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* Anirregular, naturally occurring cycle (every 2-7 years) of warm
(El Nino) or cold (La Nina) conditions in the tropical Pacific Ocean.

* Ocean changes occur alongside changes in the tropical
atmosphere circulation and rainfall

* On average, events last 9-12 months (La Ninas can persist longer)
and peak in strength during N. Hemisphere winter
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Figure 1
NEUTRAL CONDITIONS

THERMOCLINE

* Warm water heats the
atmosphere and makes it rise

* Low-level trade winds blow
towards warm water to fill the gap

 Subsiding air occurs in the eastern
Pacific basin



Figure 2
EL NINO CONDITIONS

*Easterly trade winds weaken

*Thermocline deepens and the cold
water upwelling decreases in the
eastern Pacific

*Rainfall shifts eastward over the
central and/or eastern Pacific Ocean

*Rainfall becomes suppressed over
the far western Pacific/Indonesia
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Enhanced rainfall occurs over
warmer-than-average waters
during El Nifo

Reduced rainfall occurs over
colder-than-average waters
during La Nifa



Tropical rainfall and so
atmospheric heating can
lead to “wavetrains” that
can influence the global
circulation (red arc)

These “teleconnections”
are why El Nino is
important to the rest of
the globe outside the
Tropics, including Alaska

Schematic from Horel and Wallace (1981)



Wintertime pattern
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Persistent, Extended Pacific Jet Stream
& Amplified Storm Track

Jet stream over the Pacific and North America is stronger than average
and shifted equatorward. Flow is more zonal than average from the
central Pacific eastward across the U.S. T
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ENSO Teleconnection: JFM Temp
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Weekly SST Anomalies (DEG C)
13 SEP 2023

[BON T— TR T
=1 Nino3.4 is a climate sensitive =~
10N-»region al

EQ

1ot 3

20s{"

30$

120E 150E 180 150W |1 20W 90W

MV OEC oW FEB WR AR MAY N WL AG SEPOCT
m - wm

15



EQ. Subsurface Temperature Anomalies (deg C)
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Positive subsurface temperature
anomalies dominate most of the
equatorial Pacific Ocean

Positive subsurface temperature
anomalies weakened in the western
equatorial Pacific with negative
anomalies emerging at depth
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Tropical Pacific atmospheric anomalies are consistent with El Nino 07 SEP 2023-06 OCT 2023
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CFSv2 forecast Nino3.4 SST anomalies (K) (PDF corrected)
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Official NOAA CPC ENSO Probabilities (issued Sep. 2023)
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El Ninos

The Past & the Future

e Past El Nino events as forecast tool

* Not all El Nifos are equal

* Actual sea surface temperatures and large scale response have
changed in the past 60 years

 Composites (averages of past El Nifos)

e CPC Outlooks for Autumn and Winter (for which El Nifo is
just one of several important factors)
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December through February

ENSO and Trend 500mb Anomalies

El Nifio All

NCEP/NCAR Reanalysis
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El Nifio Moderate/Strong
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Trends
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El Nifio All El Nifio Moderate/Strong

NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
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160W 150W 140W 130W 120W 110W 140W  130W  120W
Dec to Feb: 2019,2016,2015,2010,2007,2005,2003,1998,1995,1992 Dec to Feb: 2016,2010,1998,1995,1992
e S I S E— | I | — I 1 I | E— s P I S S E— 1 1T 1T 1T T 1T T
—-1.4 -1 —0.6 —-0.2 0.2 0.6 1 1.4 -2 -1.5 -1 -0.5 o 0.5 1 1.5 2
NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
Surface air (C) Composite Anomaly 1991—2020 climo Surface aqir (C) Composite Anomaly 1991—2020 climo

80 170w 160w 150w 140w 130w 120w 110w 16’0’! 0w sow 170w 160w 150w 140w 130w 120w 110w 100w 0w 80w 70w 60w Sow 40w 22
Dec to Feb: 1998,2013,2015,1994,2019,2010,2013,1998 Dec to Feb: 2023,2022,2021,2020,2019,2018,2017,2016,2015,2014,2013,2012,2011,2010,2009

-1.5 -1.2 -0.9 —0.6 -0.3 [+ 0.3 0.6 0.9 1.2 1.5 —-2.5 -2 -1.5 -1 —-0.5 o 0.5 1 1.5 2 2.5



December through February

ENSO and Trend Precipitation Anomalies
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#‘(é« El Nino: Why it Matters

ACCAP for Alaska
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Presentation 1. Past El Ninos in Alaska

a. Temperatures, Precipitation, Snow,

OverVieW Freezing Levels and Sea Ice

2. Interlude: Pacific Decadal Oscillation

3. CPC’s Official Outlooks

}é«ACCAP First Last Name e Alaska Center for Climate Assessment & Policy e
pdacete S International Arctic Research Center
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El Nino in Alaska Since 1976

e 16 El Nino autumn-winters

* 1976, 1977, 1979, 1982, 1986, 1987, 1991, 1994, 1997, 2002, 2004, 2006,
2009, 2014, 2015, 2018

* Dramatic changes past 50 years in ocean-atmosphere system
* Dramatic loss/thinning of Arctic sea ice
* Big changes in seasonality of ice near Alaska
* Decreasing snow cover season length
* Increasing global ocean surface temperatures

El Nifo is an important component of Alaska seasonal climate but not
the only one that matters

Rick Thoman e Alaska Center for Climate Assessment & Policy
International Arctic Research Center
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October-December
Temperature & Precipitation

Temperatures & precipitation departures

Percent of El Nifios from normal .are relatlvg to the 30-year
normal effective at the time, e.g. 1977-78
above normal relative to the 1941-70 normal, 2018-19

Rick Thoman e Alaska Center for Climate Assessment & Policy relative to the 1981-2010 normal. .
International Arctic Research Center



December-February
Temperature & Precipitation

Percent of El Ninos
above normal

Rick Thoman e Alaska Center for Climate Assessment & Policy
International Arctic Research Center
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February-April
Temperature & Precipitation

Percent of El Ninos
above normal

Rick Thoman e Alaska Center for Climate Assessment & Policy
International Arctic Research Center
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&

Fairbanks North Star Borough

DJF Temp and Precip by DJF ENSO Category
Fairbanks North Star Borough, 1976-77 to 2022-23
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Anchorage Municipality

DJF Temp and Precip by DJF ENSO Category
Anchorage Municipality, 1976-77 to 2022-23
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Precipitation
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Juneau City and Borough

DJF Temp and Precip by DJF ENSO Category
Juneau City and Borough, 1976-77 to 2022-23

Rick Thoman e Alaska Center for Climate Assessment & Policy

International Arctic Research Center
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Snowfall During El Nino

Seasonal Snowfall during DJF El Nifio

1976-77 to 2022-23
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Snow during El Nino Winters

Snowfall Ranking for Dec-Feb 1992
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Rick Thoman e Alaska Center for Climate Assessment & Policy
International Arctic Research Center
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Freezing Level During El Nino

Difference in Average Freezing Level: El Nifio vs. Not El Niiio Difference in Average Freezing Level: El Nifio vs. Not El Niiio
November 1976-2022 January 1977-2023
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Bering Sea Late Winter Sea Ice Extent

Bering Sea
February-March Average Sea Ice Extent
1979-2023
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Late Winter/Spring Ice to St. Paul

) NO SlgnIfICantSOFre|at|on . Did Sea Ice Reach St. Paul Island for at least a Week?
between El Nino and sea ice 1977-2023

reaching St. Paul
* Years with ice to St. Paul |I| | || || | | I|||II
e 32 percent during El Nino winter |I|II I || |||| I | I| |II|||| I

Yes

No

e Years without ice to St. Paul
e 35 percent during El Nifio winter

||||||||||||||||||||||||||||||||||||||||

1980 1985 1990 1995 2005 2010 2015 2020
‘\é« NA\? Ms?mgm = ZloNtléI'oNiﬁo Data sources: %Zf;,gff:e ’:_-‘Z,ife': Sea Ice Program
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What is the Pacific Decadal Oscillation?

e Pattern of sea surface
temperatures departures in the
“north” Pacific Ocean

* Times scales years to decades

* Originally uncovered in1997
salmon return studies

* Does not appear to be
independent of other scale drivers

* Changing correlation with Alaska
climate
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ENSO vs PDO

December-February ONI vs PDO

1950-2023
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CPC Temperature Outlooks

Issued September 2023

Nov-Dec-Jan 2023-24 Dec-Jan-Feb 2023-24

Seasonal Temperature Outlook &

Valid: Nov-Dec-Jan 2023-24
Issued: September 21, 2023
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Issued: September 21, 2023
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CPC Precipitation Outlooks
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EMAIL ADDRESS

B as i rthoman@alaska.edu '
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Rick’s Alaska and Arctic Climate Newsletter on Substack
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