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Overview of my lectures

« Lecture 1: Background on the Arctic
Atmosphere/Climate System and how it is changing.

e Lecture 2: Impact of the retreat of sea ice on ocean
convection in the Greenland and Iceland Seas.

* Lecture 3: Winter warming events at the North Pole and
the 2017 collapse of the Beaufort High. Responses to
thinning and retreating sea ice?



What determines the surface temperature of the earth?

In simplest terms, the earth is in radiative balance.
=> Incoming solar radiation is balanced by outgoing terrestrial
radiation.
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What determines the surface temperature of the Earth?

The atmosphere is transparent to incoming solar radiation
but partially absorbs outgoing terrestrial radiation.

T ~0.9
Shortwave
transmittance
close to 1.
T|W~O . 2
Longwave
transmittance
close to zero.



What determines the surface temperature of the Earth?



What determines the surface temperature of the Earth?

e With an atmosphere that is transparent to incoming
solar radiation and partially absorbing of the outgoing
longwave radiation T~288K .

 The Issue Is that as we increase the concentration of
greenhouse gases we are reducing t,, that acts to
Increase the surface temperature.

* In the Arctic, loss of sea ice Is reducing albedo that also
acts to warm the planet by absorbing more incoming
shortwave radiation.

e This contributes to a phenomenon known as ‘Arctic
Amplification’.

Winter mean surface air temperature anomaly (°C) from
the NASA GISS Surface Temperature Analysis



IS Ry, =07

. Hié)h latitude regions characterized by polar night/polar
day.

* Implies that incoming solar radiation is zero during the
winter and maximum during the summer.

« Outgoing longwave non zero all the time.

¢ =>Ry,, 70!



How does the climate system transfer energy polewards?
e atmosphere
e QOcean

Extra-tropical
cyclones act
to move cold
air
equatorward
and warm air
poleward
Net effect is
poleward
energy
transport

Extra-tropical cyclone over North Pacific Jan 10 2017



How does the climate system transfer energy polewards?
e atmosphere
e QOcean

Extra-tropical cyclone over North America Sept 27 2011



How does the climate system transfer energy polewards?

e atmosphere
e Ocean

Net effect is
polewards
energy
transport

Surface ocean currents in the North Atlantic transport warm
tropical water northwards and cold polar water southwards



How does the climate system transfer energy polewards?
e atmosphere
e QOcean

Animation of North Atlantic ocean currents






How does seasonality impact the energy transport?
 One only needs to transport energy polewards during

the winter (polar night).

e Atmosphere transports most energy polewards during

the winter.

* Ocean transport more balanced (harder to turn on/off).
e => atmospheric circulation very different between winter
(when extra-tropical cyclones are active) and summer

(when they are not).

Poleward
energy
transport
largest In
the winter
hemisphere



How do we Characterlze Atmospherlc Motion?
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How do we Characterize Atmospheric Motion?

0 Obsewvation “__ Analysis

Sho Forecast

(background

for next stage)

Data Assimilation

Cycle




How do we Characterize Atmospheric Motion?
* In principal, atmospheric analyses represent our best
estimate as to the state of the atmosphere as a function

of space and time.
 There are at least two problems:
e |nput data varies with time.
« Data assimilation systems vary with time.



How do we Characterize Atmospheric Motion?

* Retrospective Analyses (Reanalyses) are a recent
development that minimizes some of these problems.
 They use a modern (frozen) data assimilation system.
 They assimilate all available data.

o Typically there are reanalyses that cover:
o the satellite era (1979-onwards: ERA-I).
* the radiosonde era (late 1940s-onwards: NCEP).
* the surface data era (1850s-onwards: 20CR).
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How do we Characterize Atmospheric Motion?

* Retrospective Analyses (Reanalyses) still suffer from the
problem that they are dependent on a forecast model and
fields (like precipitation and air-sea fluxes) that are not
strongly constrained by observations may have biases.

Observed vs Reanalysis Sensible Heat Flux over the Denmark Strait as represented in
the ERA-I and the Arctic System Reanalysis



The Arctic Atmosphere

 Will use the Interim Reanalysis from the ECMWF (ERA-I)

* Available 1979-present, every 6 hours at a horizontal
resolution of 0.75°.

Sea-level pressure (shading & contours-mb) and 10m wind (vectors-m/s)
with 50% sea ice concentration contour in white



The Arctic Atmosphere
Summer j N ot Winter
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2m air temperature (shading & contours-°C)
with 50% sea ice concentration contour in red



The Arctic Atmosphere

Summer
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10m wind speed(shading & contours-m/s)
with 50% sea ice concentration contour in black



The Arctic Atmosphere
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Directional constancy of the 10m wind (shading & contours)
with 50% sea ice concentration contour in white




The Arctic Atmosphere

Summer

Precipitation (shading & contours-mm/day)
with 50% sea ice concentration contour in red



The Arctic Atmosphere

Summer
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Snow fraction (shading & contours-%)
with 50% sea ice concentration contour in red/blue




The Arctic Atmosphere

 We have shown that there is strong seasonality in the
Arctic Atmosphere that is related to the need to transport
energy polewards during the winter.

* Do the changes that we are observing also have a
seasonal imprint?

* Yes, Arctic Amplification largest during Fall and Winter!

« Appears to be a recent acceleration (above long-term
trend).

GIS Surface Temperature Anomaly



The Changing Arctic

| will focus on the winter (season of recent accelerated
warming).

» |ce-albedo effect not important (polar night) except
through warm season changes that persist.

 Look at trends in ERA-I as well as the satellite
microwave products and the PIOMASS Sea Ice
Reanalysis (all over the period 1979-2017).

Winter trend in sea ice concentration (%/decade) from Bootstrap Dataset



The Changing Arctic Atmosphere

Winter trend in 2m air temperature (°C/decade) from ERA-I



The Changing Arctic

Winter trend in sea-level pressure (mb/decade) from ERA-I



The Changing Arctic

Winter trend in Brunt—Vaisala frequency (s-t/decade) from ERA-I



The Changing Arctic

Time series of Barents Sea Winter sea ice concentration (%) and thickness (m)



Summary:

e Earth is in thermal equilibrium (incoming solar
radiation=outgoing terrestrial radiation.

« Atmospheric and oceanic motion to first order is the
result of the need to transport heat polewards during the
winter.

e As aresult, the summer and winter circulation in the
Arctic are very different (annual mean generally not
representative).

e Winter most active time in the Arctic with much of the
energy focused in the Eastern Arctic and Greenland
(result of North Atlantic Storm track).



Summary:

o Arctic Amplification most pronounced during cool period
of year when ice-albedo feedback not active.

« Amplification most likely the result of reduction and
thinning of sea ice cover that is allowing the ocean and
the atmosphere to transfer heat (warm ocean/cold
atmosphere).

e This surface heating iIs leading to enhanced
cyclogenesis in the Arctic that is distributing the heat
westwards along the Siberian Coast.






	An Introduction to the Changing Arctic Atmosphere�Kent Moore�Dept of Physics�University of Toronto
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34

