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Introduction 
 
 
 
 
Dear Colleague,  
 
The ESA ENVISAT mission has recently come to an unforeseen ending. Nonetheless, ten years of 
atmospheric science measurements have been taken by the remote sensing systems onboard. The SCanning 
Imaging Absorption SpectroMeter for Atmospheric ChartograpHY instrument, shortnamed SCIAMACHY, was 
one of them. This instrument has produced vast amounts of scientifically sound data, as confirmed by 
validation, during the ‘antropocene’. An up-to-date track record of these successes and an excellent portal to 
the data can be found on the dedicated www.sciamachy.org website, where links to many other interesting 
sites can also be found. 
 
The Great SCIAMACHY Validation Assessment was launched to identify where improvements could and 
needed to be made to the SCIAMACHY data record. For this purpose, an assessment questionnaire was sent 
to calibration experts, algorithm developers, validation scientists and end-users of SCIAMACHY data, to 
approach this challenge from various perspectives. In this report we compile the responses received, 
complemented by the comments and suggestions received at SCIAMACHY Science Advisory Group meetings, 
from ESA and an intensive discussion with members from the NL-SCIAVISIE group (Ilse Aben, Piet Stammes, 
Ankie Piters and Annelise du Piesanie). Given the fact that ENVISAT, and thus SCIAMACHY, is no longer 
active, some of proposed actions are no longer feasible. Nevertheless, many of the identified issues are of 
importance for other and/or future missions.  
 
The response from the SCIAMACHY community indicates where needs exist and thus where to focus our 
attention. For numerous data products we received detailed replies, describing the challenge and defining 
possible solutions. However, the reader should keep in mind that the overview presented here is by no 
means offering a complete picture.  
The assessment presented here is grouping the recommendations by type of action: SCIAMACHY algorithm 
development, availability of correlative data, additional validation sites, ground-based data improvement, 
validation instrument development, upgrade of validation instruments, support for ground-based 
observations and campaigns. As is clear, most of the categories are related to correlative validation data. 
The first category effectively covers recommendations regarding level 1 quality and level 2 algorithm 
development to the SCIAMACHY quality working group.  
We hope that this table can be of use (1) to determine required efforts to strengthen validation for 
other/upcoming missions and (2) to the SCIAMACHY quality working group meeting to set priorities for 
further algorithm improvements. 
 
Best regards, 
 
Co-chairs SCIAVALIG: 

Andreas Richter - IUP, Bremen, Germany 
Jean-Christopher Lambert - BIRA, Brussels, Belgium 
Anne van Gijsel - KNMI, De Bilt, Netherlands  
 
with special thanks to Mark Kroon (formerly at KNMI) for his contribution to this activity and Ilse 
Aben (SRON) for providing a lot of feedback and a summary of the activities needed for the SWIR 
products. 
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1. Outcomes of the great SCIAMACHY validation assessment 
 

The assessment clearly indicates that imperative validation needs exist for the more exotic UVVIS data products, like BrO and OClO, largely because of the lack of 
correlative data. Here dedicated campaigns are suggested to capture challenging conditions such as bromine explosions. Imperative validation needs also exists for 
the SWIR and NIR data products, such as CO, CO2, CH4, H2O and HDO. Here the strengthening of the funding position of ground based NDACC and TCCON stations 
is suggested to determine and warrant data quality and continuity, as well as feasible strategic expansions of these networks by quality-proven existing systems and 
promising new systems, to cover key source regions on the globe. For other data products, more in-depth algorithm and validation studies are suggested, less costly 
but equally important, not necessarily to be performed within the operational time frame of ENVISAT. A more detailed summary is provided below, followed by an 
overview table grouping the feedback by type of action. 
 

Level 1 issues 
Various feedback forms direct at possible issues in the level 1 data. For example, three users point out the need to investigate the reason for the trend visible in 
total ozone columns (TOC) which is expected to originate from problems in the level 1 data. Also the quality of the derived UV-index is directly related to that of the 
TOC. Further feedback in this category deal with SCIAMACHY (ir)radiance validation and the quality of the determined tangent heights in the limb products. 
 

UV/VIS products 
It was also indicated that the quality of ozone profiles in the tropics and polar regions needs to be improved. A suggestion was to increase the portion of data points 
in such regions during the verification of the algorithm development as it is currently relatively biased towards the mid-latitudes (e.g. mid-latitudes are over-
represented in the small dataset, making it difficult to assess the quality outside this region). This is also something to be considered by the SCIAMACHY quality 
working group (SQWG) and will be forwarded to them. 
For bromine oxide (BrO), a lack of validation data has been identified by various data users. A small balloon campaign dedicated to measurements in the UTLS in 
the tropics for BrO limb profiles would have been useful. Additional validation data (amongst which MAX-DOAS and ground-based zenith-sky spectrometers) in the 
polar regions are needed for the BrO column profiles and the tropospheric columns, both on a campaign and a permanent base. 
The validation of chlorine dioxide (OClO) limb and nadir products would benefit from additional balloon measurements globally and these would have been 
especially useful in the high latitudes. 
For tropospheric NO2, additional ground-based/balloon borne measurements are needed for both validation and to build a climatology. Ground-based MAX-DOAS 
observations of NO2 columns should be made over longer periods in different locations and campaigns similar to CINDI should be held distributed over larger areas 
and at other locations when possible. 
Ground-based and airborne observations of vertical SO2 profiles are needed to get more information for the air mass factor calculation and for validation purposes. 
Existing MAX-DOAS stations and the NOVAC network could contribute, but additional campaigns might be needed for measurements during volcanic eruptions. 
For cloud retrievals, the question is posed what the best strategy in selecting 100% cloud covered pixels is? Can collocated MERIS data together with US-ARM site 
data provide all desired information? 
For HCHO correlative data should have a larger distribution, but also more data are needed with a larger coverage in space and time. Also the need for dedicated 
campaigns in the South-East of the United States and in the tropics is presented. 
 

SWIR products 
With the setup of the TCCON network starting in 2004 the situation for validation of the SWIR products has substantially improved. Therefore one of the first 
priorities is to -as a minimum- keep the existing network stations, both TCCON and NDACC- up and running. 
On top of that the most important needs for the SWIR products which are not covered by other activities are primarily the addition of FTIR TCCON stations for CO, 
CO2 and CH4 in un(der)-sampled regions of scientific interest. This means the Tropics, Pacific, mid to high latitude northern hemisphere, Siberia and Canada, and for 
CO there is a strong need for more measurements in the Southern Hemisphere as well. This could in part be achieved for CO by extending the MOZAIK (in-situ 
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airline) measurements. Setting up new TCCON stations clearly implies high costs. A relatively 'easy' extension could be achieved by upgrading the Paramaribo 
station to TCCON and automating the system for continuous operations. Also upgrading operations to TCCON standards at Yetakarienburg can be achieved at 
relatively low cost and would add another important location to the existing network. 
Another important activity is the intercalibration between TCCON and NDACC, particularly for CO and CH4. This is already taken on by other projects but some 
extension of these activities would be useful. This includes the upgrade of two European TCCON stations to include also MIR measurements, as well as extension of 
the intercomparison to more stations already measuring both MIR and SWIR. 
For HDO/H2O the main difficulty is that ground-based FTIR measurements are not yet validated themselves and should be calibrated to an absolute standard. So 
there is no validated established ground-based approach yet for validation of HDO/H2O. But data from a number of FTIR stations is becoming available and 
validation of SCIA HDO/H2O is still in its early stages. All the above needs and activities are not only of relevance to SCIAMACHY SWIR validation but are also crucial 
for the validation of upcoming missions such as Precursor Sentinel-5 and Sentinel-5.In that respect the development of cheap robust spectrometers as alternative to 
the rather expensive FTIR stations could be interesting for the future (S5P, S5) as well. 
 
Action type Ref 

# 
Species Description Other related 

projects/initiatives
Requirements Information and 

comments 
2 AAI Improve the 

correction for 
instrument 
degradation (m-
factors). 

  Forward to SQWG 

3 Polarisation Improve polarisation 
retrieval considering 
SCIAMACHY’s 
degradation  

 Consider instrument degradation in polarisation 
retrieval.  

Forward to SQWG 

4a BrO Improve BrO 
tropospheric column 
contribution 
determination 

 Improve separation of tropospheric BrO column 
contribution from the stratospheric column 

Forward to SQWG 

5c IMLM CO 
v7.4 

Understand 
differences on SH 
between 
SCIAMACHY and 
validation data in 
2003/2004 

 Differences between SCIAMACHY carbon monoxide 
and ground-based FTIR+MOPITT measurements as 
well as model simulations in the years 2003/2004 
should be understood. Behaviour of differences has 
changed after 2004. 

 

8 Clouds Selection of pixels 
with full cloud cover 

Gpod Determination of the best strategy to select fully 
clouded SCIAMACHY pixels. Are MERIS data 
combined with US-ARM site data suitable? 

 

SCIAMACHY 
algorithm 
development 

10a Reflectance Removal of 
instrumental 
features in the 

 The full SCIAMACHY reflectance spectrum from 300-
2400 nm should be validated using white targets 
(brightest clouds, snow/ice) and RT modelling, and 

Forward to SQWG 
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spectra other satellite sensors, preferably spectrometers.  
10b Irradiance Validation based on 

lunar B(R/S)DF 
  Forward to SQWG 

13 Ozone 
profiles 

Remove bias in 
polar and tropical 
regions 

 Focus of verification datasets might be too much on 
the mid-latitudes. 
 

Forward to SQWG 

16 
20 
21 

Total ozone 
column 

Trend in total ozone 
column (including 
cloud effects) 

 Test SCIA L1 calibration algorithm settings on L2 
validation effects to identify cause of degradation in 
SCIAMACHY total ozone (and why clouds affect this 
product more than that of GOME-2). 

Forward to SQWG 

17a H2O Relation between air 
mass factor and 
bias in H2O column 

 Add correction to water vapour retrieval algorithm 
for this bias using relation with retrieved SACURA 
cloud top height 

Forward to SQWG 

20 Limb 
products 
affected by 
height issues 

Limb tangent height 
issues  

 Open level 1 calibration issues should be resolved Forward to SQWG 

4a & 
4c 

BrO Request for more 
correlative data 

 Preferably also from multiple instruments  

7b OClO (nadir 
retrieval) 

Provide a collection 
of existing, different 
types of correlative 
measurements 

   

9b HCHO Request for better 
distribution 

 Ground-based observations (other than MAX-DOAS, 
Direct sun and FTIR) should be more largely 
distributed and with a better coverage. 

 

Availability of 
correlative 
data 

15 Tropospheric 
trace gasses 

More data are 
needed 

In-situ measurements 
should be combined 
with regional 
modelling 

The effects of aerosols, clouds, albedo changes and 
spatial gradients are not sufficiently understood due 
to lack of validation data. More MAX-DOAS, airborne 
and other in-situ data are needed. 

 

4a BrO More tropical sites 
required 

   

4b 
4c 

BrO More polar sites 
required 

 There is a need for ground-based MAX-DOAS 
observations of tropospheric BrO columns / profiles 
over the ice sheets 

Long-term data 
acquisition on sea ice 
is a challenge 

Additional 
validation sites 

5a 
5b 

CO TCCON stations 
needed in tropics, 
Siberia, Canada, 
desert areas, 

 Addition of more TCCON sites for intercomparison is 
recommended for CO in the Tropics, Siberia, 
Canada, desert areas and the southern hemisphere. 

Costs estimated at 
500 K€ + 80 K€/yr  
per station 
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southern 
hemisphere 

5b CO More MOZAIK data 
in the tropics and 
southern 
hemisphere 

 Additional MOZAIK data in the tropics (Africa and 
Amazon region) would be an asset. 

Costs estimated at 
620 K€ + 30 K€/yr  
per aircraft 

9b HCHO More sites required  More ground-based in situ data observations needed 
with a greater coverage (in space and time) 

 

11 
18 

CO2 
CH4 

TCCON sites needed 
in tropics, Siberia, 
mid to high 
latitudes, northern 
hemisphere 

 Addition of more TCCON sites for intercomparison is 
recommended for CO2 & CH4 in the Tropics, Siberia, 
Northern mid to high latitudes. 
 

Costs estimated at 
500 K€ + 80 K€/yr  
per station 

12 NO2 ground-based MAX-
DOAS observations 
of NO2 columns 

NORS and MACC-II 
projects look at 
contributions from 
existing stations 

There is a need for ground-based MAX-DOAS 
observations of NO2 columns over longer periods in 
different locations in polluted regions. 

 

17b H2O Southern 
hemisphere 
extratropical UTLS 
H2O measurements 

 There is a need for validation data of water vapour 
in the UTLS on the southern hemisphere outside the 
tropics using frost-point hygrometers rather than 
regular sondes. Various observations per season are 
required. 

 

18 CO 
CH4 

  Addition of more ground-based sites for 
intercomparison is recommended for CO & CH4.  
 

 

18 CO 
CH4 
CO2 
HDO/H2O 

Intercalibration 
MIR-SWIR 

NDACC IRWG? 
NORS project 
ESA GHG ECV  
 

Directive required that expresses the need for an 
intercomparison of SWIR-MIR. 
Absolute calibration of the ground-based 
measurements is needed for HDO/H2O. 

 Ground-based 
data 
improvement 

18 CO 
CH4 
CO2 

Standardise retrieval 
amongst NDACC 
stations 

 Directive required that expresses the need for a 
standard MIR retrieval. 

 

Validation 
instrument 
development 

18 CH4 
CO 
CO2 
HDO/H2O 

Develop low-cost 
alternative to 
TCCON for SWIR, if 
possible also for 
HDO/H2O 

CO2 and CH4 covered 
in RemoteC, other 
initiatives ongoing 
(incl. at Univ. Bremen 
and Univ. 
Wollongong) 

Extension to 2.3 micron (for CO and HDO/H2O) 
needed for Sentinel 5 (precursor) 

Costs estimated at 
180 K€ for RemoteC 

Upgrade 11 CH4 Upgrade Paramaribo  Upgrade the Paramaribo station to standard, Costs estimated at 60 
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CO2 
CO 

to allow continuous 
TCCON operations 

continuous TCCON operations. This requires a 
replacement of a generator  

K€ + generator Costs 
estimated at 
replacement costs + 
30 K€/year 

11 CH4 
CO2 
CO 

Additions of MIR 
channels for 
Bialystok and 
Orleans 

 Upgrade the Bialystok and Orleans TCCON stations 
with MIR channels. These are currently the only 
European super sites with regular aircraft profiling 
and tall tower measurements. 

Costs estimated at 45 
k€ for both sites 
together 

validation 
instrument 

11 CH4 
CO2 
CO 

Upgrade 
Yetakaterienburg to 
TCCON operation 
standards  

 Exchange visits needed to provide required support 
to upgrade operation standards at Yetakaterienburg 
to TCCON standards. 

Costs estimated at 5 
k€ (excluding 
common PhD 
student) 

11 
18 

CH4 
CO2 
CO 

Maintain TCCON 
and NDACC 
operation sites at 
required quality 

 Long term funding schemes are needed to secure 
existing TCCON and NDACC stations operations 

 

12 NO2 Ensure longer data 
records 

   

Support 
ground-based 
observations 

16 TOC/UV-
index 

Support ground-
based observations 

 For non-forecast UV-indices the number of ground-
based measurement sites has already declined 
substantially. 

 

4a BrO UTLS in the Tropics Teresina (DOAS) and 
Bauru (SAOZ) 
campaigns 

A tropical validation campaign with at least 2-3 
balloon launches. 

 

4c 
4b 

BrO Polar boundary layer 
and free 
troposphere study 

OASIS and BROMEX  Ground-based MAX-DOAS observations in polar 
regions on campaign or permanent basis combined 
with airborne DOAS and in-situ and balloon-borne 
DOAS observations on campaign basis. 

 

6 CO2 
CO 
CH4 

Campaigns are 
needed in the 
Tropics/Pacific 

 Long duration Long term funding for 
validation campaigns 
needed 

7a 
7b 

OClO Balloon launches 
under different 
meteorological 
conditions and solar 
zenith angles 

 DOAS and occultation measurements with a global 
coverage, but especially in high latitudes during the 
polar winter and inside the polar vortex when 
chlorine is activated 

 

Campaigns 

8 Clouds simultaneous radar 
and optical  
observations of 

 The observational research site at Cabauw (NL) 
would be a good place for simultaneous radar (cloud 
position) and optical (cloud optical thickness) 
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clouds at Cabauw observations of clouds to assist in validating cloud 
properties 

9b HCHO Campaigns in the 
south-eastern US 
and in the tropics 

 Coverage of various months  

11 CH4 
CO2 
(CO) 

Intensive campaign 
at Paramaribo 

 Paramaribo intensive campaign (incl. aerosols, 
ceilometer, in situ profiling …) to perform systematic 
investigation of influence of aerosols and water on 
GHG retrievals. 

 

12 NO2 Large scale 
campaign in 
polluted area 

CINDI and 
DANDELIONS 
campaigns 

There is a need for a CINDI-like campaign but with 
instruments distributed over larger area and possibly 
in another location 

 

14 SO2 Acquire MAX-DOAS 
and airborne data 
during pollution 
episodes and in 
volcanically active 
areas 

existing MAX-DOAS 
stations could 
contribute and 
NOVAC-network 
could be used 

Measurements of tropospheric SO2 by MAX-DOAS 
and airborne sensors during volcanic and/or heavy 
pollution episodes. 

 

15 Tropospheric 
gasses 

CINDI-like campaign 
in other parts of the 
world 

 Additional CINDI-like campaigns in different parts of 
the world (including polluted Asian sites, regions of 
biomass burning, etc.) 

 

19 OClO, NO2 
and BrO 

Large scale, 
repeated data 
acquisition in areas 
with horizontal 
variability by 
balloons, aircraft 
and MIPAS. Global 
focus, but especially 
in polar regions 
(OClO, NO2, BrO) 
and subtropics 
(NO2, BrO). 

 Measurements to be performed at the places with 
strong horizontal variability, but with single 
measurements being representative of the local 
conditions. 
Several simultaneous measurements at different 
latitudes across the orbit need to be performed, e.g. 
some within the polar vortex, some outside it. 
Horizontally well-resolved measurements across the 
stratospheric transport barriers and day/night 
terminator at 12-20 km altitude to study the 
gridding, discretization and interpolation effects on 
the retrieval. 
Correlative measurements should be near to 
SCIAMACHY observations in space and time. 
The measurements needs to be repeated several 
times at the same places or at similar conditions, to 
allow to evaluate the retrieval errors. 
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2. Absorbing Aerosol Index (AAI) 
 
 
Name Gijsbert Tilstra 
Affiliation KNMI 
Email  tilstra@knmi.nl 
Project AAI 
Data product Absorbing Aerosol Index (AAI) 
Geographic Region Everywhere 
Conditions Any 

Challenge Improve the correction for instrument degradation (m-factors). This is a level-1 
issue, though. 

Literature Bramstedt et al., ESA-SP 676 
Correlative data needs M-factors are official ESA products. 
Systematic Requirements None 
Campaign Requirements Unknown 
 
 

 
 
Figure 1: Global mean residue (AAI) calculated from SCIAMACHY level 1 version 6.03 data as a function of 
time for the individual scan mirror positions (indicated by colour). The (m-factor) correction for instrument 
degradation is applied, but this does not remove all effects of the (scan-angle dependent) instrument 
degradation. Image courtesy of Gijsbert Tilstra (KNMI). 
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3. Polarisation 
 
 
Name Gijsbert Tilstra 
Affiliation KNMI 
Email  tilstra@knmi.nl 
Project Polarisation 
Data product Polarisation product: Stokes fractions and polarisation correction 
Geographic Region Everywhere 
Conditions Any 

Challenge 
The polarisation retrieval needs to be improved. One problem is the fact that 
instrument degradation meant for the polarisation retrieval is currently not 
implemented in the data processor 

Literature Bramstedt et al., ESA-SP 676 
Correlative data needs Level-1 data 
Systematic Requirements Unknown 
Campaign Requirements Unknown 
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4. Bromine Oxide (BrO) 
 
 
Reference 4a 
Name Alexei Rozanov 
Affiliation Institute of Environmental Physics, University of Bremen 
Email  alex@iup.physik.uni-bremen.de  

Project SADOS, SHIVA, SHARP (Main goals: investigation of stratospheric bromine 
oxide, bromine budget) 

Data product Vertical profiles of bromine oxide (BrO), IUP Bremen scientific retrieval version 
3.2, http://www.iup.physik.uni-bremen.de/scia-arc/  

Geographic Region Tropics 
Conditions Any 

Challenge 

Despite its high importance for ozone budget and climate studies there are not 
many instruments measuring BrO in the lower stratosphere and upper 
troposphere. Whereas at middle and high latitudes a number of correlative 
measurements from balloon borne and ground based measurements are 
available, a validation of the satellite data sets in the tropics is still sparse. In 
this region where are only a few balloon flights the results from which are 
mostly of a rather poor quality. Although a disagreement between the satellite 
and balloon measurements is seen it cannot be neither quantified nor further 
investigated because of a too small number of the correlative measurements.  

Literature http://www.atmos-meas-tech.net/4/1319/2011/amt-4-1319-2011.pdf  
Correlative data needs A tropical validation campaign with at least 2-3 balloon launches. 
Systematic Requirements - 

Campaign Requirements This topic has been touched by balloon flights from Teresina (DOAS) and Bauru 
(SAOZ) 

 
 
Reference 4b 
Name Andreas Richter 
Affiliation Institute of Environmental Physics, University of Bremen 
Email  richter@iup.physik.uni-bremen.de 
Project www.doas-bremen.de, analysis of tropospheric species from SCIAMACHY 
Data product Tropospheric BrO columns 
Geographic Region Polar latitudes 
Conditions In regions of polar explosions 
Challenge Separation of troposphere and stratosphere is unclear  

Literature 

Begoin, M., Richter, A., Weber, M., Kaleschke, L., Tian-Kunze, X., Stohl, A., 
Theys, N., and Burrows, J. P.: Satellite observations of long range transport of a 
large BrO plume in the Arctic, Atmos. Chem. Phys., 10, 6515-6526, 
doi:10.5194/acp-10-6515-2010, 2010 

Correlative data needs Ground-based MAX-DOAS observations of BrO columns 
Airborne observations of vertical BrO profiles 

Systematic Requirements No, the problem is that the relevant parts of the polar regions are not covered 
by routine observations 

Campaign Requirements Yes (e.g. OASIS, BROMEX, …) 
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Figure 2: Large concentrations of BrO are often observed in the polar boundary layer in spring time during 
so called ozone depletion events, when ozone levels close to the surface are strongly reduced. Examples of 
typical BrO fields during polar spring are presented in the figure above. Image courtesy of Andreas Richter 
(IUP-Bremen). 
 
 
Reference 4c 
Name Michel Van Roozendael, François Hendrick, and Nicolas Theys 
Affiliation Belgian Institute for Space Aeronomy (BIRA-IASB) 
Email  michelv@oma.be, franch@oma.be, nicolast@oma.be 
Project SCIABROVAL (SCIAMACHY BrO Validation) 
Data product SCIAMACHY nadir BrO columns-operational product 
Geographic Region Polar 
Conditions bromine explosion events 

Challenge 

SCIAMACHY nadir total BrO columns provide key information to study bromine 
explosion events that, each Spring, cause the almost complete destruction of 
ozone in the polar troposphere of both hemispheres. The validation of 
SCIAMACHY nadir BrO measurements has been and remains a challenge due to 
a lack of suitable correlative data sets. Currently there is a strong need for 
additional measurements of BrO concentrations at the surface, in the free-
troposphere and in the stratosphere with particular emphasis on polar regions. 
Such observations should be obtained from complementary instrumentations, 
including ground-based zenith-sky and MAX-DOAS spectrometers (e.g., Carlson 
et al., 2010; Salawitch et al., 2010; Friess et al., 2011; Theys et al., 2011), 
airborne DOAS and in-situ instruments (e.g., Prados-Roman et al., 2011; 
Salawitch et al., 2010), and balloon-borne DOAS spectrometers (e.g., Dorf et 
al., 2006). The synergy with other space nadir sensors (e.g. GOME-2 and OMI) 
as well as with relevant limb-viewing sensors (e.g. SCIAMACHY and OSIRIS) 
should also be further exploited. 

Literature 

Carlson et al., A low power automated MAX-DOAS instrument for the Arctic and 
other remote unmanned locations, AMT, 3, 429-439, 2010 
Dorf et al., Balloon borne stratospheric BrO measurements: Comparison with 
ENVISAT/SCIAMACHY BrO limb profiles, ACP, 6, 2483-2501, 2006 
Friess et al., The Vertical Distribution of BrO and Aerosols in the Arctic: 
Measurements by Active and Passive DOAS, JGR, doi:10.1029/2011JD015938, 
2011, in press 
Prados-Roman et al., Airborne DOAS limb measurements of tropospheric trace 
gas profiles: Case study on the profile retrieval of O4 and BrO, AMT, 4, 1241-
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1260, 2011 
Salawitch et al., A new interpretation of total BrO column during Arctic spring, 
GRL, L21805, doi:10.1029/2010GL043798, 2011 
Theys et al., Global observations of tropospheric BrO columns using GOME-2 
satellite data, ACP, 11, 1791-1811, 2011 

Correlative data needs 

Available data: 
- ground-based UV-visible BrO total and/or stratospheric column data at 

selected sites of the NDACC network (Harestua, Lauder, OHP, Izana, etc) 
- GOME-2 BrO total and tropospheric column data (scientific products) 
- OMI BrO total column data (scientific & operational products) 
- SCIAMACHY limb-BrO profile data (scientific products) 

Additional data needed in the future: 
- Ground-based MAX-DOAS observations in polar regions on campaign or 

permanent basis 
- Airborne DOAS and in-situ and balloon-borne DOAS observations on 

campaign basis. 
Systematic Requirements Ground-based MAX-DOAS observations in polar regions 

Campaign Requirements 

An integrated measurement campaign combining satellite, ground-based, 
airborne, and balloon-borne observations of BrO with focus on the polar 
boundary layer and free troposphere would strongly contribute to a better 
reliability and robustness of the BrO retrieval from satellite nadir measurements 
in general and from SCIAMACHY in particular 

 
 
Reference 4d 
Name Michel Van Roozendael, François Hendrick, and Nicolas Theys 
Affiliation Belgian Institute for Space Aeronomy (BIRA-IASB) 
Email  michelv@oma.be, franch@oma.be, nicolast@oma.be  
Project SCIABROVAL (SCIAMACHY BrO Validation) 

Data product SCIAMACHY limb BrO profiles and corresponding columns-operational product + 
scientific product from IUP-Bremen (v3.2) 

Geographic Region overpasses above Harestua (60°N, 11°E), OHP (44°N, 5.5°E), and Lauder 
(45°S, 170°E) 

Conditions Whole SCIAMACHY data sets over these stations 

Challenge 

SCIAMACHY limb BrO profiles may provide key information to monitor the 
height-resolved evolution of the bromine loading in the stratosphere at the 
global scale. To ensure the reliability of trends derived from satellite 
observations in support of the Montreal Protocol monitoring, it is essential to 
validate such measurements using well maintained ground-based zenith-sky 
DOAS BrO data that cover the period of SCIAMACHY operations (from 2002 until 
now). The issue is to firmly confirm using satellite data the recent decline of 
stratospheric bromine detected from ground-based zenith-sky and balloon-borne 
DOAS observations (WMO, 2011). 

Literature 

Hendrick et al., Multi-year comparison of stratospheric BrO vertical profiles 
retrieved from SCIAMACHY and ground-based UV-visible measurements, AMT, 
2, 273-285, 2009 
Hendrick et al., Trend analysis of stratospheric BrO: Comparison between 
SCIAMACHY limb and ground-based UV-visible observations, Proceedings of the 
ESA Atmospheric Science Conference 2009, Barcelona, Spain, 7-11 September 
2009, ESA SP-676, 2009 
WMO, Scientific Assessment of Ozone Depletion: 2010, Global Ozone Research 
and Monitoring Project-Report n°52, Chapter 1, Geneva, Switzerland, 2011 

Correlative data needs Ground-based UV-vis BrO data at Harestua (operation: BIRA), OHP (operation: 
BIRA), and Lauder (operation: NIWA) 

Systematic Requirements Ground-based UV-vis BrO data at Harestua (operation: BIRA), OHP (operation: 
BIRA), and Lauder (operation: NIWA) 

Campaign Requirements  
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Figure 3: Time series of monthly averaged BrO column abundances measured over Harestua (60°N, 11°E) 
by SCIAMACHY limb (right) and ground-based UV-visible (left) instruments. Thick lines indicate trend 
analysis results. A decline of -0.6+/-0.3% per year is estimated from SCIAMACHY limb observations over the 
2002-2008 period, which is in good agreement with ground-based UV-visible measurements (-0.7+/-
0.3%/year). Image courtesy of F. Hendrick (BIRA/IASB) and A. Rozanov (IUP/IFE-Bremen). 
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5. Carbon Monoxide (CO) 
 
 
Reference 5a 
Name Jos de Laat 
Affiliation Royal Netherlands Meteorological Institute (KNMI) 
Email  laatdej@knmi.nl 
Project SCIAVISIE http://www.sciamachy.org  

Data product 
Carbon Monoxide total columns, SRON IMLM algorithm (v7.4 & v7.5) 
http://www.sron.nl/index.php?option=com_content&task=view&id=1668&Itemi
d=1568  

Geographic Region Land 
Conditions dry (desert) areas 

Challenge 

Comparison of SCIAMCHY CO total columns over desert land areas with both 
chemistry-transport model results as well as with MOPITT CO total columns 
(InfraRed) and strongly suggest that MOPITT may be biased due to unresolved 
issues with the surface emissivity of dry land areas. This has also been 
recognized as an issue for the InfraRed IASI CO measurements. However, 
without a proper surface measuring station, for example an FTIR, it will remain 
difficult to actually prove this point and also to resolve it.  
 
Furthermore, over dry desert areas SCIAMACHY CO total columns have the best 
quality due to a combination of high surface reflectance and limited cloud 
contamination. Hence, a surface validation station would be very useful. 
 
The next figure (from de Laat et al. [2010]) clearly shows this bias and also 
shows the agreement between SCIAMACHY and chemistry-transport model 
results. The Sahara area is highlighted in red. 

Literature 

de Laat, A.T.J., et al. (2010), SCIAMACHY and MOPITT carbon monoxide 
column evaluation, J. Geophys. Res., 115, D6, doi:10.1029/2009JD012698. 
 
George, M., et al. (2009), Carbon monoxide distributions from the IASI/METOP 
mission: evaluation with other space-borne remote sensors, Atmos. Chem. 
Phys., 9, 8317-8330. 

Correlative data needs 
Surface measurement station in a dry desert or semi-desert region that provides 
continuous measurements - at least once a week - of CO total columns for at 
least one full year. 

Systematic Requirements No 
Campaign Requirements No 

Additional Information 
Given the inhospitability of the Sahara and the Namib desert, regions that might 
be more practical for installing surface stations could be Australia, Middle East 
or southwestern USA. 
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Figure 4: Comparison of SCIAMCHY CO total columns over desert land areas with both chemistry-transport 
model results as well as with MOPITT CO total columns (InfraRed) and strongly suggest that MOPITT may 
be biased due to unresolved issues with the surface emissivity of dry land areas. Figure courtesy of Jos de 
Laat. 
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Reference 5b 
Name A.T.J. de Laat 
Affiliation Royal Netherlands Meteorological Institute (KNMI) 
Email  laatdej@knmi.nl  
Project SCIAVISIE http://www.sciamachy.org  

Data product 
Carbon Monoxide total columns, SRON IMLM algorithm (v7.4 & v7.5) 
http://www.sron.nl/index.php?option=com_content&task=view&id=1668&Itemi
d=1568  

Geographic Region Tropics (tropical Africa and South America), Southern Hemisphere 
Conditions Cloud free over land, clouded over oceans. 

Challenge 

The Tropics and the Southern Hemisphere are undersampled for validation of 
SCIAMACHY CO total columns. Both the FTIR network as well as the MOZAIC 
commercial aircraft measurements do not provide many Tropical and Southern 
Hemisphere measurements. The figures below highlight the locations where 
FTIR measurements [de Laat et al., 2010] and MOZAIC measurements 
[unpublished results] are available. 

Literature 
de Laat, A.T.J. et al. (2010), Validation of five years (2003-2007) of SCIAMACHY 
CO total column measurements using Ground-Based Spectrometer observations, 
Atmos. Meas. Tech., 3, 1457-1471, doi:10.5194/amt-3-1457-2010. 

Correlative data needs 

More surface measurement stations equipped with an FTIR instrument. 
Measurements at least once a week for at least one full year. 
The MOZAIC consortium might be able to - with a dedicated effort - provide 
more measurements in the Tropics and the Southern Hemisphere. 

Systematic Requirements No 
Campaign Requirements No 

Additional Information Most valuable locations would be Tropical Africa and South America, and the 
southern parts of South America and Africa. 

 
 

  
 
Figure 5: (Left) Spatial Coverage of the current NDACC and TCCON FTIR network. (Right) Take off and 
landing locations of the MOZAIC airborne program. Figure courtesy of Jos de Laat. 
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Reference 5c 
Name A.T.J. de Laat 
Affiliation Royal Netherlands Meteorological Institute (KNMI), previously SRON 
Email  laatdej@knmi.nl 
Project SCIAVISIE at http://www.sciamachy.org  

Data product 
Carbon Monoxide total columns, SRON IMLM algorithm (v7.4) 
http://www.sron.nl/index.php?option=com_content&task=view&id=1668&Itemi
d=1568  

Geographic Region Southern Hemisphere 
Conditions Everywhere south of 30S 

Challenge 

Validation of SCIAMACHY CO measurements with ground based FTIR 
measurements as well as cross-instrument comparison with MOPITT and 
comparison with transport model simulations indicate that the IMLM CO product 
suffers from a Southern Hemisphere bias in the years 2003 and 2004. This issue 
has been investigated in great detail for at least five years now but nevertheless 
has not been solved. 

Literature 

de Laat, A.T.J. et al. (2010), Validation of five years (2003-2007) of SCIAMACHY 
CO total column measurements using Ground-Based Spectrometer observations, 
Atmos. Meas. Tech., 3, 1457-1471, doi:10.5194/amt-3-1457-2010 
 
de Laat, A.T.J. et al. (2010), SCIAMACHY and MOPITT carbon monoxide column 
evaluation, J. Geophys. Res., 115, D6, doi:10.1029/2009JD012698. 
 
de Laat, A.T.J. et al. (2007), SCIAMACHY Carbon Monoxide total columns: 
Statistical evaluation and comparison with CTM results, J. Geophys. Res., 112, 
D12310, doi:10.1029/2006JD008256. 

Correlative data needs Unknown 
Systematic Requirements Unknown 
Campaign Requirements No 
 

 
Figure 6: Global map of monthly averaged CO total columns from SCIAMACHY channel 8 for October 2003 
(IMLM retrieval version 7.4). Figure courtesy of Jos de Laat. 
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6. Carbon Dioxide (CO2) 
 
 
Name Justus Notholt 
Affiliation University of Bremen 
Email  notholt@uni-bremen.de 
Project  

Data product 

I am responsible for i) CO2 column, ii) CO2 profile, iii) CO profile, iv) CH4 profile.  
i) The retrieval of CO2 columns is possible, the data are widely used, and 
accepted.  
ii) A retrieval of a CO2 profile is impossible. Data for the stratosphere might 
exist, but their precision is not sufficient to retrieve a CO2 profile.  
iii) The retrieval of CO profiles in the stratosphere and mesosphere should be 
possible. But people use MIPAS and MLS instead. 
iv) Profiles for CH4 should be possible for the stratosphere, and retrieving a 
stratospheric column would be very helpful for comparing total column 
measurements of CH4 with models. 

Geographic Region Globally 
Conditions Year round observations 
Challenge See above 
Literature  
Correlative data needs  

Systematic Requirements 

Total column observations in the tropics are so far only performed in 
Paramaribo/Suriname. Measurements at Ascension island are planned, but it is 
not clear when they will start. No sites exist in the Pacific. Funding is required to 
perform validation campaigns in the tropics. 

Campaign Requirements More long-term funding for validation campaigns is required. 
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http://www.iup.uni-bremen.de/sciamachy/NIR_NADIR_WFM_DOAS/wfmd_image_gallery_co2.html  



TGSVA Feedback Page 23 of 50 SCIAVALIG 

7. Chlorine Dioxide 
 
 
Reference 7a 
Name Sven Kühl 
Affiliation MPI Chemistry, Mainz 
Email  sven.kuehl@mpic.de 
Project OClO limb and nadir retrieval, NO2 and BrO limb retrieval 
Data product OClO limb 
Geographic Region Global, in particular high latitudes, Arctic and Antarctic 
Conditions High SZA, polar winter, inside polar vortex, chlorine activation 
Challenge Validation of OClO profiles as function of SZA and temperature 
Literature  
Correlative data needs Balloon DOAS and occultation measurements of the OClO profile  
Systematic Requirements  

Campaign Requirements Various balloon launches for different conditions of meteorology and SZA, 
trajectory calculation for match with SCIAMACHY limb observations 

 
 
Reference 7b 
Name Sven Kühl 
Affiliation MPI Chemistry, Mainz 
Email  sven.kuehl@mpic.de 
Project OClO limb and nadir retrieval, NO2 and BrO limb retrieval 
Data product OClO nadir 
Geographic Region Global, in particular high latitudes, Arctic and Antarctic 
Conditions High SZA, polar winter, inside polar vortex, chlorine activation 
Challenge Validation of OClO abundances as function of SZA and temperature 
Literature  

Correlative data needs 
Collect existing measurements (ground based: Ny-Alesund, Harestua, Kiruna, 
Neumayer, balloon DOAS and occultation), make new balloon profile 
measurements 

Systematic Requirements  

Campaign Requirements Various balloon launches for different conditions of meteorology and SZA, 
systematic analysis of existing ground based observations 
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Figure 7: Northern hemisphere chlorine activation related to the Arctic ozone hole of 2011. Note the strong 
natural variability driven by meteorology. Figure courtesy of Andreas Richter. 
 
 

 
 
Figure 8: Interestingly, this winter is also having the most persistent chlorine activation ever in the southern 
hemisphere (see attached plot). This is a much less spectacular effect than in the northern hemisphere, but 
still. Figure courtesy of A. Richter.  
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8. Clouds 
 
 
Name Alexander Kokhanovsky 
Affiliation University of Bremen 
Email  alexk@iup.physik.uni-bremen.de 

Project SACURA, determination of cloud properties using SCIAMACHY, 
www.iup.physik.uni-bremen.de 

Additional Information None 

Data product 
Cloud properties, SACURA, products: cloud top height, cloud fraction, liquid 
water path, cloud phase, effective radius of particles, liquid water path, 
www.iup.physik.uni-bremen.de/sacura 

Geographic Region USA ARM sites http://www.arm.gov/  
Conditions Clouds 
Challenge How to best make the selection of completely cloudy pixels 

Literature 
A. A. Kokhanovsky, C. M. Naud, A. Devasthale, 2009: Intercomparison of 
ground-based satellite cloud-top height retrievals for overcast single-layered 
cloud fields, IEEE Trans. Geosci. Rem. Sensing, 47, 1901-1908.  

Correlative data needs MERIS data and US-ARM site data 
Systematic Requirements Yes 

Campaign Requirements 
Yes. The observational research site at Cabauw (NL) would be a good place for 
simultaneous radar (cloud position) and optical (cloud optical thickness) 
observations of clouds to assist in validating cloud properties 

Additional Information None 
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9. Formaldehyde (HCHO) 
 
 
Reference 9a 
Name Guillaume Pépy 
Affiliation LGGE Grenoble 
Email  pepy@lgge.obs.ujf-grenoble.fr 
Project PhD, tropospheric HCHO in coastal Antarctica (ground-based measurements) 
Data product Global or Southern Hemisphere tropospheric data for HCHO  
Geographic Region Antarctica 
Conditions High SZA 

Challenge For the moment interested in qualitative approach of tropospheric HCHO 
behaviour in high southern latitudes. 

Literature  
Correlative data needs  
Systematic Requirements  
Campaign Requirements  

Additional Information An easy online access for HCHO total columns maps (as this is the case for BrO 
columns, with daily or monthly averages) would be very interesting 

 
Reference 9b 
Name Michel van Roozendaal 
Affiliation BIRA-IASB 
Email  michelv@oma.be 
Project http://www.temis.nl https://h2co.aeronomy.be 
Data product tropospheric formaldehyde  
Geographic Region Amazon, Africa, US, Asia, Europe, Australia 
Conditions Solar zenith angles < 60°, cloud fraction < 40% 

Challenge 
Especially for formaldehyde (being a UV absorber, a tropospheric molecule), 
validation is difficult and missing; the effect of a priori profiles, albedo changes, 
clouds, aerosols and spatial gradients is not sufficiently understood. 

Literature  

Correlative data needs 

- Ground-based MAX-DOAS, direction sun and FTIR observations of HCHO 
columns over long periods in several locations (tropical forests, polluted areas in 
mid-latitude regions, urban and suburban areas. 
- aircraft campaigns 9HCHO profiles needed from the ground to the mid-
troposphere, with several degrees of freedom in the boundary layer) 
- other ground based in situ data 
- comparison with regional models 

Systematic Requirements  
Campaign Requirements Several months in the tropics and South-Eastern US 

Additional Information In situ ground-based data should be more largely distributed, but also more 
sites and longer periods are needed. 
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Figure 9: Annual mean formaldehyde total column as observed by SCIAMACHY. Note the strong source 
regions being the natural forests that release huge amounts of isoprene seasonally which is photolytically 
converted into formaldehyde. Figure courtesy of Folkard Wittrock IUP-Bremen. 
 



TGSVA Feedback Page 28 of 50 SCIAVALIG 

10. Level 1b radiance and irradiance 
 
 
Reference 10a 
Name Piet Stammes 
Affiliation KNMI 
Email  stammes@knmi.nl 
Project NSO project SCIA-Visie (-Extensie), ESA project CLARIFI 
Data product L1 data - reflectance spectra (radiance/irradiance ratio) 
Geographic Region global 
Conditions all 

Challenge 

Remove instrumental features in the reflectance spectrum. 
The v7 SCIAMACHY reflectance spectra have still instrumental features, e.g. in 
the UV around 350 nm. These features are not in radiative transfer calculations, 
nor in GOME, OMI and GOME-2 data. 
The full SCIAMACHY reflectance spectrum from 300-2400 nm should be 
validated using white targets (brightest clouds, snow/ice) and RT modeling, and 
other satellite sensors, preferably spectrometers. 
Correction factors should be derived. 

Literature Presentations by Gijs Tilstra at SCIA-Visie meetings in 2009-2010 
Correlative data needs Collocation observations with spectrometer data: GOME-2, OMI. 
Systematic Requirements None  
Campaign Requirements None 
 
Reference 10b 
From: Ralph Snel [mailto:R.Snel@sron.nl]  
Sent: Tuesday, June 14, 2011 10:53 AM 
To: Kroon, Mark (KNMI) 
Cc: Guenter Lichtenberg; Stephan Noel; Ilse Aben; Matthijs Krijger 
Subject: The Great SCIAMACHY Validation Assessment - June 2011 - Product Coordinator 
 
 
Hi Mark, 
 
L1b validation is a bit of a tricky business, as you may know. Over the years we have done a number of 
activities, usually limited to spectral regions where we expect or have seen radiometric errors which are 
likely to affect L2 products. This work has now mostly been done in the context of the SCIAMACHY Quality 
Working Group, and results in regular updates of the 0-1 processor baseline. 
 
Looking at the amount of time available for additional validation activities I am not too confident we can do 
a decent job; other commitments have higher priority, unfortunately. 
For SCIAMACHY L1b, I have taken the approach to keep in close touch with the L2 product developers, and 
where any improvements of the L2 product are needed, take a careful look into the corresponding L1b data. 
Therefore I would very much like to be involved in the GSVA, but as an initially passive observer only. 
 
To answer your specific question regarding the limited time span and financial budget: John Burrows has 
(repeatedly) pointed out the scientific need for solar constant monitoring, which would in principle be 
possible for SCIAMACHY using also the lunar measurements. A validation effort of the SCIAMACHY irradiance 
product based on the known and predictable lunar BSDF/BRDF would be a good investment. Together with 
other ongoing activities, this would also give a good validation of the limb radiance and reflectance products, 
which could be translated to the nadir radiance and reflectance products. All these validation results would 
increase the value of the final SCIAMACHY L1b archive. 
 
Best regards, 
 
Ralph Snel 
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11. Various trace gases using NIR/MIR validation 
 
 
Name Thorsten Warneke, Justus Notholt 
Affiliation Institute of Environmental Physics, University of Bremen 
Email  warneke@iup.physik.uni-bremen.de, notholt@uni-bremen.de 
Project Carbon cycle, air pollution, understanding the tropics 
Data product All trace gases measurable in the MIR and NIR 
Geographic Region several sites from the high Arctic to the tropics 
Conditions Measurements take only place using the direct sunlight 

Challenge 

1) Establish long-term funding schemes for ground-based remote sensing NDACC/TCCON 
FTIR observations 
Monitoring of total columns and vertical profiles of atmospheric trace gases by ground-
based remote sensing FTIR measurements is an essential component in the global 
observing system for atmospheric trace gases. It is especially important for satellite 
validation. Currently many NDACC and TCCON sites have funding problems and operation 
is only secured by short term projects. Funding for monitoring is difficult to obtain. 
Therefore long-term funding schemes need to be established. 
 
2) Tropics: 
One focus of the satellite validation should be in the tropics. The tropics play a central role 
in global climate, but belongs to the regions on Earth which are not well constrained by 
measurements. Satellite retrievals in the tropics are potentially impacted by the frequent 
occurrence of cirrus clouds (e.g. Schneising et al., 2008) and the high abundance of water 
vapour, an inferring gas in the spectral region of the satellite retrievals (e.g. Frankenberg 
et al., 2008). Therefore careful validation by ground-based remote sensing measurements 
is especially important in this region of the globe. 
 
Not many ground-based validation sites exist in the tropics. The operational FTIR sites in 
the tropics include Darwin (TCCON), Reunion (NDACC/TCCON), Addis Abeba (NDACC) and 
Paramaribo (NDACC).  
Specific needs for Paramaribo: 
a) At Paramaribo also NIR-measurements for GHG retrieval have been made. For about 60 
kEUR the site could be upgraded to TCCON standards, which would be highly valuable. 
b) The measurements are only done on a campaign basis. Either the instrument should be 
automated or a local operator should be trained and employed. 
c) Additional measurements of aerosols at Paramaribo would be valuable for the satellite 
validation. 
 
3) Siberia 
One should aim to extend the European part of TCCON further east towards Siberia, a key 
location regarding greenhouse gases (carbon cycle, peatland and permafrost emissions). 
The site at Yetakaterienburg has all the equipment for TCCON and NDACC measurements 
(maybe small upgrades needed, like optical filters, cells). However they have no 
experience with FTIR-spectrometry and the site is not operational. The University of 
Bremen has a cooperation with the Institute at Yetakaterienburg, but currently no money 
to fund common PhD student, who could focus on the site and ensure integration into 
NDACC and TCCON. 
 
4) Intensive campaign in the tropics (Paramaribo) 
Paramaribo would be well suited. Instrumentation available (FTIR, Lidar, DOAS, O3-
sonding). Additional measurements of aerosols, a ceilometer, and vertical in situ profiling 
up to the stratosphere would be the focus of the campaign. Goals include 
a) the calibration of the FTIR-measurements against the in situ standard, e.g. by aircore. 
This would be good for CO2 and CH4, but also for HDO/H2O. The column has never been 
calibrated against in situ measurements b) the systematic investigation of the influence of 
aerosols and water on GHG retrieval 
 
5) MIR measurements at the TCCON sites Bialystok and Orleans 
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Bialystok (Poland) and Orleans (France) are among the most important in situ for GHGs 
observations in Europe. Currently only near-IR measurements are performed at these 
sites. Upgrading the instruments for MIR measurements would allow to identify systematic 
differences in the CH4, CO2 and CO retrievals from the MIR and NIR spectral regions and 
allow to retrieve vertical profiles of CH4 and CO at these sites, which is only possible in the 
MIR spectral region. This would be specifically valuable to link the SWIR S5(P) retrievals 
with the in situ measurements. 

Literature 

A. K. Petersen, T. Warneke, C. Frankenberg, P. Bergamaschi, C. Gerbig, J. Notholt, M. 
Buchwitz, O. Schneising, and O. Schrems, First ground-based FTIR-observations of 
methane in the tropics, Atmos. Chem. Phys., 10, 7231-7239, 2010. 
 
M. Pałm, C. Melsheimer, S. Noël, S. Heise, J. Notholt, J. Burrows, and O. Schrems, 
Integrated water vapor above Ny-Ålesund, Spitsbergen: a multisensor intercomparison, 
Atmos. Chem. Phys., 10, 1215-1226, 2010. 
 
S. Houweling, I. Aben, F.-M. Breon, F. Chevallier, N. Deutscher, R. Engelen, C. Gerbig, D. 
Griffith, K. Hungershoefer, R. Macatangay, J. Marshall, J. Notholt, W. Peters, and S. Serrar, 
The importance of transport model uncertainties for the estimation of CO2 sources and 
sinks using satellite measurements, Atmos. Chem. Phys., 10, 9981-9992, 2010. 
 
A. T. J. de Laat, A. M. S. Gloudemans, H. Schrijver, I. Aben, Y. Nagahama, K. Suzuki, E. 
Mahieu, N. B. Jones, C. Paton-Walsh, N. M. Deutscher, D. W. T. Griffith, M. De Maziere, R. 
Mittelmeier, H. Fast, J. Notholt, M. Palm, T. Hawat, T. Blumenstock, C. Rinsland, A. V. 
Dzhola, E. I. Grechko, A. M. Poberovskii, M. V. Makarova, J. Mellqvist, A. Strandberg, R. 
Sussmann, T. Borsdorff, and M. Rettinger, Validation of five years (2003-2007) of 
SCIAMACHY CO total column measurements using ground-based spectrometer 
observations, Atmos. Meas. Tech. Discuss., 3, 2891-2930, 2010. 
 
D. Wunch, G.C. Toon, J.-F. L. Blavier, R. Washenfelder, J. Notholt, B.J. Connor, D.W.T. 
Griffith, V. Sherlock, P.O. Wennberg, The Total Carbon Column Observing Network, Phil. 
Trans. R. Soc. A., 369, 2087-2112, 2011. 
 
T. Warneke, A. K. Petersen, C. Gerbig, A. Jordan, C. Rödenbeck, M. Rothe, R. Macatangay, 
J. Notholt, and O. Schrems, Co-located column and in situ measurements of CO2 in the 
tropics compared with model simulations, Atmos. Chem. Phys., 10, 5593-5599, 2010. 
 
C. Frankenberg, K. Yoshimura, T. Warneke, I. Aben, A. Butz, N. Deutscher, D. Griffith, F. 
Hase, J. Notholt, M. Schneider, H. Schrijver, T. Röckmann, Dynamic Processes Governing 
Lower-Tropospheric HDO/H2O Ratios as Observed from Space and Ground, Science, 325, 
1374-1377, 2009. 
 
G. Kopp, S.M. Calderon, J. Gross J, G. Hochschild, P. Hoffmann P, J. Notholt, M. 
Sinnhuber, Inner-tropical ozone measurements at the Merida Atmospheric Research 
Station (MARS) using ground-based microwave radiometry, Int. J. Rem. Sens., 30, p. 
4019-4032, 2009. 
 
O. R. Salau, T. Warneke, J. Notholt, C. Shim, Q. Lid, and Y. Xiao. Tropospheric trace gases 
at Bremen measured with FTIR spectrometry 
 J. of Environ. Monitoring, 11, 1529-1534, 2009. 
 
C. Vigouroux, M. De Maziere, P. Demoulin, C. Servais, F. Hase, T. Blumenstock, I. Kramer, 
M. Schneider, J. Mellqvist, A. Strandberg, V. Velazco, J. Notholt, R. Sussmann, W. 
Stremme, A. Rockmann, T. Gardiner, M. Coleman, and P. Woods, Evaluation of 
tropospheric and stratospheric ozone trends over Western Europe from ground-based FTIR 
network observations,  Atmos. Chem. Phys., 8, 6865-6886, 2008. 
 
T. Gardiner, A. Forbes, M. de Maziere, C. Vigouroux, E. Mahieu, P. Demoulin, V. Velazco, J. 
Notholt, T. Blumenstock, F. Hase, I. Kramer, R. Sussmann, W. Stremme, J. Mellqvist, A. 
Strandberg, K. Ellingsen, M. Gauss, Trend analysis of greenhouse gases over Europe 
measured by a network of ground-based remote FTIR instruments, Atmos. Chem. Phys., 8, 
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6719-6727, 2008. 
 
O. Schneising, M. Buchwitz, J. P. Burrows, H. Bovensmann, M. Reuter, J. Notholt, R. 
Macatangay, and T. Warneke, Three years of greenhouse gas column-averaged dry air 
mole fractions retrieved from satellite - Part 1: Carbon dioxide, Atmos. Chem. Phys., 8, 
3827-3853, 2008. 
 
C. Frankenberg, P. Bergamaschi, A. Butz, S. Houweling, J.-F. Meirink, J. Notholt, A. K. 
Petersen, H. Schrijver, T. Warneke, I. Aben, Tropical methane emissions: A revised view 
from SCIAMACHY, Geophys. Res. Letters, 35, L15811, doi:10.1029/2008GL034300, 2008. 
 
A. K. Petersen, T. Warneke, M. G. Lawrence, J. Notholt, O. Schrems, First ground-based 
FTIR-observations of the seasonal variation of carbon monoxide in the tropics, Geophys. 
Res. Letters, 35, L03813, doi:10.1029/2007GL031393, 2008. 
 
M. Buchwitz, O. Schneising, J. P. Burrows, H. Bovensmann, M. Reuter, J. Notholt, First 
direct observation of the atmospheric CO2 year-to-year increase from space, Atmos. Chem. 
Phys., 7, 4249-4256, 2007. 
 
V. Velazco, S. W. Wood, M. Sinnhuber, I. Kramer, N. B. Jones, Y. Kasai, J. Notholt, T. 
Warneke, T. Blumenstock, F. Hase, F. J. Murcray, and O. Schrems, Annual variation of 
strato-mesospheric carbon monoxide measured by ground-based Fourier transform 
infrared spectrometry, Atmos. Chem. Phys., 7, 1305-1312, 2007. 
 
B. Dils, M. De Maziere, J. F. Müller, T. Blumenstock, M. Buchwitz, R. de Beek, P. Demoulin, 
P. Duchatelet, H. Fast, C. Frankenberg, A. Gloudemans, D. Griffith, N. Jones, T. 
Kerzenmacher, I. Kramer, E. Mahieu, J. Mellqvist, R. L. Mittermeier, J. Notholt, C. P. 
Rinsland, H. Schrijver, D. Smale, A. Strandberg, A. G. Straume, W. Stremme, K. Strong, R. 
Sussmann, J. Taylor, M. van den Broek, V. Velazco, T.Wagner, T.Warneke, A.Wiacek, and 
S.Wood, Comparisons between SCIAMACHY and ground-based FTIR data for total columns 
of CO, CH4, CO2 and N2O,  Atmos. Chem. Phys., 6, 1953-1976, 2006. 

Correlative data needs 

The inclusion of in-situ data is helpful. It allows creating a common data set of 
total column (existing since a few years) and surface in-situ observations 
(existing for many decades). The combination of both allows to investigate 
long term trends. I name here two papers where this is done. 
 
T. Warneke, J. F. Meirink, P. Bergamaschi, J.-U. Grooß, J. Notholt, G. C. 
Toon,V. Velazco, A. P. H. Goede, and O. Schrems, Seasonal and latitudinal 
variation of atmospheric methane: A ground-based and ship-borne solar IR 
spectroscopic study, Geophys. Res. Letters, 33, L14812, 
doi:10.1029/2006GL025874, 2006. 
 
T. Warneke, A. K. Petersen, C. Gerbig, A. Jordan, C. Rödenbeck, M. Rothe, R. 
Macatangay, J. Notholt, and O. Schrems, Co-located column and in situ 
measurements of CO2 in the tropics compared with model simulations, Atmos. 
Chem. Phys., 10, 5593-5599, 2010. 

Systematic Requirements See the topic above ‘challenge’ 
Campaign Requirements See the topic above ‘challenge’ 
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Figure 10: Logo of the NDACC (Network for the Detection of Atmospheric Composition Change - 
http://www.ndsc.ncep.noaa.gov/), formerly known as the NDSC (Network for the Detection of Stratospheric 
Change), and the TCCON (Total Carbon Column Observing Network - http://www.tccon.caltech.edu/) 
networks. 
 
 
 
Commonly used sub-division scheme:  
A commonly used sub-division scheme is following [Byrnes, James (2009)]:  

• Near-infrared (NIR, IR-A): 0.75-1.4 µm in wavelength, defined by water absorption, and 
commonly used in fiber optic telecommunication because of low attenuation losses in the SiO2 glass 
(silica) medium. Image intensifiers are sensitive to this area of the spectrum. Examples include night 
vision devices. 

• Short-wavelength infrared (SWIR, IR-B): 1.4-3 µm, water absorption increases significantly at 
1,450 nm. The 1,530 to 1,560 nm range is the dominant spectral region for long-distance 
telecommunications. 

• Mid-wavelength infrared (MWIR, IR-C) also called intermediate infrared (IIR): 3-8 µm. In guided 
missile technology the 3-5 µm portion of this band is the atmospheric window in which the homing 
heads of passive IR 'heat seeking' missiles are designed to work, homing on to the Infrared 
signature of the target aircraft, typically the jet engine exhaust plume. 

• Long-wavelength infrared (LWIR, IR-C): 8-15 µm. This is the "thermal imaging" region, in which 
sensors can obtain a completely passive picture of the outside world based on thermal emissions 
only and requiring no external light or thermal source such as the sun, moon or infrared illuminator. 
Forward-looking infrared (FLIR) systems use this area of the spectrum. Sometimes also called the 
"far infrared." 

• Far infrared (FIR): 15 - 1,000 µm (see also far-infrared laser). 
 
NIR and SWIR is sometimes called "reflected infrared" while MWIR and LWIR is sometimes referred to as 
"thermal infrared." Due to the nature of the blackbody radiation curves, typical 'hot' objects, such as exhaust 
pipes, often appear brighter in the MW compared to the same object viewed in the LW. 
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Figure 11: Photograph of a Jena FTIR system installed in a sea-container and deployed at the 2010 
Wollongong FTIR intercomparison campaign, to illustrate and indicate the size of a single mobile system 
(image obtained from http://www.bgc-jena.mpg.de). 
 

 
 
Figure 12: Photograph of the Bruker IFS125 HR FTIR installed at Garmisch, Germany, to indicate and 
illustrate the size of a single optical system (image obtained from http://imk-ifu.fzk.de/299.php). 
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12. Nitrogen Dioxide (NO2) 
 
 
Name Andreas Richter 
Affiliation Institute of Environmental Physics, University of Bremen 
Email  richter@iup.physik.uni-bremen.de 
Project www.doas-bremen.de, analysis of tropospheric species from SCIAMACHY 
Data product tropospheric NO2 
Geographic Region US, Europe, Asia 
Conditions in polluted regions 

Challenge quality of tropospheric NO2 columns is not yet well documented. Vertical profile 
of NO2 in the boundary layer not well known but needed for AMF calculations. 

Literature 

many, for example: 
Hains, J.C., Boersma, F.K., Kroon, M., Dirksen, R.J., Cohen, R.C., Perring, A.E., 
Bucsela, E., Volten, H., Swart, D.P.J., Richter, A., Wittrock, F., Schoenhardt, A., 
Wagner, T., Ibrahim, O.W., van Roozendael, M., Pinardi, G., Gleason, J.F., 
Veefkind, J. P., Levelt, P., Testing and improving OMI DOMINO tropospheric 
NO2 using observations from the DANDELIONS and INTEX-B validation 
campaigns, J. Geophys. Res., 115, D05301, doi:10.1029/2009JD012399, 2010 

Correlative data needs 

ground-based MAX-DOAS observations of NO2 columns over longer periods in 
different locations 
CINDI-like campaign but instruments distributed over larger area and possibly in 
another location 

Systematic Requirements existing stations can contribute and this is being investigated in projects such as 
NORS and MACC-II 

Campaign Requirements DANDELIONS, CINDI  
 
 

 
 
Figure 13: Logo of the summer 2009 CINDI campaign held at station Cabauw, the Netherlands. CINDI 
brought together numerous experimental ground based remote sensing systems and showed that most 
systems have a comparably high performance making all of them suitable to function as a network of 
ground based DOAS system.  
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Figure 14: Global image of monthly mean tropospheric NO2 concentrations as retrieved from SCIAMACHY 
observations and made publically available via the TEMIS website.  
 

 
Figure 15: Regional image of the monthly mean tropospheric NO2 concentrations as retrieved from 
SCIAMACHY observations and made publically available via the DOAS-Bremen website. Note that this is one 
of the first observations by SCIAMACHY. Also note the clear correlation between (1) tropospheric NO2 
concentrations and (2) population density and industrial activity. 
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13. Ozone Profiles (O3) 
 
 
Name Anne, van Gijsel 
Affiliation Royal Netherlands Meteorological Institute 
Email  Anne.van.Gijsel@knmi.nl 

Project Satellite validation with lidar (VALID, see www.knmi.nl/samenw/valid although it 
is not functional yet) 

Additional Information Previously active in the EQUAL projects (Envisat QUality Assessment with Lidar). 
Besides lidar, we also use balloon sondes and microwave radiometer data 

Data product SCIAMACHY level 2 ozone data, all versions - also IUP 

Geographic Region T: tropics (|latitude| <23.5)  
P: polar region (|latitude| > 66.5)  

Conditions All 

Challenge T: consistent positive bias to be removed 
P: consistent negative bias to be removed 

Literature 

Verification SCIAMACHY v5.01 (VALID report), 
VALID final report 2008-2010,  
20100622 SCIAMACHY v5.01 validation SCIAMACHY QWG June 2010 ESRIN.ppt, 
20100906 SCIAMACHY v5.01 delta validation SCIAVALIG September 2010 
BIRA.ppt 

Correlative data needs correlative data are available 
Systematic Requirements not required 
Campaign Requirements not required 

Additional Information 

I think one issue is that the focus of the fast verification test datasets (really 
very small) during algorithm development is too much on the mid-latitudes 
where more matches are found and turn out to be best (in terms of differences 
between validation instruments and SCIA). 
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14. Sulfur Dioxide (SO2) 
 
 
Name Andreas Richter 
Affiliation Institute of Environmental Physics, University of Bremen 
Email  richter@iup.physik.uni-bremen.de 
Project www.doas-bremen.de, analysis of tropospheric species from SCIAMACHY 
Data product tropospheric SO2 
Geographic Region volcanic regions, polluted regions 
Conditions during pollution episodes and volcanic degassing and eruptions 

Challenge quality of tropospheric SO2 nearly unknown 
vertical distribution needed for AMF but not known 

Literature  

Correlative data needs ground-based observations of SO2 (MAX-DOAS, NOVAC-network)  
airborne observations of the vertical SO2 profile 

Systematic Requirements some existing MAX-DOAS stations can contribute 
NOVAC-network could be used 

Campaign Requirements   
 
 

 
 
Figure 16: This image presents a 32 month average of SCIAMACHY SO2, highlighting areas of large pollution 
(e.g. China or the Highveld region in South Africa), volcanic eruptions (e.g. Nyamuragira in the Democratic 
Republic of Congo, El Reventador in South America), refineries in the Persian Gulf and metal ore smelting in 
Russia. For the figure, it was assumed that SO2 is located in the middle troposphere which leads to 
substantial underestimation of SO2 where it is concentrated in the boundary layer (image courtesy of 
Andreas Richter, IUP-Bremen). 
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15. Tropospheric Trace Gases in General 
 
 
Name Thomas Wagner 
Affiliation MPI for Chemistry, Mainz, Germany 
Email  Thomas.wagner@mpic.de 
Project http://www3.mpch-mainz.mpg.de/satellite  
Data product several tropospheric and stratospheric trace gas, aerosol and cloud products 
Geographic Region Globe 
Conditions no specific restriction 

Challenge 
especially for many tropospheric products, validation is difficult and missing; 
effect of aerosols, clouds, albedo changes, and spatial gradients is not 
sufficiently understood 

Literature - 

Correlative data needs 

more tropospheric validation data sets are needed: 
-MAX-DOAS 
-aircraft campaigns (including ultra light and unmanned airborne vehicles) 
-other ground based in situ data 
-additional CINDI-like campaigns in different parts of the world (including 
polluted Asian sites, regions of biomass burning, etc.) 
-more H2O total column validation measurements should be performed and 
used, including MAX-DOAS 

Systematic Requirements in-situ observations together with regional models should be increasingly used 
Campaign Requirements additional CINDI like campaigns would be good 
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16. UV-Index 
 
 
Name Michiel van Weele 
Affiliation KNMI 
Email  weelevm@knmi.nl 
Project http://www.temis.nl/uvradiation/ 

Data product 

There are two UV products based on SCIAMACHY: 
 
(i) Near-real time clear-sky UV index forecast and analysis 
http://www.temis.nl/uvradiation/UVindex.html 
 
(ii) Near-real time all-sky UV daily dose analysis 
(SCIAMACHY - MSG synergetic product using near-real time NWC-SAF cloud 
mask) 
http://www.temis.nl/uvradiation/UVdose.html 

Geographic Region Clear-sky UV index: global 
All-sky UV daily dose: Europe 

Conditions Full global coverage using the TEMIS NRT SCIAMACHY assimilated total ozone 
product 

Challenge 

(i) Maintaining the TEMIS UV service because there are lots of happy TEMIS 
UV users worldwide for the SCIAMACHY clear-sky UV index 
(i) Validation and promotion of the Vitamin-D UV dose product developed in 
SUPREMACY and improvement of all UV daily dose products using MSG NRT 
cloud optical depth instead of the NWC-SAF cloud mask 

Literature 

Van Weele, M., and R.J. van der A, 2008, Supremacy final report, NIVR proj. 
53411KNNIVR, GO proj. reference 5.1 DE-31, 
http://www.knmi.nl/~weelevm/SUPREMACY/Supremacy_report_final_2nov200
8.pdf 

Correlative data needs - 
Systematic Requirements - 
Campaign Requirements - 

Additional Information 

Recent validation paper: A. T. J. de Laat, et al. (2010), Extreme sunbathing: 
Three weeks of small total O3 columns and high UV radiation over the 
southern tip of South America during the 2009 Antarctic O3 hole season, 
Geophys. Res. Lett., 37, L14805, doi:10.1029/2010GL043699. 

Secondary information 

Quality of the product is strongly related to the quality of the total ozone 
column, especially in the Tropics. Thus it is of relevance to understand the 
trend in TOC. 
For other types of UV-indices (extrapolations instead of forecasts, e.g. such as 
from OMI), it is important to support the ground-based stations, which have 
been declining in numbers during the last decade. 
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17. Water vapour (H2O) 
 
 
Reference 17a 
Name Ankie Piters 
Affiliation KNMI 
Email  piters@knmi.nl 
Project  
Additional Information  
Data product H2O OLv5 
Geographic Region n/a 
Conditions n/a 

Challenge The bias in water vapour column seems to depend strongly on the air-mass-
factor correction factor, for values of this factor below ~1.0  

Literature Piesanie et al, in preparation for AMT. 
Correlative data needs n/a 
Systematic Requirements n/a 
Campaign Requirements n/a 

Additional Information Algorithm correction seems to be possible. Alternatively, threshold for 
selection of air-mass-factor correction factor (now >0.8) can be enlarged. 

 
 
Reference 17b 
Name Katja Weigel 
Affiliation Institute of Environmental Physics (IUP), University of Bremen 
Email  weigel@iup.physik.uni-bremen.de 
Project SHARP, (SCILOV) 

Data product Water vapor profiles from SCIAMACHY Limb measurements, Scientific 
retrieval, http://www.atmos-meas-tech.net/4/933/2011/ 

Geographic Region Global 
Conditions Solar zenith angle < 85°, no clouds above 12 km altitude 

Challenge 

Southern hemisphere: There are currently no suitable in situ measurements 
for water vapor in the UTLS (upper troposphere, lower stratosphere) in the 
south hemisphere outside the Tropics.  
Reference measurement: There are no generally agreed reference 
measurements for water vapor in the UTLS, high quality balloon 
measurements could provide such a reference if they are performed regularly 
enough.  
Coverage of the complete ENVISAT lifetime: In situ measurements should be 
continued/supported globally to provide a better possibility to validate time 
series.  

Literature 

Rozanov, A., Weigel, K., Bovensmann, H., Dhomse, S., Eichmann, K.-U., Kivi, 
R., Rozanov,V., Vömel, H., Weber, M., and Burrows, J. P.: Retrieval of water 
vapor vertical distributions in the upper troposphere and the lower 
stratosphere from SCIAMACHY limb measurements, Atmos. Meas. Tech., 4, 
933-954, doi:10.5194/amt-4-933-2011, 2011., http://www.atmos-meas-
tech.net/4/933/2011/  

Correlative data needs Collocations within few (<12 possibly < 6 hours) and some 100km. 
Systematic Requirements The quality of radiosondes is usually not sufficient for the Tropopause region. 

Campaign Requirements 

Precise water vapor measurements from balloon sondes, like e.g presented in: 
Hurst, D. F., S. J. Oltmans, H. Vömel, K. H. Rosenlof, S. M. Davis, E. A. Ray, E. 
G. Hall, and A. F. Jordan (2011), Stratospheric water vapor trends over 
Boulder, Colorado: Analysis of the 30 year Boulder record, J. Geophys. Res., 
116, D02306, doi:10.1029/2010JD015065, 
http://www.agu.org/pubs/crossref/2011/2010JD015065.shtml  
 
and 
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Fujiwara, M., et al. (2010), Seasonal to decadal variations of water vapor in 
the tropical lower stratosphere observed with balloon-borne cryogenic frost 
point hygrometers, J. Geophys. Res., 115, D18304, 
doi:10.1029/2010JD014179.  
http://www.agu.org/pubs/crossref/2010/2010JD014179.shtml  
 
and/or high altitude aircraft measurements (e.g. from campaigns like: 
EUPLEX/ENVISAT 2003, ENVISAT 2002, Cirrus 2003 and 2004, 
TROCCINOX/ENVISAT 2005, SCOUT-O3 2005, AMMA 2006, RECONCILE 
2010), like e.g presented in:  
 
Schiller, C., M. Krämer, A. Afchine, N. Spelten, and N. Sitnikov (2008), Ice 
water content of Arctic, midlatitude, and tropical cirrus, J. Geophys. Res., 113, 
D24208, doi:10.1029/2008JD010342, 
http://www.agu.org/pubs/crossref/2008/2008JD010342.shtml  
 

 
 

 
Figure 17: Water vapour columns are retrieved from SCIAMACHY data using the Air Mass Corrected 
Differential Optical Absorption Spectroscopy (AMC-DOAS) method. Here presented is the annual average 
total water vapour column data for the year 2006. Figure courtesy of Stephan Noël, IUP-Bremen. 
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18. Nadir SWIR retrievals of CO2, CH4, CO, H2O, HDO 
 
 

Name André Butz (KIT), Ilse Aben (SRON), Frank Hase (KIT), Thomas Blumenstock 
(KIT), Christian Frankenberg (JPL) 

Affiliation 
Karlsruhe Institute of Technology (KIT) - IMK-ASF, Germany 
Netherlands Institute for Space Research (SRON), The Netherlands 
Jet Propulsion Laboratory (JPL) /California Institute of Technology, USA 

Email  andre.butz@kit.edu 
i.aben@sron.nl 

Project RemoteC, www.imk-asf.kit.edu/RemoteC 

Data product 

Nadir SWIR: CO2, CH4, CO, H2O, HDO 
SCIAMACHY’s nadir observations in the shortwave-infrared (SWIR) spectral 
range (in particular channels 6 and 8) are extensively used to infer total 
column concentrations of CO2 [eg. Buchwitz, 2007; Reuter at al., 2011], CH4 
[eg. Frankenberg et al., 2005], CO [eg. Gloudemans et al., 2009], H2O [eg. 
Schrijver et al., 2009], and HDO [eg. Frankenberg et al., 2009]. There are 
some efforts to validate these retrievals either using ground-based remote 
sensing data, in situ data, model output based on data assimilation, or 
combinations of these [eg. Dils et al., 2006; Schrijver et al., 2009; De Laat et 
al., 2010; Reuter et al., 2010].  

Geographic Region Tropics, 55°N to 75°N (Northern mid-to-high-latitudes) 
Conditions All 

Challenge 

Validation studies for SCIAMACHY’s SWIR retrievals suffer from sparse coverage in the 
tropics and in the latitude band 55°N to 75°N (Northern mid-to-high-latitudes).  
These regions are, however, of major interest for data users. The tropical regions are 
scientifically important for virtually all species that are retrieved from solar absorption 
measurements in the SWIR: CO2 (photosynthesis, respiration of tropical rainforest), CH4 
(emission from tropical wetlands), H2O/HDO (water cycle, transport to the upper 
atmosphere), CO (biomass burning). Past controversies such as the discussion of a 
tropical CH4 source from live plants could have benefited a lot from appropriate validation 
options [eg. Frankenberg, 2008]. The mid-to-high-latitude regions of North America and 
Siberia are in particular interesting because of their impact on atmospheric CO2, CH4, CO 
concentrations (permafrost thaw, wetland expansion, greening vegetation, coastal shelf 
CH4 clathrates, forest fires). 
 
Further, the tropics and Northern mid-to-high-latitudes are particularly difficult for 
satellite retrieval algorithms. Retrieval algorithms in the SWIR spectral range are typically 
challenged by the very low (infrared) reflectivity of vegetation surfaces such as occurring 
in large parts of the tropics and mid-to-high-latitudes, by observations at very low sun 
such as often occurring in high-latitudes, by unaccounted water or cirrus cloud 
contamination such as often occurring in the tropics. Therefore, validation results from 
mid-latitudes cannot be confidently extrapolated and dedicated validation in the region of 
interest is required. 

Correlative 
data needs 

Generally, ground-based remote sensing of solar absorption spectra provides the best 
means to validate SCIAMACHY’s SWIR retrievals. Typically, measurements such as 
conducted by ground-based, sun-viewing Fourier Transform Spectrometers (FTS) within 
the Total Carbon Column Observing Network (TCCON) and the Network for the Detection 
of Atmospheric Composition Change (NDACC) achieve sufficiently high accuracy to serve 
as validation for space-based remote sensing of total column concentrations. Differences 
in retrieval sensitivities between the ground-based and space-based observations are 
small and can be accounted for through the retrieval diagnostics. Uncertainties due to 
spectroscopic calibration can be minimized by using the same retrieval ranges or by 
calibrating the ground-based retrievals to a common standard. Feasibility of validation 
studies based on TCCON and NDACC data has been demonstrated by eg. Dils et al., 
2006, De Laat, 2010, Reuter et al., 2010, for SCIAMACHY and by eg. Butz et al., 2011 for 
CO2 and CH4 retrievals from the Greenhouse Gases Observing Satellite (GOSAT). 
Schneider et al., 2010a, 2010b have shown the potential of ground-based FTS 
measurements for H2O and HDO validation.  
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Short term recommendation: 
We recommend to support the continuation and extension of SCIAMACHY validation 
based on ground-based solar absorption spectroscopy. The existing TCCON and NDACC 
records should be thoroughly processed in the view of providing a highly accurate and 
consistently calibrated dataset of all relevant species i.e. CO2, CH4, CO, H2O, HDO. 
Retrieval setups should be standardized among the different stations by using - as far as 
possible - the same spectral windows, the same spectroscopic parameters, a common 
source of meteorological parameters, and consistent inversion techniques. Retrieval 
diagnostics such as averaging kernels and a priori profiles must be delivered together 
with the retrieved gas concentrations.  
Partially, this strategy has been successfully implemented for the TCCON CO2 and CH4 
records. But for example, HDO is - as far as we know - not available through the TCCON 
data archive. CO is only available for some stations. It would be good if all the above 
listed dataproducts become routinely available - if possible from both, NDACC and TCCON 
- as SCIAMACHY (and later other missions) measures them and validation is needed. 
Intercalibration of TCCON and NDACC is needed with respect to species which are 
measured by both networks. This would further enhance the use of both networks. Some 
activity is probably already on-going but we should look into what would be needed to 
accomplish this. In particular for these species that are mostly measured in the IR by 
NDACC (such as CO) but for which SCIAMACHY and other future instruments (e.g. 
Prec.S5, S5) measure in the SWIR. 
 
Mid-term recommendation: 
In the view of future satellite missions, we recommend to support continuity of the 
existing validation stations and to support the setup of additional ground-based remote 
sensing stations in the tropics and Northern mid-to-high-latitudes. Continuity of the 
networks is important to guarantee consistent validation standards across sequential 
satellite missions. Consistent data records are key for the usefulness of climate variables 
such as CO2, CH4, H2O, HDO, and related species such as CO. Additional validation 
opportunities in the tropics and Northern mid-to-high-latitudes are essential because 
coverage by the current networks is sparse and because dedicated validation is required 
due to scientific and methodological reasons as outlined above. 
Currently, network coverage in the tropics and mid-to-high-latitudes is sparse since the 
rather delicate and complex design of a typical high resolution ground-based FTS requires 
moderately sophisticated infrastructures and maintenance facilities. Further, high costs 
(~500kEuro/station) make expansion of an FTS network little appealing. The 
development of a low-cost, robust, and small alternative validation instrument based on 
solar absorption spectroscopy in the SWIR would be useful for building validation sites in 
remote places that offer only basic infrastructures. Currently, prototype instruments for 
CO2 and CH4 validation are under development in our laboratory.  
A few (~10) robust, ground-based validation instruments deployed at strategic places in 
the tropical regions of South-America, Africa, South-East Asia, and in latitudes 55°N to 
75°N of North-America and Siberia could significantly help provide reliable quality 
estimates for satellite retrievals there. 

Literature 

Buchwitz, M., Schneising, O., Burrows, J. P., Bovensmann, H., Reuter, M., and Notholt, J., 
First direct observation of the atmospheric CO2 year-to-year increase from space, Atmos. 
Chem. Phys., 7, 4249-4256, doi:10.5194/acp-7-4249-2007, 2007 
 
Butz, A. et al., Toward accurate CO2 and CH4 observations from GOSAT, Geophys. Res. 
Lett., 38, L14812, doi:10.1029/2011GL047888, 2011 
Dils, B., et al., Comparisons between SCIAMACHY and ground-based FTIR data for total 
columns of CO, CH4, CO2 and N2O, Atmos. Chem. Phys., 6, 1953-1976, doi:10.5194/acp-
6-1953-2006, 2006 
 
Frankenberg, C., J. F. Meirink, M. van Weele, U. Platt, and T. Wagner, Assessing methane 
emissions from global space-borne observations, Science, 308, 1010-1014, 
doi:10.1126/science.1106644, 2005 
 
Frankenberg, C., P. Bergamaschi, A. Butz, S. Houweling, J. F. Meirink, J. Notholt, A. K. 
Petersen, H. Schrijver, T. Warneke, and I. Aben, Tropical methane emissions: A revised 
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view from SCIAMACHY onboard ENVISAT, Geophys. Res. Lett., 35, L15811, 
doi:10.1029/2008GL034300, 2008 
 
Frankenberg, C., K. Yoshimura, T. Warneke, I. Aben, A. Butz, N. Deutscher, D. Griffith, F. 
Hase, J. Notholt, M. Schneider, H. Schrijver, and T. Roeckmann, Dynamic Processes 
Governing Lower-Tropospheric HDO/H2O Ratios as Observed from Space and Ground, 
Science, 325 (5946), 1374, 2009 
 
Gloudemans, A. M. S., de Laat, A. T. J., Schrijver, H., Aben, I., Meirink, J. F., and van der 
Werf, G. R., SCIAMACHY CO over land and oceans: 2003-2007 interannual variability, 
Atmos. Chem. Phys., 9, 3799-3813, doi:10.5194/acp-9-3799-2009, 2009 
 
de Laat, A. T. J., et al., Validation of five years (2003-2007) of SCIAMACHY CO total 
column measurements using ground-based spectrometer observations, Atmos. Meas. 
Tech., 3, 1457-1471, doi:10.5194/amt-3-1457-2010, 2010 
 
Reuter, M., et al., Retrieval of atmospheric CO2 with enhanced accuracy and precision 
from SCIAMACHY: Validation with FTS measurements and comparison with model results, 
J. Geophys. Res., 116, D04301, doi:10.1029/2010JD015047, 2011 
 
Schneider, M., E. Sepúlveda, O. García, F. Hase, and T. Blumenstock, Remote sensing of 
water vapour profiles in the framework of the Total Carbon Column Observing Network 
(TCCON), Atmos. Meas. Tech., 3, 1785-1795, 2010a 
 
Schneider, M., Toon, G. C., Blavier, J.-F., Hase, F., and Leblanc, T.: H2O and δD profiles 
remotely-sensed from ground in different spectral infrared regions, Atmos. Meas. Tech., 
3, 1599-1613, doi:10.5194/amt-3-1599-2010, 2010b 
 
Schrijver, H., Gloudemans, A. M. S., Frankenberg, C., and Aben, I., Water vapour total 
columns from SCIAMACHY spectra in the 2.36 μm window, Atmos. Meas. Tech., 2, 561-
571, doi:10.5194/amt-2-561-2009, 2009 
 
Wunch, D., G. C. Toon, J. F. L. Blavier, R. Washenfelder, J. Notholt, B. J. Connor, D. W. 
T. Griffith, V. Sherlock, and P. O. W. Wennberg, The total carbon column observing 
network, Philos. Trans. R. Soc. A, 369, 2087-2112, doi:10.1098/rsta.2010.0240, 2011 

Systematic Requirements See rationale above. 
Campaign Requirements See rationale above. 
 
In addition: There are developments at various institutes, designing optical systems suitable for TCCON 
deployment, that are much cheaper than standard systems like Bruker. Remark by Ilse Aben at SSAG 43.  
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19. Limb Retrievals of BrO, NO2 and OClO 
 
 
Name Janis Pukite 

Affiliation Max Planck Institute for Chemistry, Joh.-Joachim-Becher-Weg 27, D-55128 
Mainz, Germany 

Email  Janis.Pukite@mpic.de 

Project Tomographic profile retrieval in stratosphere from SCIAMACHY limb/nadir 
measurements for OClO, NO2 and BrO  

Data product Global distribution of vertical profiles of OClO, NO2 and BrO.  
Geographic Region Globally, especially at polar regions (OClO, NO2, BrO) and subtropics (NO2, BrO) 

Conditions 

Occurrences of strong horizontal gradients of concentration of the trace gases 
across stratospheric transport barriers (polar vortex, subtropical transport 
barrier), or day/night terminator (high SZAs). Validation of OClO needs to be 
performed under chlorine activation conditions (drop of temperature below the 
threshold for PSC formation) and at high SZAs. 

Challenge 

Common limb retrieval algorithms assume a horizontally homogeneous atmosphere for the 
retrieval constraint, i.e. the existing strong horizontal gradients of photo chemically active 
species are neglected. This can lead to remarkable over- or underestimation of the 
retrieved profiles. An option to account for it is to apply a 2-D tomographic approach 
where radiative transfer modelling is performed by applying an atmosphere that is 
discretized not only in altitude but also in latitude. It takes into account horizontal 
gradients using the measurement data from subsequent limb states. 
We need to validate improvements of the tomographic 2-D retrieval schema (Puķīte et al., 
2008; 2010) versus conventional retrieval (Puķīte et al., 2006; Kühl et al., 2008) where 
systematic error occur because horizontal variability is not considered in the forward 
modelling.  
We need to validate the profile retrieval in the lower stratosphere upper troposphere 
region (12-20 km) in an absolute manner. For BrO, especially at tropical/subtropical region 
where significant discrepancies with existing few balloon measurements where found (see 
Rozanov et al., 2011). OClO needs to be validated in polar winter conditions when chlorine 
activation occurs within polar vortex. In the mentioned altitude region, the effect of 
different atmospheric parameters (clouds, aerosols, especially PSCs in case of chlorine 
activation) on the retrieval is expected to be larger than for atmosphere above. 

Literature 

Kühl et al., SCIAMACHY Limb Measurements of NO2, BrO and OClO, Retrieval of vertical 
proles: Algorithm, first results, sensitivity and comparison studies, Adv. Space Res., 42, 
1747-1764, 2008. 
 
Puķīte et al., Retrieval of stratospheric trace gases from SCIAMACHY limb measurements, 
Proceedings of the First Atmospheric Science Conference, 8-12 May, ESA/ESRIN, Frascati,  
Italy, 2006, ESA SP-628 
http://earth.esa.int/workshops/atmos2006/participants/1148/paper_proc_Frasc_2.pdf   
 
Puķīte et al., Accounting for the effect of horizontal gradients in limb measurements of 
scattered sunlight, Atmos. Chem. Phys., 8, 3045-3060, 2008 
 
Puķīte et al., The effect of horizontal gradients and spatial measurement resolution on the 
retrieval of global vertical NO2 distributions from SCIAMACHY measurements in limb only 
mode, Atmos. Meas. Tech., 3, 1155-1174, 2010 
 
Rozanov et al., BrO vertical distributions from SCIAMACHY limb measurements: 
comparison of algorithms and retrieval results, Atmos. Meas. Tech., 4, 1319-1359, 2011 

Correlative 
data needs 

1) Measurements to be performed at the places with strong horizontal variability, i.e. at 
places of stratospheric transport barriers and day/night terminator. Measurements should 
have as small as possible horizontal sensitivity area in order not to be affected by a 
horizontal gradient effect (if possible, less than 350 km, i.e. the grid size of tomographic 
retrieval for SCIAMACHY). The sensitivity distribution needs to be well known. The 
measurements should also have good sensitivity in the region between 12-20 km altitude 
(with as good as possible vertical resolution). 
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2) To better validate the tomographic retrieval and to account for potential systematic 
biases between different instruments, several simultaneous measurements at different 
latitudes across the orbit need to be performed, e.g. some within the polar vortex, some 
outside it.  
3) Spatially (i.e horizontally) well resolved measurements across the stratospheric 
transport barriers and day/night terminator at 12-20 km altitude to study the gridding, 
discretization and interpolation effects on the retrieval.  
4) Due to the high temporal variability of the measured trace gases (especially OClO) and 
large uncertainties in their variability, the measurements need to be performed as close as 
possible to the places and observation times of SCIAMACHY observations. 
5) The measurements needs to be repeated several times at the same places or at similar 
conditions, to allow to evaluate the retrieval errors. 

Systematic 
Requirements 

Usage of ground based measurements is limited due to low horizontal and vertical 
resolution. Observations at different SZAs are performed for retrieval of profile. This, 
therefore, is limiting their usage for photochemically very active gases like BrO and 
especially OClO. At the best, a set of simultaneous ground based measurements at 
different places along the orbit would allow to obtain a set of stratospheric columns of 
OClO (considering that tropospheric content is negligible) under a clear sky conditions. 
Balloon measurements in general could be possible for the validation needs; however in 
practice the flexibility due to meteorological or logistical concerns is challenging. It would 
require simultaneous launch and stratospheric measurements at different places matching 
the time of SCIAMACHY overpass.  
For NO2 (but not for BrO and OClO), usage of MIPAS instrument on the same platform is 
generally possible. Here, the photochemistry (being not so strong for NO2) due to overpass 
needs to be considered because MIPAS has a backward view. It has good distribution of 
horizontal sensitivity matching well within 350 km. 
In situ measurements by an aircraft able to reach high altitudes within lower stratosphere 
providing exact point measurements could be considered. Also measurements of 
stratospheric column above the aircraft by a spectroscopic instrument could be of interest 
due to relatively good horizontal resolution. Simultaneous measurements at different 
places require a usage of two (or more) aircrafts since the speed of SCIAMACHY overpass 
cannot be compared with that of an aircraft. 
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20. Limb Retrievals of BrO, H2O, NO2, O3, TOC 
 
 
Name Mark Weber 
Affiliation Uni Bremen 
Email  weber@uni-bremen.de 
Project www.iup.uni-bremen.de/UVSAT  
Data product Limb O3, NO2, BrO, H2O (IUP scientific products), column O3 
Geographic Region global 
Conditions any 

Challenge Limb tangent height issues, total ozone instrumental trends due to still 
unknown level 1 calibration issues 

Literature Mieruch et al., AMTD, 2011, and references therein. Lerot et al., AMTD, 2009 
Correlative data needs rather more efforts on SCIA level 1 issues is needed 
Systematic Requirements  
Campaign Requirements Mainly involved in satellite intercomparisons 
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21. Total ozone column  
 

Name Piet Stammes 
Affiliation KNMI 
Email  stammes@knmi.nl 
Project NSO project SCIA-Visie (-Extensie), ESA project CLARIFI 
Data product total ozone; various products 
Geographic Region global 
Conditions Clear and cloudy 

Challenge 

What is the cause of degradation in SCIAMACHY total ozone of 0.2-0.4 %/year ?
 
Why are there stronger effects of clouds on total ozone in SCIAMACHY than in 
GOME ? 

Literature 

Lerot et al., AMT, 2009 
Van der A et al., ACP, 2010 
Anton and Loyola, JGR, 2011  
Anton et al., JGR, 2011, submitted 

Correlative data needs Brewer/Dobson network 
Systematic Requirements -- 
Campaign Requirements -- 
Additional Information Test SCIA L1 calibration algorithm settings on L2 validation effects 
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22. Original letter 
 
The Great SCIAMACHY Validation Assessment 
 
The ENVISAT mission is planned to continue nominal operation until mid-2014. That leaves 3 more years of 
atmospheric science measurements. At the moment these instruments run nominally and produce vast 
amounts of scientifically sound data as confirmed by validation. For example, a quick estimate tells us that 
95% of the SCIAMACHY data is of high quality and is meeting tight validation requirements. Most likely 
much of your work, being on system calibration, on algorithm developments, or on validation studies, has 
contributed substantially to this success. In the meantime, new data products are also being developed, 
which by definition have not undergone proper validation yet. 
 
This message is intended to let you think about the remaining part of the mission, current retrieval and 
validation challenges, and new products being developed right now! 
 
Suppose you have a limited time span and financial budget to spend on the final development and/or 
validation of your data product. What would you spend it on? Based on your experience with the 
SCIAMACHY system and data,can you come up with a short list of shortcomings in the satellite instrument 
calibration or in the satellite instrument data that are of high priority to be solved? Or are you developing 
new SCIAMACHY data products that will need specific correlative measurements to compare with? Could you 
think of ground-based, air-borne and balloon-borne correlative observations outside of the realm of available 
networks and planned campaignsthat we need in order to solve these shortcomings or validate new data 
products? Then hereby you are invited to do so. 
 
This is what we call “The Great SCIAMACHY Validation Assessment”. 
 
For example: Can we validate radiances over large snow fields like Antarctica and do we have correlative 
data there? Can we improve on stratospheric ozone retrievals at high solar zenith angles? How can we gain 
understanding of the trend in ozone difference with ground-based observations? How well do our cloud 
algorithms behave over snow/ice? How well are the tropospheric data products of NO2 and SO2retrieved and 
validated? 
 
This message is intended for the calibration experts, the algorithm developers, the validation scientists, and 
also the end-users of the SCIAMACHY data records. You are cordially invited to take part in “The Great 
Validation Assessment” of SCIAMACHY.  
 
The outcome of this assessment will enable us to start thinking of SCIAVALIG actions like: 

- Identification of validation gaps 
- Performing new and dedicated measurements with standard equipment. 
- Providing recommendations for funding towards the development and deployment of new, dedicated 

equipment. 
- Defining or joining future campaigns aimed at achieving our goals.  

 
Let us know where you think SCIAMACHY data needs to be improved and help us in shaping future activities 
that will aid in achieving these goals. Please send your input to sciavalig@knmi.nl. Deadline is September 
1st, 2011. 
 
Thanks in advance! 
 
Best regards, 
 
Mark Kroon - KNMI 
Andreas Richter - IUP Bremen 
Jean-Christopher Lambert - BIRA 
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23. Original questionnaire 
 
The Great SCIAMACHY Validation Assessment 
 
Please find below a questionnaire to help you communicate to us the challenge(s) that you have identified. 
Please delete the text between ‘<>’ which is only there to guide you. In case of multiple challenges please 
feel free to copy/paste Part-II of this template! Please send your input to sciavalig@knmi.nl. 
 
You are encouraged to use graphs, plots, pictures (practically anything) to emphasize your statements! In 
case of large multimedia files like movies/animations please make them available via FTP and provide us 
with the link and we will collect them. 
 
 
The Great SCIAMACHY Validation Assessment- Part I 
Name <first name, last name> 
Affiliation <full institute affiliation> 
Email  <your email address> 
Project <name and goal of your project, web link if available> 
Additional Information <anything you wish to add to the above> 
 
 
The Great SCIAMACHY Validation Assessment - Part II 

Data product <data product of interest, provide short-name and (web links to) full 
description, version number, data source/repository, …> 

Geographic Region <where on the globe (land/ocean, polar, desert, …)> 
Conditions <under what circumstances (clouds, dust storms, high SZA, …)> 

Challenge <what needs to be solved? Please elaborate! Please use images as much as 
possible to denote the issues/challenges> 

Literature <papers and /or presentation where this challenge has already been phrased, 
web link if available> 

Correlative data needs <what do you need to solve this issue?> 
Systematic Validation 
Requirements <can existing systematic observations be tuned to your needs?> 

Campaign Requirements <have previous campaign touched upon this topic?> 
Additional Information <really anything you wish to add to the above> 
  


