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Arctic influence on subseasonal midlatitude prediction
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The impact of the Arctic on midlatitude weather and climate is still in scientific debate. The
abservation-based analysis, however, shows frequent concurrences of Arctic warming with extreme
cold in the midlatitudes, and vice versa. This teleconnection could aid in seasonal climate forecasts
for the midlatitudes. This study assessed the forecast skill of Arctic temperature and the
Arctic-midlatitude teleconnection patterns in operational seasonal climate forecast models based
on their wintertime forecast archives. Further, the impact of the Arctic-midlatitude teleconnection
on the midlatitude forecast skill is evaluated. The results revealed that most climate forecast models
have the capability to simulate the overall pattern of Arctic-midlatitud

eastern Eurasian and North American regions. However, this

skill in midlatitude likely due to poor capabilities in forecasting Arctig
analysis (assuming a perfect forecast of Arctic temperature) showed tl

improvements could be achieved, and further improvements

of the Arctic and its teleconnection patterns. These results highlight t

predictions of the Arctic conditions in seasonal forecasts that
region but extend to midlatitude weather and climate as well.
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Geophysical Research Letters

Successive cold winters of severely low temperatures in recent years have had critical social
and economic impacts on the mid-latitude continents in the Northern Hemisphere. Although
these cold winters are thought to be partly driven by dramatic losses of Arctic sea-ice, the
mechanism that links sea-ice loss to cold winters remains a subject of debate. Here, by
observational analyses and model experiments, we show _how Arctic sea-ice

conducting
Id winters in extra-polar regions are dynamically connectg
e. We find that decreased sea-ice cover during early winter
, especially over the Barents-Kara seas, enhances the up
cale waves with wavenumbers of 1 and 2, subsequently
plar vortex in mid-winter (January-February). The wea
induces a negative phase of Arctic Oscillation at the sur
in mid-latitudes.
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ice decline on midlatitude weather and climate.

1. Introduction

Due to harsh conditions, taking in situ observations in the polar regions is a challenging and resource inten-
sive task. Satellite remote sensing techniques also have their limitations for the lower atmosphere when ice
or snow is present at the surface. The sparse observational database contributes to relatively large analysis

uncertainty [Jung and Leutbecl
therefore their representation i
to the situation in lower latitud

The opportunities and risks asg
require advanced environmen
activities such as the Polar Preq
Research Programme are unde
http://polarprediction.net).

The aim of this study is to answ
skilful medium-range and exte
this end a series of forecast exp
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Two distinct influences of Arctic warming on cold

improvements in climate modelling science and  ence is less significant . . . . . . . . in the Arcti sificially be

extensive increases in observational data over the 2005, Lee eral 2013 RESEARCH LETTER Impacts of Arctic sea ice and continental snow The Influence of Arctic Amplification on Mid-latitude in the Arctic can artificially be r

last few decades (Cane eral 1986, Tn eral 2010). skill improvements h: 10.1002/2015GL063203 . - The relaxation approach has beg H * M
Notably, tropical ocean variabilities like the EI-Nino  longer-timescale bour] cover Changes on atmospherlc weather and CIImate Northern Hemisphere forecast WI nte rs over North Amerlca a nd East As Ia
Southern Oscillation (ENSO) which now can be pre-  ture (Koster et al 200¢ Key Points: winter teleconnections [Douville, 2009; Jung et al,, 2010

dicted earlier than one season ahead provide forecast
skill over midlatitude where the tropics-midlatitude
teleconnection has direct impacts on weather and

Sospedra-Alfonso an,
2018), sea-ice (Day et
turbances (Scaife et

- Changes in sea ice and snow cover
induce a negative Arctic Oscillation
in winter

« An atmospheric model has deficits
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Abstract Extreme winters in Northern Hemisphere midlatitudes in recent years have been connected to
declining Arctic sea ice and continental snow cover changes in autumn following modified planetary
waves in the coupled troposphere-stratosphere system. Through analyses of reanalysis data and model
simulations with a state-of-the-art atmospheric general circulation model, we investigate the mechanisms
between Arctic Ocean sea ice and Northern Hemisphere land snow cover changes in autumn and atmospheric
teleconnections in the following winter. The observed negative Arctic Oscillation in response to sea ice
cover changes is too weakly reproduced by the model. The planetary wave train structures over the Pacific
and North America regions are well simulated. The strengthening and westward shift of the Siberian )
high-pressure system in response to sea ice and snow cover changes is underestimated compared to
ERA-Interim data due to deficits in the simulated changes in planetary wave propagation characteristics.
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1. Introduction

The Arctic is on the track to a new climate regime dominated by thinner first year ice [Kwok and Rothrock,
2009]. The decline in Arctic summer sea ice concentration is connected with atmospheric circulation
responses in the following winter months [Cohen et al,, 2014; Liu et al,, 2012; Mori et al., 2014; Overland and
Wang, 2010; Overland et al., 2011; Vihma, 2014] and linked to anomalous cold winters over Eurasia [Honda
et al,, 2009; Cohen et al., 2014] and other regions of the Northern Hemisphere [Cohen et al., 2014; Francis
et al,, 2009]. Sea ice decline leads to an enhanced absorption of solar radiation in the mixed layer of the
Arctic Ocean in autumn intensifies the vertical fluxes of heat and moisture into the atmosphere. This can be
seen in model results and reanalysis data [e.qg., Rinke et al, 2013; Screen and Simmonds, 2010; Kim et al.,
2014]. As shown by Sato et al. [2014], horizontal advection of heat and moisture can reduce the strength of

vertical latent and sensible heat fluxes. Since there are no in situ measurements of vertical latent and d . Lch . decades h b ical h warmed approximately twice as rapidly as the Northern Hemisphere -20 -16 -12 -08 -04 02 06 10 14 18
sensible heat fluxes available, reliable trends in these fluxes following sea ice decline cannot be estimated :m enmom_nenm ke a.n_ges In recent decades ave-, Bpfn espe- Extmt!'oplc -W-VE-a er extremes. . . i (NH) as a whole’. This clearly indicates that the Arctic is very ¢
as discussed by Boisvert et al. [2013]. Through reduced vertical stability, baroclinic systems grow in autumn cially acute in the Arctic and have thrust the region into the This possibility is generally rooted in dynamical consider- susceptible to climate change, a phenomenon evident in both ir— ART! index CORR(ART1 and ART2) = 0.09
and exert a strong impact on the intensification of planetary waves in the coupled troposphere-stratosphere spotlight of global change concems. It is not difficult to un- ations, such that a rapidly warming Arctic could alter observations and climate projections'**. . ) 61 — ART2index CORRg;(ART! and ART2) = -0.08 |
system in the following winter [Jaiser et al, 2012]. Eliassen-Palm fluxes [aiser et al,, 2012, 2013; Trenberth, 1986] derstand why, given the area’s dramatic trends in rising tem- extratropical circulation and thus mid-latitude weather pat- Although  greenhouse gas concentrations have increased 4 . A
d ! hanced It of th diabatic h {ated with ) L . . . continuously over the past half-century, extratropical NH winter 2 A /v -

ue to planetary waves are enhanced as a result of the stronger diabatic heat source associated witl peratures and declining ice and snow cover [1-3]. A logical  terns. A commonly hypothesized pathway for such an influ- temperatrre trends have exhibited considersble interdecadal 5 O e A r,,}\?}{\ .’k& - §|

i ice i ini i . . . . . . 7 ~ 7 L

the larger open ocean areas when Arctic sea ice is low. The enhanced baroclinic systems and modified question is whether such pronounced climate changes can ence is a weaker and wavier westerly atmospheric flow that variation (Fig. 1), partly because of natural climate variability, 5 Y VH \% \.\i \Ay‘:j %n el
cloud development processes impact the hydrological cycle and snowfall over the continental areas [Park et al,,

2013; Ghatak et al,, 2010]. Therefore, in addition to sea ice changes, associated snow cover changes affect
the winter large-scale atmospheric circulation [Cohen et al, 2013]. Interactions between baroclinic processes
and large-scale planetary wave changes trigger a negative surface Arctic Oscillation (AO) signal that extends
up to the stratosphere in winter, which is connected to reduced sea ice cover in late summer [Kim et al,, 2014;
Jaiser et al,, 2013]. Another process impacting the winter AQ signal is related to Siberian snow cover anomalies
in October. Though the satellite data [Robinson et al, 1993] exhibit a positive trend in October snow cover,
Brown and Derksen [2013] found a negative trend using reanalysis data, in situ snow depth observations,
and passive microwave data. Despite this observational uncertainty in the trend of October snow extent,
positive anomalies of Siberian snow cover in October enhance planetary wave activity resulting in a negative
winter AO signal [Cohen et al, 2007, 2012; Allen and Zender, 2011]. The sea ice-related and snow cover-related
mechanisms are connected through changed moisture budgets following the Arctic sea ice decline [Cohen
et al, 2012]. Low sea ice and extensive snow cover, by influencing the characteristics of baroclinic cyclones and

Abstract

Purpose of Review The rapidly warming Arctic climate may affect weather in middle latitudes, but controversies remain as to
mechanisms and robustness. Here, I synthesize recent advances in this rapidly changing field and summarize recommendations

on paths forward.

Recent Findings Initial “black-and-white” debates about whether Arctic amplification (AA) affects mid-latitude circulation have
evolved toward a more nuanced perspective awash in gray. Recent research has demonstrated myriad ways in which AA can
influence weather remotely and explored whether any Arctic-based signal is significant against the backdrop of natural

variability.

Summary The popularity of and controversies surrounding this topic have spurred a multitude of approaches and often-
conflicting studies that have widened the envelope of our understanding but hindered a scientific consensus. This messy but
necessary exploratory phase of independent investigations is benefiting from recent efforts by the research community to self-
organize through workshops, working groups, and coordinated experiments.

Keywords Arctic amplification - Extreme weather - Teleconnection - Middle latitudes - Atmospheric circulation - Polar vortex

Introduction

For such a small region of the planet, the Arctic has recently
commanded a disproportionate share of attention. Climatic

remain isolated in high latitudes or whether they necessitate
a remote expression in boreal middle latitudes and perhaps
beyond. Concurrent with these polar changes, more frequent
and costly extreme weather events have been documented in

This article is part of the Topical Collection on Arctic Climate Change

B Stephen J. Vavrus
sjvavrus@wisc.edu

Nelson Institute Center for Climatic Research, University of

the USA and globally [4-7]. The emergence of these two
trends has motivated questions about their potential relation-
ship, especially how Arctic amplification (AA) of global
warming might affect mid-latitude weather and promote

fosters prolonged extreme weather episodes [8-11]. The sim-
plicity of this supposition, coupled with clear evidence of both
AA and an overall increase in extreme weather events, has
sparked considerable interest in the public sphere and debate
about its validity in the scientific community [12-15].
Keeping up with the latest discoveries is challenging, due
to the topic’s popularity and the rapid research progress.
Sharply divergent results and conclusions reported in the lit-
erature have made this task even more difficult, yet such dis-
crepancies also make attempts at synthesis more important.
The abundance of often contrasting studies on potential
Arctic mid-latitude linkages has spawned a number of inter-
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unusually harsh cold winters have occurred in many parts
of East Asia and North America in the past few years?%7,
and observational and modelling studies have suggested that
atmospheric variability linked to Arctic warming might have
played a central role***", Here we identify two distinct
infl of Arctic ing which may lead to cold winters
over East Asia or North America, based on observational
analyses and extensive climate model results. We find that
severe winters across East Asia are iated with lous
warmth in the Barents-Kara Sea region, whereas severe

inters over North America are related to anomalous warmth

inthe East Siberian-Chukchi Sea region. Each regional warming
over the Arctic Ocean is accompanied by the local development
ofan lous anticyclone and the d. tream development
of a mid-latitude trough. The resulting northerly flow of cold air
provides favourable conditions for severe winters in East Asia
or North America. These links between Arctic and mid-latitude

ther are also robustly found in idealized climate model
experiments and CMIP5 multi-model simulati We t
that our may help i | prediction of winter
weather and extreme events in these regions.

One of the clearest manifestations of recent climate change is
Arctic amplification—that s, surface warming over the Arctic being
faster than that at other latitudes under greenhouse warming'". Such
amplification has accelerated in recent decades and the Arctic has

For example, between 1979 and 1997, when global-mean surface
air temperature (SAT) increase was fastest, the winter warming
trend was clear over Europe, East Asia and the USA (Fig. la),
whereas the Arctic exhibited little trend or even slight cooling in
places. However, between 1998 and 2013, the pattern of winter
SAT trends in these regions became conspicuously different from
that in 1979-1997. First, Arctic surface warming has progressed
rapidly since 1998 (Fig. 1b), with stronger warming trends over
the Barents-Kara and East Siberian-Chukchi sea regions where
marked reductions in sea-ice concentration have occurred®”.
By contrast, strong cooling trends are evident over parts of the

frequent cold extremes, especially in recent years

A key feature of Fig. 1 is the generally opposite sign of SAT
trends between the Arctic and extratropics in the two epochs; in
the earlier epoch the Arctic was actually cooling slightly whereas
in the later epoch it was warming rapidly. Many recent studies
have suggested that recent cold winters in northern continents are
related to Arctic warming®*'"*"'*. However, it remains debatable
whether the trend to colder winters is due to Arctic amplification or
internal variability**"-*' because the underlying dynamical mech-
anisms are not fully understood. Several studies have argued that
sea-ice loss over the Barents-Kara Sea region in autumn plays a
critical role in influencing atmospheric circulation in the following

a Trend (1979-1957, DIF) b Trend (1998-2013, DJF)

-4
1980 1985 1990 1995

Year

2000 2005 2010

Figure 1| SAT trends and Arctic temperature (ART) indices. a,b, The linear
trend in surface air temperature during December-February for the periods
1979/1980-1997/1998 (a) and 1957/1998-2013/2014 (b) from the
observed data®. Green boxes denote the region for ART indices in b.

¢, Time series of seasonal-mean ART1 and ART2 during December-
February for the period 1979/1980-2013/2014. DT denotes the

de-trended state.
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Evaluating Climate Models with the
CLIVAR 2020 ENSO Metrics Package

Yann Y. Planton, Eric Guilyardi, Andrew T. Wittenberg, Jiwoo Lee,
Peter J. Gleckler, Tobias Bayr, Shayne McGregor, Michael J. McPhaden,
Scott Power, Romain Roehrig, Jéréme Vialard, and Aurore Voldoire

ABSTRACT: El Nifo—Southern Oscillation (ENSO) is the dominant mode of interannual climate
variability on the planet, with far-reaching global impacts. It is therefore key to evaluate ENSO
simulations in state-of-the-art numerical models used to study past, present, and future climate.
Recently, the Pacific Region Panel of the International Climate and Ocean: Variability, Predictability
and Change (CLIVAR) Project, as a part of the World Climate Research Programme (WCRP), led
a community-wide effort to evaluate the simulation of ENSO variability, teleconnections, and pro-
cesses in climate models. The new CLIVAR 2020 ENSO metrics package enables model diagnosis,
comparison, and evaluation to 1) highlight aspects that need improvement; 2) monitor progress
across model generations; 3) help in selecting models that are well suited for particular analyses;
4) reveal links between various model biases, illuminating the impacts of those biases on ENSO
and its sensitivity to climate change; and to 5) advance ENSO literacy. By interfacing with exist-
ing model evaluation tools, the ENSO metrics package enables rapid analysis of multipetabyte
databases of simulations, such as those generated by the Coupled Model Intercomparison Project
phases 5 (CMIP5) and 6 (CMIP6). The CMIP6 models are found to significantly outperform those
from CMIP5 for 8 out of 24 ENSO-relevant metrics, with most CMIP6 models showing improved
tropical Pacific seasonality and ENSO teleconnections. Only one ENSO metric is significantly
degraded in CMIP6, namely, the coupling between the ocean surface and subsurface temperature
anomalies, while the majority of metrics remain unchanged.
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Part 1. Performance

Target Variables: T2M, Z1000, Z500, SIC
—ﬂ—
Diagnostic Metrics Index Skill Score: ACC, MSSS

AT OIEYA 2|4

Part 2. Teleconnection
1. Arctic Oscillation (AO)

2. Sea Ice Concentration (SIC) Index (1) SIC/WACE Pattern Adeksl - BEsl=
3. Warm Arctic Cold Eurasia (WACE) O (2) AO Pattern = £l
4. Arctic Temperature (ART) Index (3) PCH Pattern ZICH D E2IA |4
5. Blocking Index == i:'— L
6. Polar Cap Height (PCH) =
7. Anomaly Thickness (AT) Part 3. Process
8. Eliassen-Palm flux (EP)
(1) Blocking Index o)
(2) AT Pattern
(3) EP Flux



3. 9+

0 285[= tHEXHE 0=
X

O

—

* Part 1. Performance Metric =M =4

A

f

253t | 1. Performance

1 4l "’}

.\@ N

3l HEHH (Choj et al., 2015)

= A
= -

0?.'_

5101 7| 2&0l O|=5A Bt Y RO PEX

=4 BI7IE ol O] & &2AH 2=(Anomaly Correlation Coefficient; ACC), B X| & =054 (Mean Squared
=

RMSE), & 2XH% of ErronE &30 24

@ Performance & 0| Al: ACC, MSSS

T2M ACC(GloSea5,JRA55) ON [ACC] T2M MSSS{G|OSBH5,JHA55} ON [MSSS]
180 180

BT T T 77 7T 1T [T L [ ] [ [ [

-08 -06 -04 -02 0 02 04 06 08 0 01 02 03 04 05 06 07 08 09

(1) ACC =
OIS

Ao XX X} metZ o ot Nl&E 222X (Root Mean Squared Error;

% (M —M)(0 — 0)

G Ae20ISS

(3) RMSE =

FdAe222

N—1 OmMO0

MSE
MSE,

N )2
;(M NO)

1/2

M-0
(4) % of Error = abs( ) * 100

B 2a}

ref

A
7



3. 92 A1} | |, Performance

= Part 1. Performance O|&2A 2AM A7}

Performance | St of|&/M £ M Z 1} (GloSea5 only, ON)

SIC Anomal nSeas - PCC: 0.76 BMSE 1.0

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

SIC ACC(HadISST,GloSea5) ON SIC MSSS(HadISST,GloSea5) ON

09 -0.6 -0.3 03 06 09 09 -06 03 0 03 06 09
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3. 92 A1} | |, Performance

= Part 1. Performance O|&2A 2AM A7}

Performance | T2M 0|2/ &M A1} (GloSea5 only, ON)

"0 T2M Anomaly GloSea5 - PCC: 0.93 RMSE:0.27
1.0
0.0
-1.0
2.0
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
T2M ACC(JRA55,GloSeab) ON [ACC] T2M MSSS(JRA55,GloSea5) ON [MSSS]

80N 80N — = e
60N 60N s
40N 40N
20N - 20N - . _
0 50E 100E 150E  160W  110W 60W 10W 100E 150E  160W  110W 60W 10W
BT [ [ ] [ [ T [ T T T T T

-08 -06 -04 -02 O 0.2 04 06 038 01 02 03 04 05 06 0.7 08 0.9
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3. 9 A3} | I. Performance

= Part 1. Performance O|&2A 2AM A7}

Performance | Z1000 ¢|=&/d &M Z7} (GloSea5 only, ON)

Z1000 Anomaly GloSea5 - PCC: 0.56 RMSE:5.55

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Z1000 ACC(JRA55,GloSea5) ON [ACC] Z1000 MSSS(JRA55,GloSea5) ON [MSSS]
80N ' F 80N '
60N TGRS “ y 60N
40N 5% "-é' ST S LA ‘ ' 40N
20N N 20N '
0 50E 100E 150E  160W  110W 60W 10W 0 50E 100E 150E 160W

-08 -06 -04 02 0 02 04 06 038 0O 01 02 03 04 05 06 07 08 09
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3. 92 A1} | |, Performance

= Part 1. Performance O|&2A 2AM A7}

Performance | Z500 0f|&/d &M A1} (GloSea5 only, ON)

30 _2500 Anomaly GloSea5 - PCC: 0.77 RMSE:7.54
20 3
. A h
10 =
0 4
10 =
-20
-30
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
7500 ACC(JRA55,GloSea5) ON [ACC] 7500 MSSS(JRA55,GloSea5) ON [MSSS]
80N 80N '
60N 60N
40N 40N
20N 20N oye =
0 50E 100E 150E 160W 110W 60W 10W 0 50E 100E 150E 160W 110W 60W 10W
B T [T ] [ [ T I I s [ [ T
-08 06 -04 -02 O 02 04 06 0.8 O 01 02 03 04 05 06 0.7 08 0.9




3.

o1 Ak ||| Teleconnection

Part 2. Teleconnection: SIC/WACE 0|4 &M 52 U Hit

(1) Sea Ice Concentration (SIC) Index/Warm Arctic Cold Eurasia (WACE) &4
(Kim et al., 2014; Kug et al., 2015)

.

- o

8] Zta 7|2t M2 S E 7|2 LA A=
7

|
OF

=
Hl 5= A|AE (SIC Index)= HIE S Z off@] Zra 7

o
| /
5= 7|2 X|£= 7|8 (Arctic Temperature Index; ART Index) & &850 X|+3}

@ Teleconnection & 0| Al: SIC Index & WACE/ART Index

SIC Index

OBS(HadISST,JRASS)

Sea-ica concantratio
- o

WACE Pattern/
ART Index

ECIW l}W Qﬂ"-"u' EGW 3{}'-"'1' 0 0

_!IIIHIIIIIIIIIIIIHII— _IIIIIIHIIIIHIIIIIII—

48 -42 36 -3 24-18-12-06 0 06 1.2 1.8 24 3 36 4.2 -48 -42 -36 -3 -24-18-12-06 0 06 12 1.8 24 3 36 42 48
(K) (K)
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5t 23} | 1. Teleconnection

= Part 2. Teleconnection: SIC/WACE 0|2 2M A7}

Sea-ice concentration(%)

SIC time_series

100

03]
o

(o]
o

S
o

N
o

0

1990 1995 2000 2005 2010 2015

Time (year)

90E

-2

-1.6

120E 150E 180

Teleconnection | SIC/WACE 0|=/d &M A1 (GloSea5 only, ON)

150W

120W

-1.2 -08 -04 O
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0w
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Sea-ice concentration(%)

GloSea5 (PCC: 0.71) \

SIC time_series
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3. 932 A3 | Il Teleconnection

* Part 2. Teleconnection: AO 0|&/Md 2M 22 9l dbH

A

(2) Arctic Oscillation (AO): 332 % &
- SHE otorer EET HE0| A=

A

=M (Higgins et al., 2000; Wallace & Hobbs et al., 1998; 2000)

=%ls 2o d5 B7t

- EOF(Empirical Orthogonal Function) 7|82 O| &350 A==l S35 REO| I E A 2HA
T= 85 AlAG &8t

L T O 1

=
-

|==(Principal Component Timeseries Correlation)S &850 X|3}

@ Teleconnection &= 0| A]: AO Pattern/Index

24.2%

cor:  AO index (Reanalysis) EOF 1 AOIndemeGIoSeaS) 28 5%

s a0 @ - a0 B @0 16 0 W 2 3 40
EOF 1 28.5% A--
50 ,EOF 1 24.2% a0 5% I—I_gl' J

2.0

zed
[=1

— —

AEAIH Y AbTFA

o ?%B%ﬂ‘*’ =t (Wallace & Hobbs,
1998; 2020)

= h
=

=Xl D EO| off & ArmbA
o

Standardized

O

=1

=]
O =
.7':.
=]

Standardi

-2.0

-3.0 | —

I l | | I | | I I I | I I I I | I I I 1 | I
1995 2000 2005 2010 2015

1895 2000 2005 2010 2015
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=

= Part 2. Teleconnection: AO (|58 &

Teleconnection | AO 0|4 24M A1} (GloSeab only, ON)

JRAS5

180

EOF 1 24.0%

EOF 1 24.0%

3.0 3.

2.0 2.

Standardized
Standardized

1992

1996 2000 2004 2008 2012

23t | Il. Teleconnection

M A

N Z24

EOF 1

GloSea5 (PCC:-0.56)

17.5%
180

EOF 1
0

0

1992

1996

17.5%

2000 2004 2008 2012

JRA55 2007, 2011, 2012
GloSea5 : 2007, 2010, 2011, 2012, 1675
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o1 Ak ||| Teleconnection

= Part 2. Teleconnection: PCH 0f|&8 &4 =4 & Y&

(3) Polar Cap Height (PCH) =4 (Kim et al., 2014)

- B ZA 7|7t 2 24850 HEN (HEA-HEH IARE0| HEMO AS HBA) B
o X Al

[?laE Of=2E| ShdEe I

- o8 & 7|20 hE =X

o S
w

-0.15
-0.45
-0.75

Pressure (hPa)

T 1T T T ———
e o =
o © M

1NOV 16NOV

Time (day)
|2} ot
o SIC IndexE 7|Hle 2 o{{d]l ZIA 717 MY 8l F XY X| 0k Of=B2| etAdAo| T E AMdbA| 4= EE= AO Index2t2|
'é*ﬂﬁl—r% %‘%6'}01 Xl—";‘:ﬁil- (Courtesy of NOAA CPC: https://www.cpc.ncep.noaa.gov/products/precip/CWIlink/daily_ao_index/hgt.shtml)
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Polar Cap Height [m] Polar Cap Height [m]

Polar Cap Height [m]

2.0
1.0
0.0
-1.0
-2.0

2.0
1.0
0.0
-1.0
-2.0

Teleconnection | PCH 0|4

APCH at 50hPa
- Corr.(GloSea5) : 0.75
| l |
10CT 160CT 1NOV 16NOV
APCH at 500hPa
. Corr.(GloSea5) : 0.38

10CT 160CT TNOV 16NOV

APCH at 1000hPa

Corr.(GloSeab) : 0.52

3. 951 A} | Il Teleconnection

= Part 2. Teleconnection: PCH 0j|2A Z 1}

N Y

)

A A1} (GloSea5 only, ON)

Pressure (hPa)

Pressure (hPa)

-t
=

1) I %
== = |

100
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My =
Lo B

w
=]
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1000
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% A :
-4 g .
- % 0.3
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APCH, composite (GloSea5)
| v\ — |
\yﬂ \ L,§ /g- \ 1.2
S : \ y > N = KE
\ / \ — 0
- ~ S~—1H o3
d - 0.3 5-0.15
f:{.\ ) —-0.45
—1 A | S |H-075
_ |5
10CT 160CT 1NQV 16NOV

Time (day)
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3. A3 A . Process

" Part 3. Process: Blocking Index ¥&58 &4 =4 2 3%

(1) Blocking Index =4 (Tibadli & Molteni, 1990)

- S 7IEA A 7|2 2N 2ET HE0] U= CHEH QI Blockingl| &, B, X[=7[LF 7t

@ Process &% O A|: Blocking Index

Blocking &A1 22| 4! 7|H UB ESB KB
UB Ural Blocking (30°E-80°E)
Region ESB East Siberia Blocking (80°E-130°E) AELM 22
KB Kamchatka Blocking (130°E-180°E)
Mean EEE RN
Amolige | (222 A 7|7 L X8 B2 500nPa
mplituae X905 EH% of Ua))
4 4+ 207 o) GloSea5
Index Frequency | [RE-THEM KIE] (=55 Afylay?_)*mO(%)
o L —
D t' EE" xH =H A xl_E %%Eg %:IA:
wation | 2R S s g gerggy =
O
AE(OND) Strength | Pattern Correlation Frequency Duration e
18.9 0.98 0.52 -1.00 =
Region 022 0.92 0.08 0.29 = ° 7 e - —
KB UB| |[ESB| KB
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-t A3} | 1ll. Process

= Part 3. Process: Anomaly Thickness 0|/

3.

(2) Anomaly Thickness (AT) =4 (Wu, B., & Francis, J. A., 2019)

- [O{7| 9% 5= (1000-500hPa Anomaly Thickness)E S¢ Z = & & HI}
- S/ E O7(0|A StRe E& X2 =% & S7/FH2 5= ket 37))eF SAI0| &0t H], & o2
A T T B2 XS
- X[R2=F2] 1000hPalll 500hPa AtO| 2 LtEIH S22 EOF 24 & S¢t ZE &8 I J&tA s+ E=
TAEZAMAG dEAs=F 850 X[=3}
@ Process =4 O Al: AT
.h T T
o 3% EOF 20| TfE 4E74
R " o FTEEAIAG HEtA =+

2015
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3. A3 A . Process

= Part 3. Process: Anomaly Thickness 0f|&A £ A}

A A1} (GloSea5 only, ON)

B [ [ ([ [ _EEEEEN

h 15 10 & L & 10 15 20 ) 15 ke & ¥ L 14 16 Ll

- EQF1 17.0% - EQF 1 189.5%:

20

e
L

Standardized
; =
[

om
. .
iz
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-3.0
g2 1886 2000 2004 2008 2012 1882 1896 2000 2004 2008 2)12
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Pressure (hPa)

of

=

EP Flux £
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A3 | Ill, Process

= Part 3. Process: E-P Flux 0J|&A &M 2 A

EP Flux2| Pressure/latitude £ ZZHO| Ij

/

20N 30N 40N 50N 60N 70N 80N

Ab T}

(3) Eliassen-Palm (EP) Flux =4 (Hu, D., 2018; Kim et al., 2014)
= ¢ OjF 3 853 AFO[ Wave I

SHEiZtA 7| ZH0f M2 EP Flux Oh 22| SHAIEO| AJA

- IHY W

= o
Mg

Process —

=AM 0| Al: EP Flux

16 NOV

CONTOUR FROM -8 TO 8 BY 0.8

The trends in the Eliassen—Palm (EP) flux vectors (arrows with units of 10*kg s~?decade™! for
vertical vectors, and 10°kg s~2decade™ for horizontal vectors) and the EP flux divergence
(shading) (Hu, D., 2018)

.\@ N

1 4l "’}

.

0

St Wave ® I} 1t

A= EE= EP FluxQ| AlAH €

A[v'T’], composite

16 JAN 16 FEB 16 MAR
Time (day)
5-day averaged composite poleward heat flux anomalies at 100 hPa from ERA-Interim data.

(Kim et al., 2014)
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3} ot

EP Flux?| Pressure/latitude &I
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3. A3 A . Process

= Part 3. Process: E-P Flux 0|2 &M A}

Process | E-P Flux ([vT]) 0|4 &M A1} (GloSea5 only, ON)

v'T’ at 100hPa (JRA55)

20 —
il
_ - AR ~— ~A S ~——g.” N ——0 / N e
 yoroneseeE e i e
= ]
10 =
20 — | | |
10CT 160CT 1NOV 16NOV
Time (day)
o0 v'T at 100hPa (GloSeab)
10 =
= JIOT Ao o =
10 =
20 — | | |
10CT 160CT 1NOV 16NOV

Time (day)
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Performance 0| A&

- GloSea52| ON(=7t=) 71t sl 2] o582 20067 = =2 |5 ds= ERAIT,
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