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Major Talking Points \’
est Coast

Pacific ARs are critical phenomena impacting the
of North America

— formation and physical processes
— contribution to water supply
— contribution to flooding

Outstanding Forecast Challenges

— Role of intra-seasonal tropical forcing on ARs
 MJO - tropical /extra-tropical interactions and West Coast outcomes

* When can we use MJO projections for 7-10 day lead-time for heavy
rain
— Forecast based reservoir operation s

— Classifying strength of AR offshore — scaling factor
— QPF for land-falling ARs still poor — timing and locations

Hydrometeorological Testbed
— Its purpose
— Its contributions to understanding and forecasting impacts of ARs

— Research to Operations
* progress and future plans



Zhu & Newell (in Monthly Weather Review, 1998) concluded that
1) Most water vapor transport occurs in only a few narrow regions

2) There are 4-5 of these within a hemisphere at any one moment

3) They are part of extratropical cyclones and move with the “storm track”
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Coined the term “atmospheric river”
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A Key Finding:

- atmospheric rivers are a key
to extreme precipitation and
flooding, as well as water
supply and stream flow on
the U.S. West Coast

Examples of AR events that
produced extreme
precipitation on the US
West Coast, and exhibited
spatial continuity with the

B tropical water vapor

prrasna e e man i Bl [CServoir as seen in SSM/|
satellite observations of
IWV.




SSMI integrated water vapor (cm)

SSMi cloud liquid water (kg m?2)

Observations of many atmospheric rivers were composited and define the average
width and strength of atmospheric rivers (from Ralph et. al. 2004).

45 ~100
I I I I I I I S I I I (|‘ e T
N 90 | - —
a0l it 4 2 il The average
i cOr 5% A | widthofan AR is
3.5 o - = 4L _ .
i % 70 roughly 400 km in
ol j ‘\‘.‘ | £eok - terms of water
I A < 50 A - vapor, and 150-
2.5 S 40l ;7 {415 km | 200 km in terms of
& i : clouds and
2.0 =30 : N .
é 20 — WV plumes > 2 cm; 312 samples (100%) | prEClpItatlon.
15 g [ — — IWV plumes > 3 cm; 84 samples (27%)
E10H | ==--- IWV plumes > 4 cm; 9 samples (3%) — ThlS is important
=3
o | E | | | | | .
190200 400 600 800 1000 1200 1400 00200 400 600 800 1000 1200 1400 partly because it
Cold Distance along baseline (km) Warm 0 Width centered on plume core (km) defines the spatial

'—-_FW-—T_'

-

[ [ [ [ [ [ I .
14 s - scales for which
coastal monitoring

is needed.

©
o

-
N
(o]
o

o -
o o
o [#)] ~l
o o o

o
(02}
N
o

<
S
oW
S o

o

[N
-
o

Cumulative fraction of pertubation CLW (%),
o

- ] | | | | | |
000200 400 600 800 1000 1200 1400 D0 400 600 800 1000 1200 1400 >

Cold Distance along baseline (km)  Warm Width centered on plume core (km)

o

o



SSM/I shows AR stretching across Pacifié
to Central Callforma
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Observational studies by Ralph et al. (2004, 2005, 2006) extend model results:

1) Long, narrow plumes of IWV >2 cm measured by SSM/I satellites considered proxies for ARs.

2) These plumes (darker green) are typically situated near the leading edge of polar cold fronts.

3) P-3 aircraft documented strong water vapor flux in a narrow (400 km-wide) AR; See section AA'.
4) Airborne data also showed 75% of the vapor flux was below 2.5 km MSL in vicinity of LLJ.
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Diagnosis of an Intense Atmospheric River Impacting the Pacific Northwest:
Storm Summary and Offshore Vertical Structure Observed with COSMIC Satellite Retrievals

by Paul J. Neiman, F. Martin Ralph, Gary A. Wick, Y.-H. Kuo, T.-W. Wee, Z. Ma, G. H. Taylor, M.D. Dettinger
Monthly Weather Review, 136, 4398-4420.

SSM/I satellite imagery Global reanalysis melting-level
of integrated water vapor (IWV, cm) anomaly (hPa; rel. to 30-y mean)
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| This AR is also located near the leading Melting level ~4000 ft (1.2 km) above
' ““edge of a cold front, with strong vapor normal across much of the PacNW

fluxes (as per reanalysis diagnostics) during the landfall of this AR



Thresholds in water vapor and winc
determining heavy hourly re

* The next 4 graphs each show 8 winters of ho ‘. B
observations from an atmospheric river
observatory near Bodega Bay operated in HMT.

* Over 18,000 hourly measurements of
— Water vapor
— Winds at 1 km above sea level
— Coastal mountain rainfall

e Conclusions are that the heaviest hourly rain
~’ . rates occur when

’V
? 48 — Water vapor (IWV) exceeds 2 cm, and

!!ﬁk Upslope winds at 1 km altitude exceed 12 m/s
/M‘&
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Any rain:
>0 m/s; >1 cm
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* Rain >5 mm/h:
>6 m/s; >1.5 cm

5 10 15 20 25
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Atmospheric river quadrant:
Strongest IWV fluxes yield
heaviest rains
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*Nearly 2/3 of tropospheric water vapor is in the lowest 2 km MSL.
Hence, to first order, the IWV flux provides a close estimate
of the low-level water-vapor transport into the coastal mountains.




Physical variables required f
precipitation (includes AR ¢

 Wind in the controlling layer near 1 km MSL
— speed > 12.5 m/s
— direction (determines location of rain shadow)
* Water vapor content
— vertically integrated water vapor (IWV) > 2 cm
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When atmospheric rivers strike coastal mountains (Ralph et al. 2003)
» Details (e.g., wind direction) of the atmospheric river determine which

watersheds flood
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Snow level was 8000-9000 ft initiall

Sugar Pine Dam received 5 inches of rain hours

ESRL Physical Sciences Division ESRL Physical Sciences Division
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Height (msl,

ESRL Physical Sciences Division
Precipitation Profiling Radar
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ESRL Physical Sciences Division

Coastal Atmospheric River Monitoring and Early Warning System
Model forecast provided by the ESRL Global Systems Division
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land-falling
atmosphericriver

Coast (profiler, GPS, rain gauge):

Bodega Bay (BBY; 12 m MSL)
Piedras Blancas (PPB; 11 m MSL)
Goleta (GLA; 3 m MSL)

I'I.' vl x
m-11 IHMi& 2 5 JAM DADDS QOIEED H=26-77 13665 04,00

Mountains (rain gauge):
Cazadero (CZD; 475 m MSL)

Three Peaks (TPK; 1021 m MSL)
San Marcos Pass (SMC; 701 m MSL) »
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Frequency of Occurrence for Observed and
Predicted 3” Precipitation Events

Ralph, F. M., E. Sukovich, D. Reynolds, M. Dettinger, S. Weagle, W. Clark and P.J.Neiman, 2010: Assessment of Extreme Quantitative
Precipitaiton Forecasts and Development of Regional Extreme Event Thresholds Using Data from the HMT-2006 and COOP Observers. J.
HydroMet.
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Atmospheric Rivers, Floods and the Water Resources of California

by Mike Dettinger, Marty Ralph, , Tapash Das, Paul Neiman, Dan Cayan
Water, 2011 (in Press)
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Atmospheric Rivers, Floods and the Water Resources of California
by Mike Dettinger, Marty Ralph, , Tapash Das, Paul Neiman, Dan Cayan
Accepted in Water
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Evolution of a Pacific Atmospheric River and
Subsequent Extreme Rainfall in PacN\\/

(a) Planetary-scale conditions including tropical and midlatitude waves; 24-26 Mar 2005 ’
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(c) Mesoscale conditions including
frontal wave; 26-27 Mar 2005

Ralph, F. Martin, P.J.Neiman, G. N. Kiladis, K. Weickman, D.W. Reynolds, 2011: A Planatery-to-Mesoscale Case
Study of a Pacific Atmospheric River that Caused Extreme Precipitation in Oregon: Impacts of Tropical
Forcings and a Mesoscale Frontal Wave. MWR, 139, 1169-1189.




Major 3-day flood volumes'CA

From Foos 2007

Comparison of Three Day Flood Volumes (to median)
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8-station WY rainfall related to
Phase of PDO and ENSO
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Decades color coded
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half red ball Conditions
1986

1997

980
1,970
1,960

1,950

¥ = MEl Oct-Mov
Y = Sept-Nov PDO
Clr = Year

11,983 Size =8 sta% no

" MEI Oct-Move=
>

ot Larger the sphere
& o ;
Current the wetter the year

Year .1,956 28

irculation By Combined Activity in the Madden-Julian Oscillation and the EI-Nino-Southern Oscillation
during Boreal Winter. J. Clim, 29, 4045-405%.

Roundy, P.E., K. MacRitchie, J. Asuma, and-sT.{AeIino, 2010: Modulation of the Global Atmospheric
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Napa River Flooding ~45 days apart

[(RMMT,RMMZ]) phase space for 1-Dec-2003 to 31-Mar-2004
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Flooding North Bay

MJO # 1 Identified MJO # 2 Identified
About 12 days About 14 days
flood flood
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May Floods Yosemite Valley
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AR May 2005

SSM /1 Water Vapor (Schluessel algorithm)
' May 18, 2005 Deszcending Passes '
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Yosemite Flooding

Merced River at Happy Isles
hourly discharges: updated 17 May 2005

84
Days since Jan 1 2005




About Field Programs Data Meetings Publications News Resources Experiment in Pro

Tools for Water in a Changing Climate

* http://hmt.noaa.qov/

Developing and prototyping
21st Century methods for
observing precipitation

o 2
Quantitative Précipitation Estimates

Addressing the challenge of
extreme precipitation
forecasting; from identifying

gaps to developing newtools
Quantitative Precipitation Forecasting gaf ! ping

Characterizing snow to address
uncertainty in forecasting, flood

i (’ontrol, and water management
What's New... _ g

March 4, 2011

Atmospheric Rivers in the N Evaluating advanced

observations of rain and snow
temperature, and soil moisture
to provide best possible
February 25, 2011 "forcings" for river prediction
Publication Notice: Assessment of Extreme AN
Quantitative Precipitation Forecasts and
Development of Regional Extreme Event - | | Developing tools for forecasters

Thresholds... I o B and users of extreme

Decision Support
February 18, 2011

New Network of Snow-level Radars
Deployed in California

HMT is led by the ESRL Physical Sciences Division

with partners across NOAA, other agencies, and universities.
)
.
Timothy Schneider Privacy Policy
Disclaimer
Contact Webmaster

hitp:/thmt.noaa.gow!


http://hmt.noaa.gov/

HMT-Legacy Project is deploying
a 21st-century observing system
to bear on the State of CA's water

—_
(@)
)

©

~—
)
©
=)
=
(@)
C
(@)
i

O
o™ ™

(Bap) apnyye




Conceptual Observation Network and Forecast
Lead Time of AR Development/Impacts

Frontal wave
stalls AR
L
" { over CA - AROS

Recurving West PAcific
Tropicals 5-7 days

Ensemble:MJO Fcst
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experiment “WISPAR”

Courtesy of Dr. Gary Wick (WISPAR Mission Scientist) and CMDR Phil

e 3

- NOAA UA1§_Pr9ject cond&ed
hieete 1 atechnology demo using the
P —— R NASA Global Hawk operated
o R EBET out of California and flown
over the Pacific to sample
atmospheric rivers using a new
dropsonde system for the first
time.
- GH can fly up to 28 hours
- Released up to 70 sondes in
one mission
g el | -3 Flights were conducted
e W=7 | between 11Feb — 12 Mar 2011

RTMM 9

Real Time Mission Monitor

A v‘,
V- Z \ ) P . _ . .
}'_ ! ﬁh Global Hawk flight plan highlighting dropsonde locations over an atmospheric river during a 24 hour flight.
/ ackground field is simulated IWV from the NOAA GFS weather forecast model. The actual flight lasted 16 h and
B e ) : :
b‘; w g@ed 37 dropsondes prior to a computer fault. The two later WISPAR flights each completed their 24 hour

/ f .

issions with 70 dropsondes each, including some observation in two other atmospheric rivers.



Total moisture fluxes associated
with 5 strong atmospheric rivers
(ARs) calculated from the North
American Regional Reanalysis
(NARR)

Annual
AR Flux value Discharge
Case (kgs™) Units
00 UTC
26 Jan
1998 3.67x108 18
00 UTC
17 Feb
2004 4.89x108 25
12 UTC
26 Mar 26
2005 5.23x108
/| e
; 06 Nov
% /2006 10.1x108 0
N A0 UTC
14 Oct 48

2009 9.62x108

Method

Horizontal transects taken normal to the AR
through the maximum vertically integrated
moisture flux (VIMF) value (i.e., core of the
AR).

Endpoints for the transects placed at 50% of
the maximum VIMF value

VIMF values taken at 100-km increments
along transect

Total moisture flux along transect computed
using the formulation:

n
Z(VIMFi)AL
i=1

where AL =100 km

End points at
2 650 kg m™1s™1




Key Forecast Challenges

* Overarching science challenges

— Weather Issues

e Lead time and preparation for emergency managers key to
saving lives and property
— 7-10 day outlook desired for high impact hydrologic events
— Forecast based reservoir operations possible outcome

* Knowing when MJO will or will not provide forcing
mechanism for AR’s and how to determine impact locations.

— Minimize false alarm rates
— How well are ARs and the major precipitation events
associated with them, represented in global and
regional simulation and forecast models.
* Timing, location and duration beyond 12-hrs poor.

— QPF for land-falling ARs still very problematic

* Models in short term seem to handle thermodynamics and
in; kinematics within the AR OK but very poor in getting
Wh condensate to the ground.
* Clouds much more efficient than models understand
— Role of aerosols ?




Thank You

http://hmt.noaa.gov/

http://www.esrl.noaa.gov/psd/atmrivers/

http://esrl.noaa.gov/psd/calwater/



http://hmt.noaa.gov/
http://www.esrl.noaa.gov/psd/atmrivers/
http://esrl.noaa.gov/psd/calwater/
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CalWater & HMT-West Observing Systems
Winter 2010/2011 in California

Three S-Prof precipitatior; profile‘rs
(NOAA/ PSP)

G 1 Research alrcraft for CaIWater (DOE/PNNL)
1 Feb -7mar 2010

Seven 915 MHz wind profilers
cant (NOAA/PSD)
radar »

(NOAA/PSD)

GPS IWV & balloon
‘| Sounding Systems

it~
\




Howard Hanson Dam

The Howard Hanson Dam, built in 1961, protects Kent, Auburn,
Tukwila and Renton from flooding.

Dihwamish '-w - AN R
L‘RQEHMIQN 4 = s
o ILJKWILA G-

MIRRORMONT

A — . g
Lake i (18) -
Youngs /" HOBART .

*" MAPLE

VALLEY

%/
| _~RUBURN %2, 2

i.IiE. ‘-E.‘LTILL TIMES

* Two NOAA Line Offices (NWS and OAR) and five NWS Office units (Western
Region, NWRFC, Seattle WFO, HPC, and EMC) collaborated successfully to
quickly organize, develop, and implement wide ranging and comprehensive
mitigation efforts involved with managing the HHD flood control crisis

- Also engaged US-ACE; University of Washington
)A QBAMS article describing these efforts has been submitted

-



0000 UTC 17 Feb 2004

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

A - ST 13t;w‘ © . ﬂt;v; . g ';cj;' ”
Total precipitable water (mm) 1000-200-hPa vertically integrated
moisture flux (kg m=1s77)
\
48

Source: NARR



Based on top-10 annual peak daily flows
T T R T T

(a) Offshore com';;'site IWV: Green, Queets Rivers (b), Ojerla
(A

“;

Flooding in Western Washington: The
Connection to Atmospheric Rivers

-48
by Paul J. Neiman, LawireénceJ. Schick, F. Martin

i A Pl Ralph, Mimi Hughes, and Gary A. Wick

- } T e in review at Monthly Weather Review

125

140 135 130 125 120
| 1 1 1 1

T T 7 T T

—_— o
(c) Offshore compos\ite IWV: Sauk and Satsop Rivers

(d) Overland low-level ﬂ'ow Sa'uk and Satsop Rivers -}é‘rif,—
- o - - ~ ;

&7,

Of 48 annual peak daily flows on 4
watersheds, 46 were associated with
the land-fall of atmospheric river
conditions.

48

47

The orientation of an atmospheric river
strongly influences which specific

125

watersheds receive the most
precipitation and highest stream flow.
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Observed precipitation over 14 days

Widespread P
- Yiod Inches
areasreceived < ! ‘- 2y

more than 10 \ 20 l
inches of rain
or melted

SNow
in 14 days

>20inchesrain
(>10 feet of snow)

Satellite observations show a strong atmospheric river stalled from
17-20 December 2010, transporting large amounts of water vapor into
Southern California, leading to extreme rainfall

Visible cloud image from GOES satellite  Atmospheric water vapor observed by
(2100 UTC each day) Satellites (2100 UTC each day)

Day-1 (18 December)

140w 130W 120w 110W 160w 150w 140W 130w 120w 10w

150w  140W  130W  120W  110W 160W  150W  140W  130W 120W  110W

160w 150w 140w 130w 120w 160w S 120w 10w

Satellite-observed Total Water Vapor (mm)




Arizona Soil Moisture Network

Whetstone, AZ

Cumulative Rainfall (mm

7/18/08 0:00 7/20/08 0:00 7/22/08 0:00 7/24/08 0:00 7/26/08 0:00
Date/Time (UTC

-110.55 -110.45 -110.35 -110.25 -110.15
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300 1200 2100 3000 3900 Distance (km)

USGS 09471400 Babocamari River Near Tombstone, AZ
Elevation (m)
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Attendees of the 2010 HMT-West Workshop, held on 7-8 October 2010 at the Sonoma County
Water Agency, Santa Rosa, CA

Kneeling, from left to right: Dave Reynolds (SFO/MIC), Mike Smith (NWS/OHD), Dave Kingsmill
(PSD/CIRES), Paul Neiman (PSD), Art Henkel (CNRFC), Gary Estes

Standing, from left to right: Andy Edman (NWS/WRHQ), Warren Blier (SFO/SOO0), Dan Kozlowski
(CNRFC), Gary Carter (NWS/OHD), Mike Ekern (CNRFC), Tom Galarneau (PSD), Chengmin Hsu
(PSD/CIRES), Woody Roberts (GSD), Isidora Jankov (GSD), Dave Myrick(NWS/S00), Mel Nordquist
(NWS/S00), Brad Colman (SEA/MIC), Rob Cifelli (PSD/CIRA), Ed Tollerud (GSD), Marty Ralph (PSD),
Lidia Cucurul (NCEP/EMC), Allen White (PSD), Bob Zamora (PSD), Ellen Sukovich (PSD/CIRES), Lynn
Johnson (PSD), Larry Schick (ACE/SEA), Tara Jensen (NCAR/DTC), Mike Dettinger (USGS/Scripps),
Jian Zhang (NSSL), Zoltan Toth (GSD), Brian Motta (NWS/COMET), Guido Franco (CEC/PIER), Tim
Schneider (PSD), Rob Hartman (CNRFC/HIC), Martyn Clarke (NCAR)

Not shown: Grant Davis (SCWA), Chris Delaney (SCWA), Barb DeLuisi (PSD), Art Hinojosa (CA-DWR),
Bill Neff (PSD, Director)




215t Century Observations, Numerical Models, Display Systems, and
Decision Support Tools for Forcings of Extreme Precipitation and
Flood Events in California
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HHD Crisis: Specific Actions

* Enhanced rain gauge network telecommunications (14 gage sites) were
installed

= Atmospheric River Observatories were installed based on HMT results
s Aspecialized “S-PROF™ precipitation profiling radar was deployed near the Dam

» A specialized workstation "ALPS™ was installed at SEA WFO to view the new
data

* HMT's high-resolution weather model simulations were extended north to
include the region

» Forecaster training was conducted on new concepts and tools from HMT
* Critical precipitation thresholds for HHD were developed

 Alert Level Forecasts Developed

* Hydrology section in Area Forecast Discussion was implemented

* Customized precipitation guidance products were developed (10 day QPF/PQPF
Forecasts)

National Weather Service Web Site was created

Dedicated Chat Room: to handle coordination was established
New Web Site for HHD was developed at the NWRFC
Instituted AHPSMobile — Hydrographs/Info on Cell Phone
Flood Potential Outlook on NWS WAWA Page



WF Russian  EF Russian 20,

EF Russian 10

icific Division
nto District
cisco District

8

. Russian 30

R



File Plugin Demos View Options Tools Volume Obs HNCEP/Hydro Upper Alr  Satellite Kbbx kdax Radar SCAN Maps Help WarnBen

valid time seq State(s) aear | K| < | > | 31| &| 5| B [E)| M| 5l Frames: 12 Mag: 1 Densi

o h n ERENET- — 16T =
%2!}% Ene chance | |~ T T kg <
< — 16— — e

o
= ith regular product
o + f~7,,.—1s’ T \_1{'\v’
e - ’,.—--114—/")/)4. — A
SR =) " T T P R
P S i e e
= treams
T i [ A\
\4 1-1eS+a+Eie1s g,,#/"k//; f’/__~)*'5’i—, 2 P T
IR g e —— _ . A
760 m— a= N 7o
e PE— e o,
. i 3 -
B ————— = e -
e S oo L
I - |
o /___F—z ,—_/J_d_fu’___’/—_\_, u e
. 7|
Skn oo aso
‘_,\ﬁ
ukn -~ N
. =SEaEny 3 -
3k :\“qﬁ \ﬁ 766
" e .
\q x $\ i}%% 4 Lon M 1008
Zkn o, & ! J B ! L
“ % %7@7%%%&?/\%& wuswzsru - R - o SAC T - s‘;m -~ NDHY)
Ly /\ f ff/\/\ 50 Distince (km)
ke ftfr 7 7
= Ve LT P
— aCE 9 8 @ .

@3 B8 @7 86 @5 &4

Tue 16:00Z 30-] an-07 .
WRF-Schultz TineB Temperature Img(C) 29.12 11HR Mon 23:002 29-Jan-07

WRF-Schultz 1ineE Tenmperature (C) 29.12 11HR Mon 23:00Z 29-Jan-07




Observation Network and Forecast Lead
Time of AR Development/Impacts

215t Century Obs

-

R

Amplifying Jet S j mx %\ GPSIWV&haHo
R | Sounding Systems

—>

ParANE:
L . Recurving Wedt PAcific
Ensemble,M 10 Fest Tropicals 5-7 days

Oce:
RMI

-3 2 4 o L 2 3 4

i



