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White: total precipitable water (brigher white = more water vapor in column)
Colors: precipitation rate (0 — 15 %, red=highest)




Learning outcomes for today:

* Describe the basic structure of temperature and circulation in the stratosphere and
its seasonality

* Explain how the stratospheric circulation is affected by tropospheric eddies

 Explain the two dominant modes of variability in the stratospheric circulation



Structure of the stratosphere
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Temperatures if the atmosphere didn’t move: radiative-equilibrium

(though this is based on the observed distribution of ozone, which depends on the circulation)
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Dynamics (motion) of the stratosphere



What makes the stratosphere move?

* Strongly stratified — vertical motion generally inhibited
N ~ 2% 1072% s~1 — 2x more stable than troposphere

* Baroclinic instability not a significant driver of motion in the stratosphere

Fastest growing wavelength scales with L, NH H ~ 20 km — 2x deeper than troposphere
which is ~4x longer than in the troposphere Lq= T N — 2x more stable than troposphere
(L;~4000 km)
Eady growth rate is significantly smaller AH H .

_ op = 031— — is 2x smaller than troposphere (from above)
than in the troposphere Ly Lg

Wind shear A : similar

There is no obvious change in the PV gradient to support counter-propagating Rossby waves like there is
in the troposphere.

Hence, the stratosphere is generally baroclinically stable.

* The primary driver for motion? It comes from below

Ross!oy waves } Generated in the troposphere, propagate upwards, and break in the stratosphere
Gravity waves



Horizontal circulation



Analog: the rotating tank Very strong stratification = quasi-2D flow

blue dye near
cold north pole

Color = potential vorticity
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If N2 is large enough,
this can be neglected

Generally, this assumption holds for length scales
smaller than the deformation radius: L < L4

Fig 12.12: The tracer distribution
in the northern hemisphere lower
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Very strong stratification = quasi-2D flow

Color = potential vorticity
(a tracer)

Rossby waves along
boundary

What generates this (Rossby) wave activity?

Rossby waves propagate upwards from
the troposphere below.

However, only waves with
relatively long wavelengths 0< U<
are allowed, satisfying:

p
k* + 12

(see Vallise Ch 6.4.2)

Baroclinic eddies from the troposphere stir the stratosphere!



Rossby waves propagate upwards from the troposphere and break in the stratosphere

Wave breaking = wave activity dissipation = EP flux convergence
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Overturning circulation
(eddy-driven residual, driven by breaking waves)



Brewer-Dobson circulation: a residual, eddy-driven overturning circulation
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tropospheric residual circulation
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Figure 5. Seasonal mean TEM stream function, y, from ERA-Interim for 1989-2009. Contours have units of kgm™'s AN
and are spaced logarithmically. Dashed contours represent negative values. Figure 3 from Seviour et al. [2012]. L ) )



Brewer-Dobson circulation: a residual, eddy-driven overturning circulation

This is a Lagrangian circulation (again,
not an Eulerian mean).

This means the circulation carries
tracers and pollutants, such as ozone
and aerosols, with it.

Note: this is why large volcanoes in the
tropics are particularly important as a source
of sulfate aerosols in the stratosphere.
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Figure 3. Annual mean age of air in years simulated by
a CCM for the year 2000 (contours) and the simulated
change in age from 2000 to 2080 (colors). Figure 2a
from Li et al. [2012]. ©American Geophysical Union. Used
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Summary schematic

gravity wave breaking

stratopause

Solid arrows indicate
B-D circulation Surf Z°”e\ the residual circulation.
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Stratospheric vs. tropospheric polar vortex
(not the same thing!)

WHAT IS THE POLAR
VORTEX AND HOW DOES IT
INFLUENCE WEATHER!?

DARRYN W. WauGH, AbaM H. SoBeL, AND LorRENZzO M. PoLvani

There are separate stratospheric and tropospheric planetary-scale circumpolar vortices, with

differing structure, seasonality, dynamics, and impacts on extreme weather.

Waugh et al (2017, BAMS)
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Fic. |I. Schematic of stratospheric and tropospheric polar vortices.
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Fic. 2. Climatological zonal-mean zonal wind in Jan and Jul. The diamonds mark the hemispheric maximum of
the zonal wind at each pressure level and the approximate edge of the polar vortex for that hemisphere. Data
source: National Oceanic and Atmospheric Administration (NOAA) Climate Prediction Center (CPC) analyses.
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FiG. 3. Maps illustrating the (a),(b) stratospheric and (c),(d) tropospheric vortices in Jan 2014 using (left) geopo-
tential height (shading) and zonal winds (white contours for 30, 40, 50, and 60 m s™') at (a) 50 and (c) 300 hPa and
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Can variability in the stratospheric wintertime
polar vortex affect tropospheric weather?

Yes.

Dominant mode of variability in the stratospheric polar vortex?
“Sudden Stratospheric Warming” (SSW)

Generated by especially strong upward propagating Rossby wave activity.

Enhanced wave breaking temporarily weakens the polar vortex and makes

it more susceptible to breaking down.

Largely a Northern-Hemisphere phenomenon. -



2 MetOffice
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A second mode of variability: Quasi-biennial oscillation (QBO)

Monthly-mean zonal wind near Equator

3 radiosonde stations: Canton Island, Gan/MaIedive Islands, Singapore
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(“almost every 2 years”)

Oscillation of the equatorial zonal wind in the stratosphere
Switches between easterlies and westerlies

Mean period: ~28 months

Easterly phase amplitude is about twice as strong as that of
the westerly phase

Develops at the top of the lower stratosphere and
propagate downwards
Dissipated at the tropical tropopause

What drives this oscillation?
Principally upward propagating Kelvin waves
from the tropical troposphere.
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https://climatedataguide.ucar.edu/climate-data/qbo-quasi-biennial-oscillation



https://climatedataguide.ucar.edu/climate-data/qbo-quasi-biennial-oscillation

Now go to Blackboard to answer a few
questions about this topic!



