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Structure of middle atmosphere

- (a) T (K) Jan SPARC

290 ‘ 46.62
_—— M280 03 40
— W270 o1 30
280 21T 20
3 10
250 AE :
3s 240 . ] e’
& — £ 3
£ = | 230 £ 3 1-10
= 220 e 4 B-20
210 2 230
200 59 -40
190 ™ 50
180 %0 60
| 1m0 & 68.07

d 19
O d_?;fb — fU -+ /_08_]:13 = X
® steady state, zonal mean. = —fv = X
® X by planetary waves and gravity waves

Decelleration of westerlies induces poleward circulation
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GW impact on middle atmosphere
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General circulation — polar troposphere

Sensitivity of 2 x CO, response in models to settings of gravity waves
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Sigmond and Scaife, J. Clim., 2010

Sensitivity on the strength of GW momentum flux
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Quasi
Biennial
Oscillation
QBO

After:

B. Naujokat

ECMWEF, 2 September 2015 — p. 5



QBO — tropospheric weather

Latitude (deq)

Longitude (deg)
from Marshall and Scaife, JGR, 2009

Difference of mean winter temperature between QBO
phases in NCEP/NCAR reanalysis data.
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gravity wave

buoyancy wave
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Plane Wave
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Dispersion relation

The full dispersion relation in 3D, including exponential
density decrease and Earth rotation is:
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Plane Wave
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Wave clouds at Juelich
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ave clouds at Juelich
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Too large amplitudes result in convectively instable layers.

Wave solution:
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The key quantities
Very simplified:

® The momentum flux decides how much drag can be
exerted
® The phase speed decides where the drag is exerted

® The direction decides whether the drag accelerates or
decelerates the background flow

ECMWEF, 2 September 2015 — p. 15



CRISTA-1 (1994)
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Absolute values of momentum flux

CRISTA-2, August 1997
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GW scheme in ECMWEF confined by CRISTA
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HIDLS: Annual cycle for 2006
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ECMWEF global data and HIRDLS

29 Jan 2008 ; alt= 25.3 km
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Preusse et al., ACP, 2014

® Single day vs. whole month
® General good agreement
® Low latitudes: Satellites show hot spots over continents
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Yonsel Convective GW Source

(a) DJFM, 1992-1993
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Yonsel Convective GW Source

Song and Chun, JAS, 2005
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10 years of SABER

SABER GW momentum flux [10° Pa]
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SABER: poleward shift

SABER GW momentum flux [10° Pa]
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QBO Is wave-driven
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cf. Lindzen and Holton, A theory of the Quasi-Biennial Oscillation, JAS,
1968
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QBO forcing
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Comparison of GCM and measurements

SPARC gravity wave Initiative
(reinstated in 2008; lead Joan Alexander).

A Comparison Between Gravity Wave Momentum Fluxes in
Observations and Climate Models

Marvin A. Geller, M. Joan Alexander, Peter T. Love,
Julio Bacmeister, Manfred Ern, Albert Hertzog, Elisa Manzini,
Peter Preusse, Kaoru Sato, Adam A. Scaife, and Tiehan Zhou

J. Clim., 2013
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Zonal mean climatologies

Absolute val. of GW momentum flux [mPa] ; 30 km ; July
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® Jeneral agreement of shape
® (uantitative agreement (better factor 2) in winter vortex
® Indicates problem at summer high latitudes
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Findings and challenges

General shape of global distribution by
® modulation of tropospheric GWSs by background wind

® individual sources such as orography, convection,
spontaneous adjustment

m large GWMF in southern winter: source still not fully
explained

sources need to be quantified

QBO driving seams clear, but direction could induce
artifacts

vertical gradient, propagation and dissipation need
good accuracy measurements

ECMWEF, 2 September 2015 — p. 30



Infrared limb imaging from space

3D images of GWs

vertical resolution
about 1.0 km

® temperature

sources by
P =" _=backward

“ < ray-tracing
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Assessment

By simulated measurements (limb soundings) through
ECMWEF data fields:

® Infrared limb imaging will be able to measure all three
key quantities:

m GW momentum flux
m direction
m phase speed (inferred)

zonal mean net GWMF accurate to ~30 %

® Independent values at several altitudes throughout
entire stratosphere

ECMWEF, 2 September 2015 — p. 32



Summary

Gravity waves are important for e.g. QBO and
Brewer-Dobson circulation and thus for climate
projection

Gravity wave sources include: orography, convection,
spontaneous adjustment, ?

Obliqgue propagation is important — parametrisation vs
resolved?

GCM <« observations: General distributions between
models and measurements are coarsly realistic

Uncertainty ranges are large (factor 2 at best (e.qg.
30km, SH winter), order of magnitude at worst).

3D distributions from limb imager would be most
Important break-through

ECMWEF, 2 September 2015 — p. 33



Coupling by propagating waves

Global equation of motion (wind):

du 1 0p

— — S =X 9

dt Jo p Ox ®)
Separate into large scale w and GWs v/, v = u + /.

Acceleration for u by GWSs:

_ 1 0
X=—F, 10
Pseudomentum flux:
f2

ECMWEF, 2 September 2015 — p. 34



	Structure of middle atmosphere
	GW impact on middle atmosphere
	General circulation $
ightarrow $ polar troposphere
	QBO $
ightarrow $ tropospheric weather
	Isolated Airparcel
	Plane Wave
	Plane Wave
	Plane Wave

	Dispersion relation
	Plane Wave
	Wave clouds at Juelich
	Wave clouds at Juelich
	 Saturation Amplitude 
	The key quantities
	CRISTA-1 (1994)
	Absolute values of momentum flux
	HIDLS: Annual cycle for 2006
	ECMWF global data and HIRDLS
	Yonsei Convective GW Source
	Yonsei Convective GW Source
	10 years of SABER
	SABER: poleward shift
	QBO is wave-driven
	QBO forcing
	QBO forcing
	Comparison of GCM and measurements
	Zonal mean climatologies
	Findings and challenges
	Infrared limb imaging from space
	Assessment
	Summary
	Coupling by propagating waves

