
NORTH AMERICA'S WINTER 
CIRCULATION HAS CHANGED

BUT FOR HOW LONG?

Simon S-Y Wang, Utah State University Simon S-Y Wang, Utah State University 
Jin-Ho Yoon (GIST), Emily Becker (CPC)



5-day temperature forecast for the 2018 New Year week
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a miserable market…that 
thrives on your misery : …
in the depths of winter
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5-day temperature forecast for the 2018 New Year week

ß surface air temperature

2014 January “polar vortex”

2015 February “energy crisis”.



Global warming makes colder winters?



Dipole,
what
is 
it
?   à

An energized, morning version





Jet stream and orography alone can change
the stationary waves

H



Jet stream and orography

+ tropical heating

+ extra-tropical heating



mean stationary waves

anomalous standing waves



THIS DIPOLE IS NOT A NEW MODE!

IT’S ONE THAT HAS 

CRAWLED BACK

Wang et al. (2014)



it’s unlike any 
biggermode
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TNH: Tropical-Northern Hemispheric pattern
first classified by Mo 
and Livezey (1986), 
and appears as a 
prominent 
wintertime mode.

(CPC website)



TNH: Tropical-Northern Hemispheric pattern  ↘
Mo and Livezey (1986) Barnston and Livezey (1987)

??
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PNA pattern
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Before 1980
1948-1979

After 1980
1980-2017

Spatial correlation
w/ PC1 

30-year running window
TNH 1987 
paper ⇣



PNA weakening 
vs.

Dipole/TNH amplifying?



Hsu (1994)
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What about the forcing source?
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Rays and phases 
from ⤦

Hoskins & 
Karoly (1981)



jet-waveguide, wave-5 pattern
Teng and Branstator (2017)
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vs.

short-wave ✓ short-wave ✓



Rid
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long-wave ✘ long-wave ✓
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Hoskins & Karoly (1981)



California drought

California flood

the dipole has amplified



CESM Large Ensemble (x40):
30-yr dipole variance

and could keep amplifying



CESM Large Ensemble (x40):
# of back-to-back cases

while becoming 
more persistent



S2S forecast implicationCFSv2:             !~30 days

more so on ridge-trough
less so on trough-ridge



”prolonged” winter inversion + bad air
(@ Salt Lake City, Utah)

(2010 WAF)

CFSv1
10 years ago…



S2S dipole forecast CFSv1  ~26 days
CFSv2  ~31 days
.
.
.
.
CFS X  ~  ? ?



Sharing a secret…

!
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CESM Large Ensemble (40 members)



CESM LE’s EOF1: all members, full period
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CESM LE’s EOF1 (dipole pattern variation)

e05
e31 e26



CESM LE: dipole pattern 
may not change

spatial correlation among all members with CESM’s dipole/EOF1 pattern



CESM LE: dipole pattern 
may not change

CESM: but dipole amplitude 
will increase

30-yr dipole variance


