEN 16, 1861
(Rlays IB00Fs harpsichord music)

“the ran it rainetn every day, and every night also —
week In
and week out, frem the rising sun te the going

dewn efisame, there IS nothing but rain, rain, rain

fhe windows of: heaven are opened up.” Pluvius,
grieved

at seme earth giving wreng, Weeps as he would

never dry up.
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°W'Longacres 1951( [Looking North)
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THE SHECRETARY OF WAR,

TRANSMITTING

LETTER OF THE CHIEF SIGNAL OFFICER

ON THE

| CLIMATE OF OREGON AND WASHINGTON TERRITORY.

Willamette River
Flood of 1861

by George R. Miller

R JOHN WHITEAKER, addre

¢ on September 8, 1862, 5

California

alamuty a

immense qua

homes or me

agricultural interest

s of December [

lood of 1862

more than destr lives were lost. while

atempti

relieve otbers from

therr perils

While a civil war engulfed the nation, a devastating flood had inundated
a large part of the fertile Willamette River Valley in western Oregon
Often referred to as a “freshet.” the *Great Flood" of December 1861
took several lives and destroyed property, livestock, bridges, and towns
along the niver and its ributanes from Eugene 10 Portland. At many
locations in the valley, nver heights have not been equaled sinee. A
Salem, the flood reached an estimated gauge height of thirty-nine feet
almost a oot and a half higher than the flood of December 1964 and

| almost two feet higher than the flood of February 1890 %

| It was “the greatest flood known,” hydrologist M. D Brands

reported tn a summary of Nood runolf in the Willamete Valley

published in 1947 A 1949 U S. Army: Corps of Engineers report agreed

“The greatest flood ever experienced on [the] Willaette River uf

hen the first storms of the winter season arrived in California in
December 2005, they were initially a welcome sign that the state’s

long dry season was finally over. But as 2006 began, rivers were
pushed over their han he dso menniiled oo hn e

58 -z'l,

The Willamette River at Wells |,
sland in abour 19,
Buena Vista Ferry shown qt upper righ 2 u ) w”‘ e
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Satk: River: \Water: Year
11998=2004

AllTthe topr 10 peak danly flows
were allithe result of
Atmospherlc Rlvers




Peak Annual Flow and AR Events
Wynoochee River

Wynoochee River, near Montesano peak flows and AR events
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Peak Water Year Flow Date

The major floods are all the result of atmospheric rivers
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SUMMER AIMOSPRERC RIVErS

July 9t 1997 -- 91,400 regulated flow at Concrete,
Skagit River

Summer ARS have more water vapor, but weak low
level winds and dynamics, result in less efficient
precipitation.
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JUly285 2006 Science Viagazine
Jonathanvartn; University: of
\WISCOISIN

\When an atmoespheric river taps into
the tropics...

“all ' hell can break loose”

Sound up: Heavy Metal music
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* Urban £ lojoje]lnle

N LU

225

2006 Dec14r ElashrElood City — Wide\, ralnstorm bf ‘
recordintensity fiooded Iow-1ying areas of:city during
rushrhours Convection caused. Not an AR.

2008 Oct Creek Flood / \Watershed T'hornton. Heavy.
rainin October flooded many basements. \Watersheds
neavily damaged. Major AR

1996/7Creek Flood Tihorton More basement flooding.
Occurred inthe same storm that caused many
landslides. Rainon lowland snow. Major AR

Dec 2007 — Major rain in city, WWest Seattle raging
rivers, Shoreline, Magnolia, Sandpoint. Major AR



smen SLALNE CITY
241 Rainfall
Dec 3, 2007

RAINFALL ACROSS THE CITY
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