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ABSTRACT

Water vapour and methane are two of the target gases
retrieved operationally in near–real–time (NRT) from
the Michelson Interferometerfor Passive Atmospheric
Sounding (MIPAS) onEnvisat.

Watervapour andmethanearechemically linked, since
methane oxidation is the main sourceof water vapour
in thestratosphere. Theoxidationof methaneeventually
produceswatervapour andmolecularhydrogen suchthat
thesumH � +H � O+2CH� is approximatelyconstantwith
altitude.Assumingthatthemixing ratioof molecularhy-
drogenis constant with altitudein thelowerstratosphere,
we would also expect the quantity H � O + 2CH� to be
reasonably constantin this region, providing a useful in-
ternalvalidation test.

Herewe assessthequality of watervapour andmethane
profiles from the ESA NRT retrieval, basedon MIPAS
datafrom July 2002until March 2004. Monthly means
of MIPAS profilesareusedto examine differencesfrom
climatology, andlook for any biasesor long-termtrends.
Comparisonsarealsomadewith measurementsfrom the
HalogenOccultationExperiment(HALOE) ontheUpper
AtmosphereResearchSatellite(UARS).
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1. INTRODUCTION

Monitoring of the Level 2 productshasbeenperformed
routinely at theUniversity of Oxford. Monthlymeanpro-
fileshavebeencalculatedfor theMIPAS Near-Real-Time
Level 2 products (temperature,H � O, O� , HNO� , CH� ,
N � O andNO� ) from July 2002until March2004. Here
we presentthemonthlymeanprofilesof H � O andCH� .
TheLevel 2 profileshavebeensplit into differentlatitude
bands for thecalculationof the means, andthemonthly
meanprofiles for eachof the productsplottedas time–
series.Somespike detectionhasbeenusedin the aver-
agingprocess, mostly excluding valuesof CH4 greater
than10ppmv andH2O greaterthan1000ppmv. This ex-
amination of thetime–seriesof themonthly meansof the
MIPAS H � O andCH� is intendedto giveanoverview of
thequalityof thedataandof any persistentfeaturesin the
profiles.Theintention wasalsoto try to identify any step
changes in the datawith time that might have resulted
from changes in the dataprocessingchain. Changesin
processingfor which we thought we might seechanges
in themonthly meanprofiles werea Level 1 fringe count

error correction in March 2003, the implementationof
clouddetectionin July 2003, anda number of improve-
mentsto theLevel 1B processingthatwereimplemented
in November2003.

In order to check whether the monthly meanprofiles
agreewith what might be expected, we also compare
them with reference climatologies, and with HALOE
Level 3 data (1). The reference climatologies usedin
thesecomparisonsare from the IG2 dataset(2) (used
in the construction of the initial guessfor MIPAS re-
trievals). Furtherdetailsof themonitoring thathasbeen
takingplaceat Oxford canbe found on the Oxford MI-
PAS Groupwebpages(3).

2. MONTHLY MEAN PROFILES

Here, the MIPAS data has beensplit into six latitude
bands (90S–65S,65S–20S, 20S–0, 0–20N, 20N–65N,
65N–90N) for the calculation of the means.Thesepar-
ticular latitudebands werechosenbecausethesearethe
bands into which the initial guessdata for the MIPAS
Near–Real–Time retrievalsaresplit.

2.1 H � O

Fig. 1 shows a contour plot of theMIPAS monthly mean
H � O profiles from July 2002until March2004. In gen-
eral,theprofilesshow aminimum aroundthetropopause,
with the volume mixing ratio (VMR) gradually increas-
ing with height, aswould be expecteddueto the oxida-
tion of CH� . Also, drier “tongues” of air can be seen
propogating upwardsfrom thetropical tropopausein the
equatorial regions. This would appearto be consistent
with the “tropical tape recorder effect” (4). However,
therearesomeobviousproblemswith theMIPAS water
vapour profiles. The profilestendto show a reasonably
sharpdecreaseat the highestretrieval altitude,which is
not a featureexpected in therealatmosphere. Also, val-
uesat the second–highestretrieval altitude seemrather
larger thanwouldbeexpected. Therearealsosomeunre-
alisticallyhighvaluesof H � O VMR in thesouthern polar
monthly means for the2003 southern hemispherewinter.
It is thought that this mayhave beendueto polarstrato-
sphericclouds,which would be consistentwith the low
temperaturesobserved for this time period, which could
havecauseddifficultiesin theMIPAS retrievals.

2.2 CH �

Fig. 2 shows a plot of the time-seriesof the MIPAS
monthly meanCH� profiles from July 2002 to March



2004. A strongseasonalcycle canbe seenin polar re-
gions,dueto thegeneraldescending motion of theair at
certaintimesof year. CH � is producedat thesurface,is
well-mixed in the troposphere,andbroken down in the
stratosphere by oxidation andphotolysis. It is therefore
expectedthattheCH� profilesshoulddecreasemonoton-
ically with height. This is not the casefor someof the
equatorial monthly meanprofiles.TheMIPAS CH � in the
equatorial latitudebandsfor someof themonthsshowsa
local minimumat around 15–18 km. Thereasonfor this
is not known, but it is thought that it may be dueto the
3 km vertical resolutionof MIPAS beingunableto re-
solve temperaturefeatures around thetropopauseregion.

2.3 H � O+2CH �

Fig. 3 shows a plot of the time-seriesof the MIPAS
monthly meanH � O+2CH� . This quantity is reassur-
ingly mostly reasonably constantin the lower strao-
sphere,apartfrom in polar regions, whereit would not
neexpectedto be,dueto theprevailing dynamics. Areas
wherethereareproblemsaregenerally theproblemareas
thathavebeenoutlinedfor watervapour.

3. IG2 CLIMATOLOGY COMPARISONS

3.1 H � O

Fig. 4 shows thepercentagedifferencebetweenthe MI-
PAS monthly meanH � O and the IG2 climatology pro-
files. The sharpdecreasein MIPAS H � O at the highest
retrieval altitude, the otherwiselarge MIPAS H � O val-
uesat the second–highestaltitude and the problems in
the southern polar regions in winter canbe clearly seen
in thesedifferenceplots. In addition, it appears that the
MIPAS H � O at the lowest retrieval altitudeis generally
muchhigherthanwould beexpectedfrom the climatol-
ogy. It is thought that this may be due to a problem
with theimplementationof theclouddetectionalgorithm
in the MIPAS retrieval. Cloud detection was supposed
to have beenimplemented in July 2003, andwe might
haveexpectedto seea stepchangein themonthly means
around this time. However, it seemsthattherehave been
someproblems in the implementationof the cloud de-
tectionin the Near–Real–Time processing. This is cur-
rently underinvestigation. It should, however, be noted
that the clouddetectionis working in the Off–Line pro-
cessing(theresultsof whicharenotdealtwith in thispa-
per),but that therearedifficultiestherein distinguishing
cloudy sweepsfrom thosewith very high watervapour
amounts.

MIPAS H � O is, in general, much higher than the IG2
climatology at the lowest retrieval altitude (12 km, or
around100mbar),around20%lowerthantheIG2 clima-
tology in thelower stratosphere(below 10 mbar), higher
than the IG2 by up to 40% betweenabout4 mbarand
1 mbar, andaround 30–50% lower than the IG2 at the
highest retrieval altitude.

3.2 CH �

Fig. 5 shows thepercentagedifferencebetweenthe MI-
PAS monthly meanCH � and the IG2 climatology pro-
files. As with the other gases,the MIPAS CH � at the
lowestretrieval altitudeseemsunrealistically high when
comparedwith climatological profiles.Theproblemwith
the local minimum in the equatorial tropopauseregion
can be seenas blue regions in the equatorial plots. In
general, MIPAS CH� is around 20% higher thanwould
beexpectedovermostof thestratosphere,for all latitude
bands.

4. HALOE COMPARISONS

4.1 HALOE coverage

Monthly meanswere also calculatedfor HALOE from
July 2002until March 2004. As HALOE is an occul-
tation instrument, the latitudinalcoveragevariesconsid-
erablyfrom onemonth to the next. (For further details
of the HALOE coverage,refer to the HALOE website
(1).) Thecoverageof HALOE is illustratedto someex-
tentby Fig.6. SincetheHALOE coverageis moresparse
thanthatof MIPAS, it wasnecessaryto usenarrower lati-
tudebandsfor theHALOE comparisonsthanfor theIG2
comparison. Both sunrise and sunsetoccultationmea-
surements wereincludedin theHALOE monthly means.
Herewe only discussthe resultsof the comparisonsin
the 30–40Sand30–40N latitudebands,asthey provide
themostmonthswith HALOE data.

4.2 H � O

Fig. 7 shows the percentage differencesbetweenthe
HALOE and MIPAS H � O monthly means at mid–
latitudesfrom July 2002until March 2004. The agree-
ment is generallymuchbetterthanwith the IG2 clima-
tology. We might have expectedthis, sincethe IG2 was
designedonly to representsome“average” stateof the
atmosphere,whereas the HALOE monthly meanscome
from actualmeasurementsof theatmospheric statefor a
particular monthin aparticularyear. Agreementis within�

20% throughoutmostof thestratosphere. Theplots in
Fig. 7 arequalitatively very similar to the mid–latitude
plotsin Fig. 4. They show theMIPAS H � O at thelowest
retrieval altitudeto bemuchhigherthanthatof HALOE.
The problems with the MIPAS H � O at the highestalti-
tudesis alsoapparent. Thereis not,however, anobvious
biasin thelowerstratosphereoverthewholetimeperiod,
asis suggestedby the comparisonswith the IG2 clima-
tology, andaswassuggestedat theACVE–2meetingin
May 2004. Obviously thesemonthlymeancomparisons
arequite rough, anda statisticalstudywould provide a
cleareranswerto thequestionof a bias.

4.3 CH �

Fig. 8 shows the percentage differencesbetweenthe
HALOE and MIPAS CH� monthly means at mid–
latitudesfrom July2002until March2004. As with H � O,



theagreementis muchbetterthanwith theIG2 climatol-
ogy. Agreement is within

�
20% throughout mostof the

stratosphere. As in theIG2comparisons,theMIPASCH �
at 12 km seemsto be muchtoo high. The MIPAS CH �
is alsogenerallyhigherthanHALOE in thelower strato-
sphere.It wasconcludedat theACVE-2meetingin May
2004 thattherewasa highbiasin theMIPAS methane in
the lower stratosphere. This conclusionis borneout by
the comparisonwith HALOE. However, thereis much
lessof a biasthanin theIG2 comparisons.

5. SUMMARY

TheMIPAS H � O andCH� monthlymeanprofiles show
muchbetteragreement with theHALOE monthly mean
profilesthanwith the IG2 climatology. This is not alto-
gethersurprising, sincethe HALOE datarepresentsthe
realstateof theatmosphereat the time of measurement,
whereastheIG2climatology wasconstructedto represent
somekind of “average” atmospheric state.Also, theIG2
atmosphereswere basedon datafrom the early 1990s,
andwe might expect thereto have beenchangesin this
“average” atmosphericstatein thepast10–15 years.

TheMIPAS H � O appears to bemuchtoo high at 12 km
(the lowestretrieval altitude)andshows persistentprob-
lemsat thehighestaltitudes.Comparisons with HALOE
monthly meansdonotshow alow biasin thelowerstrato-
sphere,as hasbeenpreviously suggested.The MIPAS
CH� also appearsto be much too high at 12 km, and
shows a high biasin the lower stratosphere with respect
to bothHALOE andthe IG2 climatology. However, the
overall qualityof theMIPAS H � O andCH� seemsgood.
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Figure1. Timeseriesof MIPASnear–real–timeH � O retrievals,fromJuly 2002 to March 2004.

Figure2. Timeseriesof MIPASnear–real–timeCH � retrievals,fromJuly 2002to March 2004.

Figure3. Timeseriesof MIPASH ��� +2CH� , fromJuly 2002to March 2004.



Figure 4. Timeseriesof percentage differenceof MIPASnear–real–timeH � O retrievals fromtheIG2 climatology, from
July 2002 to March 2004. Plots show ���
	���
������

�
���
� ������� . Redshowswhere MIPASH � O values are higher than the

climatology andblueshowswhereMIPASvaluesare lower thantheclimatology.

Figure 5. Time seriesof percentage differenceof MIPASnear–real–timeCH � retrievals fromtheIG2 climatology, from
July 2002 to March 2004. Plots show ���
	���
������

�
���
� ������� . Redshowswhere MIPASH � O values are higher than the

climatology andblueshowswhereMIPASvaluesare lower thantheclimatology.



Figure 6. Differenceplotsof MIPAS-HALOEmonthlymeanH � O, for eighteen10 degreelatitudebands. Thepurposeof
this figure is really to showthecoverageof HALOEin termsof monthsfor thedifferent latitudebands.

Figure 7. Percentage differenceplots of (MIPAS-HALOE)/HALOE monthly meanH � O, for 30–40S(left) and 30–40N
(right)

Figure 8. Percentage differenceplots of (MIPAS-HALOE)/HALOE monthlymeanCH � , for 30–40S (left) and 30–40N
(right)


