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Abstract

ThreeFouriertransforminfrared(FTIR) spectrometergiereon boardthe NASA DC-8 duringthe
secondAirborneArctic Stratospheri&xpedition(AASE 11) in 1992. Two FTIRsusedsolarabsorption
andoneusedthermalemission We compareover 2000measurementsom these3 FTIRs,on 12 DC-8
flights, for closelycoincidentair massesndtimes,bothinsideandoutsidethe polarvortex. In the
majority of casegheoffsetbiasesarequite small,in therangel-4%,andcomparabléo the absolute
precisionexpected.ln mostcaseghermsscattelis in therange4-11%;this scatteiis unlikely to be
geophysicalbut ratheris probablyinstrumentabr analyticalin origin.



I ntroduction

In this papermwe compareesultsfrom the3 FTIR spec-
trometerson board the NASA DC-8 during the AASE
II campaignin 1992. The overall scientificgoalsof the
AASE Il campaign[Anderson and Toon, 1993] wereto
investigateboth the potentialfor ozonelossin the Arctic
during the comingdecade and contemporaryzoneloss
at northernmid-latitudes. A suite of 13 instrumentsvas
thereforeassembledo make measurements.

I nstruments
SAO FTIR

This spectrometeralso called the farinfrared spec-
trometer (FIRS-2), was built at the SmithsonianAstro-
physicalObsenatory (SAO), andhasflown on 9 balloon
flights from 1987through1994,plus 19 DC-8 flights for
AASE Il. The instrument,dataanalysis,and calibration
arediscussedn Traub et al. [1991, 1994], Abbas and
Traub [1992], and Johnson et al. [1995]. The SAO
FTIR simultaneouslymeasuresn the farinfrared (80—
200cm™1) with apodizedesolution0.008cm™, and,on
theseflights, 0.024cm™? in the mid—infrared(350-700
cm~1). Theinstrumenimeasurea thermalemissiorspec-
trum. Theatmospherés viewedat 7 elevationangledrom
0°to 32°(correctedfor aircraftroll angle),plus 2 calibra-
tion scans,in an 11-min cycle. The viewing azimuthis
+90°from the aircraftheading,i.e., througha right (star
board)sidewindow opening.

For eachspeciesfrom 1 to 17 microwindows are se-
lected, and a least-squarespectral-linefitting analysis
is done. Initial volume mixing ratio (vmr) profiles are
taken from standardmid-latitude ATMOS results, with
the secularly-increasingpeciegHF andHCI) updatedo
1992. Temperaturandpressurégrofilesarefrom National
MeteorologicalCenter(NMC) data,for thetime andloca-
tion of the DC-8.

In eachobservingsequenceHF is analyzedfirst, by
allowing the initial HF profile (vmrp) to be scaledverti-
cally, to modelthe effect of subsidenceysingthe sim-
ple law vmr(z) = vmro[(1+ s)Z], wheres is the (dimen-
sionlesskubsidencéactor[Toon et al., 1992]. Estimated
subsidenceBom eachof the upper4 elevationanglesare
combinedo form aweightedmean.Thisis thenusedfor
theanalysisof all otherspeciesn the sameobservingse-
guence.For theseotherspeciesthe subsidednodelpro-
filesarescaledn amplitude.The purposeof thistwo-step
modelprocesss to separatehe effects of dynamicsand
chemistry

JPL FTIR

TheJPLspectrometerlsocalledtheMklIV interferom-
eter wasdesignedandbuilt atthe JetPropulsionLabora-
tory (JPL).It hasoperatednthe groundat McMurdo Sta-
tionin 1986;ontheDC-8in 1987,1989,and1992;andhas
performed? successfuballoonflights from 1989through
1994.Theinstrumentainddatareductiontechniquearede-

scribedin Toon et al. [1989,1991,1992]. The entire650
to 5450cm™! spectralrangeis measuregimultaneously
atanapodizedesolutionof 0.02cm~! onthe DC-8. One
spectrumis recordedevery 50 sec. Theinstrumentmea-
suresthe solarspectrunfrom the centerof the disc, with
atmospheri@bsorptiorsuperposedlheDC-8is typically
flown on a pathwhich keepsthe solarelevation anglein
anoptimumrange(2 to 5°) aslong aspossible(1to 2 hr.).
A suntracker is usedfor elevation andazimuthpointing
correction.Theviewing azimuthis —85to —95° fromthe
aircraftheadingj.e., outtheleft (port) side.

Spectraareaveragedn groupsof 5to 15; upto 15 mi-
crowindows per speciesare analyzedusing least-squares
spectral-lin€fitting. Initial modelvmr profiles are from
standardmid-latitude ATMOS results,with HF and HCI
updatedio 1992. Analysesare performedusing2 atmo-
spherictemperature/pressupgofiles,onefor warm mid-
latitudesandonefor a cold high latitudes. The actualat-
mosphereaisedis alinearinterpolationbetweerthesetwo
usingtheNMC temperaturatthetime andlocationof the
measurement.

For the AASE Il flights, HF is analyzedfirst, not by
scalingthe amplitudeof the vimr profile, but by allowing
the profile to be compressedertically, using the subsi-
dencerelationgivenabove. For otherspeciesthesubsided
profilesarescaledn amplitude.In theserespectsthe JPL
andSAQ proceduresirethesame.

NCAR FTIR

This spectrometewasbuilt by the NationalCenterfor
AtmosphericResearciNCAR) aroundan Eocommod-
ulator and hasflown on over 200 flights of the NCAR
SaberlinerNASA P3,ElectraandDC-8aircraftfrom 1978
through1993.Theinstrumentainddataacquisitionaredis-
cussedn Mankin [1978], Mankin and Coffey [1989], Cof-
fey et al. [1989], andMankin et al. [1990]. The spectral
rangeis 700to 5000cm™?; theapodizedesolutionis 0.06
cm~1. Eachspectrunrequiress secto record. Theinstru-
mentmeasuresolaremissiorandatmospheriabsorption,
andusesasuntrackerin anelevationrange—2to 15°. The
viewing azimuthis —75to —105° from theaircrafthead-
ing, i.e.,theleft (port) side.

Spectraareaveragedn groupsof 10, and1 to 4 spec-
tral regions per speciesare used. Dataanalysismethods
arenotedin Gaines et al. [1993]. Briefly, for HF andHCI
an equivalentwidth methodis used,suchthat the depth
of the targetabsorptionfeatureis measuredandthe cor-
respondingdine of sightcolumnalundances determined
usinga precomputeaurve of gronth. For O3 andHNO3
aleast-squarespectraline fitting program(SFIT)is used
[Rinsland et al., 1982]; for H,O aninteractve methodis
usedto adjusta calculatedspectrurto matchtheobsened
spectrum.

Themodelvmr profilesfor HF, HCl andHNO3 aremid-
latitudeonesfrom Coffey et al. [1989]; O3 is from Mankin
and Coffey [1989]; H2O is from Smith [1982], lowered
by 4 km in the Arctic; temperatur@ndpressurearefrom
Barnett and Corney [1985]. The columnsreportedin the



AASE-II CD-ROM areverticalintegralsabovetheaircraft
altitude,exceptfor H,O whichis reportedastheintegrated
columnabove 200 mb; for H,0 the valuesreportedhere
differ from the CD-ROM in thatthey arecolumnsabove
theaircraft.

For all speciesthe adjustablgparameteis thevmr am-
plitude scalingfactor In particular exceptfor the 4 km
offsetfor H,O mentionedust above, the profilesare not
adjustedvertically.

Comparison M ethod

To compareresultsfrom the SAO, JPL, and NCAR
FTIRs, we compiledall overlap speciesduring all com-
monmeasuremergeriods.Thedataaredisplayedn Fig-
urel. TheoverlapspeciesareHF, HCI, O3, HNO3, and
H»0. With thesingleexceptionof NCAR H» 0, all thedata
presentedherehave alreadybeenpublishedin the AASE
Il CD-ROM [Gaineset al., 1993]. The1992UT dateatthe
beginning of eachflight, andthe lengthof eachcommon
observingperiod(in 10° sec)is asfollows: Januaryl4(8),
16(3),19(12.5),22(16); Februaryl7(9), 20(5.5),22(14);
March 10(7.5),12(6.5),14(8.5),18(11),and 20(8). The
numberof obsenationsusedareSAO, 690;JPL,615;and
NCAR 732. Thetotalsare 2037 obsenationsover 30.4
hours.

All of the obsenationsin Figurel werecarriedoutbe-
tweenthe latitudesof 50 and84°N, andlongitudesfrom
20°E to 140°W, exceptfor the February20 run at about
20°N and 67°W near PuertoRico. Obsenrationswere
madebothinsidethe Arctic vortex (characterizethy large
HF columns)andoutsidethe vortex (smallHF columns).
This wide rangeof conditionsgivesriseto a correspond-
ingly large dynamicrangein columnabundanceswith a
factorof about4 for HF andHCI, afactorof 3 for Oz, and
afactorof about2 for HNO3; andH2O. The3 FTIRstrack
thesedynamicswingsquitewell, with few exceptions.

In eachpanelin Figurel, we determineatime seriesof
medianvaluesby computingthe medianof all datapoints
in a slidingwindow of width 3000sec. If therearefewer
than5 pointsin ary window, the width is increasedintil
thisthreshholds reachedTheresultingtime serieds then
fit with a cubic polynomial(lower orderin the shortes2
panels). The resultingcurve follows closelythe onethat
might bedrawn by eye.

Comparison Statistics

We definetherelative deviation of ameasuremerdas
relative deviation = (data— mediar) /median

where“median” refersto the smoothmediantrend line

at the time of the datapoint. For eachinstrumentand
speciesombinatiorwe calculatethe relative deviation of

eachdatapoint; we definethe offsetbiasto betheaverage
of thesevalues for all 12 flights together The offsetbias
valuesarecollectedn Tablel; apositive offsetmeanghat
thevalueexceedghe median.

Table 1. Offsetbias: FTIRson DC-8 (12flights)

Species SAO JPL NCAR
(%) (%) (%)
HF 12 -2 -13
HCI 1 1 1
O3 3 2 -3
HNO3 9 -6 -2
H,0 4 4 -12

Table 2. RMS deviation: FTIRson DC-8 (12flights)

Species SAO JPL NCAR
(%) (%) (%)
HF 10 4 16
HCI 11 7 11
O3 8 4 5
HNOs3 21 5 9
H,O 9 7 11

We also calculatea root-mean-squaréms) deviation
for eachinstrumentandspeciesombination.Thisrmsis
definedas the squareroot of the averageof the squares
of thedifferencebetweereachdatapointandthe median-
plus-single-flighbffsetbias. Thermsvaluesarecollected
in Table2.

Discussion

From Table 1 we seethat the offsetsfall in 2 groups.
In thefirst group,with 67% (10/15)of theentries the off-
setsaresmall,in therangel-4%. This is typical of what
mightbe expectedrom systemati@rrorsin spectroscopic
parameterszerolevels,or gains.

The speciesHCI and O3 shav offset biasesof 1-3%.
Sinceit is unlikely that biasesthis smallwould occurby
chancewe suggesthatthis representan estimateof the
true interinstrumentaldifferences.(Note that the biases
(e.g.,HCI) donothaveto sumto zero,asthey aremeasured
with respecto amediannotanaverage.)

The remainingbiasesare larger, in the range6—-13%.
We briefly considereachof these.

The SAO HF columnsareaboutl2%largerthemedian,
which couldbe causedy eitheraline-broadeningparam-
eterwhichis too small (sincethe HF line is saturated)or
the fact that the SAO instrumentalways viewed a more
polar airmassthanthe others. To testthe latter hypothe-
sis,we usedpotentialvorticity (PV) mapsto determinghe
differencein effective PV seenacrossa spanof 170 km
(50kmto starboarglus120km to port),andameasuref
theempiricalgradientatatypical vortex wall point[ Traub
et al., 1994]; we found thatthe SAO HF shouldtendto
be about2% larger thanthe otherinstrumentswhich is
insufficientto explaintheobseneddifference.
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Figure 1. Columnalundance®f HF, HCI, O3, HNO3, andH»0, duringthe AASE Il campaignin JanuaryFebruaryand
March 1992, asmeasuredn the DC-8 by 3 FTIRs: SAO (solid square),JPL (opensquare),and NCAR (4-point star).
Abscissaics are1000sec.The smoothline in eachpanelis themediantrend.

The SAO HNOs columnis about9% abore the me-
dian,which couldbedueto causesimilarto thosefor HF,
but in this casethereis an additionalfactorof relatively
high scatterdueto reducedsignal-to-noisén this channel,
which maymake the absolutecalibrationcorrespondingly
uncertain.

Thereis an 11% differenceon averagebetweenthe
NCAR and JPL columnsof HF, with NCAR giving the
smallervalues.Both of theseinstrumentave essentially
thesamdine of sightandair massandusethesamespec-
tral line. Differencesn analysisarethe mostlikely cause
of the offset. In particular differencesin treatmentof
the profile may contribute muchof the discrepang: JPL
squashedts profile vertically, whereadNCAR multiplies
its profile by a constantat all altitudes.In a previous (un-
published)comparisorof JPLandNCAR spectrafrom a
1989AASE | DC-8flight, it wasfoundthatthe biaswas

substantiallreducedvhena singleanalysispackagevas
used clearlyindicatingthatanalyticalmethodscanbe an
importantsourceof bias.

TheNCAR H>0 columnis aboutl6%smallerthanthe
SAO andJPLvalues.Sincetheaircraftoftenflew closeto
the hydropausewe sometimedadtropospheriavaterin
our line of sight. Thewatervmr hasa very steepvertical
gradientbelow the hydropauselt is possiblethat differ-
encesn modelingthis componentrethe causeof partof
thebias.

Inspectionof Figurel andTable1 togethershavs that
the biasesarenot the samefrom dayto day. We have no
explanationfor this drift.

Thermsscatterentriesin Table2 shaw thatin 13 of 15
caseq87%)the rmsis in therange4—11%. The 2 other
casesarethe relatively large valuesfor the SAO HNO;3,
which wasnotedabore asbeingin a low signal-to-noise



bandduringtheseflights, andthe NCAR HF, which tends
to have significantoutlier points.

For AASE |, Toon et al. [1992] shawved that derived
alundancevariationsdueto geophysicafluctuationsvere
small comparedto the measuremenprecision;thus 50-
secobsenationswereaveragedn largergroupswith little
lossof information. (Inspectionof Figure2 in Toon et al.
[1992] shaws thattherms scatterin AASE | wascompa-
rableto thatin AASE II, sothe 2 JPL datasetscanbe
compared.)This suggestshatthermsdeviationsin Table
2 arenotatmospherién origin.

Conclusion

We comparedthe resultsof 3 FTIR instrumentson
the DC-8, measuringh speciesn commonover a period
of about30 hours,distributed over 12 flights during the
AASE Il campaign.The meteorlogicakonditionsvaried
significantly from insidethe polarvortex to well outside.
The columnsof eachspeciesvarieddramatically by fac-
torsof 2 to 4. We removedthedominanttrendin column
alundancefor eachday by subtractinga smoothmedian
from theindividual obsenations.In the majority of cases
thesystematioffsetsarequitesmall,1-4%. Thermsscat-
ter exceedgheatmospheriwvariation,andis probablydue
to instrumentabr analyticaleffects. Overall, the compar
ison shavs that thereis a large degreeof agreemenbe-
tweenthe instruments put that improvementsmight yet
bemadein someareas.

Thepresenpapers limited to comparingesultswhich
wereobtainedandanalyzedndependentlyy 3 groups.In
future comparisonsit might be worthwhile having more
communicatiorbetweergroupsat anearlierstageto min-
imize systematidifferencesn modeling.With thiscaveat,
it is hardto imaginea bettersetof conditionsfor compar
isonthanexistedon theseflights.
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