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(1)Atmospheric, OceanicandPlanetaryPhysics,Department of Physics,University of Oxford, Oxford, UK, e–mail:
payne@atm.ox.ac.uk

(2)Centre for AstrophysicsandSpace Science, Chalmers University of Technology, Sweden

ABSTRACT

The isotopiccompositionof stratospheric water vapour
depends on the sourcesof water vapour and the tem-
perature and precipitation history of the stratospheric
air. Isotopic measurements therefore have potential to
aid invesigationof dehydration in the polar vortex, of
stratospheric/troposphericexchange,of upwardtransport
in thetropicsandof subsidenceatpolarlatitudes.

Here we compare measurementsof H
���� O, HDO and

H
���� O from two satellite limb-sounding instruments:

the Michelson Interferometerfor Passive Atmospheric
Sounding (MIPAS), an infra-red limb sounder on En-
visat, and the Sub-Millimetre Radiometer(SMR), a
microwave limb sounderonboardtheOdinsatellite.
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1. INTR ODUCTION

1.1 Isotopefractionation

Whenwaterevaporatesfrom theoceans, the lighter iso-
topesaremorelikely to evaporatethantheheavier ones,
leading to tropospheric water vapour being depleted
in heavy isotopesrelative to the oceanwater. Also,
when condensationoccurs, the heavier water isotopes
condensemorereadily thanthe lighter ones,so that air
entering thestratospherefrom thetroposphereis strongly
depletedin heavy isotopes. This is known asthe“vapour
pressureisotopeeffect”. Theeffect is morepronounced
for substitution of light atoms, so we expect to see
a greatereffect for HDO than for H

���� O. The biggest
depletionsareexpected in thetropical lowerstratosphere.

In the stratosphere, water vapour is produced by the
oxidation of methane. Methane is less depleted in
deuterium thantroposphericwatervapour, so we would
expect to the D/H ratio of water vapour to increase
with height in the stratosphere. H � O formed by the
stratospheric oxidation of methaneuses atoms from
atmospheric oxygen, which is expectedto have a higher���

O/
���

O ratiothanwatervapour from thetroposphere,so
we might alsoexpectthe

���
O/
���

O ratio of watervapour
to increasewith heightin thestratosphere.

1.2 MIPAS

TheMIPAS spectracontainenough informationto distin-
guishminor isotopesof many gases,including H

���� O and
HDO. Microwindows for theseisotopeswere selected
using the Oxford microwindow selectionsoftware (1),
andtheretrievalsperformedusingtheMORSE(M IPAS
Orbital Retrieval usingSequentialEstimation)retrieval
code(2), alsodevelopedat Oxford.

1.3 The ODIN Sub–Millimetr e Radiometer

TheSub–Millimetre Radiometer (SMR) is a limb sound-
ing instrumenton board the Swedish–ledOdin satellite,
which waslaunched in February 2001. Like Envisat, it
flies in apolarsun–synchronousorbit. Atmospheric mea-
surements are performed in a time–sharing modewith
astronomical observations. The water vapour isotope
mode is specificallydesignedfor observationsof strato-
sphericH � O, H

���� O andHDO usingtwo 800MHz wide
bands centredat 488.9 and 490.4 GHz. Observations
aremadein watervapour isotopemodeapproximately4
dayspermonth. A retrieval algorithm basedon optimal
estimationhasbeenadoptedfor thegroundsegmentsof
Odin–SMR in Swedenandin France.TheOdin retrieval
resultspresentedherewereproducedusingtheBordeaux
CTSO-v223 algorithm. It should be pointed out that
theseresultsarepreliminary, andyet to bevalidated.

1.4 Comparisons

Herewe compare MIPAS andODIN zonalmeanfields
of H

���� O, H
���� O andHDO for 22

���
November2002. The

figurespresentedshow only thealtituderangeswherethe
MIPAS andOdin altituderanges for eachof theisotopes
overlap. Zonal meanswere calculatedfor 10

	
latitude

bins. Sinceisotopicretrievals from both instrumentsare
preliminary, it washoped that thesecomparisonswould
beusefulin thevalidationprocess.

2. H � O
Fig. 1 shows zonally averagedwater vapour fields as
observed by MIPAS and the Odin SMR, while Fig. 2
shows the percentage difference betweenthe two in-
struments. (There wasno MIPAS dataavailable in the
latitude range90S–80S for this particular day). The



MIPAS retrieval covers the altitude range 12–60 km
(although it shouldbepossibleto retrieve down to 6 km
in cloud–free cases), while the Odin–SMR retrieval
covers therange20–70 km. Fig. 1 showsanapproximate
altitude rangeof 20–60 km. Randomerrors on single
profile retrievalsof H � O from bothMIPAS andOdin are
expectedto be of the order of 10%. It canbe seenthat
the fields are qualititavely similar. However, thereare
noticeable differences.Thefieldswould not beexpected
to beexactly thesame,sincetheMIPAS andOdin limb
scanswouldnothavebeenin exactly thesamelocations.
However, Fig. 2 shows consistentbiases across all
latitudebands. At 50 mbar, Odin–SMRvaluesarelower
thanMIPAS valuesby around 50%. Odin–SMRvalues
in this region are around 1.5 ppmv. This is probably
unrealistically low. In theregion10–20 mbar, agreement
is good, but Odin–SMR values are generally slightly
higher than MIPAS values acrossmost latitude bands.
At higher altitudes, Odin–SMR valuesare lower than
MIPAS values. This is probablydueto a highbiasin the
MIPAS H � O at thesealtitudes.

3. HDO

3.1 Volumemixing ratios

For the Odin–SMR, HDO is measured in a time–shared
mode during roughly half of the 15 orbits per “water
vapour isotope mode” measurement day, each orbit
corresponding to about 60 individual limb scans. The
measurementprecision(randomerror)for asingleprofile
retrieval of HDO is about 20–30%, and information is
obtained between18–55 km. Furtherwork is required
to characterisevarious instrumental and spectroscopic
uncertainties before the accuracy of the Odin-SMR
profilescanbedetermined.

For MIPAS, HDO can be retrieved wherever there is
Level 1B data available. Typical random errors on a
singleprofile arealsoof the orderof 20-30%. Thereis
sufficient information to retrieve HDO over the altitude
range 6–42km.

Fig. 3 shows zonally averaged HDO fields asobserved
by MIPAS andtheOdin SMR. Fig. 4 shows thepercent-
age differencebetweenthe zonal means from the two
instruments. As with H � O, the fields are qualitatively
similar. Odin–SMR HDO valuesare noticeably higher
than MIPAS valuesat around 100 mbar, at the lower
edgeof the Odin–SMRmeasurementrange. At higher
altitudes, the differencesare not consistentacross all
latitude bands. This is encouraging. Differences are
generally within



30%.

3.2 � D
Isotopic compositionsareusuallyexpressedusingdelta
notation, in which the isotopicratios(for example deu-

teriumto hydrogen) of thesampleof interestanda refer-
encesamplearerelatedby

�
��� ������������������! #" ����$�&%' �(� �%' �*)  ���� �+%, �(� -%, ��)  .0/21�3�3�3 (1)

Theunitsarepermil, andthereferenceratiois takenfrom
the accepted standardfor that particular species.In the
caseof water, thestandardis takenfrom Standard Mean
OceanWater (SMOW). TheratioD/H in SMOW is taken
to be1.55/41&36587 . The

���� �&�����9���! is theisotopicratioof
themeasuredwatervapour andis calculatedas

: �; ���������< ,= � >@?BADC ; �FEHGI / >J?BAKC ; � EHG (2)

where >J?BAKC ; �LEHG and >@?BADC ; � EHG are the mea-
suredmixing ratios. (Thefactorof 2 in thedenominator
originatesfrom the way that the reference D/H ratio in
SMOW is defined. This factor is not required for the
definitionof � ��� O in watervapour.)

Fig. 5 shows zonal meansof � D asmeasuredby MIPAS
andtheOdin–SMR.The � –valueplotsarequitedifferent.
We would expect to seea maximum depletionin the
tropical lower stratosphere,with the depletion dimin-
ishing with height due to the water vapour produced
by methaneoxidation (seeSection1.1). The maximum
depletion in theOdin–SMR � D field seemsto behigher
in altitudethanwe might expect.This areaof maximum
depletion in the Odin–SMR field also coincides with
theregion wheretheOdin–SMR H � O is higher thanthe
MIPAS H � O. Small differencesin the volume mixing
ratio of eitherthemajoror theminor isotopecanleadto
large differencesin the � –values. Somefurther work is
required to characterisetheerrors on these� D fields.

4. H
���� O

4.1 Volumemixing ratios

Fig.6showszonallyaveragedH
���� Ofieldsasobservedby

MIPAS andtheOdin–SMR. Fig. 7 shows thedifference
betweenthezonalmeansfrom thetwo instruments.

Single–profile precisionis of the order of 20–30% for
both theMIPAS andthe Odin profiles. Again, theplots
arequalitatively similar, but therearenoticeable differ-
ences.Thezonal meanprofile at 20S–10Sis anexample
of wherethe differencesareparticularly noticeable. In
general, differencesarewithin



30%.



4.2 � ��� O
Fig. 8 shows zonally averaged � ��� O fields as observed
by MIPAS and the Odin–SMR. The reference

���
O/
���

O
ratio in SMOW is takento be2.00/41&3M5ON . We might ex-
pect to seea maximum depletionin the tropical lower
stratosphere,with thedepletiondiminishingwith increas-
ing height. However, this is not seenherein the fields
from eitherof the instruments.The MIPAS field shows
a small areaof enrichmentin the lower stratosphere in
the10S–20S latitudeband,andthegreatestdepletions at
about 1 mbarover the equator andin the northernpolar
region. The � ��� O field from theOdin–SMR shows max-
imum depletions at around 10 mbar, in theregion where
theOdin H � O is greaterthantheMIPAS H � O. The � ��� O
fields from the two instruments do not matchexpecta-
tions,or eachother, which is worrying. As with the � D
values,furtherwork is needed ontheerror analysis.

5. CH N D + HDO

Onesourceof HDO in the stratosphereis the oxidation
of CHN D. It is expected(3) thatHDO productionshould
bein nearbalancewith CH N D destruction. We therefore
expect the quantity CH N D + HDO to be approximately
constantwith altitude in the lower stratosphere.With
MIPAS, it is possibleto obtain simultaneous measure-
mentsof CHN D (from 12–30 km) andHDO, providing a
usefulinternal validation of MIPAS HDO profiles.

Fig. 9 shows zonalmeanCH N D + HDO asmeasuredby
MIPAS. It canbeseenthatthequantity is approximately
constantwith altitudein thelowerstratosphere.

6. SUMMARY

The zonalmeanfields of volume mixing ratio of H � O,
HDO andH

���� O from MIPAS andthe Odin–SMRlook
qualitatively similar. However, the zonalmeanfields of� D and � ��� O asmeasured by the two instrumentslook
quite different. This is duenot only to the differences
in themeasurementsof theminor isotopesfrom thetwo
instruments, but also largely to the differencesbetween
themeasurementsof themainisotope.Furthervalidation
work will berequired on boththeMIPAS andtheOdin–
SMR watervapour isotopemeasurements.
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Figure 1. H � O zonalmeandistribution fromMIPAS(left) andtheOdin–SMR(right). Thenumbers at thetopof theplots
showthenumber of profilesaveragedin each of the10

	
latitudebins.

Figure2. H � O percentage difference: (Odin–SMR- MIPAS)/MIPAS

Figure3. HDO zonalmeandistribution fromMIPAS(left) andtheOdin–SMR (right). Thenumbers at thetopof theplots
showthenumber of profilesaveragedin each of the10

	
latitudebins.



Figure4. HDO percentage difference:(Odin–SMR- MIPAS)/MIPAS

Figure 5. � D zonalmeandistribution fromMIPAS(left) andtheOdin–SMR(right). Thenumbers at thetop of theplots
showthenumber of profilesaveragedin each of the10

	
latitudebins.

Figure 6. H
���� O zonalmeandistribution fromMIPAS(left) andtheOdin–SMR(right). Thenumbers at the top of these

plotsshowthenumber of profilesaveragedin each of the10
	

latitudebins.



Figure7. H
���� O percentagedifference:(Odin–SMR- MIPAS)/MIPAS

Figure8. � ��� O zonalmeandistribution fromMIPAS(left) andtheOdin–SMR(right). Thenumbers at thetopof theplots
showthenumber of profilesaveragedin each of the10

	
latitudebins.

Figure9. HDO + CHN D zonal meandistribution fromMIPAS


