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@ Barotropic Rossby Waves
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C203 The Vorticity Equation

Di agnost ics

Motivation (2D flow) : 7

_Hv £ ¢
T [ £-08)

EAE GKS dzyAld & JSNI A
b  3is the horizontal curl operator

Curl of the 3D momentum equation in absolute frame of reference:
dz " .
prali z(_mup (& _)JuOD +r _pb 3 BF,

Shallow atmosphere approximation &

assuming nordivergent, horizontal, Hz tv, ODbH &
barotropic, frictionless flow: Mt Vv, w9



Barotropic Rossby Wave Solutions
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Non-divergent barotropic o - WX , fu Where
vorticity equation pt " 7y 7= x4

My b ( bplane)
uy
Seeking wavdike

12ftdziazya X

We obtain the c W 5z b Where
WRAALISNBAZY NBETIKWAZ2KE it g
Rossby waves get advected downstream and propagate upstream

Wavelength ° 6,000km C

SYNOPTIC O(17 7)ms-l ( O)>

1
SYNOPTIC 2l7/kSYNOPTIC

The larger the spatial scale of the wave, the faster the upstream propagation
b

K 2
= K
u

For stationary waves (w=0,c, =0) Y K?
Mid-latitude stationary

m_=acos 2u ©° 2 (winter) to 5 (summer
zonal wavenumbers s g\ 4 ( ) ( )
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Coed Stationary Rossby Waves

Dlagnostlcs

Rossby Wave Vorticity Advection Balance

N a

10—11 S—2
| "~ Sig. 10%

Non sig.

Advection by Anomalous Rotational Wlnd Advectlon of Anomalous Vorticity
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Advectlon 3

A

40-year mean response to change in aerosol climatology deduced using seasoeah data. Results are
very similar when daily data are used. Anomalies integrated 13@D hPa.
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Upper Troposphere Divergent Wind Anomaly
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New minus Old aerosol. Anomaly is integrated between 100 and 300 hPa
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The Rossby Wave Source

. | = +v. OD
When divergent winds it =

are not neglected in the
vorticity equation

Application to barotropic models:
Sardeshmukh and Hoskins (1988)

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



@ Balance in Vorticity Equation: New Aerosol-Old

Rosshy Wave Source

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

)

e ". . ’: s E -
; “\;Upstream Propagatlon

N,/L.
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Advectlon J

A

40-year meéanA respdnsm change in aerosol climatology de:duc:ed uSinQ seaseamaln data. Results
are very similar when daily data are used. Anomalies integrated -B00Q hPa



Aerosol impact summary: RWS,v,, (@ ( &
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10—11 S—Z

40-year mean JJA response to change in aerosol climatology deduced using seaseanldata.
Anomalies integrated 106800 hPa. Rosshyave paths agree beautifully with those predicted by
Hoskins and Ambrizzi (1995)



Precipitation, v925 and Z500. New Aerosol-Old
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40-year mean JJA response to change in aerosol climatology deduced using seaseaaldata.



@ Diabatic Processes
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= RWS, v, and Meridional wind anomalies

30 May Look at developments like this from
PV perspective.

(UXlassic example that led to a
forecastW 6 dp&ei Europe a few
days later

5 June UWhat is the diabatic forcing?

UHow well does the (first guess)
forecast represent this forcing?

UWhat are the implications of
observation rejection?

6 June ©

RWS shade interval 10s2. Meridional wind contour interval 8 ms 100300 hPa integrals



