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I An Intermediate Complexity General Circulation Mbde
I (ICGCM) with prescribed heating
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Sensitivity to heating in a ICGCM




I Troposphere weakly stratified (to vertical displacements)

« Solar heating of the Earth’s surface leads to a radiatudibrium
state that is dynamically unstable, either convectivelyr{dise
tropics) or baroclinically (as in the extratropics).

 The heat transfer due to large-scalebulent baroclinic motion, both
vertical and meridional, extend to region of finite defitat we may
consider to be the troposphere



Stra'[OSthFEThe radiative equilibriunstate fadis
dynamically stable and departures frams state occur only
through external forcing by waves propagating up fribe
troposphere.

Atmospheric waves transfer angular momentum and enerdgyn@uneat) from the
surface of the Earth and the troposphere into the regioneabov

In the stratosphere, the negative wave drag from planstzale Rossby waves
drives an equator-to-pole mass circulation

Mass conservation then demands upwelling in the tropicdamahwelling in the
extratropics. This vertical motion leads to adiabatictimggor cooling which is
balanced, respectively, by radiative cooling or heatin



Simulation scenario

By means of system of the atmosphere dynamics ieguaith zonally
symmetric forcing sensitivity of circulation of eatropical troposphere
to thermal indignations of a polar stratosphernavsstigated.

A thermal source is set in the form of Newton witk set equilibrium
profile of temperature which only depends on ld#si and pressure
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In the stratosphere

T (0)=T, +(F o ~T)HIn [ij

where T. =210K

tr

In this equation, the parameter [ defines a temperature gradient.

There great values of a gradient of temperaturatiag balance and more intensive
Newton cooling into stratosphere correspond tatgrevalues .

Two experiments were conducted, in the first dneas equal to O (weak polar vortex
and in the secondl, was equal to 4 (strong polar vortex).



sigma
sigma

1] 10 20 30 40 50 B0 70 a0
WHAOTA wpoTa

a) b)

sigma
sigma

e
40 £0 B0 Fitl &0
LMpoTa WwMpoTa

c) d)
Meridional cross sections for zonal wind velocit@egl mean zonal temperature. a) and b)-

zonal velocities for cases of weak and strongex¢ c) and d) — mean zonal temperature



Zonal mean surface wingifsec), and pressure (hpa) in NH. Blué =0, red —I" = 4 (strong vorte)
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Can the Stratosphere Control the
Extratropical Circulation Responseto
Surface Forcing?

1. Is snow active or passive in driving seasonal
variability of the winter tropospheric circulation?

2. Can fall-season snow drive upward

propagating wave activity (WAF) from the surface into
the stratosphere?

Surface albedo response?!
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Weekly timeseries of NOAA satellite-observed snow cowtelt over Eurasia, for the period
September 1976 — February 1977 (solid line) and Septeh®88 — February 1989 (dashed line).
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Anomaly of geopotential height avareged over 60 -a85delt. Snow forcing begins Oct 1st, strat-
trop interaction is associated with WAF: (a) for “max” rsemble (positive anomaly snow mass);
(b) for “min” - ensemble (negative anomaly snow mag¥s)Martynova, V.Krupchatnikov, 2010)




Conclusions

1.1s snow active or passive in driving seasonal variability efwinter
tropospheric circulation?

« Snow forces atmospheric response.

 Local anomalies damped by circulation response after -a¥s d

e Low zonal wavenumber eastward moving wavetrains.

2. Can autumn snow drive upward propagating wave activity frioen t
surface into the stratosphere?

o Still not clear. Analysis of WAF response in progress...

* Problemsweather noise (baroclinic turbulence), model sensitivity at
midlatitudes.



Stratification and baroclinic turbulence




Akitude (km)

Pressure (hPa)

Annual and zonal mean distribution of potential temperaf(solid) and temperature (dashed),

in degrees K. The thick line denotes fiieermal tropopaus&he shaded regions denote
the “lowermost stratosphere”, which is that part of thiegosphere ventilated by the
troposphere along isentropic surfaces, wherein stragrsptroposphere exchange can be

particularly rapid ( Holton et al., 1995).




A key guestion in general circulation theory is whether or
not the slope of the mean isentropes in the troposphere is
strongly constrained.

The observed slope is close to the aspect ratio of the
troposphere: an isentropic surface that is near the ground
the tropics rises to the tropopause in polar latitudes.

Is this a coincidence, or is this particular slope fedure






*Radiative constraints express the balance of img@Ind outgoing radiant energy fluxes in
atmospheric columns, plus any dynamical en8uyydivergences in the columns.
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(a) potential temperature (K) in radiative equilibrium of the reference simulation.
(b) potential temperature (K) in the reference simulation.




Theory for baroclinic turbulence in framework of two-layer quasi-geostrophic
(QG) modd

* The two-layer QG system provides us with what may be oupkast
turbulent "climate" model. The state of this model isedetined by the
streamfunctions for the non-divergent component of thezbatal flow in
two layers of fluid, meant to represent the flow in the uppeand lowerg:
troposphere.

QG potential vorticity:

O =AY, + (DL @, —¢,) + By

and Lris the radius of deformation Rossby - Obukhova, defined by,

6-6) H
L2: (1 2 D
R4 6, f 2

with H the resting depth of the two layers



» A simple way of creating a statistically steady state iftae the system
with mass exchange between the two layers, this modebsoveof
radiative heating, arranged so as to relax the interfaee'tradiative
equilibrium" shape with a zonally symmetric meridibsiape.

« Radiative equilibrium is a solution of these equatiamish no flow in the lower
layer and zonal flow in the upper layer, with the Coriolisd® acting on the
vertical shear AU =u - W between the two layers balancing the pressure
gradients created by the radiative equilibrium interfsiope.



This flow is unstable, in the absence of the dissipative$emwhen the isentropic
slope is large enough and reverse the sign of the north-gmiémtial vorticity
gradient in one of the layers.

If the relative vorticity gradient of the zonal flow is négjble
as compared t@ , the criterion is classic one (N. Phillips) :

AU
L8

Ph, =

> 1 (1. Held, 2005)

The existence of this critical slope presents us with &lera, since analogous
models of inviscid baroclinic instability in continuoystratied atmospheres

are unstable foany non-zero vertical shear (or isentropic slope).



The most fundamental limitation of QG dynamics is that it
assumes a reference static stability; in this two-layedeh

the potential temperature difference between the two layers
IS fixed 7?77

But we can develop theories for th&s fluxes and then use
these outside of the QG framework
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EDDY CLOSURE IN THE TWGLAYER QG MODEL

Rate of transfer of energy through the spectrum verticity gradient {3

5y = —a% 52 =H %
oy 0z
AU e L
= PhC =— SC > 1 - Phillips’s Criterion for 2-layer model
Lz
(91 _02)

A* =g H/f?=gH/f*> - Radius of deformation

60
The potential energy extracted from the environment canriiéen in terms of the
eddy potential vorticity flux in either layer:

£=AU [P, = -AU [P, =AUD B(1+S, )= AUD,3(1-S, )

P(1+S. ) -Mean potential vorticity gradient of upper layer

,B( 1- SC ) - Mean potential vorticity gradient of lower layer



Using the scaling for the diffusivity due to baroclinic eddiEs Stone,
1972), we can try to develop a theory for the static stgbili

Diffusivity in each layer is defined as the eddy potentiadticity flux
divided by the mean potential vorticity gradient

D~5f?|]5v_3/2 FV|]5V~FH |]Sh:>|:v~5h5|]5v_5/2

F — vertical eddy heat flux,4~— horizontal eddy heat flux
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Some remarks about sensitivity of baroclinic turbuéetacheating...

The determination of the mean extratrogier mal structureis a long standing
problem in the general circulation of the atmosphere. ddnglibrium
extratropical climate arises from the competition betmv@i@batic heating and
dynamical transport.

We have faced with hard problenasosure problennequires relating these
eddy fluxes to the mean staté.could be even ill posed problem,

e One possible closer is baroclinic adjustment (8td978)
» Another approach to closure problems is turbuligifiision (Held,
Larichev, 1996)



Analytical

vy 7 = _f 0,
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Balance equation for ~ (6%)

(v'6)@,8+(w6)@,8=(Q6)
(

Let’s eddies are adiabatic Q'=0 =)

(W)= b0 5

Assuming that inverse cascade is stopped by bfsetethey obtain explicit
prediction for eddy scales as functairmean flow:

- measure of isentropic slope
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Therefore, it's possible relate the heating andmsate as follows
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At last, it Is possible to express gradients of tempeeatu
In terms of heating

g 3/5 P 3/5
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Knowledge of heating determines the local thernrakcsire.

But the heating is not knowapriori. Heating is coupled to dynamics.

Before we have explored sensitivity of mean statbemting (in stratosphere
and on surface)




Eddy Scales in the GCM










At scale smaller than Rossby radius the flow becdmaestropic and downscale cascad baroclinic
turbulence halted at Rossby radius. The Rhines slediee transition between linear and nonlinear
dynamics and, hence, inverse cascad borotropic feltedh at Rhines scale.
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Concluding remarks

When difference between Rhines scale and Rossby radiustend to zero then
for baroclinic turbulence leaves no space for inver se energy cascade!

Thisfact limits application of the theory two-layer baroclinc turbulence!!!




