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ǒBarotropic Rossby Waves

ǒRossby Wave óSourceô
ǒDiabatic Processes

ǒFlow-Dependent Error

ǒPrecipitation

Talk Outline
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Barotropic Rossby Waves
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20080524  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080527  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080525  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080526  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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Unit: 1e-10 s-2
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27 May

2008

Group Velocity

Phase Velocity

Contour 8ms-1

10-10s-2

Observations. 300ï100 hPa vɊ, vɢ& RWS



Diagnostics

5

x

z

y

( )Ĕ
z z

v u
k v

x y
z

µ µ
= - ¹ ÖÐ ³
µ µ

z
z

v vd+
v

u

u ud+

xd

ydƛǎ ǘƘŜ ǳƴƛǘ άǾŜǊǘƛŎŀƭέ ǾŜŎǘƻǊ ŀƴŘ
is the horizontal curl operator

Ĕk

z
Ð ³

Motivation (2D flow) :
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Curl of the 3D momentum equation in absolute frame of reference:
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Shallow atmosphere approximation & 
assuming non-divergent, horizontal, 
barotropic, frictionless flow:
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The Vorticity Equation
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We obtain the
ΨŘƛǎǇŜǊǎƛƻƴ ǊŜƭŀǘƛƻƴΩ

Where

Rossby waves get advected downstream and propagate upstream

The larger the spatial scale of the wave, the faster the upstream propagation
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Non-divergent barotropic
vorticity equation
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Barotropic Rossby Wave Solutions
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20080527  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080526  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080525  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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20080524  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15
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Unit: 1e-10 s-2
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Contour 8ms-1

10-10s-2
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10ms-1 agrees well with theory

Observations. 300ï100 hPa vɊ, vɢ& RWS
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(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)Advection by Anomalous Rotational Wind Advection of Anomalous Vorticity

(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)

?
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(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)

?
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10-11 s-2

Non sig.

Sig. 10%

Upstream Propagation Downstream Advection

40-year mean response to change in aerosol climatology deduced using seasonal-mean data. Results are 
very similar when daily data are used. Anomalies integrated 100-300 hPa.

Rossby Wave Vorticity Advection Balance

Stationary Rossby Waves
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Rossby Wave óSourceô
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1.0m/s1.0m/s1 m/s

New minus Old aerosol. Anomaly is integrated between 100 and 300 hPa

Upper Troposphere Divergent Wind Anomaly
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        "Rossby Wave Source"
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When divergent winds
are not neglected in the
vorticity equation

For use in complex GCMs, it is found here to be useful to vertically integrate this 
equation between 100 and 300 hPa

Application to barotropic models:
Sardeshmukh and Hoskins (1988)

The Rossby Wave Source
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(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)

Rossby Wave Source

Advection by Anomalous Rotational Wind Advection of Anomalous Vorticity

(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)

?
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(a) Rossby Wave Source (Full) (b) Rossby Wave Source (Anom. wind, Divergence comp.)

(c) Rotational Advection (Anomalous wind) (d) Rotational Advection (Anomalous vorticity)

?
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10-11 s-2

Non sig.

Sig. 10%

Upstream Propagation Downstream Advection

40-year mean JJA response to change in aerosol climatology deduced using seasonal-mean data. Results 
are very similar when daily data are used. Anomalies integrated 100-300 hPa.

The Rossby Wave Source is indeed seen as 
the tropically induced source of the 
extratropical stationary Rossby wave 
response

Wave Initiators

Balance in Vorticity Equation: New Aerosol-Old
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Unit: 1e-11 s-2
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10-11 s-2

40-year mean JJA response to change in aerosol climatology deduced using seasonal-mean data. 
Anomalies integrated 100-300 hPa. Rossby wave paths agree beautifully with those predicted by 
Hoskins and Ambrizzi (1995)

Aerosol impact summary: RWS, vɢ, Ɋ (& mean ɕ)
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(b) JJA OLD - OBS
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(d) JJA NEW - OBS
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mm day-1. 10% Sig.

Precipitation, v925 and Z500. New Aerosol-Old

40-year mean JJA response to change in aerosol climatology deduced using seasonal-mean data.
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Diabatic Processes
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20080606  100-300 hPa Rossby.W.Src (Unit: 1e-10 s-2), Meridional wind (CI: 8 ms-1). MJR 2008/09/15

4.0m/s

Unit: 1e-10 s-2
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RWS shade interval 10-10 s-2. Meridional wind contour interval 8 ms-1. 100-300 hPa integrals 

30 May

5 June

6 June

ωClassic example that led to a 
forecast ΨōǳǎǘΩ over Europe a few 
days later
ωWhat is the diabatic forcing?
ωHow well does the (first guess) 

forecast represent this forcing?
ωWhat are the implications of 

observation rejection? 

Look at developments like this from 
PV perspective.

RWS, vɢand Meridional wind anomalies


