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* Possible Culprits
— AO (Arctic Oscillation)
— ENSO (EI Nino Southern Oscillation)

* Climate Change Considerations
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Temperature Anomaly: November to February 2012
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Temperature Anomalies (F

Nov to Feb 2011-12

Versus 1981-2010 Longterm Average
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1964-1965 1979-1980

1

2 105.5 1958-1959 2 30.5 1988-1989
4 111.4 1982-1983 4 40.1 1990-1991
5 115.3 1956-1957 5 404 1948-1949
6 118.4 1961-1962 6 40.7 1960-1961
8 122.1 1960-1961 8 42.4 2001-2002
9 128.4 1986-1987 9 42.9 1950-1951
10 128.7 1979-1980 10 47.6 1944-1945

Records back to 1954 Records back to 1943



Montpelier

28.1
27.9
27.4

26.9
26.6

3
4
5
6 27.0
7
8
9

26.6
10 26.3

Records back to 1948

1948-1949
2009-2010
1982-1983
1974-1975
1973-1974
2005-2006
1994-1995
1953-1954

Burlington

3 30.1
4 29.9
5 294
6 29.0
7 28.9
8 28.9
9 28.5
10 28.5

Records back to 1940

1948-1949
1982-1983
2009-2010
2005-2006
1994-1995
1990-1991
1953-1954
1952-1953

St. Johnsbury

1 30.6 2001-2002
2 29.9 1948-1949
3 29.2 1982-1983
4 28.4 1931-1932
5 28.3 2009-2010
6 28.2 1950-1951
7 wa oun
8 27.7 1932-1933
9 27.6 1997-1998
10 27.6 2005-2006

Records back to 1894
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How can one explain year-to-year variations?
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Arctic Oscillation



Arctic Oscillation

Describes high latitude pressure pattern
oscillations (atmospheric oscillation)

Derived from principal pattern of variability in
ow tropospheric (low level) atmospheric
oressure patterns

Most influential during winter season

Can help to lock in long-lived (weeks to months)
patterns that influence seasonal conditions

Predictable one to two weeks ahead




Anomaly pattern associated with Arctic Oscillation (AO)

Positive Arctic Oscillation State
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Source: http://www.cpc.ncep.noaa.gov/products/precip/CWIink/daily ao index/loading.html



http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/loading.html

Surface Temperature Anomaly (Deg C)
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http://www.cpc.noaa.gov/research_papers/ncep_cpc_atlas/8/table_ao.html
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http://www.cpc.noaa.gov/research_papers/ncep_cpc_atlas/8/table_ao.html
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December Arctic Oscillation Index

1950 | 960 1970 19850 1590 2000 20110

What causes the AO to be positive one December and negative another?

We don’t fully understand — it’s very complex!

17
NASA: http://earthobservatory.nasa.gov/IOTD/view.php?id=77076&src=eoa-iotd



http://earthobservatory.nasa.gov/IOTD/view.php?id=77076&src=eoa-iotd

Observed AO (solid line) and Forecasts (Red lines)
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http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily ao_index/ao_index ensm.shtml
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http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/ao_index_ensm.shtml

ENSO



EL Nino — Southern Oscillation

Oceanic oscillation of equatorial sea surface
temperatures (SST) in Pacific Ocean

Southern Oscillation: refers to atmospheric
response to oceanic fluxes of heat and
moisture (oceans lead the atmosphere)

Largest and most significant oscillation of SSTs
in the world

Has significant impacts on global circulation



December - February Normal Conditions
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http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml

Example La Nina (cold phase) Conditions

DEC 1998 MEAN SST AND ANOMALIES  Nino 3 Region
Nino 1.2 Region

Nino 4 Begion
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December - February La Nina Conditions

EQUATORIAL {f&

Source: http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml 23



http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml

Example El Nino (warm phase) Conditions

DEC 192/ MEAN S5T AND ANOMALIES
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December - February El Nino Conditions

EQUATORIAL THERMOCLINE

Source: http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml 25



http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml

El Nino Winter Jet Stream Wind Anomaly
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La Nina Winter Jet Stream Wind Anomaly
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Winter 2011-12 Jet Stream Speed Anomaly

Typical La Nina
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Winter Mean Jet Stream Positions
Strong El Nino: Strong La Nina
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WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY
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http://www.cpc.noaa.gov/products/analysis_monitoring/ensostuff/ensofaq.shtml

TYPICAL JANUARY-MARCH WEATHER ANOMALIES
AND ATMOSPHERIC CIRCULATION
DURING MODERATE TO STRONG
EL NINO & LA NINA
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Winter Snowfall Anomalies: La Nina Conditions

Above average
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NOAA: http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/us_impacts/ustp impacts.shtmI#NVC 32



http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/us_impacts/ustp_impacts.shtml

Winter Snowfall Anomalies: El Nino Conditions
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NOAA: http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/us_impacts/ustp impacts.shtmI#NVC 33



http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/us_impacts/ustp_impacts.shtml

Climate Change Signals



high latitudes.

Winter Air Temperature Anomalies Last 10 Years

Mav ta Feb: 2002 to 20712

(6 8]
an




4
—i
| -
(q0]
=
_
i
>
O
=z
Q
| -
>
)
(O
| -
()
o
5
T
)
o]0]
(40]
| -
Q
>
<<
T’
>
S
| -
)
o)
()]
C
-
@
—_
o
Vg

- ¢T0¢-T10¢

- 6002-8007

- 900¢-500¢

- £002-2002

- 0002-666T

- 166T-966T

- v66T-E66T

1661-0661

- /361-986T

- ¥861-€861

- 186T-086T

- 8/6T-116T

- vL6T-€L6T

- T/6T-0L6T

- 896T-/96T

- 996T-196T1

- 296T-1961

- 6S6T-856T

- 0S6T-SS6T

- €56T-¢S6T

- 0S6T-6V6T

- [V6T-9V6T

- PeT-evel

- TY6T-0V6T

- 8€6T-/56T

- GE6T-VE6T

- 2€6T-1€6T

- 6761-8261

- 9761-5261

- €¢6T-ceol

- 0Z6T-6T6T

- /T6T-9T6T

- YT6T-€T6T

- T16T-016T

- /06T-906T

- ¥06T-€06T

- 106T-006T

- 868T-/68T

29

27

25

(98]
N

\ — S68T-768T

i (@)] M~ LN
(@] i —l i

36



I S S S ,00
0. O
I R R VQ Q;Q
0. O

I O O E— S R 2 %@
CeTem————————————— & QW,Q,
N —
—— — — )X Am,o.,

I E——— 6x 2
IIII s ,www,

I S E— — Sy ©2

I E— E— — an, mww,

I E— E— — Sp 2
-nllll % N.Qw,

1 S O S R . °2
—— — — Qn,vQ,

| ——
——— Ava,

I E— E— — Sy Oz
—"IIII 20 ,mww,
— — — Sy C2

| ——— %%

I E——— 6x C2
——— — Aww,

— — — Sy C2
[ %ﬂ Q,Am,
[ & 2

I S E— — bﬂ ﬂﬂQ,

| I R . 2

I E— E— — &ﬂ %WQ,

I S E— — Sp %2

I I S R N

— — T
— — 2,
nlll nwa, AWQ,
I — — 2,4
— —— %
.IIII Sy C2
I N O S E— %«w, S,

4
i
| -
q°)
=
_
—i
>
O
pd
Q
| -
>
o+
(O
| -
()
o
5
T
)
o]0)
(O
| -
)
>
<
T’
>
nll
@)
o+
o0
=
-
>
a8

— — 2\
||| e—— o, 5

| N N S S
N I S \z

N I S vv zw.w
I N R \,

I I I I I I I Q,\, Q,\.
AN D M A N N %
N N N - - -

n o i
Mm oM o (@




4
i
-
(O
=
_
—i
>
@)
=z
(C
Y
S
@)
c
Vg
“©
C
O
%)
(q0)
)
V)
T’
>
M’
Q
=
v
c
(qv)
>
+—
=




4
i
| -
©
=
_
i
>
O
=z
©
Y
=
@)
(=
g
©
-
@)
(s}
©
()
g
T’
=
nll
@)
)
o]0)
=
-
>
(a)]

| ——

140

120

100

80
0
0
0
0

39



APRIL 2011

&
=]

s

== =k =k =k =k
L

= M
o o o

Last-freeze (Day of year)

—_ast-freeze
== == 131-0.23(Year-1960)

— irst-froeze
------ 279+0.15(Year-1960)

N NN N W

1960 1970

R R LA R T T
1980
Year

1990 2000 2010

BETTS

m
a
00
3
9 §
80 S
<
705
60 S
)

Growing season Freeze-period (Days)

Betts 2011 W

240 — - reare-period
=== = 215-0.39Y ear-1960)
220 Y\f V
——— A |
200 B o
180
160 l WAABYYS o Al
140 T
—Erowing season
------ 142+0.37(Year-1960
120 |""|'"'|""|'"'|'"'|""|""|"'{'|""|"'}'
1960 1970 1980 1990 2000 2010

Year

F1G. 3. (left) Last spring freeze and first autumn frost and (right) length of freeze period and growing season (data
from Schwartz et al. 2006).

http://journals.ametsoc.org/doi/full/10.1175/2011WCAS1096.1?prevSearch=[Contrib%3A+alan+betts]&searchHistoryKey=
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F1G. 4. (left) Freeze-up and ice-out days for Stile’s Pond and ice-out for Joe's Pond and (right) wint
for Stile’s Pond. (Ice-out in 1975 is missing. )
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Activity



For this activity, we will investigate the prior 20 winters and the relationship between fall ENSO
conditions with the following winter's snowfall and temperature at Burlington, VT. All data are shown in
normalized space, or as standard deviations from average. A zero score means the data is the same as

the average, whereas negative values are below average and positive above average.

Winter Winter
Fall Nino3.4 Snowfall Temperature

-0.1 1.2 -0.2

0.4 1.1 -1.2

1.0 -0.8 1.4
1995 -0.6 0.7 -0.4
1996 -0.2 0.3 0.7
1997 2.6 0.1 1.0
1998 -1.1 -0.1 1.1
1999 -1.1 -0.9 1.2
2000 -0.5 1.6 -0.2
2001 0.0 -1.4 2.5
2002 1.4 0.0 -1.0
2003 0.6 0.5 -0.2
2004 0.9 0.9 -0.2
2005 -0.1 -0.2 1.4
2006 1.0 0.0 0.9
2007 -1.0 2.0 0.7
2008 0.0 0.9 0.0
2009 1.2 0.9 1.6
2010 -1.4 2.6 0.1
2011 -0.7 -1.6 2.3
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Produce a graph of Nino3.4, which is a measure of the ENSO state, and the following winter’s
snowfall. Data for 1992 is plotted to help get you started; Nino3.4 in both instances is on x-axis.

Produce a graph of Nino3.4, which is a measure of the ENSO state, and the following winter’s

temperature. Data for 1992 is plotted to help get you started.

We will discuss how much, if any, of the year-to-year variability might be attributed to El Nino/La

Nina.
Winter Winter
Fall Nino3.4 Snowfall Temperature
Fall Nino3.4 vs Winter Snowfall
1992 0.1 1.2 0.2
+2 - o 1.1 1.2
i : _—"| 190944 10 -0.8 1.4
p / 1995 0.6 0.7 0.4
------------- :---/-_A--------L/ 1996 0.2 0.3 0.7
+1 k/ 1997 2.6 0.1 1.0
1 1998 -1.1 -0.1 1.1
: : 1999 11 0.9 1.2
b 2000 0.5 1.6 0.2
0O : ““““““““““““““ 2001 0.0 1.4 2.5
1 2002 1.4 0.0 -1.0
: ; 2003 0.6 0.5 02
i 2004 0.9 0.9 0.2
1 i 2005 -0.1 -0.2 14
) ¥ 2006 1.0 0.0 0.9
1! 2007 1.0 2.0 0.7
: 2008 0.0 0.9 0.0
2 I i 2009 1.2 0.9 16
2010 1.4 2.6 0.1
-2 -1 0 +1 +2 2011 0.7 16 23
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ENSO Conclusions

* Alot of spread, ENSO does not explain much
of the variability

e Other factors must be at play, complex
interactions of tropics and high latitudes

* Slight tendency for snowier winters to be
associated with La Ninas (top 3 winters were
La Nina winters), however this year is an
exception



1.

a.
b.
C.
_d B

[

How warm was this winter?

L _EXCﬁticiallyivarﬂ (top 1%} _ |
h. Warm (top 25%)
Cc. Near average
d. Below average (cold) — lower 25%
e. Very cold — (coldest 10%)

2. How much snow fell this winter?

Epic (top 10%)

Above average (top 25%)

Near average

Below ave raL{Iower 25%.}_
Well below average (lowest 10%) |

3. How much snow fell last winter (2010-11)?

u.

LS I

Epic (top 10%) |

“Above average (top 25%)

Near average
Below average (lower 25%)
Well below average (lowest 10%)

4. HoygareNermonfywinters changings.,

maon ofe

Becoming warmer and snowier |

—_— _— _— —_— _— —_— _—

Becoming colder and snowier

Becoming warmer and less snowy

Becoming colder and less snowy

There has been little change to temperatures and snowfall
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5. Name three principle drivers of long-range (months to seasons) weather patterns?

Arctic Oscillation

a.
b.

C.

Pacific Jet Stream Patterns

ENSO

6. Define El Nino or La Nina.

El Nino: Warm or positive phase of ENSO featuring well above average sea-surface

temperatures in the equatorial central and eastern Pacific Ocean.

La Nina: Cold or negative phase of ENSO featuring well below average sea-surface

temperatures in the equatorial central and eastern Pacific Ocean.

7. The following best describes the Arctic Oscillation.

a.
b.

l
—
d.

An Oscillation of sea-ice coverage, with a maximum extent in March and minimum in September
An Oscillation of upper-level atmospheric winds , contributing to extreme air temperature patterns over

the Northern Hemisphere
“An Oscillation of low-level atmospherlc winds contrlbutlng to extreme air terﬁ)era_tug patterns over

the Northern Hemisphere

An Oscillation of stratospheric ozone cnntrlbutlng to large temperature variations in in the Northern

- - - - - e s
Hemisphere
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