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Warm Arctic—cold Eurasia for 1989-2016
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Warm Arctic—cold Eurasia. Between 1989 and 2016, Arctic winter temperatures have risen substantially faster than the global mean (red shading), whereas Eurasian winters have
become colder (blue shading). The global mean winter temperature rise over the same period was 0.5 ° C. A workshop in February examined possible links between these
contrasting trends and revealed differences between observational analyses and model studies, as well as among different climate models. Data from NASA GISTEMP
(https://data.giss.nasa.gov/gistemp/).
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Synthesis of proposed cryospheric forcings. The schematic highlights a proposed way in which Arctic sea-ice loss in late summer through early winter may work in
concert with extensive Eurasian snow cover in the autumn to force the negative phase of the NAO/AO in winter. Snow is shown in white, sea ice in white tinged with blue,
sea-ice melt with blue waves, high and low geopotential heights with red "H’ (red represents anomalous warmth) and blue "L’ (blue represents anomalous cold)
respectively, tropospheric jet stream in light blue with arrows, and stratospheric jet or polar vortex shown in purple with arrows. On the right globe, cold (warm)

surface temperature anomalies associated with the negative phase of the winter NAO/AO are shown in blue (brown). See Box text for detailed explanation.
(Cohen et al.,2014)
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North American temperature anomalies for (a) the winter of 2013/14 and (b) 7 Jan 2014. Anomalies are relative to the period 1980—
99. (c) Daily mean temperature averaged over CENA [black box in (b)] for 1 Nov 2013-31 Mar 2014 (black curve) and the daily 1980-
99 climatology (gray line). Blue (orange) shading shows days colder (warmer) than the average for that day. (d) North American

temperatures for 7 Jan 2014.
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(a) Histogram of daily winter temperatures averaged over CENA during the period 1980-99. (b) As in (a), but based on the
period 2000-13. Green lines are drawn at —16.8° C and correspond to the temperature on 7 Jan 2014. Numbers in the top
left and top right of each panel are the mean temperature (° C) and standard deviation (° C), respectively.

(J.A.Screen,C. Deser and L.Sun,2015)
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(a) Histograms of simulated daily winter temperature averaged over CENA taken from 34 coupled climate models for the periods 1980-99 (gray bars), 2030-49 (blue),
and 2088-99 (red). Numbers in the top left and top right of each panel are the mean temperature (° C) and standard deviation (° C), respectively. Vertical green line
denotes the value of the model’s 1.1 percentile, the simulated analog of the 7 Jan 2014 event in observations. (b)—(e) As in (a), but for coupled simulations with (b)
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Seasonal distributions of decadal surface temperature difference between the
decade of 2001-2010 and the decade of 1991-2000: cooling North China
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Linkage of observed Arctic circulation with the sea ice
Relationship between the September Arctic sea ice and

summer large-scale circulation using ERA-Interim
a September seaice b JJA Z200
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a, Linear trend (% per decade) of September sea-ice concentration from the NSIDC passive microwave monthly sea-ice record (1979-2014). b, Linear trend (m per decade)
of JJA 2200 and surface wind (m s per decade) in ERA-Interim reanalysis. c, Domain-averaged time series for September sea-ice anomaly (%) averaged over the region
circled by the blue contour in a, lower-level (1,000 hPa to 750 hPa) JJA temperature (C° ) and JJA specific humidity anomalies (g kg) in the Arctic (averaged over the region
north of 70° N), JJA down welling longwave radiation (LW) anomaly at surface (Wm) in the Arctic north of 70° N, and JJA Z200 anomaly (m) over Greenland (66° —80°
N, 310° -330° E) ,indicated by the dot in b, and referred to as GL-Z200 (Ding,Q.H.et al., 2017)
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Correlation of each time series for climate variables with JJA Z200 for the period 1979-2014 using ERA-Interim

d Seaice related 2200 @ Temp. related 200 f Hum. related 2200

04 05 06 07

In d, regression of JJA surface wind with September sea-ice index is superposed. The sign is reversed in d for simplicity of comparison
with other plots. In f, regression between the specific humidity index and vertically integrated water vapour flux is plotted. All linear
trends are removed in calculating the correlations in d—g. Black stippling in all plots indicates statistically significant correlation or trend
at the 5% level; in d and f, vectors are plotted when regressions are statistically significant at the 5% level

(Ding,Q.H.et al., 2017)
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Relationship between large —scale high-pressure circulation and low-level
thermodynamic anomalies
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Linear trend of zonal mean JJA vertical velocity

02 Vertical velocity b Time series ¢ Omega related 7200
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a) Meridional cross section of linear trend of zonal mean JJA vertical velocity (10> Pa/s/decade) in ERA-I (1979-
2014). b) Domain averaged JJA lower level vertical velocity (1000hPa to 700hPa, unit: 10 Pa/s) in the Arctic (north
of 70° N). c) Correlation of omega index in (b) with JJA Z200 in 1979-2014. The trends are removed before the

calculation. In ¢) stippling indicates statistical significant correlation at the 5% level.
(Ding,Q.H.et al., 2017)
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Observed and estimated radiatively forced trends in upper and lower tropospheric geopotential height and winds.
a Obs. (1979-2014) b CMIP5 (1979-2014) ¢ LENS (1979-2014)

JJA Z200 trend

——> 2m s per decade

-8

Obs. (1979-2014) e CMIP5 (1979-2014)

N -QS/\?*‘/ PN’ “-Qi/wﬂﬁ‘

JA Z700 trend

——=> 1m s per decade

Observed and estimated radiatively forced trends in upper and lower tropospheric geopotential height and winds. a—
f, Linear trends of JJA geopotential height (m per decade) and zonal and meridional winds at 200 hPa (a—c) and 700
hPa (d-f) for the period 1979-2014 from a and d ERA-I (a,d) (repeated from Fig. 1b) the 26-model ensemble mean
from the CMIP5 project (b,e) and the 30-member ensemble mean from the LENS project (c,f).

(Ding,Q.H.et al., 2017)
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Simulated impact of atmospheric circulation on summertime Arctic sea-ice trends

a Full forcing b Modified forcing (%A?S%’ﬁﬂﬁl) c 3 September sea ice extent
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Simulated impact of atmospheric circulation on summertime Arctic sea-ice trends. a,b,d,e, Linear trend of September sea-ice
concentration (a,b, % per decade) and thickness (d,e, m per decade) in Exp-5 (denoted as ‘full forcing’) and Exp-6 (denoted as
‘modified forcing’). c, Anomalous total area of September sea-ice extent (area of ocean with ice concentration of at least 15%) in
both simulations and NSIDC observations. f, Anomalous total volume of September sea ice (area of ocean with ice concentration of
at least 15%) in both simulations and the Pan-Arctic Ice Ocean Modeling and Assimilation System (PIOMAS).

(Ding,Q.H.et al., 2017)
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Estimates of the internal variability contributions
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What is the origin of the internal variability of the
Arctic circulation?

Forcing of tropical SST variability will excites a tele-connection pathway. 70% of
the circulation change over Greenland region and related warming may be
attributed to the internal variability originated from tropical Pacific

(Ding,Q.

H.et al., 2017)



1979-20125F %#2% (TSREREFM) HEFIRESSTS LS IKIFRVBE I :
ERT A X FFIRS FAPREREX

Coupled patterns between detrended annual mean tropical SST and Northern Hemisphere circulation for 1979-2012
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Figure shows MCA results for detrended annual mean 1979-2012 Northern Hemisphere (0-88.5° N) 200-hPa geopotential
heights (Z200) and tropical (20° Sto 20° N) sea surface temperature (SST). Shown in a are the patterns of Z200 (contour
interval 10metres) and tropical SST (shading) that accompany the first mode in these two data sets. Panel c displays the time
series of the Z200 (red) and SST (blue) patterns shown in a. Panels b and d are the same as in a and c but for the second mode.
Amplitudes in a and b are scaled by one standard deviation of the corresponding time series in c and d; the latter have a
standard deviation of one.

(Ding et al 2014)
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1999-2012 - 1979-1998
300 hPa streamfunction

The 300 hPa
streamfunction
for the differences
between 1999-
2012 and 1979-
1998

(105 m2s™1)

a, NDJFM, and b, MJJAS, based on ERA-I reanalyses, where the rotational wind is parallel to the contours.
The green arrowheads show schematically the main wave trains emanating from the tropical Pacific.
(Trenberth et al.,2014)
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Relationship between PDO and the Arctic sea ice melting
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(Screen et al,2016)




EEMD modes of the corresponding normalized time coefficient of the first
leading EOF modes of the winter mean minimum temperature in China and
the winter mean NAM/AO index for 1960/61-2012/13.
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(Liang,Ding, Zhao,2015)
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Temporal variations of EAWMI anomalies during 1960/61~2016/17. Black solid line is the 11-year running mean
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(NCC, 2016)



1950-2011 winter Siberian high and monsoon indices
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Dynamic cause for Arctic warming: “ Polar heat wave”
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