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ABSTRACT

The Satellite validation with lidar (VALID) project
swpats the longterm multi-mission validation of
atmospheic chemistry and physics instruments with
groundbased lidars. VALID involves licar statims
araund the world measunng statospheric ozae ad
temperatue prdiles, andtropospteric aeresol and clow
properties. Curretly around ten thousandlidar prdiles
have been nade avdiable for validaton purposes n
VALID and its prelecessoEQUAL (ENVISAT quality
assessert with lidar).

The satellite dta under investigation here are tle azone
and emperaure pofiles delvered by the MIPAS
(Michelsa interferometer for pasive atnospheic
sownding) ard SAAMACHY (Scanning imaging
aborption spetrometer for atmospheic chartography)
instuments as new alorithms have beome avalable
recently.

We have cdlocatedthe satellite pofiles with the lidar
measurerents andanalysedthe camparison resits for
dependence on seveal geophysical ard instrument
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obsvatonal paraneters. Results for the deta
validation are preseted for SOAMACHY level 2
versbn 501 and br MIPAS level 2 version ORM
(optimisedretrieval model) 5.x. For the SGAM ACHY
validation, adlitional ozone somle arm microwave
radiometer dad have been included to enkbrge te
validation dataset.

The onsetent undaesimaton of the oone
concentraonsby SOAMACHY see in version3.01is
now renoved In the md-latitudes, SQAMACHY
version 5.01 matcles the validation instruments within
5% p to 38 km altitude. Tte cloud free data ammore
positively biased In the polar regons, trereis a \ariable
bias ramging from -10% to +7% in the altitude range 15
to 35 km, increasing aowe (its magnitude deerding on
validation instrument). Thecloud free data have a nore
erhanced negative bas. Inthe trgics, here is psitive
bias h SAAMACHY v5.01 (5 to 23%) and the cloud
free data appear tohave a more pasitive bas (few
percert). The large ceviation at lov altitudes cold be
due to subvisual cirrus andwill be further investigated
in the future. Finally, with resgect to the observation



direcion (corresponding to the sca angle), Eastem
orientated profiles overal have a more regaive bias
than Westernprofiles

For the MIPAS vesion 50x dag, the ozone profiles
matchthe lidar data very well over a large part of the
comparedaltitudes. Devatiors areseenat he bdtom of
the profiles sarting with a positive bas when going
down below the ozone amimareachingup to +5% In
the tropicsthis biaschages signwhen reachinghe
lower nmost alitudes andgets to-10%. At the highest
altitudes tlereis a sitive bas inthe tropcs (max. 2%)
ard in the mid-latitudes (max. 5%), whereasn the pdar
region there is an increasing underesimation from an
altitude of 35 km (close t00%) toward the top at 45km
(nealy 15%).

The tenperatue data are nostly within 1 to 2 K from
the lidar data. Looking at he dfferent altitude axis, we
camot say that wsing the engneering altitudes gves a
better peformance thanwhen using he correctd
altitude axs. In fact, tre camparisan improves wien
introduweing a stift of +500 m for the MIPAS dita in the
polar regon and nid-latitudes (arge shift needd for
the tropcs). Ths is nd seen inthe ozone data andthus
need further sudy.

1. INTRODUCTION

Validation of satellite retrieed prodicts is inportart to
monitor the evolution of instrument performance ad to
assst algorithm devebpment Fo ozone ad
temperatue cita, ths canbe done very well with self-
calibrating lidars ower agiven altitude range (18 to 45
km for ozane and, depending on the lidar setip, from 15
to 70km for temperature). In this extendeabstract we
have summarised the reslts of the delta validation for
the wo new level 2 processaing algorithms for
SCIAMACHY (v5.01) and NIPAS (v5.0x).

2. METHODOLOGY AND DATA

In the fdlowing sectims we will describe tke used
datasets andhe apflied validation strateges.

2.1.Satelliteretrieved data

21.1. MIPASozoneand temperature
profiles

The aalysedozone ad temperature dat fall in the
time period Januay 2005 to Novenber 2009 therefore
al MIPAS dita are in the gptimised resolution.

The MPAS dat were processedwith the Level 2
scienific prototype algaithm (ORM) which is fully
aligned with the upwmming operatond Level 2
processr (IPF 50x). The measuremants were take
with a redeed spectral restution with resgect to the
original speciicaion (0.0625 cm-1 insteadof 0.025 cm
1), but with a finer vertical sanpling. The upgadesof
this version allow sdving the ill-conditioning of the

retrieval induced by the increasedvertical sanpling by

mears of aregularization appoach.

The followingupgrades i@ included with repect to the
previous MIPAS IPF 4 versin: 1) A-posteriori

regdarizationis agplied to the main target paraneters
(terperature, @ HNO;, CH,4, N,O ard NO,) except for
pressire andH,O profiles. Theregularizaion approach

is the me described in [1]. 2) The verticd averaing

kernel natrices (AKMs) ofthe reyularizeal profiles are
provided in the rew level 2 poduwcts. The cadition

nurrber of the matrix that has been nverted in the

retrieval is also provided. Thke condtion number

provides nformation if the matrix is nearly sirgular and
if its inversion cancauwse installities in the reslis. In

this study we did nat take the cordition number into

account, butwe did convole thelidar ozone profiles
with the averaging keels d the cdlocated MIPAS

profiles.

212. SCIAMACHY ozoneprofiles

The SCAM ACHY level 2 validation dataset fomwersion
5.01 (processd with the operational Level 1 processr
verson 7.03) coves araund 1900 sekced obits
idertified by the validation teans for the canplete
missian until 2010 Besids general adustmers to the
ozane retrieva algorithm, limb cloud flagghg ard
aercols are introdced in the rew version Additional
products sud as Imb BrO profiles ard H,O tatal
columms havealso beome available. Hee we $all
focus on the wdidation of the ozone profiles and
investigate whethethe presece of clouddi.e. site of
cloud flagstotaling O (no clouds) or more (clouds -
regadless of what type at sone altitudes orfailed
retrieval)) affect tle azone retrieval.

2.2.Lidar data

Tab. 1 gives an ovewniew of the lidar s@tions
participatingin this validation stud.

Table 1 Lidar sites providing ozone and temperature

data
Site rame Latitude Longitude O3 T
Alomar 69.3 16.0 + +
Dumont d’Urville + +
Esrange 67.9 21.1 +
Eureka 80.1 -86.4 + +
Hohenpeissenberg 47.8 11.0 + +
La Reunion -20.8 55.5 + +
Lauder -45.0 169.7 +
Mauna L@ 19.54 -155.6 + +
Ny Alesund 78.9 11.9 + +
Observatoire ldute | 43.9 5.7 + +
Provence
Rio Gallegos -51.6 -69.3 +
Table Mountain 34.4 -117.7 + +
Tsukuba 36.1 140.1 + +




The lidar data have been restrictedto the altitude rarge
18 1o 45 km for ozonedata and depending on the lidar
seup, from 15 to 70 km for temperaure dita For te
latter cormparison, we hee alsoincluded temperature
profiles from ozane ndes andradio sodes p to an
altitude of 30 km.

2.3. Methodology

Collocations were souft with a maximum distarce d
800km (300km) between raasurerants ad a20 hour
(5 hou) difference n time for ozone (Enmperatue)
measuenens. Ory data at altitwles flaggedto have a
valid retieval were talen into accaint. The dita were
subseqently spined to a canmon altitude grid and
statistics on the differeeswere calclated for diffeent
sulsets basd on chssficaion by a ecffic paraneter.
No aweragng kernels have been applied for the
SCIAMACHY data.

3. RESULTS

3.1.MIPAS ozone and temper atur e profiles

A total of 2063 data pirs were aailabe for the ozone
validation study and alout 260data pairs were found for
the tenperature corparison.
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Figure 1. Vdidation resuts for MIPAS ORM vB®1
ozonre profilesfor differert latitude regons: tropics
(right), mid-latitudes tniddle) and polar regions(left).
Each parel shaws the 2.5,16, 50 (=median), 84and
97,5 percertiles d the differernce (reldive to tre lidar
profiles) as a function of altitude.

Onthe right axis tre number of used ciocatedpairs is
shown and at the botom the total number of avaiable
pairs.

Fig. 1 shows tle validationresduts for the ozane profiles
obtained from the MIPAS ORM v5.01 dat. Compared
to the corvolved lidar deta, differences arevithin a few
percert. Specifically, in the polar regon the dfference
is alout zeroin the altitide regon 20 km to 35 km.
Above 35 km the underestmation (overegimation) by
MIPAS (or the lidar) is increasingto 15% at45 km In
the mid-latitudes tke fit is very good with a small
positive has (0 to5%) in the MIPAS data. In the trapics
there B a peréct match from 25 km upwards b abou
40 km. MIPAS is sliditly overestimating (5%) at tre
top. Blow the ozane meximum MIPAS appears ¢ be

overestimating ozone in most cags. This is also seen in
conparisonto baloonsmde daa (not shown).
Furthernore, afew outlier profiles can be idertified
from the percertile plots. These arefound at higher
altitudes (mid-latitudes andpolar regons) andat the
bottom of the profiles (everywhere,but especiallyin the
tropics).
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Figure 2. Temerature vdidation resuts for dl lidar
calocations for the pdlar (left panel), mid-latitude
(middle pane) and tropical (right panel) regions

Shawn are data on the naninal engneering altitude
(black) and the carectedaltitude axis (bHue). Data

show the difference in K withrespect to tte lidar as a

function of altitude. Note that the rumber of
cdlocationsis nat equal but compaable for the two
datases.

The tenperature conparison shows that the bias is
within the -6 K to +2 K exremes, nostly within 1 to 2
K from the lidar. An altitude offsetof 500 m or larger
(towards the equator) is visible, but its orign needs ©
be further investigatedas the shift is not obsenedin the
ozone data. Nde that te number d cdlocatins is
rather bw, egecially for he pola regions. With the
ORM processor, th information on the tangenaltitudes
is derved from the ENVISAT plaform atitude
information which is known to be insufficiertly
accurate. Theopeational pra@essor will be retrigng
the altitudes from ECMWF data, wilch should remove
the problem

3.2. SCIAMACHY ozone profiles

In this stugy we have sfit the azone data into two
categories using the cloudads. “cloud free” wherever
all four flagswere gual tozeroand “cbudy” whenever
there is a ron-zero flag. 8843 matches with balloon
sowndings (smoothedto 2 km), 3675 matcheswith lidar
profiles ard 3653 matcheswith microware radiometer
profiles were ieérntified matching the cdlocation criteria
for the cloudy data. Mbst of these ollocated pairs ae
found in the mid-latitude regon. A total of 860 pairs
were found for the cloudfree cass, abo with the
majority (630 cases) b the cdlocations in the mid-
latitudes.

Fig. 3 stows the conparison © the ozone ®nces,
microwave raliometer and lidar datéor both cases. The



top panel shows that there is a ariable hias inthe pdar
region ranging from -10%to +7% i the atitude range
15 to 35km, increashg above (nagnitude depending on
validation instrument). Thecloud free data have a nore
erhanced negative bias. Varios hgh outliers are
ob=wved

In the mid-latitudes (Fig 3b) SOAMACHY v5.01
matches validation instruments within 5% up to 38 km
altitude. The cbudfree ditaare nore paitively biased
A positive bas is seerin the trgics (Fig. ) for the
SCAMACHY v5.01 cloudy dag (5 to 23%) ard the
cloud free data apgar tohave a nore pasitive bias (few
percent). It hasbeen sggesed that the deviations n the
tropics at the lowest canparedaltitudes may be due
sub-visual cirrus cloud®]. Sub-visualcirrus cbuds ae
definedas haing an optical deph of 003 or snaller in
the visual portion d the spectrum Theseclouds are
most often fourd in the topics due © the very low
temperature in the uppe tropoghere and high water
vapour concentrations. They mostly occur in the upper
two kilometres kelow the tropgause but can [ thicker,
extend a varbus hundredsof kilometres and peist up
to days [3-5].
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Figure 3. Validaton resiits for SQAMACHY oone
profiles shaving the three maén latitude regons: pdar
(top), mid-latitudes (middle) and the tropics (ottom).
The left panels shav the mean ozone number densities

for validation instrumerts in blue and for SCIAMACHY
in red bgether with siandad devations thin lines)as a
function of altitude. Lighter cdours carespand to daa

with a nonzero cloud flags. Middle panels: relative
differerces (percetiles a in Fig. 1) with cloud free
data in black and cloudy data in green. Right panels:

meandifference profiles (greenfor cloudy and black for

non-cloudy data) plusiminus1 sendad devation (thin

lines with sare colours) and 2 sandad errors (grey for

cloudy and light green for noncloudy data) togeher

with the medan differences plue ones).

Fig. 4is showing the resuls when we goupthe daa by
viewing orientation. Four chsses aravalable: West,
centralWest, central Eastrad East. It ca be sea that
with respect to the olsenation direction, profiles
orientated bwards te East (red ard orange ines)
overall have amore negaitve bias hanWesern profiles
(green ad blue lines). This scan angle mEndece is
alsoobsevedin the sensa degradaton [6].
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Figure 4. Validaton resilts for SOAMACHY oone
profiles shaving the three man latitude regons: pdar
(left), mid-latitudes (niddle) and the topics ight).
Easem oriented chta are plotted in red, central Eastin
orange, catral West in geen and Westn oriented

data in blue.

4. CONCLUSIONS

Validation of satellite retrieed prodicts is inportart to

monitor the evolution of instrument performance ad to

assst algorithm devebpment Fo ozone ad

temperatue ceta, ths canbe done very well with self-

calibrating lidars ower agiven altitude range (18 to 45

km for ozane and, depanding on the lidar setip, from 15

to 70 km for temperaure). Here we have peseted

same resuts o the celta valication for the two new

level 2 procesing aborithms for SQAMACHY (v5.01)

and MIPAS (ORM 16.0x).

For the MIPAS dataset,h¢ analysedozone and
temperatue data fall in the time period Janary 2005 to

Noverrber 2009, herdore alldata are inte optimsed
resdution. A-posteriori regularizatio is applied to the

main target parareters ad vertical averaging kael

matrices (AKMs) of te regdarized pofiles are
provided. The lidar oone pofiles have been convolved

with the averaging keels d the cdlocated MIPAS



ozme pofiles. Differenceswere burd to be wihin a
few percert. Specifically, in the pdar regon: above 20
km to 35 the difference is abat zerg above 3 km the
underestmation (Overestmation) by MIPAS (or the
lidar) is increasing © 15% at 45 km. In the mid-
latitudes: the fit is very good with a snall positive bias
(0 to 5%) in the MIPAS data. In the tropics: from 25 km
upwards to aout 40 km there & a peffect match ard
MIPAS is sligitly overestinating (5%) at the to.
Below the ozone maximum MIPAS @pears to be
overestimating ozore in most cases. &iilar resudts are
obtained in comparison © bdloonsonde dat.

The tenperature corparison sbwed thatthe bias is
within -6 K to +2 K andmostly within 1 to 2 K from the
lidar. An altitude offset of 500 m or larger (towvards the
equabr) is visible, hut its origin needs o be further
investigated as tle shft is not observed in the azone
data. With the operatioral processo the altitude
information wil be deived from the EQUWF pressue
to altitude grid, which may resdve tis isste.

For the SCIAMACHY level 2 vdidaton dataset
(version 5.0)) we focussed a the validation of the
ozme profiles casidering wheher the presece of
clouds affect te ozore retrieval. Additional data fran
microwave radiometers anl baloon sondes weae used
for the valdaton and ro averaing kernels were
applied.

The wndeaestmaton seenn most of the dat for the
previous vesion (3.01) is nowvw gore. In the mid-
latitudes, tre version5.01 data match the lidar profiles
within 5 percert. In the pdar regon thereis a \ariable
bias (-10% to +7%), increasng athigher altitideswith
the magnitude dep&ding on te use validaion
instrumert. In the tropcs there is a positie bas,
especially at laver altitudes. This may be due to sub
visualcirrus ad is to befurther investigated. Cloudfree
data resilt in a nore positive kbas for the tropics and
mid-latitudes and a nore regaive bias br the polar
region. However, the cloud free (all four cloud flags
equal to zerg data camprise a small part of the taal
dateset Finaly, conparing te different viewing
directiors, it was found that Easter profles have a
more negawve bias han profiles obsewved in the
Wesem direction. A dependence on the sm angle is
also seen for the sesrsdegladation. An isste with the
altitude regstration as alsoseenfor MIPAS nmay dso
influence tis.
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