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ABSTRACT

This paper will serve as an overview of the challenges taet@very ofinformation on atmospheric Cénd CH from the
measurements made by the MOPITT instrument that has been described by Drumméndietl. also provide a context
and introduction to several of the followinpgpersthat go intogreater detail on particulaopics, andoutline plans for the
dataprocessingHere webriefly outline the principles otorrelation radiometry assed byMOPITT, and introduce the
principles behind the retrievals. After noting plans dataprocessing, we discuss oapproach tadatavalidation,and the
ability to see global distributions of CO in the MOPITT data.

1. INTRODUCTION

The Measurement Of Pollution In The Troposphere (MOPITT) instrument measures the upwelling radiation &antin’¢he

surface and atmosphere in the regions of the carbon monoxide (CO) fundamentaigtahfits first overtoneband at 2.3

pm, andthe region of a methane (QHoand at 2.3um. The radiation in the longer wavelength regiondaminated by

thermal emission, with a small component due to reflected solar radiation while the radiationuat &.3ompletelydue to

reflected solar radiation. However, in both of these regions there is stiterfgrence byspectral lines of othesttmospheric

gases, especially water vapor, but also nitrous oxig@)Bnd ozone (). In order to reducthe effects ofthis interference,

MOPITT makes use of correlation radiometry. In tieishniquethe signal from the atmosphererseasuredhrough a cell

of the target gas (CO or CH By modulating the amount of gas in the cell, either by varyingtéssure othe length,
corresponding changes are induced in the transmission of the cell, and thus in the measured. With more absorbing gas in th
cell, the transmittance of the signal will be smaller than when there is less gas in the cell. MOPITT combines these signals
into an Average and a Difference signal. The transmittance of the Average signal is near unity for all frequencies lexcept at t
positions of the lines of the target gas, where it dips to smaller values. By contrast, the transmittanBéffefeifee signal

is near zero everywhere excepitla¢ positions of the target gas lines, whererésponse increases It follows that the

Average signals will be responsive to the surface and interfering gases, wHiléferencesignals will be more rg®nsive

to the target gas in the atmosphere.

The spectratharacter othe signal modulatiomlepends orthe mean pressure ithe cell. At higher cell pressures, the
modulation takes place in the wings of the spectral lines, which in the atmosphfemenackathigher pressureandlower
altitudes. Conversely, at lower cell pressures, the modulation péd@s neathe centers ofthe lines, which aréormed at
lower pressures, higher in the troposphere. MOPITT has 4 cells operatingpah4ith meanpressures between 38 and
800 mbar, resulting ipeakcontributions to theDifferencesignals ranging from the lower to the upper tropospher
should be noted that, for the64m (thermal) channels, the sigrdgpends orthe temperature contrast between sheface
and the lowest layer of the atmosphere. In the usual condition when these temperasimgtagréhere is nocontribution
from the surface layer, which therefore ordinarily can’t be seen in these channels.

By contrast, the signals in the 218 (solar) channels are affected by absorption at all levels. There are large variations in
both the Average and Difference signals in these channels, because of the large variations of the albedo of the land surface o
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clouds. Consequently, the ratio of the Difference to Average signedes as aariable; the maximum contribution to this
ratio comes from the lowest atmospheric layer, thus complementing the thermal ¢hannels

2. RETRIEVAL PRINCIPLES

In order toretrievethe COandCH4 distributions, we must be able ¢alculate signals from the atmosphere ddferent
amounts of the target gas. The Average or Difference signals may be calculated from the expression

ShP = I{Iv(sfc)dv +J’;c(BV(T) -1, (sfc))dr} R*Pdv

Av

Where S is the received signal, superscripts A and D refer to the AveraBéfarehcevalues, |is the radiance dtequency
v, sfcrefers to surfaceonditions, B is the Planck black body functianis the monochromatic optical deptind R the
instrumental spectral response.

Operational evaluation of this expression requires several things. First, there must be an accurate and fastcattdate to
the outgoing radiances, the Forwa&ddianceModel. Francis et dl.describethe modelthat MOPITT will use. R must be
determined during the test and calibration phase of the instrument fabrication. Morid®eteatribesome of thdaboratory
measurements that have been made toata$tcharacteriz®OPITT. Finally, vertical distributions afemperatureand water
vapor must be available for the for the time and location for which calculatiomsaaie For these, MOPITT plans to use
the products of the Data Assimilation Office at NASA’s Goddard Space Flight Center. These hadwatitage of aetailed
surface energy balance model, which is expected to provide good estimsiefacd temperature agll as theatmospheric
guantities. In addition, the climatological distributionsfinéd gases (e.g. J)D) are needed.Finally, avalue of surface
reflectivity or emissivity is needed, since £ifis the emissivity

l,(sfc) = B,(sfc)e, +1,(sfc)(1-¢,)

For theretrievalitself, MOPITT will make use of the maximum likelihomoethod (Rodgefs®). This may beoutlined
briefly by noting that

S=F(u,b) + N,
= F(u°,b) +K(u - u°) +N,

where F [1,b) is theforward model, whichdepends orthe CO mixing ratiop and other parameters band n is the
measurement noisg? is a linearization point, hopefully not tdar from the correct aswer,andthe weighting function is
given by

KAP  =0S'° Iy

In addition, there is a priori information on the CO distributipg, and ameasure ofts uncertainty, itscovariancematrix
C,. These may besgarded as @irtual measuremerdndits uncertainty. The maximum likelihood method combines the
measurement with the virtual measurement, weighting each by the inverse of its uncertainty, to lead to the result

b= (Cat+KTC;K) (Cotyy +KTCis)

with covariance

C= (cat+KTeiK)™



Wang et af. andDeeter et al? describethe application of thisapproach to synthesizéddOPITT CO and methanedata,
respectively.

The discussion to this point has been limited to clear, cloud-free conditions. Unfortunately for tropospheric retrievals, this
not always the case. It has been estimated that the MOPITT pixels, 22 x 22-km in size, will be cloud free only about 25% of
the time. The rest of the time they will be characterized either by broken clouds, or angelidast. The challenges to the
MOPITT data processing are to detect clear sky cases, and, where possible, to remove the effects of cloudsadiancebe

to allow theretrieval to praeed. Warner et at.outline methods fodetecting cleaisky cases, using threshodohd other
methods, while Ziskin et af.describe tests of these algorithms using MODIS Airborne Simulator (MAS) measurements.

The initial stages of theetrieval bring together the radiance signals, the ancillary meteorological dath,a first
approximation to the CO distribution to do calculations thatregaired bythe threshold method in the cloud detection.
Pixels determined to be clear proceedth® inversion stage, while others atecked tosee whethethe radiancescan be
“cloud cleared”; ifthis is successful, they are also sent to the inversion stage. The inveri@ratésl, toget around any
non-linear effects of starting the inversion too far from the final result.

3. DATA PROCESSING

The standard MOPITT scientific data products are:

Level 1-Calibrated and geo-located radiances

Level 2-Geolocated geophysical data
Tropospheric CO profiles. This will be the mixing ratio at 7 levels
Total CO columns
Total CH, columns

Level 3-(experimental at launch)
Gridded global CO distributions on 7 levels
Gridded CO columns
Gridded CH columns

The data will be processed at the National Center for Atmospheric Research, in a Science Investigator-led Processing Systen
(SIPS) for the first 18monthafter launch. Processingfter thiswill nominally be at the Langley Distributed Archive and
Analysis Center (LDAAC), but this is expected to depend on subsequent algorithm developments

The MOPITT measurementata(Level 0 or LO)will flow from the Terra spacecraft to LDAAC, and on tbe MOPITT

SIPS. Here it will be ingested, catalogued, and sent to the LO-L1 Processor, in which the raw counts from the instrument are
converted to calibrated, geolocated radianeéth, associatedjuality flags. The results will beataloguedand acopy sent

back to the LDAAC for distribution to users. THatawill also be sent to the L1-L2 Processéot retrievalinto CO

profiles, with quality flags,metadataand browse products. Again, the output will bataloguedand sentback to the

LDAAC, and also to the L2-L3 Processor for gridding. At all levels the quality flags withhiewed toensurethat thedata

are being processed to completion and that convergence criteria are met. In addition, the products will bespsasdig to
ensurethe reasonableness tffie data. Atthe conclusion of these steps, quality flags will be seindlicate tousers the
confidence they can have in the products.

4. DATA VALIDATION

MOPITT is the first instrument toneasuresignals from the troposphere with Pressure Modul&@ells and Length
Modulator Cells, sovalidation of its results will beery important. It will not bestraightforward, as therare very few
operational measurements of tropospheric CO. Much of the initial validation will be througarehd verification of the
precisionand accuracy ofthe radiometry, agpledwith pre-flight testing of the retrievalgorithmsandtheir sensitivity to
various instrumental and external factors.



After launch the MOPITT approach is to concentrate attention on the simplest cases first, to ensure thatuihdeestacsl,
before focussing on the more difficult cases. Therefore initial attention will go to cloud-free cases.

4.1 Cloud-free situations

These cases are clearly simpler than those elithds are. Initial efforts will focus onoceanic cases during daytinsnce

clouds should be easily detected against the dark background of the oceamat lx&ddition, thesurface ofthe ocean has

a stableandreasonably uniform sea surface temperat8®T). Initial checkswill be made toensurethat the $'s lead to
correct values for the SST, and that thR&s Gre consistent with expected values of the CO distribution. When these tests are
successfully passed, retrievals will be carried out, and compared with a priori values. Finally, comparisonmnadé téth
coincident measurements.

While detection of clouds ovehe ocean in darknessill be more difficult, the use of thermal channel threshald$ be
checked during daytime. These will then used atight to find cloud-freeconditions,andthe samechecks aghe daytime
checks will be done for night conditions.

Effort then will move on to cloud-free conditions over land, where the underlying albedo is &iglrore variable inspace
and time. The procedures will follow the same sort of logic as over the ocean.

4.2 Broken-cloud situations

Initially the easiest place to test this will be over tloeans indaylight, because othe uniform underlying surfaceAgain,
this will be extended to nighttime conditions, building on the daytime experience. Subsequemiyl thésextended to the
land surface, using the lessons learned over the oceans.

4.3 Measurements for MOPITT validation

Several types of coincident measuremenils be made tovalidatethe MOPITT results. Mostirect arethe aircraft
measurements of CO profiles by in-situ samplers by Novelli &t al.Hawaiiand Samoa over the oceaand atCarr,
Colorado, Boston Massachusetts, and Barrow, Alaska over land.

Two airborne correlation radiometers that simulate MOPITT operation will alssdmbto validatdOPITT results.These
are the MOPITT Airborne Test Radiometdescribed bySmith et al’, andMOPITT-A, an instrument that will be very
similar to MOPITT and designed for flights on the ER-2 (Bailak &)al.

Ground basedpectroscopy from about @z&nsitescovering awide range ofatitudes will also beused to measurtotal
columns, with perhaps a very crude representation of the vertical variation. These are discussed by Marealtor’.

GLOBAL DATA

Model simulations for a typical October show strong CO plumes in the upper troposphere from regions of
biomass burning in South America and South Africa. Near the equator these are adestiedd by the
prevailing winds. In southern mid-latitudes, however, tlemes become entrained by theesterlies,
resulting in the transport of CO for thousands of kilometers across the Indian Ocean. Initial simulations of
MOPITT results, including the effects of instrument noise, but not of clouds, indicate thabrtbisange
transport should be readily seen. These délaprovide enormous new insights into the transport and
chemical transformations of CO in the troposphere, and thus the first detailed insight into the chemistry of
the global troposphere.

SUMMARY

A retrieval algorithm based on optimal estimation has limseloped taretrieve atmospheric CO profilesmd columns, and
CH4 columns from MOPITTdata andancillary meteorological information. Simulatiobased onrealistic profiles show
that the requirements for 10% precision in the CO profiles are attainabledafBtvéll be processednitially at NCAR. A



comprehensivelatavalidation plan is in place. A pre-launch validatierercisehas beerconducted tocomparedifferent
correlative measurements. The MOPITT results will show the signifibargmicaland chemical processes affecting global
CO and CH.
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