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Study Goals:
» Evaluate Combo model near-tropopause ozone using ozonesonde climatologies

This time:
* Include pressure-coordinate comparisons in addition to tropopause-referenced.
» Evaluate differences between combo model at 2x2.5 vs 4x5 resolution.



Logan Ozonesonde Climatology

Monthly averaged ozone profiles referenced to
thermal (lapse rate) tropopause.
» Range: -6 km to +6 km, 1km resolution.
 Sonde data from 24 sites: 8 tropical, 11 midlatitude,

5 high latitude.
» Sondes accumulated between 1978 and 2002, but

stations differ in time periods and number of sondes
In average.
 Logan, J., JGR 104, 16,115-16,149, 1999
Monthly mean ozone profiles on pressure surfaces
» Range to 10 hPa
» 18 Stations with associated mean tropopause height data
» Same time period as tropopause-referenced.
 Subset of tropopause-referenced profiles

Model Runs:
* Older fvgcm 4x5 run (circa June - not the 5-year 4x5 run)
» More recent 2x2.5 run (circa August)



Linear correlation coefficient characterizing longitudinal and monthly variation
of monthly average ozone with monthly average tropopause pressure
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High correlation near tropopause suggests tropopause-relative coordinate useful.
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Combo 2x2.5 model comparisons with sonde climatology at Hohenpeissenberg, all months

Hohenpeissenberg (11, 48) JAN
10

I-bhenpmssenherg {11, 48) FEB

Hc-henpmssenberg {11, 48) M

o000

JL

o000

SE

MIING RATIO(PPEV)

MIXING RATID { PPEV)

10000

DE

[} 7]
= =
¥ ]
1o 5 1M 5 imfp
. J
o o
oo 1000 _L oo n—L
10 100 oo loom 0] 100 1000 10000 10 1o 1000
WMIXING RATIO(PPEV) WMIXING RATIC (PPEV) WIKING RATID (PPEV)
Hohenpeissenberg (11, 48) APR Hohenpeissanberg (11, 48) MAY  Hohenpeissenberg (11, 48)
10 10 iG]
o o
= =
w I
100 Z 1w { I mf
. y J
o o
oo oo _L oy
10 100 oo loom 0] 100 1000 10000 10 1o 1000
WMIXING RATIO(PPEV) WMIING RATIC (PPEV) WIKING RATID (PPEV)
Hohenpeissenbeng {11, 48) JUL Hohenpeissenberg (11, 48) AUG  Hohenpeissenberg (11, 48)
10 10 ils]
o o
= =
w w
100 E 100 i E 1mf
' '3
o o
1000 oo | 1000
10 100 oo loom 0] 100 1000 10000 10 1o 1000
WIXING RATIO(PPEV) WIXING RATIC (PPBV) WIKING RATID (FPEV)
Hohenpeissenberg (11, 48) OCT Hohenpmsaenherg {11, 48NV Haohenpeissenberg (11, 48)
10 o o 10 ils] o T
o o
5 5
w w
100} E 100 1 E 1o
o o
o o
1000 1000 | 1000
1o 100 oo 1o 0] 100 1000 10000 10 1o 1000

MIXING RATID (PFEV)

PRESSURE COORDINATE

o000

ALT FROM TROPORALISE (KM

i

ALT FFOM TROPOPAL ZEH M)

N

ALT FFOM TRIOPOPALTE (K M)

N

ALT FFOM TRIOPOP AL ZE (KM)

N

Ho herpelssenberg (11, 45) JAN

1ma 101
MUEING FLATED (FPOTY)

Ho henpelssenberg (11, 48) A PR

10
G nAmmr_.

Hahenpemenberg (11,48 JUL

10
G nAmmr_.

Huhenpemnberg(ﬂ 48) OCT

G nAmmr_.

ALT FFOM TRIOPOPALZE (KM ALT FFOM TRCOPOPAL ZEK M)

ALT FFOM TRIOPOP AL ZE (KM

Ho henpelssenberg (11,45) FEB

Hohenpelssenberg 11,45) MAR
[

MING mnowﬂun

Ho herpelsserberg (11, 45) MAY

N

a
MIEING FATIO (PPE

Hohenpelssenterg (11, 45) JUN

ak 4 £ 4 q
£
o ] ¥, ]
af 9 E a 4
E
=} ] é 2 ]
™
Ak 4 34 q
F
L} 10000 L] 1000
MING mnchurn!l'r_; MIING PFLATIO (PPE)
Haherpemerl:erg(ﬂ 48) & LS Huhenpelsseﬂberg (11,48) SEP
] ]
ak 4 £ 4 4
£
o ] ¥, ]
af 9 E a 4
E
} 4 E 2 i
™
At 4 34 q
F " A
L} 10000 L] 1000 10
MING mnchurn!l'r_; MIING FLATIO (PPE)
Haherpenerl:erg[ﬂ 45 HOWV Haherpemrl:erg(ﬂ 42 DEC
] ]
4 L £ 4 q
g
2 1 ¥, ]
aj - E 1] L
E
] E 2 ]
[
o 44 4
109 1000

ARG mnomn

&

TROPOPAUSE-RELATIVE




FPRESSURE | ME) FPREZELURE(WME) FREZELU RE { ME]

FRESSURE (WME)

Combo 2x2.5 model percent diff comparisons with sonde climatology at Hohenpeissenberg, all months
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Combo 2x2.5 model comparisons with sonde climatology at Tateno, all months
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Combo 2x2.5 model percent diff comparisons with sonde climatology at Tateno, all months
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Annual average profiles in tropics, NH midlatitudes, and NH high latitudes

MOD-OBS MIXING RATIO DIFF (%)

dashed = model tropopause
solid = observed tropopause
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 Lats bet. 35N-45N excluded



» Combo 4x5 run (May 2005 version, but still fvgcm), Std. tropopause definition, Lats bet. 35N-45N excluded
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» Combo 2x2.5 run at Hohenpeissenberg
» Modified tropopause definition (lapse rate < 4 K/km)
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« Combo 2x2.5 run percent differences at Hohenpeissenberg
» Modified tropopause definition (lapse rate < 4 K/km)
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PRESSURE (MBAR)

PRESSURE (MBAR)

Combo 2x2.5 run, Modified tropopause definition (lapse rate < 4 K/km), Lats between 35N-45N excluded
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PRESSURE (MBAR)

PRESSURE (MBAR)

Combo 4x5 run (May 2005 vintage), Modified tropopause definition, Lats between 35N-45N excluded

MOD OBS MI}(ING RATIO DIFF (%)

MOD OBS MI}(ING RATIO DIFF (%)

50 E - R B R L S e B I ]
X L +~—+TROPICS a ]
w 4'_ 4
2 1 +--—+HIGH LATITUDES
100 < of 1
o L J
& of :
200 [ N: ]
= er ]
300 e Lf ]
L L 4
400 o
500 . Ll . . o -6t . AR . . ]
-100  -50 0 50 100 150 200 -100  -50 0 50 100 150 200

PERCENT DIFF PERCENT DIFF
MOD- OBS VEHT GHADIENT DIFF (%) MOD- OBS VEHT GHADIENT DIFF (%)

50

100

ALT FROM TROPOPAUSE (KM)

-100 D 100 200 300 400  50C 100 200 300 400 500
PERCENT DIFF PERCENT DIFF

PRESSURE COORDINATE TROPOPAUSE-RELATIVE



Model vs. obs seasonal cycle relative to annual mean in tropics (percent)
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Model vs. obs seasonal cycle relative to annual mean in midlats (percent)
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Model vs. obs seasonal cycle relative to annual mean in high lats (percent)
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Effects of convection on UT ozone concentrations in GMI combo model
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Correlation of annual mean ozone with interannual variation in cross-trop ozone flux
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Conclusions

« Combo model ozone (ann average, 2x2.5 resolution) compares well with
sonde climatology on pressure coordinates.
* 10-15% low 20-30 hPa, 20% low in tropical troposphere, 30% high
mid to high lats near tropopause.
» Older 4x5 run in better agreement with obs than 2x2.5 run.
* Model/obs comparisons relative to thermal tropopause appear compromised
due to difficulty identifying “true” model thermal tropopause.
* Low model resolution leads to high-biased tropopause.
» Attempts to fix problem not successful - how much of discrepancy
Is due to picking an incorrect tropopause height?.
» 2x2.5 combo model reproduces well amplitude of seasonal cycle in ozone
relative to mean in mid and high latitudes.
* Peak amplitudes at tropopause
» Gradients across tropopause weak in model.
» Model peak in tropopause too early.
» Convection reduces tropical UT ozone mixing ratios by up to 30%, but < 10%
effect at high latitudes.
 Strong positive ozone correlation with NH extratropical ozone flux across
tropopause at mid to high latitudes -> driven by residual circulation.
* This doesn’'t seem to me to be so obvious - one might think that higher
flux might deplete near-tropopause ozone - leading to anticorrelation.



