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Outline

� Reviewof EPV, residuals,di�erencingmethods

� E�ects of mixing

� Are theresigni�cant improvements whenaveraging?

� Doesit make a big di�erenceif it's averagedover a longertime period?

� Are theresigni�cant improvements whenusinghigherorderdi�erencingschemes?

� Why doesthe mixing term getbig at times?

� How do you avoid problemswith this component?
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Ertel's potential vorticity adiabaticandfull residuals:
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where~V = (u; v) is the horizontal wind vector,r h is the horizontal gradient operator,and
� t;r ad, � t;pbl, � t;dif , � t;cumulus, and� t;mp arethediabaticpotential temperaturetendenciesdue
to radiation,theplanetaryboundarylayer,di�usion andmixing,cumulus,andmicrophysics
schemesrespectively.

3



Higherordertime di�erencing:3rd ordermethod

TheEPV time tendencyterm is di�erencedusingeithera centereddi�erence,2ndorder
accuratein time givenby
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or by usingthe following third-orderaccuratemethod:
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whereh is the timestep(120secondshere).
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Doesallowingmixingmatter with full physics?
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2nd order, explicit mixing, 30 minutes
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Figure1: (a) and (c) EPV time tendencyterm using15-minute averagingand 30-minute
averaging,(b) and(d) residualusing15-minute averagingand30-minute averaging.

5



Full physics

� Slight improvement whenallowing mixing, but overall dif-
ferencesaresmall

� Cannotdeterminewhether15or30minuteaveraginghelped
yet...will look at this later.
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What about for the adiabaticrun?
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Figure2: The residualin the adiabaticsimulation for Siberia with and without explicit
mixing allowed. The time di�erencingis secondorderaccurate,and the averagingis over
30minutes.
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Adiabaticsimulation

� Signi�cant improvement by not allowingmixing

� Probablysaferto in generalnot allow explicitmodelmixing.
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(c) (d)
Figure3: Time-averagedverticalpro�les of each EPV diabaticcomponent using3rd order
di�erencingfor the time tendencyterm for the (a) diabaticsimulationwith mixing,(b) the
adiabaticsimulation with mixing, (c) the diabaticsimulation without mixing,and (d) the
adiabaticsimulation without mixing.
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Verticalpro�les summary[1]

� Onceagain,mixingtermgoescrazyin adiabaticsimulation|
make sureit is o� whendoingsuch a run.

� Cannot seehugedi�erencesin full physicsrun|next slide
will take a closerlook at this.

10



Closerlook at the full physics.Doesthe mixingoptionmake a
big di�erencehere?
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Figure4: Time-averagedverticalpro�les of each EPV diabaticcomponent using3rd order
di�erencingfor the time tendencyterm for the full physicssimulation with (a) mixingand
(b) without mixing.
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Verticalpro�les summary[2]

� For the mostpart, doesnot make a hugedi�erence

� Not allowingmixinghaslargee�ectson convection

� Negligibledi�erencesin theresidualat thetropopauselevel,
lower residualnearsurface.
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Figure5: Comparisonof variousmethods to calculatethe EPV time tendencyaveraged
in the 285K closedtropopausepotential temperaturecontour. (a) Methods not using
averagingcomparedwith methods using15-minute averagingand (b) methods not using
averagingcomparedwith methodsusing30-minute averaging.
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Figure6: Comparisonof variousmethods to calculatethe EPV residualaveragedin the
285K closedtropopausepotential temperaturecontour. (a) Methods not usingaveraging
comparedwith methods using15-minute averagingand (b) methods not usingaveraging
comparedwith methodsusing30-minute averaging.
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Averagingtechniquesummary

� Averagingis generallybetter

� Higherorderdi�erencinggenerallybetter

� Now weneedto comparedi�erencesbetween15-minuteand
30-minute averaging.
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15-minute or 30-minute averaging?
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Figure7: 2ndand3rd orderaswell as15-minuteand30-minuteaveragingcomparisions(a)
EPV time tendencycomparisonand(b) residualcomparison.
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550:500hPa Siberiaresidualaveragedwithin the 285K closed
tropopausepotential temperaturecontour: Averagingall EPV

components
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Figure 8: Comparsionof the residualand diabatic terms averagedin the 285K closed
tropopausepotential temperaturecontour in 550-500hPa pressurelayer.

18



550:500hPa Siberiaresidualaveragedwithin the 285K closed
tropopausepotential temperaturecontour: Averagingonly

time tendency
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Figure 9: Comparsionof the residualand diabatic terms averagedin the 285K closed
tropopausepotential temperaturecontour in 550-500hPa pressurelayer.
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600:550hPa HudsonBay residualaveragedwithin the 285K
closedtropopausepotential temperaturecontour
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Figure10: SameasFigure9 exceptfor HudsonBay simulation.
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600:550hPa HudsonBay residualaveragedwithin the 285K
closedtropopausepotential temperaturecontour
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Figure11: SameasFigure9 exceptfor HudsonBay simulation.
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Summary

� Probablysafernot to explicitelyallow mixing in general,but for sureif doing an
adiabaticsimulation.

� Helpssomewhatto averagethe time tendencyterm.

� Slight improvements by increasingthe orderof accuracyof the di�erencingmethod
andby averagingover longertimespans.

� Residualfor the full physicsand adiabaticsimulationssimilar, but high in Siberia
simulation whilediabaticterm is much lower than residual.

� In HudsonBay, asexpected,residualgoesout of control whenVortexhascrossedover
HudsonBay, but is relatively low beforethat.

� Diabaticterm is at timescomparableto the residualduringHudsonBay simulation.
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