Atmos.Chem.Phys., 7, 4459-4487, 2007
www.atmos-chem-p¥s.net/7/459/2007/
© Author(s) 2007 This work is licensed
under a Create Commons Licese.

7N Atmospheric
€ Chemistry
and Physics

Geophysical validation of temperature retrieved by the ESA
processor fom MIPAS/ENVISAT atmospheric limb-emission

measulements

M. Ridolfil, U. Blum?, B. Carli3, V. Catoire®, S. Ceccherint, H. Claude®, C. De Clecd®, K. H. Fricke’,
F. Friedl-Vallon®, M. larlori °, P. Keckhut!?, B. Kerridge!, J.-C. Lambert®, Y. J. Meijer1?, L. Monal3, H. Oelhaf,
G. Pappalardo?®3, M. Pirr €*, V. Rizi®, C. Robert}, D. Swart!2, T. von Clarmann®, A. Waterfalll, and G. WetzeP

IDipartimento di Chimica Bica e Inaganica, Unversigx di Bologna, Italy

2Fraunhofednstitut fir NaturwissenschaftlicheEhnische fiendanalysen, Euskirchen, German
3|stituto di Fisica ApplicatdNello Carrara”, Consiglio Nazionale delle RicercR&enze, Italy
4Laboratoire de Bfsique et Chiie de I'Ervironnement, CNRS — Uwiérsie d’Orleans, Orleans, France

SDWD, Obseratory Hohenpeissbeg, Germag

6Institut d’Aéronomie Spatiale de BelgieguBrwelles, Belgique

"Physikalisches Institut, Umirsitat Bonn, Bonn, German
8Forschungszentrum Karlsruh®K, Germary

9CETEMPS — Dipartimento diisica, Unversitx de [Aquila, L'aquila, Italy
10service d’Aeronomie, Instit Pierre Simon Laplace/UVSQgkfieres-Le-Buissorkrance
LEarth Obseration and Atmogheric Science, Space Science aadhRology DepartménRutherford Appleton Laboratqry

Oxfordshire, UK

12National Institute for PuldiHealth and the Eironment, RIVM — VM, Bilthoven, TheNetherlands
B3stituto di Metodologie pelfAnalisi Ambientale, Consiglio Nazionale delle Riche, Tto Scalo, Potenza, Italy

Receved: 5 April 2007 — Publised in AtmosChem.Phys. Discuss.25 April 2007
Revised: 13 July 2007 — Acceptl: 13 July 2007 — Publishe@4 August 2007

Abstract. The MichelsonInterferomete for Passve Atmo-
sphericSounding(MIPAS) hasbeenoperatingsinceMarch
2002 onboardof the ENVIronmenal SATellite of the Euro-
peanSpaceAgeng (ESA). Thehighresolution(0.035cm 1
full width half maximum,unapodized)imb-emisson mea-
surementsicquiredoy MIPAS in thefirst two yearsof opera-
tion have very goodgeographicaandtemporalcoverageand
have beenre-processetly ESAwith themostrecentversions
(4.61and4.62)of theinversionalgorithms.The producs of
this processinghainare pressuregt the tangentpointsand
geolocategrofilesof temperaturandof the volumemixing
ratiosof six key atmosphericonstituentsH,0, O3, HNOg3,
CHg, N2O andNO;. As for all themeasurementsmadewith
innovative instrumentsaandtechniquesthis datasetrequires
athoroughvalidation.In this papemwe present geoplysical
validation of the temperaturegrofiles derived from MIPAS
measurementBy the ESA retrieval algorithm. The valida-
tion is carried-outby comparingMIPAS temperaturewith
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correlatve measurementsadeby radiosondeslidars, in-
situ andremot sensoroperateceither from the groundor
stratospheric balloons.

Theresultsof theintercompariso indicatethatthe biasof
theMIPAS profilesis generallysmalkerthanl or 2K depend
ing on altitude. Furthermorewe find that, especiallyat the
edgesof the altituderangecoveredby the MIPAS scan,the
randomerror estimatedfrom the intercompaison is larger
(typically by afactorof two to three)thanthe corresponding
estimate devied on the bas of error propaation.

In this work we also characterizethe discrepanciebe
tweenMIPAS tempeatureandthetenmperaturefieldsresult
ing from the analyseof the EuropeanCentrefor Medium-
rangeWeatherForecast{ECMWF). The biasandthe stan
dard deviation of thesediscrepanciesare consistentwith
thoseobtanedwhen comparingMIPAS to correlative mea
surementshowever, in thiscasehedetectediashasapecu
liar behaior asa function of altitude. This behaior is very
similar to thatobseredin previous studiesandis suspected
to bedueto verticaloscillationsin the ECMWF temperature.
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Thecurrentunderstandings that,atleastin theupperstrate
sphere(above ~10hPa), theseoscillationsare causedby a
discrepang betweermodelbiasesandbiasesf assimilated
radiances from primarily nadsounders.

1 Intr oduction

MIPAS (Michelson Interferometeffor Passve Atmospheric
Sounding,Fischerand Oelhaf1996; Fischeret al. 2000)is
a Fouriertransformspectrometeroperatingonboardof EN-
VISAT, a satellitelaunchedby the EuropearSpaceAgenc/
(ESA) on 1 March 2002in a polar orbit with ~98deg. in-
clination. MIPAS measuesthe atmospheridimb-emission
spectrumin the middleinfrared(from 685to 2410cm™1), a
spectralregion containingthe signaturesof the vibrational
transitionsof mary atmosphdc constituents. In the pe
riod from July 2002to March 2004 the instrumentoperated
mostlyin thesocallednominalmode.In thistime framethe
nominaloperationmodeconsistecof measurementat high
spectralresolution(0.035cm™1 full width half maximum,
unapodized)of limb-scansin the altitude rangefrom 6 to
68km, with 3 km stepsfrom 6 to 42 km andwith 5 and8 km
stepsabore 42 km. Thesemeasurementsave very goodge-
ographicalndtime coverageandhave beenre-processgby
ESA with the mostrecentversions(4.61 and 4.62) of both
Level 1b (Kleinert et al., 2007)and Level 2 (Ridolfi et al.,
200Q Raspolliniet al., 2006) algorithms. The productsof
theESA Level 2 algorithmarepressureatthetangentpoints
andgeolocatedrofilesof tempeatureandof Volume Mix -
ing Ratios(VMR) of six key atmoshericconstituentsH,0,
O3, HNO3, CHg, NoO andNO,. As for all the measure
mentsmadewith innovative instrumentsandtechniquesthis
datasetrequiresa thoroughvalidation. In this paperwe fo-
cusonthevalidationof temperatureBesidests importance
for atmospheristudies in the caseof MIPAS dataprocess
ing, temperaturealso plays a key role in the determination
of the accurag of the atmasphericconstituentghat arere-
trievedin sequencaftertemperaturepusng this latterasan
input (Raspollini and Ridolfi2000).

Thevalidationhasbeencarriedout by comparingMIPAS
retrieved temperatug with correlatve measuementsmade
by radiosondeslidars, in-situ and remotesensoroperated
either from the ground or straeheric balloons.

As alreadypointedoutby severalauthorgseee.g.Rodgers
andConnor2003;Ceccherinetal. 2003;Ridolfi etal. 2006),
the intercomparisonof measurmentsacquiredby instru
mentsthat usedifferenttechniquesand thereforehave dif-
ferentresponsdunctionsto thereal stateof theatmosphere,
is notatrivial taskandrequiresspecifc methodgo beused;
thereforein Sect.2 we provide an outline of the methods
adoptedfor MIPAS temperaturevalidation. In Sects.3to 7
weillustrateanddiscusgheresultsof thevalidationactiities
of theindividual participatingvalidationteams.In Sect.8 we
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summarizethe resultsof the findings,and finally, in Sect.9
we drav the conclusions.

2 General aspects of MPAS validation

In this sectionwe discussa few generalissuesconnected
with the validationof MIPAS profiles. The specificvalida

tion approachesisedby the individual validationteamsare
discussed latein dedicatd sections.

2.1 Spatial response furioh of the measurements

Remoteemissionmeasurementsperatedrom satdlites of-
fer thegreatadwantageof providing measurementsith very
good geographicaland time coverage. Remotemeasure
ments, however, shav characteristicghat are intrinsically
differentfrom thoseof in-situsoundershatprovidelocal and
oftendirectmeasurementsf thequantitiesof interestase.g.
temperatureor VMR of atmosphericconstituents.Remote
sensorsdo not measuredirectly the geoplysicd quantities
of interest,but a complicatedfunction of them (the limb-
emissionspectrumin the case of MIPAS); thereforethese
measurementustundego an inversionprocesdso extract
thedesirednformation.Boththecharacteristicef theinver-
sion algorithm and instrument-specifideaturessuchasthe
instantaneougeld of view, the samplinggrid andthe spee
tral resolutioncontrituteto makingtheshapeof themeasure
ment spatial response anaplex function.

Assumingthe availability of well characterizectorrela
tive refeencemeasurementghe intercomparisorprovides
insightat two differentlevels: firstly, the statistcal analysis
of thediscrepanciebetweerMIPAS andreferencaneasure
mentscanbe usedto characterizdoth the biasandthe pre
cision of MIPAS (von Clarmann,2006). The biasand pre-
cision estimatesobtainedfrom the intercomparisorcan be
then comparedwith the available egimatesbasedon error
propagtion analyseshencecorroboratingthem or raising
guestionmarksregarding their reliability. Secondly if the
intercomparisolis carriedout by avoiding or minimizing the
known discrepancieslueto the differencesin the response
functionsof the intercomparedneasurementRodgersand
Connor 2003 Ceccheriniet al., 2003; Ridolfi et al., 2006),
the errorbudgetof the profile differencess significantlyre-
ducedandit is then possibleto investigatethe remainingdis-
crepancies with impred acuragy.

Unfortunatelyin severalcasegheintercomparisorcannot
proceedup to this secondevel becausehe spatialresponse
functions,or averaging kernels(AKs), which arethe linear
approximation(Rodgers,2000) of the consideredneasure
ments,are not accuratelyknown. In the MIPAS case,the
correlatve tempeaturemeasurementsonsideredn thisval-
idation work are of tvo types:

1. Measurementwith averticalresolutionbetterthanthat
of MIPAS (=3 km in the rangefrom 6 to 42 km).

www.atmos-chem-p¥s.net/7/4459/2007/
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Radiosondeand in-situ measuredprofiles have very
high verticalresolutionsandfine samplingsteps(of the
orderof 100m). Lidar measurementalsohave a good
vertical resolution (rangmfrom 150 m up to 1-2 km).

2. Measurementsvith a vertical resolution comparable
to that of MIPAS. Balloon limb-soundingFTS mea
surementsand analysedrom the EuropeanCentrefor
Medium-Rangé&VeatheiForecast§ECMWF,1995)be
long to this group.

Different spatial responsefunctions of the measurements
consideredinduce a significant smoothingerror (Rodgers
andConnor 2003 Ridolfi etal.,2006)onthedifferencepro-
file. In the intercompaison we checkif this differenceis
statisticallyconsistentvith zero. The smoothingerror of the
differenceandthe othererror componentadd up quadrati
cally to form the total error of the difference.For compari
sonwith measurementf type 1 we adoptdifferentstrate
giesdependingon whetherreliable MIPAS AKs are avail-
able or not for the atmosphericonditionsin which the in-
tercomparisoniakes place. Wheneer the available MIPAS
AKs, which were derived for standardatmosphericcondi
tions,areconsideredepresentatie of theactualatmospheric
state, the smoothng error of the differenceis reducedby
comparingthe MIPAS profile with the correspondingorrel
ative measuremerddjustedo the MIPAS spatialsmoothing,
Xref. smooth Calculated as:

X'ref,smooth= X0 + A (Xref — X0) = Axret + (X0 — Axo) (1)

wherex ef is the correlatve measuremerih theoriginal alti-
tuderesolution xg is a pre-definecatmospheristateusedas
alinearizationpointfor thecalculationof the MIPAS averag
ing kemel A, andx is theresultof theMIPAS retrieval when
thetrue stateof theatmospherés xe=x0. Thealtitudegrid
of the profile Xref, smooth Obtainedfrom Eg. (1) andthe grid
of the available correlative MIPAS profile arethenmatched
using eitherthe shrinking/stretchingndinterpolationtech
niquedescribedn Raspolliniet al. (2006)or the regridding
technique of Calisesi et al. (2005).

If the available MIPAS AKs are not consideredepresen
tative of the actualatmospherencounteredh theintercon:
parison,the profilesare directly comparedby matchingthe
pressurer altitude gridsusinglinearinterpolationin altitude
orin log pressureandcalculatingthe difference.Whenever
significant,the smoothingerrar is evaluatedas patt of the
randomerror budgetof this difference.This latterapproach
is also usedto intercompareMIPAS with correlatve mea
surements of type 2.

2.2 MIPAS vertical grid

In the caseof MIPAS, theinterpretatiorof theretrieved pro-
filesinvolvesanadditiona complicationlinkedwith thever-
tical scale. The accurag of the instrumentelevation point
ing was extensvely testedduring the commissioningohase
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(Kiefer et al., 2007) and it was found that, althoughrather
stable (=300 m) within the time intenal requiredfor the
measuremendf a limb-scan(x70 s), in absolue termsthe
elevationpointingmaybe affectedby errorsaslargeas2 km

in tarngent altitude. This feature of the MIPAS pointing
was also expectedon the basisof the pre-launchrequire

ments;thereforethe retrieval algorithm wasdesignedo be,
as much as possble, independenfrom accuratepointing
knowledge. Speifically, the ESA inversionalgorithm (Ri-

dolfi et al., 2000; Raspollini et al., 2006) retrieves temper

aturesimultaneouslywith pressureat the tangentpoints of

thelimb-obsenrations takinginto accounthe a-priori point

ing knowledgesuppliedby the engineeringpointing system.
The altitude scaleis thenre-constructedising the baromet

ric equation,the retrieved pressureand temperatureat the
tangentpointsandthe altitude of a refelencetangentpoint.

Of course,if the altitude of the seleced referencetangent
pointis affectedby anerror, the altitude scaleobtainedwith

this methodis goingto be shifted by anamountequalto this

error. This intrinsic wegknessof the re-constuctedaltitude
scalehasled to arecommendatioby ESAto use,when&er

possible the pressire scaleassociatedvith MIPAS profiles
ratherthanthe altitude scale. A morereliablealtitudescale
canbeobtaineda-posteriorijf independensourcesf infor-

mation(suchas ECMWF analysesysupplyanaccuratepres

sureprofile asa function of altitude, for the sametime and
geolocation as the MRS profile under consideration.

Given this featureof the MIPAS profiles, wheneer cor
relative measurementare suppled on a pressuregrid, we
carry out theinterconparisonsn the pressuralomain. This
approachhowever, is notapplicableto theintercomparisons
with lidar profiles, which are intrinsicdly representedsa
function of altitude (seeSect.6). In thesecaseswe carry
outtheintercanparisonsusingthe MIPAS altitude grid cor
rectedwith customizegroceduresasdescribedn Sects56.1
and 6.2.

2.3 Coincidence criteria

Ideally, validationrequirescomparisorof measurementse-
lating to the sameair mass. In practice,however, perfect
spatial and tempor& coincidenceof the measurementss
very difficult to achieve, andthereforea compromisemust
be found. The specificcompromiseestablishedor the in-
tercomparisoris usually referredas the coincidencecrite-
rion. As far astemperaturés concerneda spatialdistance
of lessthan300km andatime differenceshorterthan3 h are
generallyconsideredeasonableoincidenceriteria(Fischer
etal., 2007). In severalcaseshowever, in our intercompari
sonwork thesebaselinecriteriaturnedout to be too conser
vative, redudng dramaticallythe numberof matchingpairs
of measuremestto be compared.In thesecaseshe base
line coincidencecriteria have beenrevised by the individ-
ual validatingteamson the basisof testattemptsor model
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correctionsaimedat a reductionor a betterestmation of the
mismatch error

3 Validation using radiosonce measuements

Radiosondearelightweightboxescarriedaloft by smallbak

loonsup to altitudesof almost35 km. The instumentson
boardinclude temperatureand pressuresensorscharacter
izedby high precisbnandaccurag. In particular thelargest
majority of radiosonddenperatureprofilesusedin this val-

idationweremeasuredvith balloonborneVaisala RS80and
RS90sondeqAntikainenand Turtiainen 1992; Antikainen
andJauheainenl995),equippedwith pressureandtemper

aturesensorsharacterize@sfollows (Luers,1997; WMO,

2004):

— Pressuresensarin therangefrom 3 to 1060hPa, prect
sion: 0.1 hR; accurag: 0.5 Hra.

— Temperaturesensor In the rangefrom —90 to 60°C,

precision: 0.1 K; the accurayg is pressure-dependent:

0.2K from groundto 50 hPa, 0.3K from 50to 15 hPa
and 0.4 K for pressures beld.5 hRa.

The radiosondesamplesthe atmosphereappoximately ev-
ery10secondstherefore,sincetheaverageascentateof the
balloonis about4 m/s,the averagevertical samplingstepof
the sondeprofilesis about40m. Sincethe radiosondeper
formslocal measurementsheverticalresolutionof themea
suredprofiles coincideswith the samplingstep. Although
temperaturest differentaltitudesare measuredat different
times,for simplicity we interpret eachindividual radiosonde
profile asinstantaneouandrefer (if not otherwisespecified
to the meantime of the measurerantinterval. Considering
that the durationof a profile measuremens about 2h and
thatthe allowedtime mismatchbeweencomparedneasure
mentsis alwaysequalor greaterthan3h (seeSect.2.3), this
is a reasonable approximation

3.1 Comparison with radiosonde measurerants from
Potenza and’Aquila (Italy)

Boththelstituto di Metodologieperl’Analisi Ambientaledel
ConsiglioNazionaledelle Ricerche(CNR-IMAA), Potenza
(Italy) andthe CETEMPSof the Departmeniof Physics of
the Universityof L'Aquila (Italy) areinvolvedin the Ground
BasedMeasuremnant Campaigrfor the validationof the Ml -
PAS Level 2 temperatureandwatervapor Validation mea
surementareacquiredby watervaporlidars complemented
with radiosonddaunchesin orderto measureatmospheric
pressure temperatureand relatve humidity. Radiosondes
arelaunchedfrom PotenzaLat. 40.60 N, Lon. 15.72 E,
Altitude ASL 760 m) and L’Aquila (Lat. 42.38 N, Lon.
13.3P E, Altitude ASL 683 miites.In the time framdrom
July2002to Decembef002,two radiosoundingandtwo li -
darmeasuremenigerweekcoincidentwith ENVISAT over
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passeavere carriedout. From January2003to July 2003,
oneradiosounding@ndonelidar measurememierweekwere
carriedout. After the endof the validationcampaignmea
surementsave still beenacquiredon a regular basis(Pap-
palardo et al., 2005).

For MIPAS temperaturevalidation, radiosondeprofiles
wereused.Theseprofilesweremeasuredvith balloonborne
Vaisala RS80 sondes with the faets specified in Sect. 3.

For this intercomparisorwe only consideredadiosonde
measurementwithin 300km and3h of a MIPAS measured
limb-scan.Theerrorsdueto theresidualkpatialandtemporal
mismatchbetweerthe measurementsereaccountedor by
usingthe quantitatve formal validationapproachsuggested
by von Clarmann(2006). Herewe usethe terminologyde-
fined in von Clarmann(2006) andrefer to the equationsn
that work as Cn, whera is the equation numher

Sincefor this setof datathe intercompaisonstake place
at mid-latitudes,in atmosphericonditionsnot too far from
thosefor which the standardVIPAS vertical averagingker-
nels were derived (Raspollini et al., 2006), as a first step
we allowed for the smoothingerror of MIPAS by down-
gradingall the radiosondg¢emperaturerofilests to the Ml -
PAS dltitude resolution,using Eq. (1). As we also usethe
shrinking/stretchingand interpolation techniquedescribed
by Raspollini et al. (2006), eachprofile 7s resulting from
this operationis representedn the samevertical grid asthe
matching MIRAS profilety.

The error due to less than perfect coincidence(both in
spaceandtime) of eachpair of measurementwasthencor
rectedfor usingthe ECMWF temperaturanalyses.In par
ticular, eachprofile s wascorreded usingthe following ex-
pression (see Eq. (C15) af@24)):

tc =ts+ diagAnTec.ml — teC.s 2

In this expressiontgc s is the ECMWF temperatte inter-
polatedto the radiosondetime and geolocaibn, while Ay,
is the horizontal MIPAS averagingkernelmatrix. The ele-
menti, j of A, representshe responseof the i-th MIPAS
retrieved temperaturgrid point to aninfinitesimalvariation
of the temperatureat the location j alongthe MIPAS line
of sight. The matix An wasderived in the following ap-
proximation: eachentry of the row of the MIPAS vertical
averagingkernelwasassignedo the geolocaibn where,ac
cordingto ray tracing whenrefractionis consideredtheline
of sight crosseshe respecitie altitude. In the approxima
tion of a quasi-transp@ntatmospher¢he sameweight (i.e.
half the value of the respectie entry of the vertical averag
ing kernel) was given to air parcels at the samealtitude in
front of andbehindthe tangentpoint. Averagingkernelele-
mentsbelow thetangentltitudewereassignedo thetangent
point geolocation.In Eq. (2) Tec,m is a matrix constructed
asfollows: eachcolumncorrespondso a MIPAS limb-view,
andthe entriesin eachcolumnareobtainedby interpolating
the ECMWF fields to the MIPAS time andto the geoloca
tion of the pointsalongthe MIPAS line of sight considered
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Table 1.Summary of alidation aginst radiosondesperated from Potenza anthQuila.

Altitude n; b; o, Opisys  Di 04;,rnd XF22,| L;
[km] (K] K] [K] K] K]

0-75 6 0.35 227 1.25 554 217 6.27 1.000
7.5-105 9 —-042 241 1.23 7.21 1.87 16.27 1.000
10.5-135 19 0.75 111 0.58 478 1.20 16.26 1.000
13.5-16.5 24 -0.96 055 0.59 253 1.20 451 1.000
16.5-195 24 -0.82 0.49 0.74 2.26 1.09 4.28 1.000
19.5-225 23 -0.45 0.43 0.95 2.03 148 1.88 0.992
22.5-255 23 -0.79 0.46 0.80 2.07 142 2.16 0.999
25.5-285 16 -0.38 0.63 1.04 249 1.74 2.03 0.990
285-315 15 -0.74 0.8 0.87 325 1.22 7.23 1.000
31.5-345 10 -1.02 1.3 0.92 4.01 1.53 6.52 1.000
345-375 2 5.35 549 0.82 1.78 1.63 1.20 0.727
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for the constructionof the correspondingow of Ap. With

this approachEqg. (2) accountdor both the spaceandtime
mismatchbetweerthe measurementgndfor the horizontal
smoothingperformedby MIPAS. Residualcoincidenceer-

rorswerenegleded, firstly, becauserrorsin ECMWF tem:

peraturefields arebelievedto have a correlationlengthcon

siderablylarger than the actual spatial and temporal mis-

match,sudhthattheseerrorsto first orderapproxmationcan

celoutin thedifferenceandsecondlybecauserrorsresult

ing from theinterpolationof ECMWF datain spaceandtime
arehardto estimate andthusthe exercisewould have been
quite speculatie.

SinceMIPAS measuremengrrors are strongly correlated
in altitude, while error correlationsin the time or horizon
tal domainare negligibly small (apartfrom the bias which
is explicitly correctedfor), all available pars of co-located
measuremeni@w i; tc,i, wherety ; areMIPAS temperatures
andt. ; areradiosondeorrectedemperatureat pressure),
were sortedinto pressurebins suchthat eachbin contains
only datarelatingto one nonminal MIPAS limb viewing ge-
ometry acquiredat differenttimesandlocations. With this
approacheachbin containsup to 24 datapairsin total. Val-
idation of MIPAS temperaturein eachpressue bin allows
oneto neglecterrorcorrelationsn thevertical (pressurefio-
main (see Sect. 7 obm Clarmann 2006).

For eachpressurébin i we calculatedan estimateof the
bias 4 as (see Eq. (C30)):

n;

1
bi ==Y (imi(k) — 1ci(k)) (3
i =1

wheren; is the numberof datapairsin the i-th bin, and
k numbersthe pairs within this bin. The statisticaluncer
tainty of this biasis estimatedy the standardieviation (see
Eqg. C31):

\/ S0 (i (k) — tei(k) — by)?
op, =

ni(n; — 1) @
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For consistentmeasurementsn eachbin the biasp; should
be statistially consistenwith zero, consideringits random
errorbaroy, . If thisis notthecasethebias shouldatleastbe
consistentith zeroconsderingits total error oy, tot, Which
can be estimated as:

[ .2 2
Gbi,tot = abi + Gb[,SyS (5)

whereoy, sysis the systematierror of b; which canbe estt
mated as:

_ 2 2
Ob;,sys = 1/ Otmi,sys + 05 i.sys (6)

in whichoy, ; sysandoy,; sys arethe estimateof the system
aticerrorsof theMIPAS andsondecorrectel profilesrespee
tively, as determinedfrom error propagtion analysis. We
call theseerrorsexpectederrors.A deviation of b; from zero
beyondtheerrorbaroy, tot indicateshatthe systematierror
on.i.sys Of theexperimentto bevalidatedhasbeenunderesti
mated significantly

On the otherhand,the randm errar o4, mg Of the differ-
encesd; (k)= (k)—tc,i(k) canbeestimatedhroughtheer
ror propa@tion equation:
0d;,rmd = Gti.,i,rnd + Uzii,md (7)
in which oy, ; rnd @ndoy, ; md aretherandomerrorsof the Ml -
PAS andsandeprofilesrespectiely, andhave beenevaluated
in therespectie experimentcharacterizatiophasesThiser
ror estimateshouldbe consistat with the precisionestimate
determinedn theintercomparisorexperimentby (seeSect.5
of von Clarmann 2006):

Pi = ij’\/n_i' (8)

If we apply equationq3), (4), (6), (8) and(7) to our set
of datawe obtain the resultsreportedin columns3, 4, 5,
6 and 7 of Table 1 respectiely. The first two columnsof
this table reportthe approxinate altitude boundarief the

Atmos.Chem.Ptys., 7, 4459-4487, 2007
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Fig. 1. Summaryof the intercomparisorbetweenMIPAS andra-

diosondesoperatedfrom Potenzaand L'Aquila sites. Panel (a):

biasb; determinedfrom the intercomparisor(solid line) and ex-

pectedsystematicerror oy, sys Of the differenceprofile (dashed
lines). Panel(b): precisionp; of thedifferenceprofile asestimated
from the intercomparisor(solid line), and expectedrandomerror
o4;.md Of thedifference(dashedine). In bothpanelstheerrorbars
indicatethe 95%confidencéntervalsdeterminednthebasisof the

t- (panela) andon the chi-squargpanelb) statistics,asexplained
in Sect.3.1.

definedpressuréins andthe numbern; of pairsperbin re-

spectvely. Here,theerroro,fllvi sys(necessarfor Eq.(6)) was
obtainedasthe summatiorof the squaredMIPAS errorcom

ponentgDudhia,2005)thatarethoughtto beconstantvithin

our sample. Namely theseare errors affecting the forward
modelincludedin theMIPAS retrieval algorithm,and aredue
to: useof lessthanperfectspectroscopitine data;neglect

ing COy line coupling; imperfectmodelingof theinstrument
line-shapeneglectingnonlocalthermodynamiequilibrium;

and imperfect modeling ofag@us continua.

For the evaluationof oy, mg we calculatedcrtf/I - mnd asthe
summatiorof the squaredMIPAS errorcomponentshatare
thoughtto vary randomlywithin our sample. Theseerror
componentaffect boththe MIPAS inversionmodel (suchas
errorsdueto: neglectingthe horizontalvariability of the at-
mospherethe profile shapeassumptioroutsidethe altitude
rangeexploredby the MIPAS scan;spectralinterferenceof
O3, COy, CIONO,, CCly andN20Os); andthe measuredpee
tra (measurementoise,frequeng andintensty calibration
errors).

For the calculation oy ; rng We consideredboth the ra-
diosondespecifiedaccurag and the error on temperature
arising from propaation of the presure uncertainty through
typical ertical temperaturgradients.

Thequantity)(%,i reportedn column8 of Tablelisthere-
ducedchi-square,testingthe hypothesis thatthe differences
di (k)= (k)—t¢i(k) are consistehwith their expectation
value b; within their randomerror barsoyg; md. X}%,i is de-
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fined as:

Z (tmi (k) — tci(k) — b;)?

k=1 Ud rnd

©)

The expectationvalueof this quantityis unity; the probabit
ity L; of gettinga smallervalue for this quartity in a new
intercomparisoni.e. the probability of a substantiatliscrep
ang/ betweerv,, g andp;, is reportedn the rightmos col-
umn of Table 1.

For the sale of visual inspection,the resultsof Table 1
are also summarizedn Fig. 1. In panel(a) of this figure
we report, as a function of the approximatecener altitude
of eachpressurebin, the bias b; (solid line) and +o, sys,
the expectedsystematicerror of the differencebetweenthe
profiles (dashedines). In panel(b) of Fig. 1 we reportthe
precisionp; (solid line) aswell astheexpectedrandomerror
a4, md Of the differenceprofile (dashedine). In both panels
(a) and(b) the error barsof the estimate biasandstandard
deviation representhe 95% confidenceinterval calculated
on the basisof the ¢- and chi-squarestatisticsrespectrely
(Gosset 1908; Bevington and Robinson,2003). Of course,
sincethechi-squargorobability distributionis not symmetric
aboutits maximum,especiallyfor asmall numberof degrees
of freedom(=n; —1), theconfidencentervalsof thestandard
deviation clearly reflecthis property

Below 10.5km and above 34.5km the size of the sam
pleis toosmallfor meaningfulstatigics, andthereforewe do
notdiscusgheresultsin thosealtituderangesin thealtitude
rangeabove 10.5km andbelon 34.5km the detectd biasis
not statisticallysignificant. However, thereis strongindica
tion thattheestimatedIPAS precisionis too optimisticby a
factorof aboutl.5to 2. Discrepanciesf this magnitudecan
hardly be explainedby the neglect of higherordererrorsin
thecoincidencecorrection. Insteadthey areattributedto oc-
casionalinstabilitiesin the MIPAS retrievals causingspikes
in thetemperaturgrofiles. Thesepeculiaroutlierscannotbe
assignedo individual limb scansfor which the entire Ml -
PAS profile is suspicous. At altitudesbelov 13.5km the
detecteddiscrepanciesire even larger At thesealtitudesa
candidatexplanationis the deficienciedn the MIPAS cloud
detectionalgorithm,which does noreliablyrejectall cloud
contaminated spectra frothe Level 2 analysis.

3.2 Comparisonwith radiosondemeasurementfrom the
Esrange site

In this Sectionwe compareMIPAS temperaturewith ra-
diosondemeasurementspeaated from the Arctic latitude
site of Esrangejn northernSweden. As an Arctic latitude
site(67.9° N, 21.1° E) theatmospherabove Esrangaunder
goesextremeexcursionswith the seasonsasis manifested
by cloudsin thedry middle atmosphereandthe atmosphere
is subjectto heatingandcooling during stratsphericwarm-
ings. This large geoplysical variability provides an ideal

www.atmos-chem-p¥s.net/7/4459/2007/



M.Ridolfi et al.: MIPAS temperature alidation

MIPAS data for Esrange
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Fig. 2. Specificandcumulatie distributionsfor the groundrange
from the MIFAS measurement locationsHEsrange.

testinggroundfor the dataderived from satellite bornein-
struments such as MAS.

The Esrangdaunchesradiosomlesto supportcampaigns
conductedwith rocketsor balloonsastheinstrumentcarrier
As alaunchsite of opportunitythe Esrangeradiosondalata
do not enterthe ECMWF analyses.In the time periodre-
lating to the MIPAS datato be validated,(from 6 July 2002
to 25 March2004)therewere 146 flights with radiosondes.
The campéagns took placein August, November and De-
cember2002 in January Februay, March, Juneard July
2003, ard in January Februaryand March 2004. Esrange
usegheVaisala Digicorasoundingsystenmwith radiosondes
of type RS80characterizethy theaccurag figuresspecified
in Sect.3. TheEsrangeadiosondesover all pressuregrom
thegroundto 3 hPa. More than75% of the sondessxceeded
atop dtitude of 10 hPa or about30 km. Temperaturem the
stratospherearied in the rang&85 to 270 K.

3.2.1 Testing the coincidenceiteria

Application of the baselinecoincidencecriteria definedin
Sect.2.3leadsto very poorstatisticsthereforewe tunethese
criteriaspecificallyfor ourintercomparisomlatase. For this
purposewe definewindows in time and horizontal range,
which arebelievedto beacceptabldor validationandwhich
areto bemetby themeasurement#\ verticalrangewindow
is notrequiredfor validationwith radiosondessincetheiral-
titude resolution far excealsthatof MIPAS, i.e. the MIPAS
pressurecanbe matchedexactly by the validationmeasure
ments.Usingsmallwindows reducesthe effectsof geoplys-
ical variability on the comparisonshowever, it alsoreduces
the numberof available comparisons.The ultimatechoice
for time andgroundrangewindows (i.e. thecoincidencecri-
terion) involvesiterationsresultingin a compromiseamong
thesecompetingrequrements.To give anideaof thetrade
off betweenthe consenativenesf theadoptedcoincidence
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Mipas - Radiosonde Comparison @ Esrange
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Fig. 3. MeandifferencebetweenMIPAS andradiosonddemper
aturesas a function of the ground distancefrom the MIPAS tan
gentpoint (TP) and Esrangein range windows of 200 km extent
and centeredevery 100 km. The crossesdenotethe meanvalue
of the temperaturealifferencein eachrangewindow, vertical bars
arethe 1-signa errorsof thesemeans. Solid horizantal barsmark
the weightedmeansfor rangewindows belov andabaove 500 km;
dashed lines are the 1-sigma errors of these weigheans.

criterionandthe numker of matchingpairsof measurements,
in Fig. 2 we reportthe specificand cumulatve distributions
of the available MIPAS measurementas a function of the
ground spatial distance froEsrange.

As a thresholdfor the time mismatch betweenthe mea
surementsto be comparedwe arbitrarily choosea time-
interval of 4h betweenthe radiosonddaunchtime andthe
MIPAS measurementime. MIPAS data located within
1000km distarce from Esrangeseparatd¢ime-wiseinto two
groups: the morningwindow with southboundoassedasts
from 07:20UT to 10:30UT and the evening window with
northboundpassedrom 19:05UT to 22:20UT. Sincemary
of the Esrangeradiosondeavere launchedat 05:00UT or
06:00UT the relatedmeasurementarethusassociatedvith
the MIFAS southbound morng passes.

We divided the MIPAS datasetsinto rangewindows of
200 km extent centeredevery 100 km (which leadsto par
tial overlap of adjacat rangewindows). For eachMIPAS
profile matchinga radosondeprofile in the selectd time-
rangewindow we searchedor the pressurdevel measured
by MIPAS in theradiosonderofile andextractedthe differ-
encebetweenthe MIPAS andradiosonddempeature. Fig-
ure3 shavstheglobalaverageof thesedifferencesasafunc
tion of the centerof the chosenrange-winda. The mean
temperaturelifferencesncreasealmoststepwiseataground
rangeof about500km. The specificcausefor this behaior
is not known, andwe attribute it to a combinationof geo
physical variability and MIPAS samplingstraggy (MIPAS
measurement@remostly clusteredaroundfixed latitudecir-
cles). The presencef this “step” allows usto chooseasthe

Atmos.Chem.Ptys., 7, 4459-4487, 2007



4466

(@) (b)
40 =+ E
;1
|
T ;]
= \ I
o 30 I =+ E
k= /AN VR
= \ I
5 e
@ | |
T 20 \ i =+ -
£ \
X .y
o
: |
< 10} ' 1 |
1 P
—
0 1 1 1 1 1 1 1
-4 -2 0 2 4 2 4 6 8

Difference (MIPAS - radiosonde) (K) Random error (K)

Fig. 4. Plotsummarizingheagreemenibetweertemperatureom
MIPAS andradiosondeneasuremenizperatedy the University of
Bonnfrom EsrangeTheformatof the plot is thesameasfor Fig. 1.

spatialcoincidencecriterion the distanceof 500 km: sucha

criterion permitsus simultaneouslyto obtaingoodstatistics
(seeFig. 2) without significantly impactingon the overall

size of the obsened discrepanciebetweenMIPAS andthe

validation measurements adcged at Esrange.

3.2.2 Results of comparison tdIPAS Temperature

For eachMIPAS profile matchingaradiosonderofile within
the spatialand temporalmaigins discussedn Sect.3.2.1,
we searchedor the pressurdevels measuredy MIPAS in
the correspondig radiosondeprofile and extractedthe dif-

ferencebetweenthe MIPAS and radiosondetemperatures.

Theobtaineddifferencesverethengroupedn pressurdins
centeredaroundthe pressuresof the nominal MIPAS tan
gent points. Since the available MIPAS AKs, calculated
for standardatmosphericonditions,can not be considered
representatie of the Arctic atmospheref the Esrangearea
(Ceccheriniprivatecommunication2006'), the radiosonde
profiles were not adgted to the MIPAS vertical resolution
prior to the intercomparisonFor this reason,the smoothing
(seeSect.2) performedby MIPAS actsas a randomerror
(smoothingerror), which was evaluatedandincludedin the
budgetof the expectedrandomerror of the obsened differ-
ences.Theremainingexpectal errorcomponentgonsidered
in this intercomparisorcoincide with the onesdescribedn
Sect. 3.1.

The resultsof this intercomparisonare summarizedin
Fig. 4, with the sameformatasFig. 1. Panel(a) of Fig. 4
shows that the biasis only statistically significant(i.e. be-
yondthe 95% confidencéantenal) for somebins betweerl2

1ceccherini,S.: Teston the rangeof validity of the first order
expansionof the retrieved profile asa function of the true profile
andsomeconsideration®n the MIPAS averagingkernels,private
communication, 2006.
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and21 km andat 36 km. However the biasis alwaysconsis
tent with the gpected sysmatic error of the di¢érences.

Panel (b) of Fig. 4 shaws that the standarddeviation of
thedifferencedetweerthe MIPAS andcorrelatve tempera
turesgenerallytendsto be lamger thanthe expectedrandom
error of the differences. This occursespeciallyfor the bin
around6 km. Possbly at this altitude the obsered effect
couldbe causedy insufiicient cloudfiltering in the MIPAS
dataprocessing Above 6 km the horizontalsmoothinger
ror (seeSect.3.3), which wasnot evaluatedin this analysis,
may have playeda role in the determinatiorof standardde
viationsslightly exceedingthe expectedrandomerror of the
differences.

In orderto checkwhetherthe MIPAS temperéure error
dependon the value of the temperaturétself, in Fig. 5 we
plottedthe behavior of thetemperaturedifferencesMIPAS-
radiosondeasa function of bothradiosonddtop panel)and
MIPAS (bottompanel)temperaturesFigure5 demonstrates
thatthe temperaturalifferencesareindependenof thetem
peraturameasuredThethick linesrepresenalinearfit to the
data. The slopesdeviate only mamginally from zero,which
confirmsthe lack of a systenatic variation of the tempera
ture differenceswith temperature Partitioning of thesedata
by seasor{winter: Novemberto March,andsummer:April
to Octobe) alsodoesnot suggesa systematiaariaion with
seasongventhoughthereareonly 142 datamatchesduring
summerout of the total of 1374 matches. Partitioning the
datainto latitudesnorth and southof the Esrangedoesnot
reveal aly systematic &riaion either

3.3 Comparisonwith NDACC/GAN radiosondenetwork
data

In this Secton, MIPAS temperaturerofiles are compared
with radiosondemeasurementacquiredas part of WMO's

Global AtmospheréNatch (GAW) andtwo of its maincon

tributors, the Network for the Detecton of Atmospheric
CompositionChange(NDACC, Kurylo and Zander2001)
andthe SoutherrHemispheréADditional OZonesondepro-

gram (SHADOZ, Thompsonet al. 2003). Contributing in-

strumentsand stationsare listed in Table 2. Note that
the radiosondedata at Esrangeconsideredfor this vali-

dation are those associatedvith ozonesondeflights oper

ated by NIES (National Institute for Environmental Stud

ies, Tsukuba,Japanjandareindependenfrom thoseof the

University of Bonndiscussedn Sect.3.2. Dueto thelarge

amountof availabledata,thecomparisonsirelimited hereto

the year 2003.

Before being usedfor validation, the quality of the col-
lectedcorrelatve measurementsaschecledby comparison
agpinstclimatologicaldata,takinginto accountataremarks
inferredfrom NDACC time seriesandECMWFfields. Out
liers and physically unacceptablelatawere excludedfrom
the \alidation.
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Mipas - Radiosonde Comparison @ Esrange
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Fig. 5. TemperaturalifferencesMIPAS — radiosondeasa function of radiosondgemperaturdtop panel)and MIPAS temperaturgbottom

panel).Thick lines are linear fits to the data.

3.3.1 Discussion of coincidemccriteria

For validationwith this datasetcoincidencecriteriawereset
to amaximumdistanceof 500km betweerthe MIPAS mean
tangentpoint and the ground station,and a time mismatch
of 6h (12h for the study of time series)betweenthe mea
surementsAs discussedn Sect.3.2, usingmoreconsera-
tive coincidencecriteria leadsto a drasticreductio of the
numberof usablecoincidenceshencedecreasinghe signif-
icanceof the statistics.Furthermorefor eachintercompared
setof profileswe alsoevaluatethe error dueto lessthanper
fectspatialcoincidenceand,asshown later, usuallythis error
componenturnsoutto provide only amaiginal contrikution
to the total error bbdget of the alculated profile dferences.

3.3.2 Comparison erroruzget

Thedifferencebetweerthe MIPAS andcorrelatve measure
menttemperaturess affectedby several error components.
In generatlthe total error of this differencecanbe expressed
in terms of the follwing errorcovariance matrix S:

S=Su+Sv+ Amv — Anv) Sy (Amy — ANV)T +
(Amh — Anh) Sh (Amh — Ann) 7 + Sar.

In this equationthe subscripts'™M” and“N” indicake quan
tities referringto MIPAS andto the validationmeasurement
respectiely. Sy andSy arethetotal error covariancef the
two comparedneasurement®\y andAyy arethe vertical
AKs, while Ayn and Ann arethe horizontalAKs. S, and
Sy arecovariancesdescribingthe vertical and the horizonta
variability of the atmosphereespectvely. The errorterms

(10)
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involving the AKs accounffor thesmoothingerrordueto the
differentspatial(vertical and horizontal)respons functions
of thetwo measurementgRodgersand Connor,2003). Sy
is the covariancerelatingto the error dueto the spatialand
temporal mismatch betwa the measurements considered.

For the MIPAS andradiosmdetotal errorswe assumehe
errorsdescribedn Dudhia(2005)andin Sect.3 respectiely.
Ideally, theseare the error barsthat shouldbe usedto test
thedifferen@s,MIPAS — groundmeasuremenggainstzero
if the comparé measuringsystemsandsourdedair masses
wereidenticl. In practice,however, profile differencesare
larger dueto smodhing andcollocationerrors.In this study
we hae edimatedseparatgl the errors dug¢he diference in
horizontalandverticalresolutionandtheerrorsdueto differ-
ences in geolocation.

Vertical smoothing error. Startingfrom Rodgers’ theory
andformalism(Rodgers2000),we estimateheeffect of the
differencen vettical resolutionby meanf thevertical AKs.
First, the vertical AKs of MIPAS areusedto mapthe high
resolutionground-basedeasuremertb the MIPAS vertical
resolutionaccordingto Eqg. (1). Secondlythe smoothinger
ror is estimatedasthe differencebetweerthe smoothecpro-
file resultingfrom the previous step and the original high-
resolution profile.

Horizontal smoothing error. The ECMWF temperature
field canbe usedto estimatethe derivative of temperaturén
the direction of the MIPAS line-of-sight. Multiplication of
this derivative by a suitablefraction of the lengthof the op-
tical pathof the MIPAS obsenrationestimatedhe horizontal
smoothing.

Atmos.Chem.Ptys., 7, 4459-4487, 2007
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Table 2.List of radiosonde stations contuiing to theNDACC/GAN network.

Station Location Lat. (deg) Long.(deg.) Institute
Alert Canada 82.5 —62.33 MSC
Eureka Canada 80.05 —86.42 MSC
Ny-Alesund Swvalbard 78.91 11.88 AWI
Thule Greenland 76.51 —68.76 DMI
Resolute Canada 74.72 —94.98 MSC
Scoresbysund Greenland 70.48 —21.97 DMI
Esrange Sweden 67.88 21.06 NIES
Sodankla Finland 67.37 26.67 FMI
Keflavik Iceland 63.97 —22.6 INTA
Orlandet Norway 63.42 9.24 NILU
Jokioinen Finland 60.82 23.48 FMI
Churchill Canada 58.75 —94.07 MSC
Edmonton Canada 53.55 —-114.1 MSC
Goose Bay Canada 53.32 —60.38 MSC
Legionowo Poland 52.4 20.97 INWM
Debilt Netherlands 52.1 5.18 KNMI
Valentia Ireland 51.93 —-10.25 ME
Uccle Belgium 50.8 4.35 KMI
Praha Czech Republic  50.02 14.45 CHMI
Hohenpeissenbgr Germary 47.8 11.02 DWD
Payerne Swiss Alps 46.49 6.57 MCH
Tsukuba Japan 36.05 140.13 JMA
Paramaribo Surinam 5.81 —55.21 KNMI
San Cristobal Galapagos —0.92 —89.6 CMDL
Nairobi Kerya -1.27 36.8 MCH
Malindi Kerya —-2.99 40.19 RPSM
Natal Brazil —5.42 —35.38 INPE
Watulosek Java -75 112.6 JAXA
Ascension Island Congo —7.98 —14.42 NASA
Tutuila Samoa —14.23 —170.56 CMDL
Fiji Fiji —-18.13 178.42 CMDL
Saint-Denis La Reunion —21.06 55.47 CNRS
Irene South Africa —25.25 28.18 SAWS
Lauder New Zealand —45.03 169.68 NIWA
Marambio Antarctica —64.28 —56.72 INTA
Dumontd’Urville  Antarctica —66.67 140.01 CNRS
Syowva Antarctica —69 39.58 JMA
Neumayer Antarctica —70.65 —-8.25 AWI
Belgrano Antarctica —77.87 —34.63 INTA

Algebraically we estimatethe horizontalsmoothingerror
8, of a gven MIFAS profile level i as:

ni = IVriTecmwrlrggj (11)

where|V, j Tecmwr! is the modulusof the componenbf the
temperaturegradientalong the line-of-sght of the MIPAS
limb-obsenationwith its tangenpointlocatedattheretrieval
level i; this directiona derivative is evaluatedat the tangent
point, assuning the ECMWF temperaturdields. roq is the
lengthof the MIPAS optical path,ataltitudei, corresponding
to 90% of the measuredCO, radiancefrom which temper
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atureis retrieved. This lengthwasestimatedusinga simple
radiative transfermodelcapableof calculatingMIPAS limb
radianceemissionspectrain a two-dimensionahtmosphere
(De Clerg and Lambert, 2006).

Coincidence error. The spatial distance betwesn a
genericpair of MIPAS andvalidationmeasurementsduces
a difference §that can be estimated as:

8t = Tecmwr (rmipas) — Tecmwer (FvAL) (12)

where Tecmwr ("mipas) and Tecmwr (fvaL) denote the
ECMWF temperaturesterpolatedto thetime andgeoloca

www.atmos-chem-p¥s.net/7/4459/2007/



M.Ridolfi et al.: MIPAS temperature alidation

MIPAS vs NDACC/GAW Temperature 75-35 hPa
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MIPAS vs NDACC/GAW Temperature 35-15 hPa
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Fig. 6. Europearmid-latitude(465-52.F N) time seriesof the differencegfull symbols)betweerMIPAS andNDACC/GAW radiosondes
operatedrom the stationsindicatedin the plot key. Temperaturesvereaveragedn thepressurdayersfrom 75to 35 hPa (left plot) andfrom
35to 15 hPa (right plot). Thegrey areasndicatemonthly averageqcenter)and+standardleviations(edges).The solid red (green)curves
indicatethe +averagehorizontal(vertical) smoothingerror. The solid blueline indicatesthe errordueto the spatialmismatchbetweerthe
measurement§he dashed lines indicate thestandard déation of the error estimates withetisame color code of the error itself.
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Fig. 7. Same as Fig. 6ub for Northern Polar latitudes (78.9—8218).
tion of the MIPAS andvalidationmeasurementgspectiely. 3.3.3 Intercomparison angées

The spatialcoincidenceerroris consideredwith its sign. In
fact, MIPAS is samplingthe temperaturdield on fixed lat-
itudinal circles,and a stationoccupiesby definition a fixed
geolocation As themeantemperaturdield exhibits a merid-

ional gradient,ary permanenspatal distance(e.g.between

MIPAS tangentpointsanda station)in the North-Southdi-

rectionwill leadto a systematicdifferencein temperature.

Henceit is corvenientto usethe spatial coincidenceerror
with its avn sign.
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Given the large amountof correlatve measurementavail-
able,in this caset waspossibleto carryoutbothtime-series
analysesndverticallyresohedanaly®sof thediscrepancies
between the MIRS and corelatve measurements.

Time series. In orderto monitor the quality of the MI-
PAS temperatureas a function of time we have chosento
compareaveragetemperaturevaluesin pre-definedlayers
ratherthanlocal profile values. In particular averagetem-
peraturesare calculatedfor two layers: from 75 to 35 hPa
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(=18-23km) andfrom 35 to 15 hPa (~23-28km), using
alternatvely MIPAS andcorrelatve measurementsThe ap-
proachof comparinglayer meantemperature®ffers several
adwantagesover the usual comparisonof local profile val-
ues;in paticular both the randomandthe smoothingerror
component®f the local profile differencesare significantly
reducedby the averaghg process.Thereducel sizeof these
errorsmalesit possibé to breakdevn the intercomparison
datasebn a monthlybasisandto studythetime behaior of
thediscrepanasfor severalgeographicaareasandsynoptic
systems.

Figures6 and 7 are respectvely Europeanmid-latitude
(46.5-52.2 N) andArctic (78.9-82.5 N) time seriesof the
differenceqfull symbols)betweernayer meantemperatures
from MIPAS andradiosondespeaatedfrom the stationsin-
dicatedin the plots’ keys. Temperaturesvere averagedin
the pressurdayersfrom 75to 35 hPa (left plots)andfrom 35
to 15 hPa (right plots). The grey areasdenotemonthly av-
eragegcentr) and+tstandardieviations (edges).The solid
red(green)curvesindicate the +averagehorizontal(vertical)
smoothingerror Thesolidbluelinesindicatetheerrordueto
thespatialmismatchbetweerthe measurement§ hedashed
linesindicatethe tstandarddeviation of the error estimates
with the samecolor codeusedfor theerroritself. Fromthese
figuresit is evidentthatthe horizantal smoothingerrordomi
natesovertheothererrorsourcesFurthermorethe behaior
of the standarddeviation of the discrepanciedollows very
closelythe estimateof the horizontalsmoothingerror, hence
confirmingthe accurag of the estimateof this errorcompe
nentderivedwith the procedurexplainedin Sect.3.3.2.We
alsonotethat both the horizontal smoothingof MIPAS and
the coincidenceerror aregeneraly largestin wintertime (at
theedgewf theplots). Thisis becausén this periodthe hor
izontal variability of the stratospherés also largest,dueto
strongplanetarywavesthatcanpropagteeasilythroughthe
polevard meridiancomponenof the wintertime circulation
(the so-calledDobson-Braver circulation). In summettime,
the wealer and essentiallyzonal circulation prevents plan
etary waves from propagting deeplyinto the stratosphere;
thereforethe atmospherés dynamicallymore quiet (Salby,
1984).

Figures6 and7 shav alsothatthe quality of MIPAS data
is almostconstantversugime, thebiasis not statstically sig-
nificantandthe standarddeviation is in agreementvith the
predictedrandomerror of the differences. The agreement
foundin thesefiguresis a typical case however therearea
few casesin which discrepanciesgarger than the predicted
errorsarefound. Theselarge discrepancieiovever, arere-
strictedto very limited datasets,with very poor statistics,
which hencedo not permt us to drav quantitatve conclu
sions.

Vertically resolhed analyses.In this type of analysesfor
eachmatching pair of temperaturerofiles,we first adapted
the high-resolutiorradiosondeorofile to the MIPAS percep
tion using Eq. (1), with a regridding techniqueinspired by
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the work of Calisesiet al. (2005); secandly, we calculated
the differencesbetweenprofiles at correspondingpressure
levels. Profile differencesresulting from the whole set of
intercomparegairs werefinally groupedinto pressurebins
centeredaboutthe meanpressireof the MIPAS retrieval lev-
elsin the consideredensembleof measurementsThe av-
erageandthe standarddeviation of the profile difference in
theindividual pressuréinswerefinally studiedin relationto
their systematiandrandomerrorcomponentsNote thatin
this case sincethe MIPAS verticd smoothingvasappliedto
thecorrelative profilesusingEqg. (1) (usingthe standardv| -
PAS AKSs), the comparisorrestuts shouldbe hardly affected
by the \ertical smoothing reor.

Altitude-resohed analyseswere carried out for the ma
jor gearaphicalareasandsynopticsystemsdentifiedin the
time-series analyses.

In Figs. 8 and 9 we report, for Mid- and Arctic- lati-
tudesrespectiely, an exampleof the altitude-resoled anal
ysis of the differencesbetweenMIPAS and NDACC/GAN
radiosondeggray lines with symbols)for the samestations
consideredn Figs. 6 and7. Theblacklinesindicatethe av-
erage(solid) andthe standarddeviation (dash)of the differ-
ences. The solid red lines indicate the expectedtotal sys
tematicerrorof thedifferences, whe theyellow-filled areas
delimitedby the dasheded linesindicatethe expectedran
domerrorof the differencesTheleft plotsreferto measure
mentsfrom Januaryto Marchandfrom Octoberto December
2003,while theright plots referto the monthsfrom April to
September 2003.

FromFigs.8 and9 we seethatthe detectediasis always
consistentvith the expectedsystenatic error Theamplitude
andthealtitudebehaior of the biasdependsbothonthese
lectedtime periodandon the latitude band. Moreover, the
standardieviationis consistenwith theexpectedrandomer-
ror. This lattererroris dominatedby the contritution dueto
the horizontal smoothing.

The altitude-resoled analysegresentechereare typical
results;in gereralwe seethatwithin the altituderangecon
sideredn thisintercomparisorf12—36 kn) thereare nospe
cific intenvalsin which the meanor the standardieviation of
the profile differencegarticularlyexceedthe corresponding
expected errors.

4 Comparison with SPIRALE measurements

SPIRALE (Frenchacrorym for infrared absoption spee
troscopy by diode lasers) is a balloon-bornespectrometer
with six tunablediode lasersdedicatedo in-situ measure
mentsof tracecompoundsn the uppertropospherandthe
stratosphereip to analtitude of 35km. Its principle, opera
tion and estimationof the measurementincertaintieshave
beendetiled in a previous paper (Moreau et al., 2005).
Briefly, absorptionof mid-infraredlaserbeamstakes place
in an air-openHerriott cell, betweentwo mirrors separated
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Fig. 8. Altitude resohedanalysisof thedifferenceggraylineswith symbols)betweerMIPAS andNDACC/GAN radiosonde$or thesame
Europearmid-latitudestationsconsideredor Fig. 6. Theblacklinesindicatethe average(solid) andthe standardieviation (dashed)pf the
differences.The solid redline indicatesthe expectedtotal systematicerror of the differenceswhile the yellow-filled areadelimitedby the
dashededline indicateshe expectedrandomerrorof the differencesTheleft plot refersto measurementsom Januaryto Marchand from
Octoberto Decembe2003;the numberof callocationscontrikuting to this analysisis 177. Theright plot refersto the monthsfrom April to

September 2003; the number of cdmniting collocations is 160.

by 3.5m, thus enablinga very long optical path (up to
544 m). Vertical profilesof concentration®f a greatnum-
ber of species,suchas O3, CH4, CO, N2O, HNO3, NOo,
NO, HCI, HOCI, H20,, COR,, aremeasuredvith very high
vertical resolution(a few metes), high sensitvity (down to
volume mixing ratios of 20pptv) and high accurag (5 to
20%). Sincealtitude-resoled volume mixing ratio profiles
areretrievedfrom SPIRALEmeaurementsissumingnown
atmospheridemperatureand pressureyery accuraten situ
temperaturaneasurementare required. For this purpose,
two temperaturgorobesmadeof resistive platinum wire are
deployed during the flight, at the extremities of two hori-
zontalmags of 2.5 m length. The two probesare located
at the oppositesidesof the main axis of the samping cell,
andthereforeat leastone probeis undisturbedby the ther
mal adivity of the gondola. The biasof the air temperature
is estimatedo be smallerthanl K, resultingin quite a poor
accurag comparedo the intrinsic precisionof the probeit-
self (~0.05K). Thisis dueto thedifficulty of accountirg for
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the thermalinfluenceof the wire holderand of radiative ef-
fects. Pressuras alsomeasure@boardthe gondolaby two
calibratedand temperatureegulated capacitanceananome
ters of 0—1034hPa and 0-100hPa full scaleranges. This
resultsin an accurag of 0.5 hPa in the lower part of the
profiles (200 hPa), improving to 0.1 hPa in the upperpart
(5 hPa). Assumingstandardaitmospher¢éemperaturevertical
gradientsthis pressurauncertanty translats into analmost
constan@andnggligible errar (0.1 K) on thewholetempera
ture profile, with respecto the accurag of the temperature
sensor itself.

Two flights were successfullycompletedin the frame of
the ENVISAT validationcampaign. Theflights werecarried
out from differentlatitudes,namelyfrom Kiruna, (Sweden,
68° N, 20° E) on21 Janwary 2003andfrom Aire-surl’Adour,
(France43.6° N, 0°) on 2 October2002. During thesevali-
dationflights, pressureandtemperatureneasurementaere
acquiredevery 1.1s, henceproviding profileswith a vertical
resolutionof abaut 5 m. Amongthetwo verticaltemperature
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Fig. 9. SameasFig. 8 but for Arctic latitudestations.The numberof collocationscontrituting to theanalysisis 388for theleft plotand243

for the right plot.

profilesmeasuredn thesecampaignsonly the profile mea
suredat Kiruna falls in the proximity of MIPAS measure
ments.Evenfor this profile, however, the obtainedtime and
spacecoincidencedoesnot meetthe reconmendedcriteria
givenin Sect.2.3. Namely we find thatthe two nearestMI -
PAS measurementselongto scan20 of orbit 4677 (460km
and8 min apartfrom SPIRALE)andto scan6 of orbit 4678
(650 km and 1 h 50 min apart frdaPIRALE).

Thereforewe comparedthe SPIRALE profile with the
aforementionedIPAS profiles. In both casesprior to the
intercomparisorthe SPIRALE profile wascorrectedor the
spatialandtermporal mismatchbetweenthe comparednea
surements.The correctionwas onceagain doneaccording
to Eq. (C15)of von Clarmann(2006),andusingtemperature
profilesobtainedby interpolatingin spaceandtime ECMWF
fields with a spatialresdution of 0.5°x0.5° andatemporal
resolution of 3.

Since the intercomparisontakes place in polar atmo
spherespnceagain in this casethe available MIPAS AKs
were not consideredrepresentatie of the actualmeasured
atmospherendno correctionwas appliedto the SPIRALE
profile to match the MIRS vertical resolution.
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The intercomparisorof SPIRALE with eithe of the two
selectedVIPAS measurerantsleadsto very similarquantita
tive agreementFigure 10 shows theresultsof theintercom
parisonbetweerthe ECMWF-correctedSPIRALE tempera
ture and the MIPAS profile relatingto scan6 of orbit 4678.
In particular theleft panelof Fig. 10 shaovs thetwo profiles
(SPIRALE, full squares connected by solid line and A8BP
full trianglesconnectedy dashedine) with total errorbars.
Althoughthe original SPIRALE profile hasvery high verti-
cal resolutionand a fine samplingstep,in Fig. 10 we only
plot the (corrected)SARALE profile pointswith pressures
matchingthe onesof the MIPAS profile. Theright panelof
Fig. 10 shaws the difference, MIPAS minus correctedSPF
RALE (full symbols),aswell asthe expectedvaluesof both
therandom(dottedline) andthetotal (solid line) errorsof the
difference FromFig. 10it is clearthatthecomparedgrofiles
agreewithin thetotal errorbars.Sinceonly asingleprofileis
availablefor thisintercomparisomothingcanbeinferredre-
gardingtheindividual (systemati@ndrandom)MIPAS error
components.

www.atmos-chem-p¥s.net/7/4459/2007/



M.Ridolfi et al.: MIPAS temperature alidation

5 Comparison with MIPAS-B measurements

MIPAS-B (Michelson Interferometerfor Passve Atmo-
spheric Sounding— Balloonborne)is an adwanced cryo-
genicFourierTransforminfra-Red(FTIR) spectrometespe
cially tailoredto operationon a stratospheridalloon gorn
dola (Fischer and Oelhaf, 1996). Equipped with suit-
able subsysters, MIPAS-B allows precise limb-emission
sounding of chemical constituentsrelated to the strate
sphericozoneproblen andto the greenhouseffect. This
methodis appropriatefor obtaining vertical profilesof tem+
perature,ozone and a considerablenumber of key radi
cals (e.g. NO, NOy) and reserwoir species(HNOs, N2Os,
CIONO,, and HO2NO»), as well as source gases(e.g.
CHyg, N2O, H20, CFC-11,CFC-12,CFC—22,CCly, CFy,
C>Hg, and SFs) simultaneouslywith an altitude resolution
of 2 to 3km. Hence, MIPAS-B is able to measue the
budgetard partitioning of the complee NOy family (i.e.
NO+NGO,+HNO3+CIONO;+2 % NoOs+HO2NO3), together
with its sourcegas N>O, and to assesglenitrification, de-
hydration, budgetsandtracercorrelations. As an emission
sounderMIPAS-B isindependentf ary extraterrestrialight
sourcewhich allows a highflexibility in termsof thetime of
the day of the launchand the obsenation geometry Both
azimuthand elevation anglescan be commandedrom the
ground. This flexibility allows long integration times and
permitstheadjustmenbf theline of sight(LOS)to geoplys-
ical constraitsin anoptimal way (e.g.in the caseof strong
gradientdn theconstituets’ fields,duringsunrise/sunsetr
for validationpurposes) An innovative pointing systemern
sureshigh precisionandstability of theacquiredobsenation
angles.Thecapabilityof MIPAS-B to measuralayandnight
andto choosethe obsenation anglesindepeently of the
SunandMoon is very useful for the validation of satellite
instruments.

MIPAS-B dataprocessingfrom the raw interferograms
andtheinstrumenthouseleepingdatato the calibratedspee
tra, is describedn Friedl-Vallon etal. (2004)andreferences
citedtherein.Dataprocessingncludesinstrumentcharacter
ization, suchasdetectornon-linearity, anda completeerror
budgetof the calibratedspectra. Retrievals of temperature
andtracegasesprofilesare perfamedwith the KOPRAFIT
code, an algorithm extensionof KOPRA (Karlsruhe Opti-
mized and PreciseRadiative transfer Algorithm, Hopfner
et al. 2002).

Thevalidationmeasurementaere performedwith a ver
tical grid of 1.5 km while the retrieval grid was set to
1 km. Regularizatbn was basedon the Tikhonov-Phillips
approach.Theresultingvertical reolution typically lies be-
tweenl.5and3 km. Spectrawerefitted in the six MIPAS-
B proven microwindows includedin the two spectralinter-
vals801-81%km~1 and941-957cm~1 (Wetzeletal.,2002).
The error estimationfor the temperatureretrieval includes
randomnoise, calibraton errors,errorsin the CO, mixing
ratio, line of sightinaccuraciesand spectroscopi dataer
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Fig. 10. Comparisorof MIPAS with SPIRALE. Left panel: mea
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SPIRALE profile was correctedfor the spaceand time mismatch
usingECMWFfields. Theright panelshavs the profile differences
(full circles)alongwith random(dottedline) andtotal (solid line)

combined errors.

rors. Sincethe microvindows usedfor MIPAS-B retrievals
arecompletelyseparatdérom the microwindows usedby the
ESA-retrievalsfrom MIPAS data(Raspollinietal., 2006),all
theseerrorcomponentgontibute to the error budgetof the
profile differencesanalyzedin this intercomparison.A de-
tailed descriptionof the Level 2 MIPAS-B dataanalysisis
given in Wetzel et al. (2006) and references therein.

Thefirst MIPAS-B flight within the ENVISAT validation
activities took placefrom Aire surl’Adour duringthe night
of 24/25SeptembeP002.Launchwasat 18:43UT. Thefloat
wasreachedt a ceiling altitudeof about39km at21:47UT
i.e. 20min beforethe ENVISAT overpass. The cut was at
23:50UT. During the nominal measuremenprogram(dur-
ing ascenwithin the stratospherandat ceiling) all systems
worked nominally Theright launchtime andthe adjustable
viewing directionof MIPAS-B have allowed a setof corret
ative datain excellentspatid andtemporalcoincidencewith
the satellite measuremis to be obtained.

A secondvalidation flight was performed from Esrange,
Kiruna (Swedeng8° N , 21° E) on 20/21March 2003 After
aflight durationof morethan15h from 18:22UT (20March)
to 9:38UT (21 March)touchdown of the gondolawasonly
about50 km away from thelaunchsite. Thelong duratin of
this flight was possiblesincethe balloonwasreleasedight
into the centerof the polar vortex, wherewind speedsare
very low. Severallimb sequeneswere measurednatching
theeveningandmorning overpasof ENVISAT (orbits 5508
and5515, respectiely). Mosttangentpointsof MIPAS on
ENVISAT have beenmatchedwithin lessthan 100km and
15min repectiely. All system=f the gondolaworked sta
bly and reliably
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Fig. 11. Summaryof comparisorbetweenMIPAS/ENVISAT and
MIPAS-B measurementsThe readershouldreferto Fig. 1 for the
explanation of the &rious cures plottel.

Thethird ENVISAT validation flight wasagain carriedout
from the Esrange-Kirunadaunchpadin the midnightsunon
2/3July2003.Two limb sequencesf spectraveremeasured
between00:13UT and01:23UT (3 July). Logistical prob-
lemspreventedsuchperfectcoinddencegin spaceandtime)
with ENVISAT aswasthe casefor the otherflights. In par
ticular, thetemporaloffsetwasa coupleof hours. However,
taking into accountthe adwection of the air massesthe co-
incidencebetweenMIPAS on ENVISAT andMIPAS-B was
finally betterthanexpectedrom theunfavorableflight situa
tion.

The setof MIPAS-B measurementavailable for valida
tion of MIPAS is summarizeth Table 3.

For intercomparisonpurposesthe MIPAS temperature
profilesmatchingthecorrelatve measurementsereinterpc
lated(linearinterpolationin log pressurejo thefixedvertical
retrieval grid of MIPAS-B andthe relatederror covariances
transformedaccordngly (von Clarmann2006). The optimal
interpolationmethod suggestedby Ridolfi et al. (2006)was
notusedheredueto thelow reliability of the currerily avail-
ableMIPAS AKs for Arctic latitudes.The matching pairsof
measurementserethenusedto calculde, ateachMIPAS-B
retrieval pressurdevel, thestatisticsof theprofile differences
as described by the equationpaded in Sect. 3.1.

For this interconparison,only profile datapointsin the
pressurerangefrom 5 to 228 hPa (correspondingapprox
matelyto altitudesof 35 and10 km respectrely) werecon
sidered. This choiceis motivatedby the factthat: a) above
35km thespatialresponséunctions(hamelythe AKs) of the
two considerednstrumentsaretoo differentfor ameaningful
intercomparisor(seealso Ridolfi et al. 2006) andb) belov
10 km the MIPAS profile dataare affected by unquantified
systematierrorsdue tothe assumptiorof profile shapede
low the lovermost retriged dada point in each scan.
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The results of this intercomparisonare summarizedin
Fig. 11 with the sameformatasFig. 1. Fromthisfigure (see
panel(a) of Fig. 11)it is clearthatthe intercomparisn does
not highlight ary significantbiasin the MIPAS dataexcept
atthelowermostaltitudearound11 km wheredifferencef
upto 2 K are visible, still consistentith the expectedsys
tematicerror of the difference. Furthernore, panel(b) of
Fig. 11 suggestonce again that the expectedrandomerror
of theprofile differencexoud have beenunderestimatedy
aboutafactorof 2.5atmostaltitudes.This latterconclusion,
however, is not corroboratedby the statisticsji.e., dueto the
relatively small numberof coincidentmeasurementéonly
6), the 95% confidencenterval of the determinedstandard
deviation of the profile diferences is quite lge.

In this intercomparisorihe stardarddeviation of the pro-
file differenesexceedingheexpectedvalueof thecombined
randomerrorbelon 15km couldbepartly dueto theretrieval
algorithmsof thetwo experimentsthatoperatewith different
cloud filtering criteria and may alsoreactdifferently to the
presenceof a residualoptically-thin cloudin the FOV. Fur
thermore,n the whole altituderangeconsideredor this in-
tercomparisorhorizontalard vertical smoothingerrors(not
includedin theemor estimategpresentedh Fig. 11) mayalso
have playedarolein thedeterninationof boththelargestan
dard deviationsandthe biasdetectedat 11 km (seeRidolfi
et al. 2006).

6 Validation using lidar measuements

Temperaturerofilesaremainly derived from Rayleighlidar
scattering(seee.g. Hauchecorneand Chanin 1980) by as
sumingthatthe atmospherdollows the ideal gaslaw andis
in hydrostaticequilibrium. Temperaturaneasuremestare
deducedrom directbackscatteringf photonson molecules
in the aerosol-fregart of the stratospherand mesosphere.
The precisionof the derived temperaturess determinecby
Poissoncounting statistics. Most of the profiles retrieved
have closeto a 1 h integration time and 1 km vertical res
olution (which is of the sameorder as the MIPAS resolu
tion). The tempeature profile canbe determinedrom the
measurementasing a seedvalue at the top of the profile,
which is taken from statisticalatmospherianodelssuchas
the MSIS90E model (Hedin, 1991). In an aerosolfree at
mospheretenperaturesare typically measuredrom 30 to
around60 km with anaccuragy closeto 1 K (Keckhutetal.,
2004). Above this altitudethe accurag deteriordesrapidly.
Severallidar systemsnvolvedin the MIPAS validationhave
Ramancapabilities,i.e. they recordboth the Rayleighand
the Ramanbackscatteredignals. Someof thesesystems
(seeSect.6.2)supplytemperaturgrofilescoveringtherange
from 70to 15 km. In thesecaseghe profilesarederived us
ing: only the Rayleighsignalin the altitude rangefrom 70to
30km; only theRamarsignalfor altitudesfrom 25to 15km;
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Table 3. Time and geolocation of MAS-B measuremes available for \alidation of MIFAS on ENVISA.

MIPAS-B Flight #11 Flight #13 Flight #14
Location Aire sur I’Adour (France) Kiruna (Sweden) Kiruna (Sweden)
Date 24 Sep2002 24 Sep20®@ 20 Mar 2003 21 Mar 2003 3 Jul.2003
Sequence name Seq. S Seq. 3 Seq. N3a Seq. D15c Seq. 3
Mean time 21:50UT 22:21UT 20:56UT 08:48UT 01:12UT
Mean latitude 39.9N 47.0°N 65.8 N 65.6°N 69.3 N
Mean longitude 1.1°E 0.7°E 14.6 E 175 E 11.CE
Altitude range 11.3-38.8 km 5.9-384km 11.1-31.1 km 9.1-31.2km 7.9-39.1 km
MIPAS (v4.61) Orh. 2975 Orh. 2975 Orh. 5508 Orh. 5515 Orb. 7004
Mean time 22:05/22:08JT 22:07UT 21:10UT 09:08UT 09:39UT
Mean latitude 36.6/41.7 N 46.4 N 65.7” N 65.6°N 70.5N
Mean longitude 2.6/1.6E 0.6°E 14.°E 17.°E 10.9E
Distance (@20 km) 207.4/358.3 km 78.9 km 78.3 km 28.2 km 2.1 km

anda combinationof the two signalsin the interval from 25
to 30 km.

Theotherlidar systemaerivethetemperatureisingsolely
theRayleighsignalandtherefoe provide profilesonly above
25 or 30 km.

Theseroutine lidar opeationsyield profiles of tempera
ture as a function of altitude, with uniqueaccurag in the
upper straosphereand lower mesosphere. Theseprofiles
may be usedfor the validation of MIPAS temperaturess
afunction of altitudeat somespecificsites. Two similar ap-
proacheshave been conductedduringthe MI PAS validation
phase.Thefirst oneis performedby the University of Bonn
andusedthe Esrangdidar. The secondonewasperformed
within the EQUAL project(ENVISAT QUality Assessment
with Lidar) andusedseveral differentlidars locatedin very
different places.

6.1 Comparisorwith lidar measirementdy the University
of Bonn at Esrange

The University of Bonnlidar is locatedon Radarhillat Es
range near Kiruna, Sweden. Geographiccoordinatesare
67.88 N, 21.06 E andthe altitudeis 485m ASL. The ba
sic operationmodeincludesRayleighbackscatterThe sys
tem operatesat 532nm with a vertical beam, range gates
of 150m width, and a power apertureproductof 7 Wm=2.
Detailsof the instrumentaredescribedby Blum andFricke
(2005).Duringthe MIPAS measuremergeriodthe U. Bonn
lidar wasoperatedn 3 campaignspnein summer2002,0ne
in winter 2002/03,andonein winter 2003/04.We accumu
latedabout687.5h of integrationtime, whicharerecordedn
10483 files with 5000laserpulseseach. The dataquality is
determinedby thetransmissiorof thetroposphereThe data
quality of a singlefile is measuredy thetop altitudewhich
shaws net signal after integrating those 5000 laser pulses
(250s). 97%of all recordedilesreachatleast50km altitude
and53%exceed/0km. Theprecison of thederivedtemper
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aturesis determinedby Poissoncounting statistcs. Since
thedataarerecordedascountsperrange bin we improve the
precisionby addingseveralfiles, which of coursereduceghe
temporal resolution.

Consideringthe resultsobtainedfrom testingthe coinck
dencecriterion (seeSect. 3.2.1),to selectlidar datasuitable
for validationwe have searcheaur databaséor singlelidar
profilesthat were measuredvithin +4h of a MIPAS mea
surementwithin a rangewindow of 500 km. We identified
70 such*“coincidencewindows”. For eachcoincidencewe
integratedtheavailablelidar profilesto improvethemeasure
mentstaistics andhencethe precisionof the lidar tempera
tures;the integrationtimesvariedfrom 26 to 131min. The
centraltimesof theintegratedidar profileswerewithin —3.3
to +2.2h of the MIFAS measurements.

Thelidar temperaturgrofilesaredefinedasa function of
the altitude andtypically spanthe rangefrom 30 to 70 km.
Pressurénformationrelatingto the altitudegrid of the lidar
profilesis notavailable,andthereforethe comparisorio Ml -
PAS temperaturavas carried out by searchingin the lidar
profilesfor the altitude levels of the correspondingVIPAS
profiles, which is possiblebecausehe U. Bonn lidar pro-
files have a samplingstepmuch finer than that of MIPAS.
For this operation,the altitude grid of the MIPAS profiles
wasfirst correctedusingthe following approachexploiting
the resultsof the intercomparson betweenMIPAS and ra-
diosondesoperatedby the U. Bonn at Esrange(Sect.3.2).
For eachMIPAS profile with a matchingradiosondepro-
file, we searchedhe pressuremeasuredy MIPAS in the
radiosondeprofile and extractedthe differencebetweenthe
MIPAS andradiosondeiltitude. The globalmeanof this dif-
ference(average overall altitudegrid pointsof all matching
pairsof profiles)is 350m, with theradicsondealtitudebelow
the MIPAS altitude.This mean diferencewasinterpretedas
a regional bias of the MIPAS altitude scale andwasthere
fore usedto correctthealtitudegrid of theindividual MIPAS
profiles matching a lidarrpfile.
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Fig. 12. Plot summarizinghe agreenentbetweenemperaturesf
MIPAS andlidar measuremenigperatedy the Universityof Bonn
from EsrangeThe format of the plot ithe same as for Fig.

The available pairs of measurementwererestrictedto a
horizontalrangeof lessthan 500 km aboutEsrangefor the
MIPAS tangentiocation,and the differences,MIPAS — lidar
temperaturesyerecomputedn thealtituderangefrom 35to
68 km and groupedin altitude bins centeredaroundthe av-
erageMIPAS pointing altitudes. Again, in this caseMIPAS
AKs werenot useal to adjustthe lidar profilesto the MIPAS

vertical resolution, for the sareason reported in Sect. 3.2.

Theresultsof thecomparisowith lidar measurementsp-
eratedby the University of Bonnaresummarizedn Fig. 12,
with the sameformatasFig. 1. Theexpectal systematiand
randomerror budgetsreportedin this figure have beencal
culatedusng the sameerror componentgonsideredor the
intercomparisorreportedin Sect.3.2. Panel(a) of Fig. 12
shaws thatthereseens to exist a positive bias of MIPAS of
aboutl.5to 2 K; howeverthis biasis only statisticallysignif-
icant (i.e. beyond the 95% confidenceinterval) for a subset
of the consideredaltitude bins, and only for the bins at 42
and52 km doesit exceed(by a factorrangingfrom 3 to 4)
the estimated systematiaer of the diferences.

Panel(b) of Fig. 12 shavs that the standarddeviation of
the differenceshetweenthe MIPAS and lidar temperatures
generallytendsto be larger thanthe expectedrandomerror
of thedifference. This occursespeciallyfor the rangefrom
42 to 60 km, wherethe standardieviation of the differences
is up to afactorof 3 largerthanthe expectedrandomerror.
In this rangethe componentof the expeced MIPAS random
errordueto the assumptiorof the temperaturerofile shape
above the topmostretrieval altitude might have beenunder
estimated.In fact,in the presentalculationof the expected
MIPAS randomerror, this error compaentis consideredo
be importantonly at 68 km andto vanish (ratherunrealis
tically) very rapidly at lower altitudes(Dudhia,2005). An-
otherpossilte explanationfor this finding could be that the
combinedrandomerror in this intercomparisorwas evalu-
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Table 4. Lidar stationsinvolved in the EQUAL projectand con
tributing to the temperaturealidation dataset used this work.

Station Lat. (deg.) Long.(deg.) Exploit Raman
Eureka 80.05 —86.42 Yes
Esrange 67.88 21.10 No
Hohenpeissenber 47.80 11.02 No
Obs.Haute Prgence 43.94 5.71 No
Tsukuba 36.05 140.13 Yes
Table Mountain 34.40 —-117.70 Yes
Mauna Loa 19.54 —155.58 Yes
La Reunion —21.06 55.47 No

atedwithout consicerationof the horizontal smoothingper
formed by MIRAS.

As a corcludingremark,considering-igs.4 and12 (both
concerningcomparisondetweerMIPAS andU. Bonnmea
surementsyve notethat in the altitude rangewherethe ra-
diosondeand lidar measurementsverap (36—39km), the
predictionsof the MIPAS dataquality from the two typesof
intercomparisoragreepretty well in termsof both biasand
standard daation.

6.2 Comparisonwith lidar measurements the EQUAL
project

The EQUAL project assesseshe quality of ozone and
temperatureprofiles derived from GOMOS, MIPAS and
SCIAMACHY, thethreechemistryinstrument®onboardEN-
VISAT, by comparisorto lidar datafrom 13 stationsspread
worldwide. The large amountof validationdataallows the
analysisof thedataquality for possibledependerieson sev-
eralgeoplysical (e.g.latitude)andobsenational(e.g.,solar
illumination) parametersOzoneandtempeatureprofilesare
measuredvith Differential Absorption Lidars (DIAL) and
elasticbackscattelidars. Mostof thelidarsarealsoequipped
with Ramanchannels. In the caseof the DIAL lidars, the
non-absorbedhannelis pure elasticbackscatteabore 25—
30 km andis usedto derive temperaturgorofiles. The lidar
stationsthat contributedto building up the temperatureval-
idation datasetprocessedn this work arelistedin Table4
(from northto south). Beyondthe geolocation,Table4 also
indicateswhethertheindividual contributing lidars have ex-
ploited the Ramansignalto extendthe temperatureorofiles
belov 25 or 30 km.

All lidar systemgparticipatingin the EQUAL project (ex-
ceptthe one operatingfrom Esrange)are part of the Net-
work for the Detectionof AtmosphericCompositionChange
(NDACC, www.ndacc.og). Their measurerantsare regu-
larly monitoredfor their quality via measwementand al-
gorithm intercomparisoncampaignsperformedunder the
NDACC protocol (Keckhutet al., 2004). Lidar profilesare

www.atmos-chem-p¥s.net/7/4459/2007/
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Fig. 13. Plot summariing the agreemenbetweentemperature$rom MIPAS andfrom lidar measuementsoperatedn the frame of the
EQUAL project. Left panel: averagetemperaturgrofilesfrom MIPAS (red) andlidars (blue). Center panel: median(black), averageand
+10 standarddeviation of thedifferencesMIPAS —lidar (green).Right panel:standird deviationsof the differencesMIPAS — lidar (green),
of MIPAS (red) and of lidar (blue) temperatureprofiles. The numbersreportedon the right vertical axis of the cente panelindicatethe
number of pairs of measurementegdived in the intercomparison for some altitude bins.

routinely archived in the ENVISAT validation databaseat
NILU (www.nilu.no).

For this intercomparisonthe selectionof co-locatedpairs
of MIPAS andlidar obsenationswasbasedn matchingcri-
teriawhich wereslightly relaxed with respecto thebaseline
establishedn Sect.2.3. In orderto geta suficient number
of matchingprofilesfor a statisticallymeaningfulcompari
son,the spaceandtime coincidencecriteria weresethereto
400 km and 20 h respectiely. This choicewas madeafter
verificationthatthe overall conclusionsof the intercompari
sondo not changeif more stringentmatchingcriteria, such
as200 km and5 h, areused. In this latter case,however,
only 39 matchingprofiles are found, leadingto very poor
statisticsand significanceof the intercomparison.With the
adoptedcoincidencecriteria, a total of 740 matchingpairs
of temperatureprofiles wereidentified and usedto validate
MIPAS temperature.

Sincethe altitude grid of the MIPAS Level 2 profiles is
known to be affectedby alarge bias(Raspolliniet al., 2006;
Kiefer etal., 2007),prior to theintercomparisora corrected
MIPAS altitude grid wassetup, usingthe MIPAS retrieved
pressureandECMWF profilesof pressurerersusGeoPoten
tial Height (GPH):the ECMWF pressireand GPHwerein-
terpolatedo the MIPAS pressurayrid andtheresultingGPH
valueswerethentranslatedo geometricaltitude. The com
parisonbetweenMIPAS and lidar measuremestwas then
carriedout by merely calculatingthe statisticsof the differ-
encesbetweenco-locatedpairs of profilesinterpolatedto a
commonandfixed altitude grid with a stepof 200m. The
intercomparisortakesplacein the altituderangefrom 10 to

www.atmos-chem-p¥s.net/7/459/2007/

68 km andis limited to the MIPAS profiles with a maximum
expected random error snfed than 1 K.

Again, in thisintercomparisoMIPAS AKs werenot used
to adaptlidar profilesto the MIPAS verticalresolution.This
choice is again motivated by the fact that the validation
datasets not restrictedto the standardatmosphericcondr
tionsfor which MIPAS AKs areavailable. Furthermorethe
nominalverticalresolutionof MIPAS (~3 km) is pretty sim-
ilar to that of the lidar measurementasedhere (~2 km),
andthereforewe alsoexpectthatthe smoothingerroron the
differenceprofileswill be small enoughconparedwith the
other error componentsfafting MIPAS measurements.

The resultsof the comparisonfor the whole set of co-
locatedpairsare summarizedn Fig. 13. The left pané of
this figure shows the meantemperatureprdfiles of MIPAS
(red) andthe lidars (blue). The centerpanelshavs the me-
dian(black) of thedifferencesMIPAS —lidar, alongwith the
meanandthe standardieviation (greencurves).Ontheright
vertical axis of the centerpanelwe alsoreport,for someal-
titude bins, the populationthat contrituted to the statistics.
Theright panelof Fig. 13 shavs the standarddeviations of
MIPAS (red),of thelidar (blue)andof thedifference MIPAS
- lidar (green).

From the center panel of Fitj3 we see that:

— Themeanandthe medianof the distribution of the dif-
ferencesearlycoincidein thewholealtituderangecon
sidered.Thereforethe numberof asymmetrioutliersis
very small.

— In the altitude rangefrom 12 to 15 km the MIPAS
temperaturénasa negative bias with respectto the li-
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dars. The biasampuntsto about—2.5 K and, even if
it is slightly larger than the expectedsystematicerror
of MIPAS (1.2 K, seeDudhia2005),it is still within
the combinedsystematicerror of the differenceprofile.
(As explainedearliet the systenatic error of the lidar
measurementsould also be significantin this altitude
range.)

— From 15 to 42 km MIPAS hasa positive biaswith re-
spectto the lidars. This biasamountsto 1.5 or 2 K,
andis consistentvith the expectedsystematicerror of
MIPAS (~1.5 to 2 K in this range).

— From42to 68km, the MIPAS biasagainbecomesiega-
tive with respecto thelidars andamountgo about1.5—
2 K. Thevalue of the biashereis still consistentwith
the expeced systematicerror of MIPAS (~2 K in this
range).

At a first glancethis latter finding may seem to contra
dicttheconclusion®f theintercomparisof MIPAS against
the lidar operatedrom Esrangeby the University of Bonn
(seeFig. 12 of Sect.6.1). However, if we breakdown the
intercomparediatasety latitude bandswe find the results
reportedin Fig. 14. This figure consistsof three frames,
eachwith the sameformat as Fig. 13 and refering, from
top to bottom, to the following latitude bandsrespectrely:
mid-latitude (from 23.5 to 66.5latitude); tropical (from O
to 23.5latitude); andpolar (from the latitude of 66.5°to the
Pole).

From Fig. 14 we canseethat the discrepanciebetween
the MIPAS and lidar temperatresat mid- andtropical lat-
itudesare pretty similar. Given the large size of the inter-
comparedsampleat theselatitudes,the global results of the
intercomparisorshovn in Fig. 13 are driven by the agree
mentfound at theselatitudes. The discrepancie®bsened
in polar conditions(bottomframe of Fig. 14), however, are
significantly differentcomparedo the otherlatitude bands.
In particular for thesdatitudestheintercomparisoisuggests
a positive biasof MIPAS with respecto thelidars from 42
to 68 km, in agreementvith Fig. 12. The presencef a sig-
nificantnumberof outliers(deducedrom the differencebe-
tweenthe meanandthe medianof the distribution) andthe
small size of the intercomparien sampledoesnot permit,
however, a more quantitatve investigation of the natureof
the discrepancies obsex/in this latitude band.

The global beravior of the biasversusaltitude,asshavn
in the centerpanelof Fig. 13, alsosuggeststhattherecould
be a vertical shift betweenthe altitude grids of MIPAS and
thelidars. In fact, suchan altitude shift would imply differ-
entpositionsfor thetemperaturenaximumatthestratopause
andconsequatly a “first derivative” or a “wave like” shape
of the profile differences.A similar behaior of the biasis
foundin the differencedetweerMIPAS andECMWF anat
yses(seeSect.7). This hypothesisof a vertical shift will be
further discussed in Seé.
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Theright panelsof Figs.13and14 shaw that,in ary case,
in the dltitude rangefrom 40 to60 km the obseredstandard
deviation of the differencs, MIPAS — lidar temperatureal-
waysexceeddts expectedrandomerror (Dudhia,2005)by a
factorof abouttwo. This resultagain suggestshatthe Ml -

PAS random error due tive assumption of the profile shape

above the topmostretrieved profile point might have been
underestimateavhile evaluatingthe expectedMIPAS error
budget.We alsonotehowever thatboth horizontalandverti-
cal smoothingerrors(not evaluatedin this intercomparison)
might have contriluted to tle obsered efect.

7 Comparison with ECMWF data

Thetemperature&eomparisonseportedcherearebasednme

teorologicalanalyserovided by the ECMWF operational
systemand archived at the British Atmospteric DataCen

tre (BADC). Analyzed tenmperaturefields, provided every
6h UT, hadalrealy beeninterpolatedby the BADC onto a
1.125«1.125degreelatitude/longitudegrid. The datawere
thenlinearly interpolatedin spaceandtime to the location
of the MIPAS datapoint (takento be the averageof thelati-

tudes/longitudesf all the datapointsin the scan).ECMWF

datahave averticalresolution of approximatelyl.5kmin the
middlestratospheréetween70 and3 hPa), decreasingvith

altitude abwe this, and in@asing at lover levels.

Quantitatve errors are not provided with the ECMWF
data, and thereforeno errors have beenincluded for the
ECMWF datain the validationwork presentechere. How-
ever, qualitively ECMWF temperaturegarticularlyfor al-
titudesbelov 30 km (=10 hPa), are generallybelieved to
be of goodquality. For example,validationagainsttemper
aturesfrom CHAMP (Gobietet al., 2005) indicatethe sea
sonalzonalmeantemperaturdiasesetweenl0 and30 km
were generally smallerthan 0.5 K. They suggestechow-
ever thatthereis a cold biasat the low latitude tropopause
(also obsered against radiosondesSimmons2003), and a
wave like bias structurein the Southernwinter polar vor-
tex in 2003. Simmonset al. (Simmonset al., 2005) com
paredthe ECMWF temperatire dataagainstradiosondegor
the southernhemisphergSH) extratropicswhilst studying
the breakup of the SH polarvortex in 2002,andconcluded
that meanerrorsin comparisonto radiosondesvere of the
orderof 0.5K for temper#ure, with the suggestionthatthe
analysiserrorswere muchsmallerthanthe errorsof thera-
diosondeobsrvations(includingmismatchin locationof ra-
diosonde/ECMWIbsenations),andfoundthattheimplied
randomanalysiserrorswerea few tenths ofa Kelvin in tem-
perature At higheraltitudes thereis known to beacold bias
atthemodeltop overthewinter pole,which canleadto some
unrealisticstructuesin the ECMWF temperéure profilesin
the upper stratospherandlower mespherdan thes polar
regions (Dethof, 2003).
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7.1 Comparison to MIRS

The MIPAS validationhasbeenlimitedto version4.61data
only, and hasbeenperformedfor all uniqueandgood pro-
filesin thespecifiedtime periods Profileswerenotincluded
in thecompaisonif thequality or corvergenceflagindicated
abadretrieval, or if therewere (meanngless)negative vari-
ancesn the profile. Therewerefoundto bevery occasional
caseswvherethe pressureprofile did not decreasenonoton
ically with altitude, and thesewere rejectedwhenthey oc-
curredfor easeof analysis.In the caseof morethan onefile
containingthe sameprofile, only oneof the overlappingpro-
files were used.

Thecomparisorhasbeenperformedfor seasonadverages
betweenJuly 2002and March 2004. For eachcasethe dif-
ferencebetweeneachMIPAS profile andits corresponding
ECMWF profilewascalculaed,first regriddingtheECMWF
profile to the pressurayrid of the correspondindVIPAS pro-
file by linearinterpdationin thelog(pressureglomain.Since
the presentintercomparisonis not limited to mid-latitudes,
andsincethe spatialresponsdunction of the ECMWF field
is not punctual,the MIPAS averagingkernels, which are
availableonly for standarcatmosphericonditiors, were not
applied (Ceccherini, prate canmunication, 2008.

Seasonadiveragesverecalculatedby binningall the data
into fixed latitudeandpressurebins, with the meanvaluein
eachbin reportedat the approximatealtitude of the meanof
all the pressuresn thatbin. The chosenpressurebins were
definedaboutthe seasonaimeanvalue of pressuraetrieved
at eachMIPAS level. Furthermorejn orderto prevent cor
relationsfrom morethanonepoint from a single profile ex-
isting in ary given pressurebin, only onepoint perbin, per
profile was included. Although the top and bottom levels
may have fewer pointsthanothersthereare no casesvhere
they only have a fev points.

For eachpressurebin we calculatedheseasonalperyear)
meandifferencebetweenMIPAS and ECMWF (MIPAS -
ECMWF) and the standarddeviation. In Fig. 15 we shav
the resultsof a “global average”i.e. obtainedby including
in the statistcal analysispairsof MIPAS andECMWF pro-
files relating to the whole globe. Figure 15 containseight
frames,eachof which refersto a 2- or 3-monthly average
asindicatedby the key on top of the frameitself. In turn,
eachframe containstwo plots with the sameformataswas
adoptedfor Fig. 1. We mustnote however that, dueto the
very large numberof matchingprofiles, intheseplotstheer
ror barsreportingthe 68% confidencentervals for the bias
andthe standarddeviation arenot visible. Furthermorefor
thisintercomparisonsinceECMWF doesnot supplyquantt
tative estimategor the errorontheirfields,the plottederrors
refer only to the MIPAS profiles. Spedfically, for the sys
tematicerror of MIPAS we assumedhe estimaéssupplied
by Dudhia(2005),andfor the randomcomponenof the er-
ror dueto measurememioisewe asumedheestimateggiven
in the MIFAS Level 2 files.
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In this intercomparisn we also neglectal the smoothing
error componenthat originatesfrom the differencesn the
spatialresponsdunctionsof the MIPAS measurementand
of the ECMWF modelanalyss. This choiceis motivatedby
the contingentbackgroundn which the intercomparisoris
beingopeated: MIPAS AKs areavailableonly for standard
atmosphericonditionsand ECMWF AKs arenot available
at all.

Sinceboththe ECMWF andthesmoothingerrorshave not
beenincludedin this analysis,it may be expectedthat the
errors shan on the difererce plots are an underestimate.

Given the very large amountof coincidentMIPAS and
ECMWF temperatureestimatesavailable for the validation,
we also tried to break down the intercomparisondataset
into the following latitude bands: 90S—65S, 65S-20S,
20S-20N, 20N-65N and65N—90N. Figuresequialentto
Fig. 15 for the individual latitude bandsshov behaiors of
the agreemenversusaltitude generallysimilar to the ones
reportedin Fig. 15, thereforewe do not reportall of them
Here,we only reportFig. 16, relatingto the comparisonn
the tropical region, becauseén this latitude bandthe agree
mentbetweenMIPAS and ECMWEF is slightly worse com
pared to the other bands.

In orderto characterizefor eachconsideredime period
andlatitude band,the consisteng of the estimatediasbe-
tweenMIPAS andECMWF with the systematierrorof Ml -
PAS, we also defined a qu#idr ¢ as follovs:

(13)

whereN is thenumberof binsin the meanprofile, X ;; and
X¢;j arethe MIPAS andthe ECMWF meantemperaturese-
spectvely in thej-th pressuréin ando7; is thetotal errorof
themeanMIPAS profile which practicallycoincideswith the
MIPAS systematierrordueto thetypically large numberof
averagedemperaturezalues.lt is alsoworth notingthatthe
topmostandthe lowermostretrieved datapointsin eachMl -
PAS temperaturgrofile (correspondingo nominalaltitudes
of 68 and6 km respectrely) have beendemonstratedo be
especiallyaffectedby errorsdueto theprofile shapeassump
tions outsidethe vertical range of theretrieval. This type of
erroris very difficult to quantify, thereforeheESAitselfrec
ommendsot to make scientificuseof thesedatapoints. For
this reasonfor the calculationof ¢ we omittedthe pressue
bins corresponding to theiteeme profile points of MURS.

Theobtainedvaluesfor thequantfier ¢ arereportedn Ta-
ble 5. Valuesexceedingunity indicatethatthe obseredbias
in the differencesMIPAS - ECMWE, is largerthanthe ex-
pected systematic error BfIPAS.

7.2 Discussion of results

The resultsof the comparisonof MIPAS against ECMWF
temperatures can be surarzed as follws:
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Fig. 15. Global meanseasoal differencedMIPAS-ECMWF). For eachseasonthe left handplot shavs the meantemperaturelifference
profile (solid line); errorbarsgiving the 68% confidencentervalsarenotvisible dueto the large numberof matchingpairs. Thedashedines
shav +/— the estimatedsystematicerror of MIPAS. Theright handplot shavs the standarddeviation (solid line) andthe expectedrandom

error (dashed line) for MAS.
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Table 5.Quantifier for the bias between MiB andECMWE, calculated from Eq. 13

J-A S-O-N D-J3-F M-A-M J-J-A S-O-N D-J-F March

2002 2002 02/ 2003 2003 2003 03/04 2004

Global 1.39 1.12 1.13 1.07 1.13 1.16 1.01 1.01
90S-655 1.66 0.93 1.10 1.09 234 0.90 1.03 0.91
655-20S 156 1.39 1.68 1.15 1.39 1.53 1.59 1.40
20S-20N 2.02 2.37 2.15 2.08 1.93 2.15 2.07 2.02
20N-65N 1.76  1.39 1.37 1.42 1.68 1.44 1.27 1.46
65N-90N 0.93 1.07 0.87 0.83 1.01 121 1.79 1.95

— Occasionallyvery large (even greaterthan 10 K) dis-

crepancieappeayrcorrespondingo theextremeMIPAS
profile points (6 and 68 km). As pointedout above,
thesediscrepanciearenotunexpectedthereforejn the
subsequendiscussiorwe ignorethe pressurebins cor-
respondingo the topmostand lowermostMIPAS pro-
file points.

Below approximately\380 km (=10 hPa), differencede

tweenMIPAS andECMWF aregenerallymuchsmaller
thantheassumedaystematierrorsof MIPAS, with dif-

ferencegypically lessthan1 K. An excepton occursin

thetropicalregion,wherearound100hPa, MIPAS tem:

peraturesare generallylower than ECMWF by around
2 K (approximatelyequalto the MIPAS expectedsys

tematic errarsee Figl16).

Betweenl0 hPaand1 hPa (approximatelybetween30
and 48 km), MIPAS is generallya few Kelvin higher
than ECMWE This is particularly pronouncedn the
tropics(seeFig. 16), wheredifferenceof upto 5K can
be seen (lgyer than thexgpected systematic errors).

Above 48 km (or pressuregessthanl hPa), MIPAS is
generallylower than ECMWEF althougha few excep
tionsexist. (e.g.over the SH winter pole althoughit is
known that ECMWF has pldems in this rgion.)

Valuesof the quantifier ¢ definedin Eq. (13) are nor-
mally betweenl and 2 (seeTable5), shaving that on
averagethe expectedMIPAS systematicerror hasnot
beengrosslyunderestimatd® From Table5 we alsosee
thatthe definedquantfier reflectsthe pooreragreement
between MIRS and ECMW at the tropics.

At all altitudestherecanbe occasionabutlying points
wherevery largedifferencesanbeseenparticularlyat
thelowestMIPAS levels. Thestandardieviation canbe
seento increaseat the top and bottom of the compari
son.

— In generalthe standarddeviation of the differencese-
tweenMIPAS and ECMWF exceedsthe expectedran

www.atmos-chem-p¥s.net/7/459/2007/

dom error of MIPAS by a factorof 2 or 3. This oc-
cursin thewholealtituderangeof MIPAS, howeverthe
effect is largestat the edgesof the profiles, wherethe
MIPAS rancbm error dueto the profile shapeassump
tion outsidetheverticalretrieval rangemight have been
severelyunderestimate(by upto aboutafactorof 10in
extremecases)At thelowestconsiderealtitudescloud
detectionschemehatis not conserative enoughcould
alsocontiibute to the obsenedinconsisteng. We must
stresshowever that no final conclusionon the MIPAS
randomerror canbe drawvn from this intercomparison.
Onereasons, becaus®f the unavailability of the AKs
of the comparedrofiles it wasnot possibleto include
in theanalysisthe effect of bothverticalandhorizontal
smoothing errors.

Testcalculationg(notreportedn this paperhave shavn
thattheagreemenbetweerVll PAS andECMWF wors
ensslightly if MIPAS AKs areappliedto the ECMWF
profiles prior to the comparison. This result corrobe
ratesthe assunption thatthe standardMIPAS AKs are
not adequatdo accountfor the smoothingerror when
datasetsrelatingto thewhole globeandall seasonare
intercompared.

8 Summary of results

Differentcorrelatve measurementsave provided a valida
tion in differentaltituderangesthereforein this Sectionwe
discussseparatelytheresuls for thetwo altituderangesfrom
6 to 36 km and from 30 to 70 km. The resultsof the com
parisonwith ECMWF analysesds also discussedseparately
becausealthoughECMWF fields cover the whole altitude
rangeof MIPAS, they arenot thedirectresultof correlatve
measurements.

8.1 Altitude range from 6d 36 km

Therangefrom 6 to 36 km is coveredby measurementsom
radiosondesatemperatureensoiinstalled onboarda strate
sphericballoon (SPIRALE, 12—-30km), a stratospherital-
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loon versionof MIPAS (MIPAS-B, 11-36km) andafew li-
darswith Ramancapabilities(seeTable4). In this altitude
rangethe conclusionson MIPAS biasand precisioncanbe
summarized as folles:

Bias. In several caseswe find a bias statisticallycorsis-
tent with zero (seecomparisorwith L’Aquila and Potenza
radiosondeandMIPAS-B). For alimited numberof altitude
levels, a biasdifferentfrom zerois found to be statistically
significantin the comparisonsagainstradiosoundinggrom
Esrangeandradiosoundingprovidedby GAW contributing
networks. Wheneer statisticdly significant the absolute
value of the biasrangesfrom 1 to 2 K, consistentwith the
expectedsystematicerror budgetof the comparedmeasure
ments.Furthermorewheneer the biasis statisticallysignif-
icant, its altitude-dependentalue seemsto dependalsoon
time andon the latitudinal bandto which the intercompari
sonisrestrictedseee.g.Figs.8 and9). Thisfindingsuggsts
thatthedetectediasesaremostlik ely to beattributableto er-
ror sourcegsuchasMIPAS retrieval assumptionsphatvary
on temporaland|atitudinal scakslarger thanthosecovered
by the indvidual datasets uséd the intercomparisons.

Precision. The obsened standarddeviation of the dif-
ferenceshetweenthe MIPAS and correlatve measurements
tendsto belargerthanthe combnedrandomerror. This oc-
cursespeially ataltitudesbelon 15 km, wherethe cloudfil -
teringappliedto the MIPAS obsenationsmaynot have been
effective enough. In someof the presenteccomparisons,
however, differencesdue to unaccountedpatialsmoothing
may alsohave contributedsignificantlyto the obseredlarge
standard déations.

8.2 Altitude range from 30 to0rkm

Thealtituderangefrom 30to 70 km is coveredby lidar mea
surements.In this work we have consideredmeasurements
acquiredby alidar operatedoy the University of Bonnfrom
Esrangeandeight NDACC lidar stations(seeTable4) con
tributing to the EQUAL project.In this heightrangethecon
clusions can be summarizesl fallows:

Bias. The good statistts of correlatve measurements
available to the EQUAL project makes it possibleto per
form avalidationwith pseudo-globatoverage. This pseude
globalvalidation indicatesa statisticallysignificantnegative
biasof MIPAS temperaturef about2 K in thealtituderange
from 45to 65 km. This biasreversests signaround42 km
and becomespositive, with an amplitude of about1 K at
lower altitudes. These“global” valuesof the bias, how-
ever, cannotbe usedto apgy correctiongo the MIPAS tem
peraturebecauséf we breakdavn this intercomparisordata
set by latitude band we discover that the bias is latitude
dependentln particularwe find thatfor NorthernPolarlati-
tudesthereseemgo exist a positive biasof MIPAS of about
2 K in therangefrom 35 to 55 km, in agreementvith the
resultsof the comparisorto lidar measurementdoneat Es
rangeby the University of Bonn. The detectechiasesarein
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ary caseconsstentwith the expectedcombinedsystematic
error of the compared maasments.

Precision. The standarddeviation of the profile differ-
encesexceedghe combinedrandomerrorestimateby afac
tor of 2 to 3 in the altitude rangefrom 40 to 60 km. The
intercomparisongagainstlidar measurementsom the Uni-
versity of Bonn and from the EQUAL projectagreefairly
well with this conclusion

The excessbias and standarddeviation dete¢ed in the
intercomparisongsgainst lidar measurementsould be due
bothto the neglect of horizontalandvertical smoothingef-
fectsin the intercomparisonsand/orto an underestimatef
the expectedMIPAS randomerror budget. We argue that
probablythe MIPAS errorcomponentlueto theassumption
of the profile shapabove thetopmostretrieved profile point
could hae been underestirtes.

8.3 Results of comparisowith ECMWF

In this work we alsocomparedVIPAS tenperaturewith the
correspondingneteorologichanalysesf the ECMWF op-
erationalsystem. The conclwsionsof this type of intercom
parison can be summarized follovs:

Bias. Below 30 km thedetectediasis consistentith the
MIPAS systematicerror (1.5 K). Above this altitude, the
averagedifferencebetweenMIPAS and ECMWF may ex-
ceedthe expectedVIPAS systematierror Howeveratthese
altitudesthe accurag of ECMWF temperaturéds also con
troversialandit is notpossibleo assigrthewholeamountof
bias detectedxelusively to a MIFAS deficieng.

Precision. In generalthe standardieviation of the differ-
encesbetweenMIPAS and ECMWF exceedsthe expected
randomerror of MIPAS by a factorof 2 or 3. This occurs
in the whole altituderangeof MIPAS, however the effectis
largestat edgesof the profiles,wherethe MIPAS randomer-
ror dueto the profile shapeasumptionoutsidethe vertical
retrieval rangemight have beenseverely underestimate¢by
up to abouta factorof 10 in extremecase). At the lowest
consideredaltitudesa cloud detectionschemewhich is not
conserative enoughcouldalsocontrituteto theobsenredin-
consisteng. We muststresshoweverthatin this casenofinal
conclusioncanbedrawn regardingthe MIPAS randon error.
Onereasons, becausef the unavailability of reliable AKs
of the comparedprofiles,it wasnot possibleto take into ac
countin ouranalysigheeffectof both verticalandhorizontal
smoothing.

As afurtherconsideratiorit is worth pointing out thatthe
obsened biasesof MIPAS with respecto ECMWF analy
seshave a wave like behaior versusaltitude. A very sim-
ilar behaior of the bias betweenECMWF and external,
independenthon-MIPAS measurementsas recently also
beenobsened by Niels Bormann(Bormannand Thépaut,
2006 Bormannet al., 2006). Antje Dethof also found a
similar behaior of the biaswhile comparingMIPAS near
real-time temperatureretrievals to ECMWF analyseqDe-
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thof, 2003). The currentunderstandings that, at leastin
the upperstratosphergabore ~10 hPa), the obseved oscik
lations belongto the ECMWF temperatureand are caused
by a discrepang betweenmodd biasesand radiancebi-
asesfrom primarily nadr sounderglike the AdvancedMi-
crovave SoundingUnit, AMSU-A, integratedwith the At-
mosphericinfrared Sounder AIRS on the Earth Observing
Systenypolarorbiting platform,EOSAqua). Sucha problem
in the ECMWF temperatureouldthenalsotranslaténto an
altitudeoffsetwhenGPHis first dervedfrom ECMWF pres
sure and temperaturgusing the barometricequation),and
subsequentlysedto reconstructhealtitudescde of MIPAS
profilesto be comparedwith lidars (seeSect.6.2). Indeed,
the wave like behaior of the biasobseredin the compari
sonwith the EQUAL project lidars canbe mostly explained
by an altitude shift betweenthe comparedorofiles of about
800 m (MIFAS being shifted tward lover altitudes).
Although the aforementionedproblemin the ECMWF
temperaturecan certainly provide a significantcontribution
to the obsered biases at presentwe cannotalsoexcludea
smallbiasin the MIPAS retrieved pressures.Theoretically
from the expectederrorbudgetof MIPAS pressurgDudhia,
2005)we seethatspectroscopiancertaintieareexpectedo
betheman systemati@rrorsourceof pressureabose 30km.

9 Conclusions

In thisvalidationwork we comparedVIPAS/ENVISAT tem
peratureprofiles retrieved by the ESA processp versions
4.61and4.62with correlatve measirementsacquiredoy in-
dependeninstrumens adoptingdifferentmeasirementech
nigues. A large numberof teamshave participatedin this
work, eachof themcarying out the intercomparisoninde-
pendentlyandsometimeslsousingdifferentmethodshow-
ever all the teams reached dimn conclusions.

Globally we find that the abslute value of the bias of
MIPAS temperatureprofilesis generallysmaller than 1 or
2 K dependingn altitudeandlatitude. This estimateagrees
pretty well with the MIPAS error predictionsbasedon error
propagtion analyses.

Regardingthe MIPAS randomerrorestimatedrom thein-
tercomparisonyve find thatit is larger (typically by a fac
tor of two to three)thanthe correspondingexpectedvalue
(Dudhig 2005) derived on the basisof error propagtion.
This occursespecidly attheedgesf thealtituderangecov-
eredby the MIPAS limb scan. Insufficient cloud-flagging
at low altitudesand underestimatiorof the error dueto the
profile shapeassumptioroutsidethe vertical retrieval range
of MIPAS arepossble candidats responsibldor the exces
siverandomerrorobseredin thisintercomparisonWe must
statehowever that our analysiscannotbe conclusive on this
point becausen mary casest wasnot possble to account
properly for the spatial smootty operated by MIRS.

www.atmos-chem-p¥s.net/7/459/2007/
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For a singe intercomparisordataset(seeFig. 5) we also
verified thatthe differencesbetweernthe MIPAS andcorret
ative measuremertemperatureslo not dependon the value
of the temperature itself.

Finally, from theintercomparisonsarriedoutin thiswork
thereis noevidenceof unpredictedignificantvariationswith
time of the quality of the MPAS temperature.
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