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For more than 15 years, the European Space Agency (ESA) is providing atmospheric composition 
information to the scientific user community and operational services. From the beginning, ESA 
was aware that the applicability of the satellite data is determined by its quality, which needs to be 
secured through on-ground and in-flight calibration, and assessed in an independent manner 
through validation efforts. The NDSC was a cornerstone in the early validation of the GOME 
instrument that was launched in 1995 on-board ERS-2. In the beginning mainly focusing on the 
validation of total ozone columns the activity was later extended to other trace gases. From the 
start of GOME until its retirement this year, NDSC, and later NDACC, played a significant role in 
the GOME validation, contributing to the success of the instrument, which provides one of the 
most stable long-term ozone datasets. The successful cooperation between ESA and NDACC was 
continued in the era of ENVISAT, which was launched in 2002. SCIAMACHY complemented and 
increased the nadir capabilities provided by GOME, increasing the spectral range into the SWIR 
and NIR region. In addition with MIPAS, GOMOS and SCIAMACHY, ESA and its member states 
started to operate three limb sounding instruments which provide height resolved information on 
the chemical and dynamic state of the atmosphere between the upper troposphere and the 
mesosphere. For the validation of the new products, NDACC was providing key validation 
measurements with its instrumentation raging from UV to IR and in particular for the Ozone limb 
observations with the ozone LIDAR and MWR networks as well as the provision of sonde data. 
ESA is supporting the validation of ENVISAT data by NDACC since 2003 with the TASTE, Multi-
TASTE, EQUAL and VALID projects. ESA and NDACC are also closely working together in the 
definition of future Validation strategies and principles. Together with NASA, ESA and NDACC 
instrument working groups have released the Generic Earth Observation Metadata Standard 
(GEOMS) guidelines that describe the standard metadata definitions adopted for the correlative, 
experimental and model data archived for the EOS-Aura validation program, the Envisat 
calibration and validation campaign as well as the NDACC data. In addition NDACC has been 
strongly contributing to ESA’s Generic Environment for Cal/Val Analysis (GECA) project by 
sharing metadata information. The activity aims at providing scientists a generic, flexible tool to 
support existing and future satellite data calibration and validation exercises. To provide access to 
a wider range of correlative datasets, ESA in collaboration, with NDACC, NASA and other 
networks and agencies, is organising the Data Center Interoperability (DCIO) activity in which the 
partners are aiming at exchanging metadata on correlative data. ESA is co-funding the inter-
calibration of ground-based spectrophotometers and LIDARs in the frame of CEOS. The objective 
of the CEOS Intercalibration project is to ensure accuracy and consistency within global ground-



based networks, including NDACC and EARLINET, that monitor total ozone, aerosols and air 
quality. The activity focuses on the ground sensor calibration and inter-calibration to common 
international standards, and on the uniformity of auxiliary data and processing algorithms for 
Dobson/Brewer network sensors, EARLINET aerosol LIDARS and DOAS systems. A number of 
intercomparison activities have been supported by ESA in the frame of the project, including the 
CINDY Campaign in 2009 and Brewer/Dobson campaigns. While ENVISAT will continue 
operations until the end of 2013, ESA is preparing for future missions covering atmospheric 
composition. In response to GMES requirements the Sentinel-5 Precursor mission with the 
TROPOMI payload is planned to be launched at the end of 2014 and will provide measurement 
until the end of the decade. The Earth Explorer Missions ADM-Aeolus and EarthCARE, to be 
launched in 2013 and 2015, respectively, are designed to provide information on Aerosols and 
clouds. Within the frame of the Earth Explorer 7 and 8, two atmospheric composition missions, 
PREMIER and CARBONSAT, are candidate missions. Taking the responsibility to provide quality-
assessed data products to users and services, NDACC will play a central role in the validation of 
ESA missions in the future. 
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1-2 The Network for Detection of Atmospheric Compos ition Change and the 
NASA Atmospheric satellite program 
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NASA has a long tradition of remote sensing of the Earth’s Atmosphere with the goal of 
understanding both the fundamental processes that affect atmospheric chemistry and climate as 
well as understanding long-term changes in the atmosphere. The core of these observations is the 
NASA satellite program that makes comprehensive and global observations of both the 
stratosphere and troposphere. These started in the late 70s with the early TOMS instruments, and 
continue today with the various instruments operating both in the A-Train and morning orbit. The 
primary NASA Earth Science satellite is the EOS Aura, which is making complex and thorough 
observations of numerous species. Satellites are only a part of a well-designed observing system. 
While they don’t provide global coverage, ground based sensors provide key observations in that 
data can be provided that expand the number of species observed by satellites, provide higher 
precision and accuracy than provided by satellites, provide better temporal resolution data than 
many satellites provide, provide validation data for the satellites, and provide data over long terms 
more economically than satellites. Ground-based sensor programs also provide unique 
opportunities for training of young scientists in how to design observation systems and develop 
expertise in remote sensing and atmospheric processes. NASA has been a key investor and 
proponent in NDACC since it’s inception for all of the above reasons. With the aging of the Aura 
satellite, and no replacement on the horizon, NASA and other space agencies will need to rely on 
networks like NDACC to continue long term data sets of key atmospheric parameters in the next 
decade. 
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The independent calibration and validation of satellite experiments is a major goal of the Network 
for the Detection of Atmospheric Composition Change (NDACC). Since its official inception in 
1991, this network of high quality remote sounding stations has contributed to the geophysical 
validation of not far from sixty atmospheric composition missions. Beyond validation activities, 
NDACC supports satellite missions also with expertise in remote sensing, in calibration, in retrieval 
algorithms, and in atmospheric composition and processes at regional scale. Moreover, NDACC 
instruments complement satellite capabilities with continuous observations of species and at 
altitudes, precisions and resolutions not reachable from space. In return, satellite data records 
extend NDACC data to the global domain and to higher altitudes, and they provide data quality 
feedback to the stations, e.g., in terms of network homogeneity. After an overview of satellite 
programs and associated NDACC support over the last two decades, this paper introduces to 
current perspectives in satellite monitoring of atmospheric composition and climate. Dedicated 
initially to the monitoring of changes in the stratosphere with an emphasis on the evolution of the 
ozone layer, NDACC priorities and measurement capabilities have broadened considerably to 
encompass the overall atmospheric composition and links between climate change and 
atmospheric composition change. Priorities and capabilities of satellite missions have broadened 
in parallel. This paper also introduces to the new challenges NDACC is facing in response to these 
developing orientations. 
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Introduction 

Following the Montreal protocol and its amendments, the concentration of Ozone Depleting 

Substances (ODS) is decreasing slowly in the stratosphere. We expect a progressive recovery 

of the ozone layer during the next decades. However, due to complex interactions between 

radiative, dynamical and chemical processes in the atmosphere, the rate at which the recovery 

will take place is still very uncertain. Furthermore, the ozone layer is perturbed by external 

forcings like solar variability and volcanic eruptions. Accurate measurements of the 3D 

distribution of stratospheric ozone are strongly required to understand all causes of the ozone 

layer variability in order to better predict its future evolution. The global coverage can be only 

obtained from satellite observations and a validation with ground-based NDACC instruments 

is needed to assess the quality of the data. 

GOMOS 

The GOMOS instrument on board ENVISAT, launched in 2002 in a helio-synchronous polar 

orbit, measures the vertical profiles of stratospheric and mesospheric constituents using the 

stellar occultation technique with a UV-visible spectrometer (250 to 680 nm) for O3, NO2, 

NO3 and aerosols and two dedicated near IR spectrometers centred at 760 nm for O2 and 940 

nm for H2O (Bertaux etal., 2010). The atmospheric transmission is computed by the ratio 

between a star spectrum measured through the atmosphere and a reference star spectrum 

measured outside the atmosphere. Vertical profiles of constituents are obtained by a global 



spectral inversion followed by a vertical inversion using a Tikhonov regularization (Kyrölä et 

al., 2010). GOMOS is by principle an auto-calibrated instrument because it does not depend 

on radiometric calibration. Data presented here are obtained with version IPF 5.0 of the 

algorithms. In this version, due to the ageing of the CCD detector, creating an increase in the 

dark charge not perfectly corrected by the algorithms, a bias was detected in the difference 

between GOMOS and NDACC ozone lidars during recent years (Keckhut et al., 2010). For 

this reason results concerning trends will not be presented. A full reprocessing of GOMOS 

data since 2002 using IPF 6.0 algorithms is in progress. This new version handles correctly 

the CCD dark charge increase and the bias is expected to disappear. 

The climatology for the period 2002-2011 of ozone and NO2 from 20 to 60 km was built. 

Monthly mean profiles in 15° latitude bands are com puted using occultations of the 70 

brightest stars following the method described by Hauchecorne et al. (2005). 

Results 

Figure 1 presents the time evolution of tropical O3 and NO2 anomalies relative to their mean 

value over the period. Between 20 and 45 km the O3 evolution is dominated by positive and 

negative anomalies with a periodicity of 2 to 2.5 years and with a downward propagation of 

the phase. Hauchecorne et al. (2010) to the Quasi-Biennial Oscillation (QBO) attributed it. 

Above 45 km the evolution is dominated by the annual cycle. The NO2 plot is noisier but we 

can also observe the presence of the QBO signal up to 40-45 km. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 1: Time evolution of the O3 (top) and NO2 (middle) relative anomalies (difference with 



their mean value over the period) in the tropical band 15°S-15°N. Bottom QBO wind at 

10hPa (red) and 30 hPa (blue) from http://www.geo.fuberlin. 

de/met/ag/strat/produkte/qbo/singapore.dat 

The correlation between O3 and NO2 anomalies (Figure 2) shows a weak anti-correlation 

below 28 km, a strong anti-correlation between 28 and 37 km and a moderate correlation 

between 37 and 50 km. Hauchecorne et al (2010) interpreted these features considering the 

different regimes controlling the tropical stratospheric ozone. Below 28 km ozone is 

controlled by the dynamics, depending on the rate of upwelling in the tropical pipe, and 

between 28 and 37 km ozone is controlled by the photochemistry of NOy species, which 

explains the anti-correlation observed between O3 and NO2. The link between O3, NO2 and 

the QBO wind can be followed by looking at the QBO wind at 10 and 30 hPa shown in the 

bottom part of Figure 1. 

 

Figure 2: Correlation coefficient between O3 and NO2 anomalies in latitude band 15°S-15°N. 

Conclusion 

Nine years of stratospheric O3 and NO2 GOMOS data have been analysed to follow the 

variability of the ozone layer. This analysis confirms the modulation of O3 and NO2 by the 

QBO at tropical latitudes. The present study has been made with IPF 5.0 version of the 

processor that suffers from possible biases in dark charge correction preventing to determine 

reliable trends over the period. The reprocessed data using IPF 6.0 will be available in the 



coming months. In this new version the bias has been removed. A full analysis, covering all 

latitudes, will be made using this new data set to determine trends in O3 between 2002 and 

now and to compare them with those obtained from NDACC ozone idars. 

References 

Bertaux JL, Kyrola E, Fussen D, A. Hauchecorne, F. Dalaudier, V. Sofieva, J. Tamminen, 

F. Vanhellemont, O. Fanton d'Andon, G. Barrot, A. Mangin, L. Blanot, J. C. Lebrun, 

K. Pérot, T. Fehr, L. Saavedra, G. W. Leppelmeier, and R. Fraisse, Global ozone monitoring 

by occultation of stars: an overview of GOMOS measurements on ENVISAT , Atmos. Chem. 

Phys., 10 12091-12148 2010. 

Hauchecorne, A.; Bertaux, J.-L.; Dalaudier, F.; Cot, C.; Lebrun, J.-C.; Bekki, S.; Marchand, 

M.; Kyrölä, E.; Tamminen, J.; Sofieva, V.; Fussen, D.; Vanhellemont, F.; Fanton d'Andon, 

O.; Barrot, G.; Mangin, A.; Théodoreore, B.; Guirlet, M.; Snoeij, P.; Koopman, R.; Saavedra 

de Miguel, L.; Fraisse, R.; Renard, J.-B., First simultaneous global measurements of nighttime 

stratospheric NO2 and NO3 observed by Global Ozone Monitoring by Occultation of Stars 

(GOMOS)/Envisat in 2003, J. Geophys. Res., 2005, Vol. 110, No. D18, D18301 

10.1029/2004JD005711 

Hauchecorne, A., J. L. Bertaux, F. Dalaudier, P. Keckhut, P. Lemennais, S. Bekki, M. 

Marchand, J. C. Lebrun, E. Kyrölä, J. Tamminen, V. Sofieva, D. Fussen, F. Vanhellemont, 

O. Fanton d'Andon, G. Barrot, L. Blanot, Thorsten Fehr, and L. Saavedra de Miguel, 

Response of tropical stratospheric O3, NO2 and NO3 to the equatorial Quasi-Biennial 

Oscillation and to temperature as seen from GOMOS/ENVISAT, Atmos. Chem. Phys., 10, 

8873-8879, 2010. 

Keckhut, P., A. Hauchecorne, L. Blanot, K. Hocke, S. Godin-Beekmann, J.-L. Bertaux, 

G. Barrot, E. Kyrölä, J. A. E. van Gijsel, and A. Pazmino, Mid-latitude ozone monitoring with 

the GOMOS-ENVISAT experiment version 5: the noise issue , Atmos. Chem. Phys., 10, 

11839-11849, 2010 

Kyrola E, J. Tamminen, V. Sofieva, J. L. Bertaux, A. Hauchecorne, F. Dalaudier, D. Fussen, 

F. Vanhellemont, O. Fanton d'Andon, G. Barrot, M. Guirlet, A. Mangin, L. Blanot, T. Fehr, 

L. Saavedra de Miguel, and R. Fraisse, Retrieval of atmospheric parameters from GOMOS 

data, Atmos. Chem. Phys., 10, 11881-11903, 2010 



 

Oral Session 

1-5 The VALID-2 project – using NDACC lidars for th e validation of satellite-
retrieved ozone and temperature profiles 
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and the VALID team NDACC  

Validation is an important aspect of geophysical data retrieval from satellites. Knowledge of the 
quality and uncertainties of satellite measurements while monitoring them during the instrument’s 
lifetime is essential for the use of satellite data in trend analyses and process studies. Ground-
based measurements can be used for validation because they offer a good long-term quality and 
have the capability of bridging gaps for trend studies between missions and instrument changes. 
The VALID-2 project funded by the European Space Agency (ESA) is a continuation of the 
EQUAL and VALID projects that started in 2004. The aim of these projects is the validation and 
quality assessment of satellite-retrieved ozone and temperature profiles using collocated NDACC 
lidar observations at thirteen pole-to-pole distributed sites. Throughout these projects, the 
comparisons with lidar measurements have assisted in the validation and development of new 
processor versions of the atmospheric instruments on board of ESA’s Envisat satellite, namely 
MIPAS (Michelson Interferometer for Passive Atmospheric Sounding), GOMOS (Global Ozone 
Monitoring by Occultation of Stars) and SCIAMACHY (SCanning Imaging Absorption spectroMeter 
for Atmospheric CHartographY). Since these three Envisat instruments use different observation 
techniques, getting a coherent picture of atmospheric processes requires accurate knowledge of 
data quality and error sources. In return, these comparisons also provide a means to verify the 
lidar measurements and to carry out analyses of differences and correlations between different 
sites. The VALID-2 project has a multi-mission scope. Therefore, in addition to validation of 
operational data from the Envisat instruments, data from other sensors such as ACE FTS 
(Atmospheric Chemistry Experiment - Fourier Transfer Spectrometer), OMI (Ozone Monitoring 
Instrument) and GOME-2 (Global Ozone Monitoring Experiment-2) as well as alternative scientific 
retrievals are also being examined using the over 11000 lidar profiles made available through the 
EQUAL and VALID projects until now. The secondary objective of the project is to investigate the 
possibilities of validating tropospheric NO2 profiles (by lidar and sonde). This involves estimating 
the quality of the ground-based measurements and identification of suitable satellite-sensor 
products for comparison. We will present the latest comparison results for ozone and temperature 
profiles for the most recent versions of the Envisat sensors’ data and discuss dependencies on 
latitude, observation characteristics, data selection and collocation criteria. The validation results 
for these level 2 products should correspond to MIPAS version 5, SCIAMACHY version 6 and 
GOMOS version 6 profiles provided that these data will be available on time. 
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Various limb sounding satellite instruments have provided data records on the vertical distribution 
of atmospheric ozone which, all together, span over nearly 30 years. Recent international research 
efforts, like the SPARC/IO3C/WMO-IGACO initiative on the Assessment of Past Changes in the 
Vertical Distribution of Ozone and ESA’s Climate Change Initiative project on ozone as an 
Essential Climate Variable, require urgently a better knowledge of the long-term stability and 
mutual consistency of those data records. To this end, we used as a standard transfer the ground-
based data acquired by ozonesonde and lidar networks affiliated with NDACC and WMO’s GAW, 
to detect long-term drifts in major ozone profile data records measured by twelve limb sounders, 
namely: ERBS SAGE-II, UARS HALOE, SPOT-3 POAM-II, SPOT-4 POAM-III, Odin OSIRIS and 
SMR, Envisat GOMOS, MIPAS and SCIAMACHY, SCISAT-1 ACE-FTS and ACE-MAESTRO, and 
EOS-Aura MLS. From pole to pole and from the tropopause through the middle stratosphere, 
potential drifts between satellite and ground-based measurements are derived using a robust 
regression method and these are discussed for each satellite data record. 
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Total ozone column measurements from the SAOZ network have been revised using the 

spectral analysis and AMFs settings recommended by the NDACC UV-Vis Working Group 

and extensively describe in a companion paper (Hendrick et al.). For evaluating the change in 

the SAOZ performances when applying the NDACC recommendations, the full SAOZ data 

set has been reprocessed and compared to collocated reference ground-based Dobson and 

Brewer measurements at Observatoire de Haute Provence (OHP; 44°N, 5.5°E) and Sodankyla 

(67°N, 27°E), respectively, as well as to satellite  overpass observations from the TOMS, 

GOME-GDP4, SCIAMACHY-TOSOMI, SCIAMACHY-OL3, OMI-TOMS, and OMIDOAS 

data products for a selection of eight stations. A significant improvement is obtained 

after applying the new O3 Air Mass Factors (AMFs), although systematic seasonal differences 

between SAOZ and all other instruments remain. These are shown to mainly originate from 

(i) ozone absorption cross sections temperature in the UV and solar zenith angle (SZA) 

dependencies in the satellites retrievals, (ii) longitudinal modulations and seasonal variations 

of tropospheric ozone columns not accounted for in the TV8 profile climatology used for 

calculating the AMFs, and (iii) uncertainty on the stratospheric ozone profiles at high latitude 



in the winter in the TV8 climatology. For those measurements mostly sensitive to 

stratospheric temperature like TOMS, OMI-TOMS, Dobson and Brewer, or to solar zenith 

angle like SCIAMACHY-TOSOMI, the application of temperature and SZA corrections 

results in the almost complete removal of the seasonal difference with SAOZ, improving 

significantly the consistency between ground-based and satellite total ozone observations. The 

sometimes still significant mean biases remaining after applying those corrections could come 

from systematic errors in the absolute values of the O3 cross sections in both the UV and 

visible wavelength ranges. 

 

Latitudinal variation of mean bias (top) and standard deviation (bottom) of the relative 

difference satellite – SAOZ V2. All satellites measurements are showing very similar mean 

biases with SAOZ, as well as dispersion, with the exception of SCIA-TOSOMI in Dumont 

d’Urville for an unknown reason.
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The MOHAVE 2009 campaign took place at the Jet Propulsion Laboratory Table Mountain Facility 
(California) in October 2009. The campaign hosted a large number of instruments and techniques 
which allowed intensive measurements of water vapor mixing ratio between the ground and the 
mesopause, as well as Total Precipitable Water (TPW). Six ground-based lidars from three 
different Research groups provided over 350 hours of water vapor, ozone, and temperature 
measurements. Over 50 balloons were launched with RS92 PTU sondes onboard. Twenty of them 
included Frost-point Hygrometers (FPH), allowing thorough validation of the lidar measurements. 
The water vapor profiles obtained from the JPL lidar showed no systematic bias with the FPH up 
to 20 km. One-hour time integration allowed the JPL profiles to reach 14-15 km, and 50-hour 
averages allowed the profiles to reach 20 km with approximate 20% precision. Outstanding water 
vapor-ozone correlations were observed, and revealed a major stratospheric intrusion on October 
20. Two GPS receivers, two microwave radiometers, and two Fourier Transform Spectrometers 
provided near-continuous measurements of TPW. Excellent agreement between all instruments 
was found, suggesting that these techniques can become important complements to the 
radiosonde for routine lidar calibration 
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The IASI instrument was launched at the end of 2006 onboard the MetOp satellite. It uses the 
thermal infrared spectral range to monitor the atmospheric composition at any location two times 
per day, and is measuring some of the chemical components playing a key role in the climate 
system and pollution issues. This instrument has an unprecedented horizontal resolution and 
coverage, from which global, regional and local distributions of trace gas concentrations can be 
derived. After a presentation of IASI, the poster shows intercomparisons between ozone profiles 
monitored by IASI and by different NDACC SAOZ observation. The focus is particularly made on 
Concordia and Dumont d'Urville stations (Antarctic). A detailed comparison with measurements 
obtained from balloons sondes during the Concordiasi campaign is also provided. Finally, IASI 
performances over Antarctica are evaluated and limitations are discussed. 
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We present results of ozone profile validation from the Global Ozone Monitoring Instrument 2 
(GOME-2) on board of MetOp-A with lidars and microwave radiometers from the NDACC network. 
This work is part of the validation activities of EUMETSAT's Ozone and Atmospheric Chemistry 
Monitoring Satellite Application Facility (O3M-SAF). The goal is to assure high and known quality 
of ozone profiles throughout the lifetime of the GOME-2 instrument. MetOp-A is the first of a series 
of three European polar orbiting satellites and was launched in October 2006. GOME-2 carried on 
MetOp-A is a nadir scanning instrument that measures UV-VIS back scattered solar light with a 
relatively high spectral resolution (0.2-0.4 nm). KNMI runs the Ozone Profile Retrieval Algorithm 
(OPERA) to calculate a vertical profile of partial ozone columns in 40 layers from the surface up to 
0.1 hPa. The algorithm uses GOME-2 radiance measurements in the range from 260 to 330 nm 
and tries to find the ozone profile best matching the original radiance measurements. This is done 
by iteratively adjusting the knowledge of the state of the model atmosphere via a forward model 
and the optimal estimation inversion technique. The vertical ozone profiles on a 640x40 km2 
footprint are produced operational and are publicly available to users in Near real-time (3hours 
after sensing) via EUMETCast and offline via the EUMETSAT archive. Additionally, ozone profiles 
on high resolution ground pixels (80x40 km2) are calculated for demonstrational purpose. We use 
lidar and microwave ozone profiles from the NDACC network as quality approved ground based 
reference for validation of GOME-2 ozone profiles. Comparisons show that the mean relative 
differences between the NRT GOME-2 and the reference ozone profiles are less than 10% in the 
lower troposphere (< 6km) and the lower to mid stratosphere (13km-37km). Above 37km an 
increasing negative bias is observed which achieves its maximum of -24±5% between 43km and 
47km altitude. At high latitude stations (Andoya and Ny Alesund) the GOME-2 profiles are 
significantly higher than the reference instruments (up to 80%) in the UTLS region. At Ny Alesund 
the negative bias in the stratosphere is constantly increasing reaching a relative difference of -60% 
at the highest layers. At mid-latitude stations in the Northern and the Southern hemisphere 
seasonal variations of monthly mean differences are found in the lower stratosphere, with a 
positive bias of up to 18 ±10% in summer and a negative bias of up to -15 ±8% in winter. Above 
35 km this seasonal variation is inverted. A weak correlation of relative differences with solar 
zenith angle is observed at these stations, which is in accordance with the seasonal variation. The 
high resolution GOME-2 profiles have a significantly smaller bias in the upper stratosphere at Ny 
Alesund with a maximum relative difference of -17%. At all other stations the negative bias above 
37 km is reduced by 2-3% only. The positive bias in the UTLS at the two northern stations is half 



that of the coarse resolution profiles. Time series of monthly mean differences at the mid latitude 
stations are also observed in the high resolution profiles but are reduced by app. 5%. In 
conclusion, GOME-2 ozone profiles have sufficient accuracy to be used to study stratospheric 
ozone, related to climate and UV, and tropospheric ozone related to air quality and climate. Ozone 
profiles from NDACC stations are valuable data for validation of GOME-2 ozone profiles and will 
be used for operational validation in the future O3M-SAF project phase. 
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Since the 1980s, the vertical distribution of atmospheric ozone has been measured from space by 
various limb sounding instruments, each one exploiting its particular measurement approach and 
retrieval technique. To ensure proper interpretation and foster synergistic use of the 
complementary information provided by major satellite data records, it is important to document 
their traceability to reference measurements and assess their mutual consistency. Therefore we 
present a coordinated validation assessment of twelve satellite limb sounders, spanning all 
together over 25 years of ozone profile monitoring, namely: ERBS SAGE-II, UARS HALOE, 
SPOT-3 POAM-II, SPOT-4 POAM-III, Odin SMR and OSIRIS, Envisat GOMOS, MIPAS and 
SCIAMACHY, SCISAT-1 ACE-FTS and ACE-MAESTRO, and EOS-Aura MLS. The data acquired 
from pole to pole by ozonesondes and lidars affiliated with NDACC and WMO’s GAW, are used as 
a standard transfer to investigate the long-term stability of each individual satellite data record, the 
meridional and vertical structures of their quality, and their mutual consistency despite sometimes 
large differences in temporal coverage and geographical sampling between the satellite missions. 
For each satellite we report also the meridian structure of its threshold altitude, below which the 
statistical data quality degrades rapidly. 
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The Ground-Based Millimeter-wave Spectrometer (GBMS) measures rotational emission spectra 
of middle atmospheric trace gases, with a spectral window of 600 MHz tunable between 
approximately 230 and 280 GHz and a resolution of up to 65 kHz. It was designed and built at the 
State University of New York at Stony Brook in the early 90’s and since then has been regularly 
upgraded and operated at a variety of sites in both hemispheres, at polar and mid-latitudes. In 
view of a growing need for long-term data sets of stratospheric constituents, in January 2009 we 
resolved to establish a long-term GBMS observation site at the Arctic station of Thule Air Base 
(76.5°N, 68.8°W), Greenland, in order to track the long- and short-term interactions between the 
changing climate and the seasonal processes tied to the ozone depletion phenomenon. Since 
then three winter campaigns were carried out from Thule during the period January-March 2009, 
2010 and 2011. Observations of O3, HNO3, CO and N2O were performed, mostly on a daily 
basis, except during periods characterized by poor weather conditions. In this study we compare 
GBMS stratospheric O3 and HNO3 measurements obtained during these three winter periods at 
Thule with colocated satellite observations from the Aura Microwave Limb Sounder (MLS) 
experiment. The Version 3.3 Aura MLS O3 and HNO3 data sets have a resolution of about 2.5 km 
and 3-4 km, respectively, in the stratosphere. The MLS precisions range from 0.1 to 0.6 ppmv for 
O3 and about 0.6-0.7 ppbv for HNO3 throughout the stratosphere. Based on preliminary 
comparisons with correlative data sets and on results obtained for v2.2, systematic uncertainties 
are estimated to lead to HNO3 measurements biases that vary between ±0.5 and ±2 ppbv and 
multiplicative errors of ±5 –15% throughout most of the stratosphere. Similarly, a systematic 
uncertainty of the order of 5-10% has been assessed for O3 data. As for the GBMS, the O3 pure 
rotational transition line at 276.923 GHz is observed with a ~1.5-hour integration, while the weaker 
HNO3 spectrum, represented by a cluster of superimposed emission lines centered at 269.1 GHz, 
needs about 4 hours of integration. Taking advantage of the dependence of the line broadening on 
atmospheric pressure, inversion techniques allow the retrieval of vertical profiles from 
approximately 15 to 50 km. In the past, GBMS O3 and HNO3 spectra were deconvolved using a 
Chahine-Twomey (C-T) and an iterative constrained Matrix Inversion (MI) technique, respectively. 



More recently, the GBMS retrieval algorithm has been updated to an Optimal Estimation Method 
(OEM) in order to conform to the standard of the NDACC microwave group, and to easily provide 
retrievals with a set of averaging kernels that grants more straightforward comparisons with other 
data sets. The nominal vertical resolution of the retrieved profiles (defined as the FWHM of 
averaging kernels) is ~8 km for O3 and ~ 12 km for HNO3, although the inversion technique 
locates the maximum of the mixing ratio profile of both species with a much better accuracy (i.e., ~ 
±1 km). The 1σ uncertainty of O3 and HNO3 mixing ratio vertical profiles depends on altitude and 
is estimated at ~15% or 0.3 ppbv, whichever is larger. Each GBMS profile is compared to the 
closest MLS profile, with coincidence criteria of ±10° longitude, ±2.5° latitude and ±12 h. In order 
to avoid of severely compromising the comparison between GBMS and Aura MLS observations 
due to the much higher resolution of the satellite-derived data sets, we ‘convolved’ the MLS 
profiles using the GBMS averaging kernels before directly comparing the two data sets. For both 
species a fairly good agreement between MLS and GBMS profiles is observed, with the GBMS 
showing, however, a ~10-15% low bias at the mixing ratio peak. 
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Total ozone column measurements are routinely performed at sunrise and sunset using ground-
based zenith-sky UV-visible spectrometers deployed all over the world in about 35 stations, most 
of them belonging to the NDACC network. Despite several cross evaluation exercises, it has been 
recognized that the O3 data sets still suffer from residual inconsistencies mainly due to (1) 
differences in the DOAS settings, in particular the ozone absorption cross sections used for the 
various instruments and (2) a lack of homogeneity in the air mass factors (AMFs) applied to O3 
slant columns for their conversion into vertical columns. 

Recently, the NDACC UV-visible Working Group has formulated new recommendations aiming at 
improving the homogeneity of the UV-visible total ozone measurements. Regarding the spectral 
analysis, a list of recommended settings has been established including fitting interval, cross 
sections data sets, as well as wavelength calibration and residual amount in the reference 
spectrum determination methods. In case of AMFs, look-up tables (LUTs) based on the column-
resolved TOMS version 8 (V8) O3 profile climatology are now used, which allows accounting for 
the dependence of the AMF on the latitudinal, seasonal, and daily variations of the ozone vertical 
profile. The calculated LUTs, only suitable for background aerosols conditions, depend on latitude, 
day of year, O3 column, wavelength, SZA, surface albedo, and station altitude. The error budget 
on the AMFs as well as on the spectral analysis has been evaluated. In a companion paper 
(Goutail et al.), the impact of the recommendations is investigated through their application to 
measurements from the NDACC/SAOZ (Système d’Analyse par Observation Zénithale) network. 
The consistency of the new SAOZ data sets with correlative ground-based and satellite UV 
observations is also discussed there. 
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GOMOS (Global Ozone Monitoring by Occultation of Stars) is the first space instrument dedicated 
to the study of the atmospheric composition by the technique of stellar occultations. The 
experiment aboard ENVISAT satellite was designed in order to evaluate stratospheric ozone 
concentration and trend (and other atmospheric minor constituents) over the Earth during the last 
few years. Ozone concentration is variable in space and time. Spatial variability may be observed 
by a sufficient number of occultations and time variability by recording time series. GOMOS 
measurements are randomly distributed in space and time. A continuous field at grid points evenly 
spaced is needed to obtain a good estimate of ozone trend, climatology and variability. It allows 
also to interpolate satellite data at the location of ground-based NDACC measurements for 
validation. 
We present here a comparison between a heavy method consisting in the assimilation of GOMOS 
data in the high resolution isentropic transport model MIMOSA using a sub-optimal Kalman filter 
with a simple and fast multidimensional interpolation method: kriging. 
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The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) was developed to 
be aboard the Japanese Experiment Module (JEM) on the International Space Station. SMILES 
was successfully launched by the H-IIB rocket with the H-II Transfer Vehicle on September 11, 
2009, was attached to JEM on September 25, and started atmospheric observations on October 
12. Unfortunately, SMILES observations have been suspended since April 21, 2010 due to the 
failure of a critical component in the submillimeter local oscillator. However, high-sensitivity 
measurements of minor species had been performed by a receiver using superconductor- 
insulator- superconductor (SIS) mixers, cooled to 4.5 K by a compact mechanical cryocooler. Thus 
global and vertical distributions of about ten atmospheric minor constituents related to the ozone 
chemistry in the middle atmosphere are derived. The mission objectives are as follows: i) To 
demonstrate a 4-K mechanical cooler and superconducting mixers in the environment of outer 
space for submillimeter limb-emission sounding and ii) To measure atmospheric minor 
constituents in the middle atmosphere globally in order to gain a better understanding of factors 
and processes controlling the stratospheric ozone amounts and those related to climate change. 
The results we have obtained so far demonstrate SMILES abilities to observe the atmospheric 
minor constituents in the middle atmosphere. See Kikuchi et al. (2010) in more detail. We have 
been processing the SMILES data for the Level 2 product, and this summer we plan to release the 
version 2 which will be open to the public. In this presentation we will show results from the 
comparisons of the SMILES data with other existing satellite data sources, such as from SCISAT-
1/ACE-FTS, Aura/MLS, TIMED/SABER, and Envisat/MIPAS. Target spices are focused on O3, 
HCl, temperature, HNO3, ClO. Statistical results are calculated as a coincidence basis, and 
differences between the two are summarized as zonal means and standard deviations for 
10°latitude bins. In the version 1.3 product that i s the latest version at this moment, we have the 
following results, and they will be further improved in the version 2 product. The SMILES O3 



measurements are well determined within 5% differences at 20-40 km, but they have a negative 
bias with respect to ACE-FTS and MLS at around 50 km. The SMILES HCl measurements are 
close to the other instruments below 45 km, but they have a negative bias with respect to ACE-
FTS and MLS at around 50 km. The SMILES temperature measurements are determined within 
4% difference. Including the gain non linearity correction in the version 2, they will be much closer 
to the other datasets below 45 km. HNO3: The SMILES HNO3 measurements seem to be in good 
agreement with the other datasets, but they have a large margin of errors. The SMILES ClO 
measurements are in good agreement with MLS v2.2 and v3.3. References: Kikuchi, K., et al. 
(2010), Overview and early results of the Superconducting Submillimeter‐Wave Limb‐Emission 
Sounder (SMILES), J. Geophys. Res., 115, D23306, doi:10.1029/2010JD014379. 
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The ENVISAT platform, launched by ESA on March 2002, is equipped with a unique set of 
sensors dedicated to Atmospheric-Chemistry studies: GOMOS, MIPAS and SCIAMACHY. These 
sensors allow measuring the full range of atmospheric trace gases, from the Oxygen, Nitrogen and 
Sulfur compounds to clouds, aerosol and temperature. In addition, at the end of their expected 
lifetime (end 2013) they will provide a considerable time series of geophysical parameters that are 
of vital interest for climate studies and trend analysis. The operational monitoring of the data 
products is a complementary activity to long term geophysical validation with the support of the 
NDACC observations. The idea of this paper is to promote the usage of the ESA-ENVISAT 
Atmospheric Chemistry dataset within the NDACC community through a presentation of the quality 
control process implemented for the ESA operational datasets. The goal of the quality control is to 
provide valuable geo-physical products to the validation teams and in return to make use of the 
validation measurements for further improving the quality of the ESA products. The relevance of 
the ESA dataset for the validation community is due to its well documented and quality-controlled 
calibration and processing approach. In fact, the quality of the ESA products is closely monitored 
on a daily and long term basis and the upgrades of the operational processor are carefully 
documented and tested in order to guarantee to the users’ community a defined standard of 
quality. In addition, the scientific validity of the ESA geo-physical products is accurately 
determined, thanks to a well established calibration and validation scheme. For each single 
product, the quality control information is provided online through dedicated web sites. This paper 
provides to the validation teams the most up-to-date status on the ESA operational database for 
GOMOS, MIPAS and SCIAMACHY missions. The recent upgrades in the ESA processor 
(GOMOS V6, MIPAS V5 and SCIAMACHY V5) will be detailed and the planned algorithm 
evolution will be reported. The quality control process and the accuracy of the geo-physical 
products will be documented on the basis of the adopted monitoring baseline and with respect to 
the validation results. Some highlights will be presented, showing the potential of the ESA 
operational products for supporting a large number of scientific applications, such as ozone-hole 
monitoring, volcanic ash detection and analysis of atmospheric composition changes during the 
past years. 

 

 



 

Poster Session 

1P-9 Sixteen years of temperature profiling with th e NDACC stratospheric 
ozone lidar at Lauder, New Zealand 

J.A.E. van Gijsel KNMI/RIVM  

D.P.J. Swart RIVM  

P. Stammes KNMI  

I.S. McDermid California Institute of Technology 

 T.J. McGee NASA GSFC  

G. Bodeker NIWA  

Monitoring of stratospheric temperature profiles is important to keep track of and increase the 
understanding of climate change. For instance, it is expected that the increase in atmospheric 
CO2 will lead to a decreasing trend in stratospheric temperatures. Such a decrease in 
stratospheric temperatures will also affect the recovery of the ozone layer as the speed of 
chemical reactions is reduced and a larger volume of polar stratospheric clouds, on which ozone 
destruction can take place, may be formed such as in the Northern Hemisphere winter of 
2010/2011 over the Arctic pole (see for example 
http://www.esa.int/esaCP/SEMIF24SZLG_index_0.html). A unique tool to monitor temperatures 
over a large range of altitudes with a high resolution and good precision is offered by lidars. The 
RIVM stratospheric ozone lidar was developed in Bilthoven, the Netherlands, around the 
beginning of the 1990s. However, it was decided not to operate the lidar there but rather on the 
Southern Hemisphere, considering that measurements on the Southern Hemisphere (SH) would 
provide more useful information than on the Northern Hemisphere, given the absence of an ozone 
lidar in the SH mid-latitudes and closeness to the Antarctic ozone hole. The relative proximity of 
Bilthoven to the lidar sites of OHP and Hohenpeissenberg and the high cloud coverage in the 
Netherlands were additional reasons. Lauder in New Zealand was selected as the best location 
based on the available instruments and site support and its good cloud statistics. The instrument 
was shipped from the Netherlands and set-up in 1994 and the first useful ozone measurements 
were obtained in December of that year. Following adjustments made during the first 
intercomparison campaign in April 1995, the first usable temperature profiles could be obtained. A 
second intercomparison campaign was held in April 2002 and a new laser was implemented in 
September 2007. The retrieval of temperature profiles besides ozone profiles was however never 
fully operational and algorithm development continued in 2010/2011. The temperature profiles 
obtained with this new algorithm will be compared with the NDACC traveling lidar standard during 
the third intercomparison campaign that will take place in June/July 2011. Here we will present the 
first full time series of processed data and show a trend analysis. Comparisons are made with 
sonde, satellite, lidar and model profiles. 
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Because of its impact on the climate, water vapour is a very important constituent in the 
atmosphere. In this study we analyse integrated total columns measured at Observatoire de 
haute-Provence, obtained using ground-based as well as satellite observations from 1994 until 
2009. H2O measurements made by TELLODIE and SAOZ ground-based instruments, and 
SCHIAMACHY, GOME and GOME2 space experiments are compared using common statistical 
methods. Monthly as well as daily average are analysed in order to sort out variability and its 
confidence level, extrapolated from the intercomparison. Analysis of affecting effects on 
measurements is also analysed and locations surrounding the Mediterranean are then analysed 
and discussed. 

 

 

 


