
Summary 
 

• Total Column O3 
o Ground and satellite data are generally of high quality 
o Issues remain about data quality at large SZAs (>75) 

• Upper Strat O3 profile (1-20 hPa)  
o Poor quality temperature record makes comparison of data from of 

various O3 sensors difficult 
o There may be significant local time variation in O3 during daytime that 

needs to be accounted for in data analysis 
• Lower Strat O3 profile (20 hPa-tropopause) 

o Satellite record has improved considerably in recent years but problems 
remain in the UTLS region, particularly in high latitudes. 

o Ozonesonde data remain critical for satellite validation and trend analysis 
 
 

High Priority Recommendations 
 

o Need additional ozonesonde stations in the polar regions 
o After careful re-evaluation of NDAAC microwave data, add new stations, particularly 

in the polar regions where Umkehr data are not available. 
o Process Brewer Umkehr data.     
o Continued flight of solar occultation instruments 
o Satellite limb instruments are still needed, but perhaps the record doesn’t need to be 

contiguous if solar occultation instruments can fill the gap.  
 

   
 

Surface Networks 
 
Priority to be given to the tropics, Central Asia, and southern mid latitudes for filling data 
gaps in geographic coverage. We should consider the redistribution of observation sites 
from areas highly populated with instruments to those areas that are poorly populated. 
This requires some infrastructure support in these areas. 
 

� Since satellites cover some of these areas very well. I suggest the emphasis 
should be on areas where measurement quality is generally poor. We need more 
ozonesonde, O3 lidars, and ground-based microwave in the polar regions where 
the data quality of many O3 measuring instruments degrade, e.g., direct sun total 
O3, buv total O3, Umkehr, lower stratospheric O3 profile from limb and 
occultation instruments, trop O3 profile from IR instruments.  

� Other examples? 
 
The parts of the world currently operating the former USSR network of M124 instruments 
should have at least some of those instruments slowly phased out or co-located with 
Brewer and/or relocated Dobson instruments. 

� How important is to expand the total O3 network further since satellites are 



producing high quality data? 
 
Brewers are the preferred instrument for all expansion efforts around the globe where a 
new Ozone and UV monitoring programme is to be established. Unused Dobson 
instruments are a more economical way to expand these networks and to introduce 
observations into new site or programmes. 

� Priority should be given to putting Dobson instruments on locations where there 
are ozonesonde measurements but no total O3 measurements.  

 
There is a need to continue and further expand Umkehr sites to maintain that time series 
in the upper stratosphere. This is the primary ground technique to observe the upper 
stratosphere since sondes cannot reach these altitudes. 

� Umkehr data density remains sparse.  
� Brewer Umkehr data remain unprocessed.  
� Quality of Dobson Umkehr data is significantly affected by internal straylight in 

the instrument. 
� Umkehr measurements are impractical in high latitudes because of the very long 

observation times. 
� NDAAC microwave instruments can provide much higher data density and can 

measure diurnal variation of O3, which is necessary to compare O3 
measurements made at different local times. However, the quality of microwave 
appears uneven and need careful assessment.  

� It should be possible to derive O3 vertical profile from Brewer zenith sky 
measurements by adopting algorithms developed for satellite buv instruments. 
Since these retrievals can be made in just few minutes of observations at ~88˚ 
sza, they are better suited for high latitudes than Umkehr.       
 

We need to maintain continuity of ground based in situ observations of ozone depleting 
species (ODS) and their substitutes as well as continued observations N2O and CH4 
(which are both GHGs and ODSs). 

� There is a separate presentation on this topic from Stefan Reimann. 
 
 
• Key networks that obtain altitude profile information of ozone related species are 
obtained from instruments like lidars, FTIR, SAOZ, DOAS, and microwave radiometers 
should be maintained as they form the primary ground based observations for many of 
these key species. 

� Should we be very more specific as to what we mean by “ozone related species”, 
and should they be prioritized based on data quality and science needs.   

 
• Balloon sonde networks provide critical observations which give vital high resolution 
vertical profiles of ozone and water vapour that are needed for multiple scientific 
activities in ozone research and need to be maintained and increased. Specific 
suggestions include: 
� Archived data reports of ozone sondes should also include the simultaneous water 
vapour profiles within the data submissions. 
� Water vapour profiles measured by meteorological radiosondes should be more 
openly available for ozone research and monitoring. 

�  Add the comment that ozonesondes provide critical measurements where 
satellites differ most (lower strat) or do a poor job (troposphere O3).  

�  Emphasize the need for simultaneous total O3 measurement for maximum 



science return. Some ozonesonde stations are relying on satellite total O3 
measurements for QC. This is not desirable since satellite total O3 values 
typically differ with Dobson/Brewers by +/- 20 DU, due to spatial and temporal 
collocation, sampling, pixel size, and cloud issues.    

 
New Issues? 

• NDAAC microwave data should be reevaluated and compared with day/night 
ratios measured by satellite instruments (MLS & MIPAS) to assess the 
magnitude and sign of diurnal variation in the upper stratosphere (1-20 hPa) and 
mesosphere.  

• Compare the monthly zonal mean anomalies derived from NDAAC microwave 
stations with satellite data (SBUV, MLS, MIPAS, SCIAMACHY, GOME and 
GOMOS) to determine if they can produce trend quality in the upper stratosphere 
and mesosphere.  

 
 
 
 

SATELLITE MISIONS 
 
The continuation of the solar backscatter UV observations must be ensured as they 
constitute a key baseline set of measurements. All of the planned missions with solar 
backscatter instruments are needed to maintain this continuity of observations and 
maintain required redundancy. 

• 4 SBUV instruments are currently operating on NOAA satellites. OMPS launch is 
planned late this year. It has an advanced version of SBUV instrument. Several 
years of overlap between SBUV and OMPS is highly likely. So there are no 
issues here. 
 

• Satellite observations of high vertical resolution profiles using limb viewing for O3 and 
key molecules like HCl, CFCs, ozone relevant radicals and reservoirs, tracers of 
atmospheric motion, and H2O are required in order to more accurately understand the  
changes in O3 as CFCs decline and climate change occurs 

• How important is measurement of  “tracers of atmospheric motion”.  
• OMPS will have a limb scattering sensor to measure O3 and aerosol profiles. It is 

important to have at least two years of overlap with ACE, GOMOS, MLS and 
MIPAS to establish data quality. 

• Do we really need a limb instrument for all the species? Can we do the job well 
using solar occultation instruments? Can we identify the species whose 
measurements would benefit greatly from the enhanced coverage provided by 
limb microwave or IR instrument.  

• Do we need high spectral resolution FTS for limb?  Filter instruments like 
HIRDLS and SABER would be a cheaper alternative.   
 

Gap filling missions providing high vertical resolution of ozone and ozone related 
parameters using techniques such as solar occultation FTS or microwave limb emission 
instruments should be considered as a low cost gap filler between the current limb 
satellite observations and the missions as currently planned by the various space 
agencies 

• I think this recommendation needs to be reworded. “Gap filler” is not a 



particularly useful terminology since any mission not currently budgeted is not 
REAL, e.g., GACM.   

• Microwave limb emission instruments are not “low cost”. Solar occultation 
instruments are lot cheaper. 

• Measurements that do require data continuity and overlap are those for which the 
natural variability is so large that it is hard to separate from anthropogenic signals  
(e.g., total O3 and lower stratospheric O3 profile). We should identify such 
measurements.  

•  Are there measurements that DO NOT require data continuity, i.e., for which the 
natural variability is small enough such that they can be done once every 10 
years to check if things are “on track”? Identifying such measurements would be 
very useful for mission planning. 

• Are their measurements that are better done from ground or aircraft than from 
satellites? 

 
New issues? 

• Improvement of upper strat temp data. New generation of nadir temperature 
profilers (AMSU, AIRS, CrIS, IASI) are much better the now obsolete NOAA SSU 
instrument but even AMSU data had problems until 2002. ( Attached ppt file 
shows comparison between SSU channel 1 and AMSU weighting functions ). 

 
Consistency and complementary of data sets 

 
There needs to be systematic understanding of the differences between different data 
observation techniques so that the data can be combined in an appropriate way. 

• Replace it with “a minimum of 2 years of overlap between sensors is necessary 
to establish biases between sensors and different observation techniques”.  It is 
recommended that the Aura mission should be extended so that it has at least 2 
years of overlap with NPP. 

 
Inter-comparison missions are desired because they assist in defining and reducing the 
systematic differences in both identical and different measurement techniques. 
Examples include the SAUNA campaigns in 2006/7 that were designed to understand 
calibration and stray light issues and improve techniques for the comparison of remotely 
sensed data. 

• Keep this recommendation but reword it. 
 
 

Re-evaluation of data records 
 

Some datasets exist that are currently not analyzed. An effort needs to be made to 
analyze these sets and archive the data. 

• Too vague. Needs to be made more specific. 
 
Many datasets need to be reanalyzed based on improvements in analysis techniques or 
further understanding of instrument characteristics. These data sets need to be 
reanalyzed and archived to ensure the highest quality of the data sets. 

• It is currently being done for SBUV, TOMS, OMI and SAGE. Should we mention 
others by name? 



 
A technological workshop should be organized to bring together managers of the archive 
datasets that require reprocessing and provide guidance for how to reprocess the data. 
This is followed by re-processing. This should be arranged under the assistance of the 
Scientific Advisory Group for Ozone monitoring. 

• We should identify few candidate datasets. Upper strat temp?  
 
A workshop on reanalysis of total ozone time series should be organized in 2009 or 
2010 

• Did this happen? If not, should we set a new date? Who should organize it? 
Should we do this for other products.   

 
Integration of new instrumentation 

 
The networks should make an effort to increase the use of more sophisticated 
instrumentation (e.g., UV-VIS, FTIR. Microwave, airborne). 

• I would add “improve techniques to process existing datasets, e.g., Brewer zenith 
sky data”. 

 
 As with established instruments, definition of Standard Operating Procedures and 
metadata records for all operational instruments should also be available. 

• Add that “averaging kernels should be provided with data for instruments with low 
vertical resolution”. 

 
Suggested discussion topic 
One hears the constant refrain that one should provide error bars with data. Some 
suggest that data provided without error bars are useless data. Yet I often see error bars 
misinterpreted or ignored by the data users even when they are provided. 
 
One reason is that for remote sensing instruments errors are generally non-random and 
do not average as square root of no of measurements averaged (n). For climate 
research and trend calculation one often uses monthly zonal mean anomalies (MZMA) 
where n can be very large, particularly for satellites. SBUV provides 1000 profiles in a 
month in 5 deg lat band.  SBUV errors obviously do not reduce by anywhere close to a 
factor of 30.  So how useful would be error bars attached to each single SBUV profile? 
 
Second reason is that MZMA are not affected by seasonally varying biases that may be 
caused by errors in spectroscopy, instrument calibration, or radiative transfer errors. 
Though these errors are important in comparing different measuring systems, they do 
not affect the anomalies derived from a single sensor type.  And even for different 
sensor types these errors can be corrected if there is sufficient data overlap. For 
example, 9 SBUV instruments have flown over the pas 41 years. Since they all use the 
same wavelengths and the same algorithm, and most of them have sufficient overlap, 
such errors are not important in deriving trends from SBUV data.  In fact the most 
serious problem in analyzing SBUV data comes from diurnal variation of O3, which is not 
actually an error in SBUV data. Neither SBUV nor SAGE retrievals are sensitive to 
atmospheric temperature but they can’t be compared without good temperature data.    
 
Experience suggests that errors in MZMA can be very difficult to quantify. For example, 
SBUV and MLS MZM O3 anomalies currently differ by +/- 2% from year to year at most 



latitudes and altitudes. Since these anomalies are calculated using >1000 profiles from 
each sensor, they are not measurement noise, and it can be shown that the difference in 
vert resolution between the two instruments is not the main cause between 20 and 50 
km. So what is causing these differences?  How does one decide if the error is in SBUV 
or MLS?  


