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Atmespheric Rivers Over Alaska™

SRSSMIYSSMIS/AMSR2-derived Integrated Water Vapor (IWV)
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Total Precipitable Water 2019-08-01 0000 UTC
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¢\ First Multi*year Catalog of AR Events Created Used -z(\
NW. 2004 Method & Satelllte IWV Dgta-—- T s

*Long, narrow plume of enhanced
atmospheric water vapor in warm @ 16-Feb-04
sector of winter storms %
<%
e |dentified via integrated water vapor '50
(IWV) in numerical models or observed : o%
in SSMI/S Satellite estimates IWV >2cm: 8
e Example from 2014 illustrates AR >2000 km long _c_'
. . . - J\
landfall in California . 0,
el G
3 OQJ}
47
IWV >2cm:

<1000 km wide

ethod from F.M. Ralph, P. Neiman, G. Wick (2004),
Mon. Wea. Rev. (“RNW method”)

Ay - ' Neiman, P.J., F.M. Ralph, G.A. Wick, J. Lundquist, and

M.D. Dettinger (2008), J. Hydrometeor.

3 4
SSM/I Integrated Water Vapor (cm)
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‘Atmopheric rivers’

Atmospheric rivers are long-flowing columns of condensed water
vapor. Like a conveyor belt, they carry vapor for thousands of miles
from out over the ocean. When an atmospheric

river hits the West Coast, it can generate a

A
e Seattle N

: : L
i St o et Strong hftand
P g atmospheric rivers
SNOW. can carry as much On average, 30 to
‘wateras 50 percent of the
15 MisSissibpl‘ West Coast annual
Rivers precipitation is from
: e just a few
= PACIFIC atmospheric-river
= OCEAN events.
As the air rises over
Average width: mountains, the water 0 250
250 to 375 miles Condensed water vapor cools, creating MILES
vapor is carried in heavy rain or snow.

° .
a layer of warm air San Francisce

one mile above the
ocean.

OCEAN 1 LAND Los Angeles

MARK NOWLIN / THE SEATTLE TIMES

Sources: NOAA, scientificamerican.com



17 Feb 04 daily
streamflow rank

@ Record

O Top 0.2 percent

O Top 1 percent

@ Top 2 percent

» Remainder of sites

CAUSE FLOODS
and PROVIDE

. SSM/I satellite data shows atmospheric |
river
o Stream gauge data show regional extent
of high stream flow covers 500 km of coast -

Russian River floods are associated
with atmospheric rivers
- all 7 floods over 8 years.

0




MOST COMMON SEASON AMONG TOP 10 DAILY

50

* Region forwhichfatmospheric river. events are a dominant cause of extreme
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PRECIPITATION TOTALS, WY 1951-2008

precipitation, flooding and contribute to water supply in the WesterniU:S:
(Ralphietialn2014)
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Where do Atmospheric Rivers Make Relationship Between Coastal Extreme
Landfall Globally? Surface Winds and AR Landfall?
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60°E 120° 180° 120° 60°
60 . T 80 0 Longitude
Locations (dots), and frequencies 040020 010 days yr-

(dot sizes) of landfalling

: Percentage of coastal extreme surface

atmospheric rivers winds events that are associated with

Guan and Waliser, 2015 (JGR) : = .
landfalling atmospheric rivers (color fill),

and frequency of occurrence (dot size).
Waliser and Guan, 2017 (Nat. Geoscience)



The Role of Atmospheric Rivers in
Extratropical and Polar Hydroclimate,
JGR- Atmos 2018

Deanna Nash, D Waliser, B. Guan, H. Yeand F.M.
Ralph

A‘ ,2 > 90% of poleward IVT that
- 2] crosses into the Arctic occurs
Atlantic AR N through these areas:

IVT Pathway .'- > 50% this occurs in ARs



Dropsonde Observations of Total Integrated Water Vapor Transport

within North Pacific Atmospheric Rivers
F.M. Ralph, S. lacobellus, P.J. Neiman, J. Cordeira, J.R. Spackman, D. Waliser, G. Wick, A.B. White, C.
Fairal, J. Hydrometeorology (2017)

- - R —
Method/Data: Uses 21 AR cases observed in
2005 - 2016 with full dropsonde transects.

AR edges best defined by using
IVT = 250 kg m st
Conclusions*®:
* Average width: 850 km
| « 75% of water vapor transport occurs below
3 km MSL; < 1% occurs above 8 km MSL

21 aircraft
transects of ARs
. used here

*Represent averages for
the Northeast Pacific
Ocean in the January-
March season

Average # of AR days

Background image
denotes weekly AR
frequency during cool
seasons (Nov -Feb).

KEY FINDING
An average AR* transports 4.7 £ 2.0 x 108 kg s'!
of water vapor; equivalent to 2.6 times the
average discharge of liquid water by the Amazon
River

Synthesis from 21 observed ARs; Used in the Glossary of
Meteorology’s Definition of “Atmospheric River.”

Upper-level Tropopause
jet stream

20ms™!

~~~~~
S
Strong
horizontal water
vapor flux

Altitude (km, (MSL)

Water vapor
mixing ratio

—
250 km

A
Higher latitude

Atmospheric river  Lower latitude
Averages: 850 km wide, 3-km deep,
5% 108 kg s~' total water vapor flux (a.k.a. transport)

Adapted from Ralph et al. 2004,
and Cordeira et al. 2013
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aged Peirce skill score (PSS) Error in IVT for Re-Forecast Hits

— BOM —— ECCC — JMA
- CMA = ECMWF = NCEP
——— CNRM HMCR —— UKMO

1-7 Day Forecast
Magnitude Error

RMSE IVT (kg/m/s)

First Day of 3-Day Lead Window

Forecast models tend to mis-forecast IVT magnitudes by 100 to 250 kg m=1 s1
AR landfall location by 200—1000 km out to 7-day lead times over British

Colombia and Alaska

Re-Forecast Lead (days)

RMSE of Landfall Location Error

Forecast Models tend to perform worse over British Colombia 2000{ —eou —oco  —
and Alaska compared to the rest of the U.S. West Coast when oY o s e
forecasting atmospheric rivers out to 8-day lead times

1-7 Day Forecast
Position Error

Beyond 8-day lead times, forecast models perform comparably
for all Western North American locations

RMSE of Landfall Location Error (km)

First Day of 3-Day Lead Window



(%) U3, Slobal Change Atmospheric Rivers Highlighted in the U.S. Fourth

Research Program

CLIMATE SCIENCE

National Climate Assessment, released on 3
November 2017

9

Extreme Storms

KEY FINDINGS

5. The frequency and severity of landfalling “atmospheric rivers” on the U.S. West Coast (narrow streams
of moisture that account for 30%-40% of the typical snowpack and annual precipitation in the region
and are associated with severe flooding events) will increase as a result of increasing evaporation and
resulting higher atmospheric water vapor that occurs with increasing temperature. (Medium confidence)

. Tropical Cyclones (Hurricanes and Typhoons)
. Severe Convective Storms (Thunderstorms)

. Winter storms

. Atmospheric Rivers (NEW in 4th Assessment)

H W N -

Image Credit

Front Cover: Atmospheric rivers are relatively long, narrow regions in the atmosphere = like rivers in the
sky = that transport most of the water vapor outside of the tropics. When an atmospheric river makes
landfall, extreme precipitation and flooding can often result. The cover features a natural-color image of
conditions over the northeastern Pacific on 20 February 2017, helping California and the American West
Fourth National Climate Assessment | Volume | emerge f'rufn a Fﬁ-}'t‘dl’ drought in stunning- fd,sl?iun‘ Some pa.rb (-»[ California rvcui\'m-l nearly h.\‘iw a%
much rain in a single deluge as normally falls in the preceding 5 months (October~February). The visu-

alization was generated by Jesse Allen (NASA Earth Observatory) using data from the Visible Infrared

Revna i Dadiliiamsatar Coslta M7ITIDC) Aan tha Coonamnd Aladicamal Dalan acditias Dastacsehies MIDD) oatalllita
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e of Wales Island (POW

Debris flows r

Very moist antecedent soil i
rainfall over previous month (1.
rainfall amounts on Jan 14 of
Strong wind gusts (gre
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Landslide on the Klawock-Hollis
Highway,
courtesy of state troopers,

Staney Creek river gauge showing record Home in ﬂle Hollis area caughf in landslide,
crest of 17.55 feet, moderate flood along with some flooding, courtesy of state
stage is 17.5 feet (source: US6S/NWS) troopers.
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[mpacts from ARs on Alaska Com
— w-Rainfall/l

- ) . )4
>

Dzezinze L0124 20)

> 5 days of heavy p '_‘.
totals from 3 to 5 inch

. Spillways on many area
Area dams rose 7 to 1

./ kg l»“,'.v‘k” %

Flooding of home on KEtCh'kanUi;ﬁ: k courtesy of Ketchikan Public Flooding of home on Ketchikan Creek, courtesy of Ketchikan Public Utility.
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Left: Alaska Railroad train covered in snow from avalanche. Photo courtesy of Alaska Railroad
Middle: Total Precipitable Water in November 2015 showing atmospheric river impacting southern
Alaska. Image courtesy of CIMMS

Riyhfl Heavy equipment works to dig out buried train cars and clear the tracks during a multi-day
closure after an avalanche. Photo courtesy of Alaska Railroad

S, firom ARs on Alaska CommURIHES: =



Drought Classification »anks, Alaska, 1952-2019

Alask Drought \er with Visibility Restricting Smoke
Cumulative . DO (Abnormal xceptional Drought) : : H

| Years since 1993 with : : D2 (Severe Droug 2 :
>1.5 Million Acres Burne i : N : More possible
1993 == 2009 : g _—
| == 2002 == 2015
= 2004 == 2019
== 2005

Acres Burned

IVT Magnitude(kg/m*s~1)

2000 2010 2020

& :
Jun01 Juni1l Jun21 Jul01l Julll Jul2

Data source: NOAA/NCEI & NWS
2019 Rick Thoman - Criteria: Days at Fairbanks International Airport
Twitter: @AlaskaWx with visibility <6 miles May through Sept

“ ALIgU St 3, 201 q ) b} ) 2019 data through July 31
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Remote Sensing: —

MIMIC PW.

Total Precipitable Water 2017-09-04 0900 UTC
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150°w 140°W 130°wW



NOAA Satellites and Information
g National Environmental Satellite, Data, and Infor m)ljon\;e’f vice She/don Kusse/son/Aaron JaCObS

“Atmospheric Rivers” of High Concentrated Moisture into Alaska at 4
For Excessive Valdez Snowfall - 6 December 2017

QIMRA/ Oolorado State University Advected Layered Prempltable Water (ALPW) for 00 UTC 7 December 2017

Thompson Pass
(just outside Valdez,
AK)

Snow
1.7"in 10
. minutes
® 5” in 30 minutes

10” in one hour @U‘\

15" in 1.5 hours |
40" in 12 hours

A Wind
=35 .- 16 20

layer

00 UTC 7 December 2017

f&m i 'Y

CIMSS MIMIC
TPW2.0 Snowplows clearing Richardson Highway near
Thompson Pass, Ak. (Alaska Dept of Transp &

. 1) Facilities)
VAWS Seminar 17 July 2019



Lotitude

S Remote Sensing:

Snowfall.Rate Product

NOAA/NESDIS Snowfall Rate Product

Tota| Precgta tlo Waker 2017-126 1700 UTC
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Snow update from Thompson Pass near Valkdez, #Alaska - in the
last three days the #NRCS SNOTEL site at Nicks Valley at
4280t has now picked up 83" of snow over the last 3 days as of

What is hitting the North Gulf Coast is what we like to call a
"snow AR" or an atmospheric river that is producing snow
instead of rain. Over the last 3 days, nearly 6 feet of snow has

be orded a J/a

i
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Weatherballoon sounding IVT/PW 1948-
2018 climatology.for Alaska-l-ocations

-

IVT For Bethel, AK (12Z

PW For Annette, AK (00Z

1300

1200

3/31201 12z

1100
= 1000
<
¥ 900 Daily Mean Daily Mean
E — Daily Min — Daily Min
5 800 — Daily max — Daily Max
2 — 90 Day Moving Mean — 90 Day Moving Mean
3 70 50 Day Min Moving Avg — 50 Day Min Moving Avg
2 oty e oo e
2 90 Day 10% Moving Avg 90 Day 10% Moving Avg
S 500 [ — 90 Day 25°% Moving Avg — 50 Day 25% Moving Avg
s ’ y ‘ ’ I ‘ — 90 Day 75% Moving Avg — 90 Day 75% Moving Avg
= 400 lA ‘ ] l ' 1l q “ 90 Day 90% Moving Avg 90 Day 90% Moving Avg
§ 00 fHAHA l WL AL ’ ,,‘1!1 " ,,” ,
z M [ ‘\ AT

100
e
Jan Feb Mar Apr May Jun Jul ‘Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

(The number of 12Z soundings for Bethel is: 18218)

- IVT For Fairbanks, AK (00Z di )

£/4/2019 002
.

700 -
3
Daily Mean < Daily Mean
600 Daily Min 5 Daily Min
Daily Max 2 Daily Max

90 Day Moving Mean
90 Day Min Moving Avg
90 Day Max Moving Avg
90 Day 10% Moving Avg
90 Day 25% Moving Avg
90 Day 75% Moving Avg
90 Day 90% Moving Avg

90 Day Moving Mean
90 Day Min Moving Avg
90 Day Max Moving Avg
90 Day 10% Moving Avg
90 Day 25% Moving Avg
90 Day 75% Moving Avg
90 Day 90% Moving Avg

@
g
8
[NRREN
[NRRE

IVT Magnitude(kg/m*s~1)

May jul Sep jun Jul g P
(The number of 00Z soundings for Fairbanks is: 22300) (The number of 00Z soundings for Anchorage is: 18637)
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NUmerical \Weather Prediction:
INCERPGEFS Atmospheric Riverserecasts

Epsaio !

GFS Ensemble IVT [kg/(ms)] valid 6Z Fri 07/26/19 | F+48h

Ensemple #4

IVT from the 20
ensembles
members of the
GEFS

Center for Western Weather
and Water Extreme:

IVT = 250 kg m-
1 -1 contours
from all
ensemble
members
(contours)
Probability of
IVT >250 kg m—!
s~1 (shading)

1250
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0% —

NCEP GFS IVT (kg m" s'; shaded), IVT

Initialized: 0600 UTC 08/01/2019

NCEP GFS 48-h Time-Integrated IVT (10’ kg m™) and Vector
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Layer IVT (kgm”' s™) | V (m/s) | T (0°C)| Pressure (hPa)

Increasing height

IWV and IVT

AR conditions

(IVT >250 kg m-1s-1
and IWV >20 mm)

72-h Time-Height Meteogram | 62°N 167°W

200 —
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300
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400 |t
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500
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700
750 =
800 =
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900
950

1000
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( 0 6 12 18 24 30 36 42 48 54 60
Y Forecast Hour | Initialized 0600 UTC 01 Aug 2019
CW3E CWS3E, Scripps, UC San Diego; Contact B.Kawzenuk/M. Ralph

66 72

Increasing lead time

(wdb) wiayjos|

(=]

Meteograms illustrate the forecasted conditions over a
given location for the 3 or 7-day forecast period. The plots
show forecasts of the vertical distribution of winds and
moisture, freezing level, precipitation, and AR conditions.

0,0 40 WybleH

Vertical distribution of IVT and winds

Freezing level

3-hour precipitation

65°N —

60°N —|

55°N —

50°N T e e e —
175°W  170°W  165°W  160°W  155°W  150°W

T T T
145°W 140°W 135°W 130°W

Meteograms available at all above locations



Increasing latitude

CW3E, Scripps, UC San Diego: Contact B. Kawzenuk/M. Ralph
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Longitude: | 130°W v Forecast Hour: | 12 v |
70°N )
Layer IVT (kg m's™) and Wind (m/s) | 130°W
A 200 Initialized: 0600 UTC 08/20’2019 N, F 012 Valld 1800 UTC 08/20/2019
60°N £0) o
I 100
250 —"i - J Hoss
50°N 90
300 — > & & .- 80
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700 — iy
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Increasing height | e~ - = . 8 N
1000 S b e Ve I o
25N 80N 35°N  40°N  45°N 50°N 55N 60°N_ 65°N
IWV and IVT Max WY = 35.3 mm Max VT =728 kgm's |-
- /A/\N'\/-\/z L 600 2
£ ﬁﬁw g
£ =0y I 400 &
g ,,M/:" ................................ -
AR conditions e ~— L 200 ©
N«
(IVT >250 kg m-1s-1 0 — , 0
and IWV >20 mm) 25°N  30°N  35°N  40°N 45°N 50°N 55N 60°N  65°N

Cross sections
illustrate the forecasted
conditions along a
longitudinal line from
25-65°N for the given
forecast time from the
GFS model. The plots
show forecasts of the
vertical distribution of
winds and moisture,
freezing level, AR
conditions and MAX
IVT.

Vertical distribution
of IVT and winds



Ongoing AR research in Alaska
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Contact Information

aaron.acobs noda.gov

NWS Juneau
Website:weather.gov/ajk



mailto:aaron.Jacobs@noaa.gov

