WATER VAPOUR ISOTOPE MEASUREME NTS: COMPARISONS BETWEEN RESULTS
FROM MIPAS AND THE ODIN SUB-MILLIMET RE RADIOMETER

ViviennePayne®, Anu Dudhia®, Chiara Piccold?, Joachim Urban®, NicolasLauti &?, and Donal Murtagh @

M Atmospleric, Oceanicand Plaretary Physics Departmen of Physics University of Oxford, Oxford, UK, e—mail:
payne@atnox.ac.k
@)Cente for Astophysicsand Spae ScienceChalmes University of Tedhnolayy, Sweden

ABSTRACT

The isotopic conposition of stratosphec water vapair
depemls on the sourcesof water vapair and the tem-
peratue and preciptation history of the stratospheric
air. Isotopc measuremas therefae have poteriial to
aid invesigationof dehydrationin the polar vortex, of
stratosphec/tropasphericexchange of upwardtransyrt
in thetropicsandof subsideneatpolarlatitudes.

Here we compae measuementsof H¢O, HDO and
H180 from two satellite limb-soundiy instrumerts:
the Michelson Interfeometerfor Passve Atmospleric
Soundng (MIPAS), an infra-red limb sounctr on En-
visat, and the Sub-Millimetre Radiometer(SMR), a
microwave limb sounetr on boardthe Odin satellite.
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1. INTRODUCTION
1.1 Isotopefractionation

Whenwaterevaporatesfrom the ocears, the lighter iso-
topesaremorelikely to evapaatethanthe heavier ones,
leading to tropcspheric water vapou being depleted
in heary isotopesrelative to the oceanwater Also,
when concensationoccus, the heavier water isotoges
condensemore readily thanthe lighter ones,so that air
enterirg thestratospherérom thetroposyereis strondy
depletedn heavy isotopes. Thisis knovn asthe“vapaur
pressurasotopeeffect”. The effectis morepronourced
for substitutionof light atoms, so we expect to see
a greatereffe for HDO than for H180. The biggest
depletimsareexpectel in thetropical lower stratosphie.

In the stratospherewater vapaur is prodiwced by the
oxidaion of methane Methaneis less defdeted in
deuteium thantropcsphericwatervapaur, so we would
expect to the D/H ratio of water vapair to increase
with heigh in the stratosphe. H;O formed by the
stratosphec oxidaion of methaneuses atoms from
atmospleric oxygen, which is expectedto have a higher
180/t O ratio thanwatervapaur from thetropcsphereso
we might alsoexpectthe 120/*%O ratio of watervapaur
to increasewith heightin the stratospheg.

1.2 MIPAS

TheMIPAS spectracontainenoudn informationto distin-
guishminorisotopesf mary gases,including H180 and
HDO. Microwindows for theseisotopeswere selected
using the Oxford microwindow selectionsoftware (1),
andtheretrievals performedusingthe MORSE (M IPAS
Orbital Retrieval using SequentialEstimation)retrieval
code(2), alsodevelgpedat Oxford.

1.3 The ODIN Sub-Millimetr e Radiomete

The Sub—Mllimetre Radioméer (SMR) s alimb sourd-
ing instrumenton boad the Swedish—-ledDdin satellite,
which waslaunctedin February 2001 Like Envisat, it

fliesin apolarsun—-sychraousorbit. Atmospheic mea-
suremets are perfamedin a time—shaing mode with

astronmnical obsenations. The water vapour isotope
mock is specificallydesignedor obserationsof strato-
sphericH,O, H¥O andHDO usingtwo 800 MHz wide
band centredat 4889 and 4904 GHz. Obsenrations
aremadein watervapou isotopemodeapprximately 4

dayspermonth A retrieval algolithm basedon optimal
estimationhasbeenadoptedor the ground sggmentsof

Odin-SMR in Swederandin France.TheOdin retrieval

resultspresentedherewereproducedusingthe Bordeax

CTSO-v23 algorithm It should be pointed out that
theseresultsarepreliminary, andyetto bevalidated.

1.4 Comparisons

Herewe compae MIPAS and ODIN zonalmeanfields
of H1%0, H180 andHDO for 227¢ November20@. The
figurespresentedhav only thealtituderangesvherethe
MIPAS andQdin altituderanges for eachof theisotopes
overlap. Zonal meanswere calculatedfor 10° latitude
bins. Sinceisotopicretrievals from bothinstrunentsare
preliminary, it was hoped thatthesecomparisonswould
beusefulin thevalidationprocess.

2. H2O

Fig. 1 showvs zonally averagedwater vapaur fields as
obsered by MIPAS and the Odin SMR, while Fig. 2
shavs the percemage difference betweenthe two in-
strumens. (There was no MIPAS dataavailablein the
latitude range 90S—8@® for this particularday). The



MIPAS retrieval covers the altitude range 12-60 km
(althowh it shouldbe possibleto retrieve down to 6 km
in cloud-dree cases),while the Odin-SMR retrieval
coverstherange20—0 km. Fig. 1 shovs anappioximate
altitude rangeof 20—@® km. Randomerrois on single
profile retrievals of H,O from bothMIPAS andOdin are
expectedto be of the orde of 10%. It canbe seenthat
the fields are qualititavely similar. However, thereare
noticealte differences.Thefieldswould not be expected
to be exactly the same sincethe MIPAS andOdin limb
scansvould nothave beenin exactly the samelocations.
However, Fig. 2 shows consistentbiases across all
latitudebands. At 50 mbar Odin—-SMRvaluesarelower
than MIPAS valuesby arourd 50%. Odin—-SMRVvalues
in this region are arourd 1.5 ppmv This is probably
unrealistically low. In theregion 10-20 mbar agreenent
is good but Odin—-SMR values are geneally slightly

highe than MIPAS values acrossmost latitude bands.

At higher altitudes, Odin-SMR valuesare lower than
MIPAS values. Thisis prabablydueto a high biasin the
MIPAS H,O atthesealtitudes.

3. HDO
3.1 Volume mixing ratios

For the Odin-SMR, HDO is measued in a time—shaed
mode during rouchly half of the 15 orbits per “water
vapalr isotope mode” measurema day, each orhit
correspondiry to abou 60 individual limb scans. The
measurerantprecision(randmerror)for asingleprofile
retrieval of HDO is abou 20-3%, and informationis
obtaired between18-% km. Furtherwork is required
to characterisevarious instrumeral and spectroscpic
uncetainties befoe the accurag of the Odin-SMR
profilescanbedeternined.

For MIPAS, HDO can be retrieved wherever there is
Level 1B dataavailable. Typical randon errorson a
singleprdiile arealsoof the orderof 20-3%. Thereis
sufficient information to retrieve HDO over the altitude
range 6—-42km.

Fig. 3 shaws zonally averagel HDO fields as obsened
by MIPAS andthe Odin SMR. Fig. 4 shavs the percent-
age differencebetweenthe zonal mears from the two
instruments. As with H,O, the fields are qualitatively
similar. Odin—SMR HDO valuesare noticeally higher
than MIPAS valuesat arond 100 mbar, at the lower
edgeof the Odin~-SMRmeasuementrange. At higher
altitudes, the differencesare not consistentacrcss all
latitude bang. This is encowaging Differerces are
geneally within +30%.

3.2 oD

Isotopc compsitionsare usually expressedusingdelta
notation in which the isotopicratios (for exanple deu-

teriumto hydroger) of thesampleof interestandarefer
encesamplearerelatedby

D _ (L
8D = <(H)Saﬂ(bpée (H)reference

H ) reference

) x 1000 (1)

Theunitsarepermil, andthereferanceratiois takenfrom
the acceptd standardor that particdar species.In the
caseof water, the standards takenfrom Standird Mean
OceanWater (SMOW). TheratioD/H in SMOW is taken
to be1.55x10~*. The (%)Sample is theisotopicratio of

themeasuredvatervapou andis calculatedas

D _ VMR(HDO)
Hsample - 2 X VMR (HQO)

)

where VMR (HDO) and VMR (H»0) arethe mea-
suredmixing ratios. (Thefactorof 2 in the denaninator
originatesfrom the way that the refererte D/H ratio in

SMOW is definal. This factoris not requred for the
definitionof §180 in watervapour.)

Fig. 5 shavs zoral meansof §D asmeasued by MIPAS
andtheOdin—SMR. Thed—valueplotsarequitedifferent.
We would expect to seea maxinum depletionin the
tropicd lower stratospherewith the depletion dimin-
ishing with heigh due to the water vapour produced
by methaneoxidatian (seeSectionl.1). The maximun
depletia in the Odin—SMR{D field seemdo be higher
in altitudethanwe might expect. This areaof maximum
depletion in the Odin-SMR field also coincides with
the region wherethe Odin-SMR H- O is highe thanthe
MIPAS H->O. Small differencesin the volume mixing
ratio of eitherthe majoror the minor isotopecanleadto
large differencesin the 6—values. Somefurther work is
requredto chaacterisgheerrois ontheseiD fields.

4. Hi%O
4.1 Volume mixing ratios

Fig. 6 shavszonallyaveragel H12 O fieldsasobsevedby
MIPAS andthe Odin-SMR. Fig. 7 shaws the difference
betweerthezonalmeansrom thetwo instrunents.

Single—pofile precisionis of the order of 20-3% for
boththe MIPAS andthe Odin prdfiles. Again, the plots
are quditatively similar, but thereare noticealte differ-
ences.Thezoral meanprofile at 20S—DSis anexanple
of wherethe differencesare particdarly noticedle. In
geneal, differencesarewithin £30%.
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Fig. 8 shavs zonally averagd 6180 fields as obsered

by MIPAS and the Odin-SMR. The reference 120/1¢0
ratioin SMOW is takento be 2.00x 10 3. We might ex-

pectto seea maximum depletionin the tropical lower
stratosphes, with thedepetiondiminishingwith increas-
ing heigh. However, this is not seenherein the fields
from eitherof the instruments.The MIPAS field shavs

a small areaof enrichmentin the lower stratosphrein

the 10S—-2@ latitudeband,andthe greatestiepletiors at
abou 1 mbarover the equato andin the nothernpolar
region. The 520 field from the Odin-SMR shavs max-
imum depletiors at around 10 mbay in theregion where
the Odin H,O is greaterthanthe MIPAS H,O. The§'#0
fields from the two instrumems do not match expecta-
tions, or eachother which is worrying. As with the §D

values furtherwork is needd ontheerra analysis.

5. CH3;D + HDO

Onesourceof HDO in the stratospherés the oxidaion
of CH3D. It is expected(3) thatHDO productionshould
bein nearbalancewith CH3D destrution. We therefae
expect the quantity CHzD + HDO to be appraimately
constantwith altitude in the lower stratosphere.With
MIPAS, it is possibleto obtain simultaneas measure-
mentsof CH3D (from 12—3 km) andHDO, providing a
usefulinterral validatian of MIPAS HDO profiles.

Fig. 9 shawvs zonalmeanCH3; D + HDO asmeasuredy
MIPAS. It canbe seenthatthe quantity is apprximately
constantvith altitudein thelower stratosphee.

6. SUMMARY

The zonal meanfields of volume mixing ratio of H,O,

HDO and H1®O from MIPAS andthe Odin—-SMRIook

qualitatively similar. However, the zonalmeanfields of

0D and §'80 as measurd by the two instrunmentslook

quite differert. This is due not only to the differences
in the measuremntsof the minor isotopesfrom the two

instrumants, but alsolargely to the differercesbetween
themeasurmentsof the mainisotope.Furthervalidaion

work will berequired on boththe MIPAS andthe Odin—
SMRwatervapou isotopemeasurerants.
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Figure 1. H>O zonalmeandistribution from MIPAS(left) andthe Odin-SMR(right). Thenumlers at thetop of the plots
showthe numler of profilesaveragedin ead of the 10° latitudebins.
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Figure 3. HDO zonalmeandistribution from MIPAS (left) andthe Odin—3R (right). Thenumkers at thetop of the plots
showthe numler of profilesaveragedin ead of the 10° latitudebins.
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Figure 4. HDO percentae difference:(Odin-SMR- MIPAS)/MIPAS

Delta HDO for day 20021122 _ HDO for day 20021122 FM_17
0.01 T T T 0.01 T T T
800 per mil b 08 11 23 25 22 19 07 Q7 05 12 24 18 22 13 19 16 2 800.0 per mil 5 02 03 07 07 0B 08 0B 07 09 D7 04 0B OB 05 07 08 {5
5 600.per mil 0.10F E| 600.0 per mil 0.10F 4
H400.per mil = H 400.0 per mil .~
B s =l 8
| 200.per mil € 1.00F 3 [ 200.0 per mil € 1.00F b
I0.00psr mil g I 0.0 per mil g
o E o
1-200.per mil @ 10.00 —200.0 per mil g 10.00
=| o =| o
-400.per mil —400.0 per mil =
100.00 | 100.00
L-600.per mil I-600.0 per mil
[-o00.per ma 1000.00 . . . [-800.0 per mil 1000.00 . . .
-50 o] 50 . -50 o] 50
- T i |
per i Lotitude (degrees) wrene per mi Lotitude (degrees)

Figure 5. D zonalmeandistribution from MIPAS (left) and the Odin-SMR(right). Thenumlers at the top of the plots
showthe numler of profilesaveragedin ead of the 10° latitudebins.
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Figure 6. H38O zonalmeandistribution from MIPAS (left) andthe Odin-SMR(right). Thenumbes at the top of these
plotsshowthe numter of profilesaveragedin eat of the 10° latitudebins.
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Figure 7. H18O percentaye difference:(Odin-SMR- MIPAS/MIPAS
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Figure 8. 6180 zonalmeandistribution from MIPAS(left) andthe Odin-SMR(right). Thenumbes at thetop of the plots
showthe numler of profilesaveragedin ead of the 10° latitudebins.
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Figure 9. HDO + CH3D zond meandistribution fromMIPAS



