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) Rel_éte the Arctic Warmth to Climate and Weather
~in Mid Latitudes

3) Some NE U.S. Regional and Local Impacts and
Projections:



The cg;ijif between high altitude winds
= and mid latitude weather
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— Jet Stream winds aloft (40,000 feet up)

— -.-F

~generally reside above weather fronts down at
=% _' == the earth’s surface.
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Part Two: The Arctic

A\ 'F';i'\_rctic'forces changes in the
et Stream. We know that!
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=Tt "'ffects mid-latitude weather, the big
;_;-;, - guestion/debate is...
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How and Where?
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Annual J-D 2016 L-OTI(°C) Anomaly vs 1951-1980

North
America

\outh :

America
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Data: NASA GISS




VA EYAS, Kenal FjordsNatenal Park, Alaska.
McCarty Glacier July: 30, 1909

National Snow and Ice Data Center/World Data Center for Glaciology, Boulder



VicCarty: Fjords; Kenai Fjords National Park; Alaska.
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National Snow and Ice Data Center/World Data Center for Glaciology, Boulder



National Snow and Ice Data Center/World Data Center for Glaciology, Boulder



National ' Snow and Ice Data Center/World Data Center for Glaciology, Boulder
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ﬂNlnds from the mid latitudes to the Poles
1n Atmospheric, and Oceanic Circulation)

= - 4: Increased air Pollution, Cloud cover, Humidity

..And More: http://www.arctic.noaa.gov/reportcard/



Houyf-__-; Arctic Wafming affect
nighaltitude winds over the mid-latitudes?
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[ropospheric Depth Changes With Latitud

_Low Pressure e | s s I Iigh Pressure

Aloft 9 _ Winds blow from - Aloft
: High to Low pressure ;
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AWanrmer Arctic, weakens nigh Altittide Winds

3 The LESS the-difference in {emperature between
the equator an the poles, the SLOWER the Jet Stream winds blow!

Low Pressiies o _ . ) High Pressure

- Aloft = \lof
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Annual Aver age Jet Stream Wind Changes from the last 20 years

Jan to Deg: 2000 to 2010 minus 1980 to 1990
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Wik ds aloft are‘generall 1Ng
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0 /er. the mid-latitudes though

"they are actually increasing
(We’ll get to that in a minute)
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SlowerAWinds Alof
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~ 1) Weather systems slow down.

— 2) Weather systems weaken



Mid latitude Thunderstorms depend
on Strong winds aloft.

- : Thun.déré"tf(?rm with it’s Classi_c flat anvil top (Taken from Nasa Space Shuttle) - 3
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Strong winds aloft help to “ventilate” storms below.
Removal of air aloft promotes updrafts which sustains the storms.
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Jer'a scenario Where the air at the poles

ISNn’t so cold an ore.
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NOW COY

'What does that,do to the westerlies Aloft ?
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TS @mo lains the increase in Jet stream
mds In the Mid-latitudes
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= -'*"“ Ut there is more going on as so far,
Js#-everythmg We are seeing shows changes
——— expressed In averages.




e devil is in the detalils:
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FJLrL ample north and south trajectories
rhigh altitude winds are increasing...or

= perhaps better said, becoming more
— “_. : persistent.




e

he \West to'East Component of High Altitude Windsi(W)

(Nerthern Hemisphere Winter), Decreasing

250nb Zonal Hind {HCEF Reanalysis} Dec to Feb:98,8H to 8,85 and 8,8H to 357.95E averaged

Zonal Hind {n/=)




Theerthward and SouthwardiComponent of High
Altitude Winds (V)
(Noerthernikemisphere Winter,)

298nb Heridonal Hind {MCEF Reanalysis}) Dec to Feb:98.8H to 8.85 and 8,.8H to 357.5E averaged

]
[
.
T
L
-
c
=
x
]
o
c
=]
-
-
L
]
) =

8.85
1948 1958 1968 1978 1988 1994 28840 2018

Date
U.S. Department of Commerce | National Oceanic and Atmospheric Administration
Earth System Research Laboratory https://www.esrl.noaa.gov/




ds aloft oscillate north In
s @uth (ridges and troughs).

—_—— hese waves propagate along
gj}——"‘"——’ - like waves In the ocean.









J Greenland Block
-~ January 2004
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Release Date: April 14, 2004

_:—f == ALBANY N. Y The Federal Emergency Management Agency announced that the first
-~ $1 million in federal disaster aid.....

. has been approved for local governments and non-profit organizations in Cayuga,
Oneida, Oswego and Lewis counties.
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* We did 1t again! February, 2007

=V \ bruary 2007 [Lake Effect Snowstorm

-l_'i.

_-_—.-*_‘ € ruary 23, 2007, (The President) declared a
feﬁeral emergency...to help recover from the
"February 2-12, 2007... lake-effect snowstorms.

Counties eligible for assistance include Lewis,
Oneida and Oswego.”
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Winter in a week, 2007 =
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e.r)_r airy 2007 19 Delys of exirams Laks Sifgcr s
Parish, New York

North rRadfizld, NF'I 4 inches ofisnow

Photo: Carol Yerdon Photo: Mike Osborn






February 4 - 7, 2010

Snowfall (inches)

0 JETT . .

1-4 4-10 10-20 20-30 30+

NESIS =4.38 +/- 0.09
Category 3
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\Washington and Philadelphia
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OF ERATIONAL DATA
—a S500mb GECPOTENTIAL HEISHTS (dam) 90—-D0AY AMNOMALY FOR:
Thu MY 2g 2008 — Tue FEB 23 2010

Derotianal climatolagy dota; 1985—1994, smogthed with S—day running mean)

December — January 200972010
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Another Extreme event in 201.0-2011 o
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NCEP/NCAR Reanalysis

Nov 2010 — Feb 2011
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Hurricane/Extratropical Storm Sandy S
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Hurricane Sandy
s 22-29 October 2012
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Hurricane/Extratropical Storm Sandy.

NOAA/ESRL Physical Sciences Division
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As the Arctic Warms,
he mid latitudes are greatly affected
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Climate cr ar nge also alters dynamical characteristics of the atmosphere
that mﬂ, 7 f___._“ffect weather patterns and storms.
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———— -_-J e r Id latitudes, where most of the continental U.S. is located,
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— fﬁ'ére IS an upward trend in extreme precipitation in the vicinity of fronts

E———

= r—-rassomated with mid-latitude storms.”

=
S

Balling, Jr, R. C., and G. B. Goodrich, 2011: Spatial analysis of variations in precipitation intensity in the USA.
Theoretical and Applied Climatology, 104, 415-421, doi:10.1007/s00704-010-0353-0.



. Regional Conseguences |
" The Northeast
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__ilnternal forcing (GHG),
and :xternal forcing “duke it out”,
e varlablllty In our weather?



Regio*nal Change: Maxsemps NE U.S.

Region: | Northeast &

Period: | Annual (January-December) ~

Indicator: Extremes in Maximum Temperature (Step 1) v

Move mouse towards an axis until highlighted. Left-click mouse to pan. Shift key + left-click fo zoom.

Northeast Extremes in Maximum Temperature (Step 1)
Annual (January-December) 1910-2016

Much 9-Point Much
.I. Below Binomial Mean II. Above
MNormal Filter MNormal
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http://www.ncdc.noaa.gov/extremes/cei/graph/ne/4/12-02

MOAA Satellite and Information Service VVV

Mational Environmental Satellite, Data, and Information Service (NESDIS)




RegiO‘naI Change: Minshemps NE U.S.

Region: |Northeast =

Period: |Annual (January-December) -

S
— Indicator:| Extremes in Minimum Temperature (Step 2) ~

Move mouse towards an axis until highlighted. L efi-click mouse to pan. Shift key + left-click to zoom.

Northeast Extremes in Minimum Temperature (Step 2)
Annual (January-December) 1910-2016

Much G-Point Much
.I n Below Binomial Mean I I m Above
MNormal Filter MNormal
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Jegional Change: Precip NE U.S.

Region: |MNortheast e

Period: Annual (January-December) ~

Indicator: Extremes in 1-Day Precipitation (Step 4%) e

Move mouse towards an axis until highlighted. [ efi-click mouse to pan. Shift key + left-click to zoom.

Northeast Extremes in 1-Day Precipitation (Step 4%)
Annual (January-December) 1910-2016
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http://www.ncdc.noaa.gov/extremes/cei/graph/ne/4/12-02
@ MOAA Satellite and Information Service VVV

Mational Environmental Satellite, Data, and Information Service (NESDIS)



R‘égionaI'Change: sSummerbrotight NEULS!

Region: |Northeast

Period: Summer (June-August) ~

. :; Indicator: Extremes in PDSI (Step 3 Combined) ~

Move mouse foward's an axis until highlichted. Left-click mouse fo pan. Shift key + left-cdlick to zoom.

Northeast Extremes in PDSI (Step 3 Combined)
Summer {June-August) 1910-2016
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http://www.ncdc.noaa.gov/extremes/cei/graph/ne/4/12-02
@ MOAA Satellite and Information Service VVV

Mational Environmental Satellite, Data, and Information Service (NESDIS)



Observed Change in Very Heavy Precipitation

100 Year Events i

Change (%)

il § N

10-19  20-29 30-39 40+

The Northeast has experienced a greater recent increase in extreme precipitation
than any other region in the United States;

between 1958 and 2010, the Northeast saw more than a 70% increase

In the amount of precipitation falling in very heavy events (defined as the heaviest 1% of all daily events)
(Figure source: updated from Karl et al. 2009).



The Future (With Current rate of GHG Increases)
RAPID EMISSIONS REDUCTIONS (RCP 2.6)

Future Change Multiplier

4

Projected 2081-2100 Precipitation Extremes relative to 1981-2000
(Figure source: NOAA NCDC / CICS-NC
From: Climate Change Impacts in the United States




Storms generally track throUgh the NE U.S. -
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NOAA, National Weather Service
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TERRA MODIS 2004-—-01-—2 0 E21 UTC Bands 010403: Great Lakss SEED UW—MADISON DIRECT BROADCAST
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- 3) Weather patterns here will likely Chang
They may have already begun,to |
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