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Outline

Reviewof EPV, residualsdi erencingmethals

E ects of mixing

Are theresigni cart improvemeiss whenaveraging?

Doesit make a big di erenceif it's averagedoer a longertime periad?

Are theresigni cart improvemeis whenusinghigherorderdi erencingsdhemes?
Why doesthe mixing term getbig at times?

How do you avoid problemswith this compnen?



Ertel's potertial vorticity adiabaticand full residuals:
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whereV = (u;v) isthe horizonal wind vector,r  isthe horizortal gradiem operator,and
trads tpbh tdif » tcumulus, @aNd tmp arethediabaticpotertial temperaturetendenciedue

to radiation,the planetaryboundarylayer, di usion andmixing,cunulus,andmicroplysics
sthiemegespectiely.



Higherordertime di erencing: 3rd ordermethal

The EPV time tendencytermis di erencedusingeithera cenereddi erence,2ndorder
accuratan time givenby
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or by usingthe folloving third-orderaccuratemetha:
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whereh is the timestep(120secondsere).



Doesalloving mixing matter with full physics?

EPV time tendency term

EPV time tendency term 600 hPa residual EPV within the 285K closed contour

2nd order, explicit m
2nd order, no explicit mixing, 30 minute: 0.03

0.025
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Figurel: (a) and(c) EPV time tendencyterm using15-minte averagingand 30-mimite
averaging(b) and(d) residualusingl5-minte averagingand 30-mimte averaging.



Full physics

Slight improvemen whenallonving mixing, but overall dif-

ferencesresmall

Cannotdeterminavhetherl5or 30minute averaginghel
yet...will look at this later.

ed




What about for the adiabaticrun?

650:600 hPa residual EPV within the 285K closed contour (Adiabatic)
1 T T T

Figure 2. The residualin the adiabaticsimulation for Siberia with and without explicit
mixing alloved. The time di erencingis seconarderaccurate and the averagingis over
30 minutes.



Adiabaticsinmulation

Signi cart improvemen by not alloving mixing
Probablysaferto in generahot allon explicitmaodelmixing.
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Figure3: Time-areragedvertical pro les of eaty EPV diabaticcompmnen using3rd order
di erencingfor the time tendencyterm for the (a) diabaticsinmulationwith mixing, (b) the

adiabaticsimulation with mixing, (c) the diabatic simulation without mixing, and (d) the
adiabaticsirmulation without mixing.



Vertical pro les summary|1]

Onceagainmixingtermgoescrazyin adiabaticsinulation|
make sureit iso whendoingsud a run.

Cannot seehugedi erencesdn full physicsrun|next slide
will take a closenook at this.



Closerlook at the full physics.Doesthe mixing optionmake a
big di erencehere?

(@)

(b)
Figured: Time-averagedvertical pro les of eaty EPV diabaticcompmnen using3rd order

di erencingfor the time tendencyterm for the full physicssinulation with (a) mixingand
(b) without mixing.



Vertical pro les summary|2]

For the mostpart, doesnot make a hugedi erence
Not allowving mixing haslargee ectson corvection

Negligibledi erencesn the residuaht the tropopausde\el,
lower residualnearsurface.




600 hPa EPV time tendency within the 285K closed contour (no explicit mixing)

A
= NO averaging, 2nd order
No averaging, 3rd order

Figure5: Comparisorof variousmethals to calculatethe EPV time tendencyaveraged
In the 285K closedtropopausepotertial temperature cortour. (a) Methads not using
averagingcomparedvith methals using15-minte averagingand (b) methals not using
averagingcomparedvith methals using30-mimte averaging.



600 hPa residual EPV within the 285K closed contour (no explicit mixing)

— NO averagir
— NO averagi
2nd order,
3rd order, 3 inutes

Figure 6: Comparisorof variousmethals to calculatethe EPV residual averagedn the
285K closedropopauseootertial temperaturecortour. (a) Methads not usingaveraging
comparedvith methals using 15-mimute averagingand (b) methals not usingaveraging
compareavith methals using30-mimute averaging.



Averagingiedniquesummary

Averagings generallybetter

Higherorderdi erencinggenerallybetter

Now we needo comparali erences
30-minte averaging.

hetweenl5-minte and



15-mimute or 30-minite averaging?



(b)
Figure7: 2ndand3rd orderaswell as15-mimte and 30-mimte averagingcomparisionga)
EPV time tendencycomparisorand (b) residualcomparison.



550:50hPa Sikeriaresidualaveragedvithin the 285K closed

tropopauseotertial temperaturecortour: Averagingall EPV
commnerts

550:500 hPa residual EPV within the 285K closed contour (Adiabatic)

Figure 8: Comparsiorof the residualand diabatic terms averagedin the 285K closed
tropopausepotertial temperaturecortour in 550-50Pa pressurdayer.



550:500Pa Sikeriaresidualaveragedwithin the 285K closed
tropopauseootertial temperaturecortour: Averagingonly
time tendency

550:500 hPa residual EPV within the 285K closed contour (Adiabatic)
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Figure 9: Comparsiorof the residualand diabatic terms averagedin the 285K closed
tropopauseootertial temperaturecortour in 550-50Pa pressurdayer.



600:550Pa HudsonBay residualaveragedwithin the 285K
closedropopausepotertial temperaturecortour

650:600 hPa residual EPV within the 280K closed contour (Adiabatic)
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Figure10: SameasFigure9 exceptfor HudsonBay sirmulation.



600:550Pa HudsonBay residualaveragedwithin the 285K
closedropopausepotertial temperaturecortour

650:600 hPa residual EPV within the 280K closed contour (Adiabatic)

Figurell: SameasFigure9 exceptfor HudsonBay sirmulation.



Summary

Probably safernot to explicitelyallov mixing in general,but for sureif doingan
adiabaticsinmulation.

Helpssomewhato averagehe time tendencyterm.

Slight improvemets by increasinghe orderof accuracyof the di erencingmethal
and by averagingover longertimespans.

Residualfor the full physicsand adiabaticsirmmulations similar, but high in Siberia
sinulation while diabaticterm is much lower than residual.

In HudsonBay, asexpected residualgcesout of cortrol whenVortex hascrossedver
HudsonBay, but is relatively low beforethat.

Diabaticterm is at timescomparableo the residualduring HudsonBay sinulation.



