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1. Introduction   

This document summarizes the validation results for the mesospheric data products generated 

within the MesosphEO project. If multiple data products of the same species/parameters are 

generated within this project, they are compared to each other. Apart from that, other available data 

sets are for the validation. A list of available validation data sets is included in the Validation Survey 

Document (VSD, D2). Validation may include validation of the single instrument time series (Level 2) 

generated within the MesosphEO project, the validation of single instrument climatologies (Level 3) 

as well as validation of the merged (Level 3) data sets with all available independent data sets. 

Table 1 provides an overview of the data products to be considered and the institutions responsible 

for the validation of the individual data products.   

Parameter ACE-FTS GOMOS MIPAS OSIRIS SCIAMACHY SMR Lead 

O
3
 X X X X X X N/A 

CO X  X   X KIT 

NO X  X X  X Chalmers 

N
2
O X  X    Chalmers 

NO
2
  X X    KIT 

OH  X     EMAU/LATMOS 

H
2
O X  X   X Chalmers 

CH
4
 X  X    KIT  

CO
2
 X  X    KIT 

Mg/Mg+     X  UB 

Na  X   X  UB/EMAU 

NLC  X X  X  EMAU 

Temperature X  X    KIT  

Table 1:  Overview of data products. 

  



 

 

 

2. Validation reports for all MesosphEO data products 

2.1  O3 

The validation and intercomparison of O3 data products was already carried out within ESA’s ozone 

CCI (Climate Change Initiative) project and we refer to the corresponding documents.  

2.2  CH4 

2.2.1 Approach 
 
To assess the quality of the CH4 data sets within MesosphEO we employ profile-to-profile 
comparisons. Only the MIPAS observations yield CH4 data in the mesosphere. External data for 
comparison are available from HALOE and SOFIE measurements. Both instruments utilize the solar 
occultation technique. While the HALOE observations provide a global coverage within a few months, 
the focus of the SOFIE observations is entirely on the polar regions. In a first step prior to the 
comparisons we sort the individual observations of a given data set chronologically. Then we screen 
the data sets according to the recommendations provided by the individual data set teams. We 
consider observations from two data sets as coincident when the following criteria are satisfied:  

 

• a maximum temporal separation of 24 h 

• a maximum spatial separation of 1000 km 

• a maximum latitude separation of 5 
 
The temporal separation might appear relatively large. However, the chemical life time of CH4 is in 
the order of months to years in the lower part of the mesosphere and decreases to several days at 
100 km, justifying our approach (Brasseur and Solomon, 2005). To determine the coincidences we go 
through the individual observations of the first data set and then determine the observations of the 
second data set that fulfil the coincidence criteria. If multiple coincidences are found we choose the 
coincidence closest in distance, given the life time description above. Once an observation of the 
second data set is determined as coincidence it is not considered any further as a possible 
coincidence for other observations of the first data set. 
Once the set of coincident observations from two data sets is determined we derive the bias. For that 
we follow essentially the approach outlined by Dupuy et al. (2009), which compared various ozone 
data sets. The mean bias Bmean(z) between two coincident data sets is calculated as: 
 

 
 
where n(z) denotes the altitude-dependent number of coincident measurements and bi(z) the 
individual differences between those. These differences were considered both in absolute 
 

 

and relative terms 

 



 

 

where x1;i(z) are the methane abundances of the first data set and x2;i(z) correspondingly the 
abundances of the second data set. As denominator for the relative bias we use the mean of the two 
data sets. One common argument for this approach has been convenience as satellite observations 
can have larger uncertainties (Randall et al., 2003) and we do not want to prefer any data set over 
the other. 
 
Before the mean bias Bmean is derived we perform an additional screening on the individual biases 
bi(z) using the median and median absolute deviation (MAD, e.g., Jones et al., 2012). This is an 
attempt to ensure meaningful bias estimates. At every altitude level we discarded individual biases 

outside the interval {median[b(z)]  10MAD[b(z)]} where b(z) = [b1(z), …, bn(z)]. For a normally 

distributed set of data 10MAD correspond roughly to 7.5 standard deviations. Hence this is not a 
very strict screening, aiming to remove the most prominent outliers of the individual biases bi(z). 
In the bias calculation we do not consider any differences in the vertical resolution among the 
individual data sets, since the vertical distribution of methane does not exhibit any pronounced 
structures that would require this. We derive the bias for different combinations of latitude bands 
and seasons. In the following section we focus primarily on global results that consider all latitudes 
and seasons to get a general picture. 

 
2.2.2 Results 
The comparison results for CH4 are shown in Figure 1 and Figure 2 considering the absolute and 
relative biases, respectively. The ACE-FTS data set exhibits in general slight positive biases compared 
to the MIPAS, HALOE and SOFIE data sets. In absolute terms the biases are typically within 0.02 ppmv 
except around 70km where the comparisons with various MIPAS data sets yield larger biases. Below 
60 km the relative biases are generally smaller than 10%. At 70 km the relative biases vary between 
10% and 80%, depending on the data set compared with. 

The MIPAS V5H data set indicates relative biases within 20% compared to the ACE-FTS and HALOE 
data sets. The biases for the MIPAS V5R data sets share some common characteristics. Below 60 – 65 

km the absolute biases are typically within 0.02 ppmv. Higher up, there is some preference towards 
negative biases in absolute terms, in particular in the comparisons with the ACE-FTS, HALOE and 
SOFIE data sets. The MIPAS MA data set shows distinct low biases compared to the MIPAS UA data 
set, while the latter is relatively consistent in comparison to the MIPAS NLC data set. In relative terms 
the biases at 70 km can be as large as 100%, both positive and negative. 
 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 1: Absolute biases among the different methane data sets. Every panel represents a different 
reference data set, as indicated in the title, and the biases are given as reference (first data set) minus the 
color-coded comparison data sets (second data sets). The comparisons consider all latitudes and seasons. 

 



 

 

 

Figure 2: As Figure 1 but here the relative biases are shown. 

 

 

 



 

 

2.3  CO     

2.3.1  Approach 
The comparisons follow the approach outlined in Sect. 1.1. Additional CO data outside the 
MesosphEO project is provided by observations of the MLS instrument aboard the Aura satellite 
(Waters et al., 2006). Results from the retrieval version 4.2 are considered (Livesey et al., 2015). The 
primary vertical coordinate of MLS data is pressure. For the conversion to geometric altitude we use 
the temperature information retrieved from the same observations and a start height taken from a 
climatology. 

 
2.3.2  Results 
The ACE-FTS data set exhibits generally very small absolute biases compared to other data sets below 
70km (see Figure 3). The only exception is the comparison with the MIPAS V5H data set, where the 
biases range from about -0.5 ppmv to 0.5 ppmv. Between 70 km and 90 km the ACE-FTS data set 
shows consistently negative biases, higher up the biases change the sign. In relative terms (see Figure 

4) the biases are typically within 20%, except for the comparison with the MLS data set which 
indicates relative biases between -50% and -10%. However, a similar pattern is also observed in all 
comparisons with the MLS data set, which might be interpreted as an issue with the MLS data or with 
the conversion of the vertical coordinate. The MIPAS V5R data sets typically show very small absolute 
biases below 70 km. Higher up, the biases to the ACE-FTS data set, already described above, are 
prominent. Towards 100 km the MIPAS V5R data sets indicate some divergences among each in the 
absolute biases. The MA and NLC data sets indicate low biases compared to the UA data set. In 
relative terms the biases of the MIPAS data sets are rather favorable, in many cases they are within 

10%. For the polar winter, as a region of special interest, a number of the characteristics remain the 
same (not shown here). Overall, the agreement is a little bit worse than observed for global 

comparisons, i.e. the relative biases are typically within 20%. 
 

 

 

 

 

 



 

 

 

Figure 3: Absolute biases among the different carbon monoxide data sets. As in Figure 1 the comparisons 
consider all latitudes and seasons. 

 

 



 

 

 

Figure 4: As Figure 3, but here the relative biases are shown. 

  



 

 

2.4  NO 

2.4.1  Approach 

In this section, we compare height resolved Nitric Oxide (NO) products from five different satellite 

instruments, in an altitude range covering the whole mesosphere as well as the upper stratosphere 

and the lower thermosphere. Table 2 presents the considered data sets and their basic 

specifications. NO is a chemical species that exhibits important diurnal variations in the altitude 

range in consideration. In most cases, it is measured using special modes of the instruments, 

dedicated to the observation of the middle atmosphere, that are characterized by a limited temporal 

sampling. For these reasons, it is not possible to perform a standard validation study for NO, based 

on the comparison of collocated profiles. The number of coincidences would be insufficient to obtain 

statistically significant results. This is why our study is based on the comparison of zonal daily 

averages, performed separately for day-time and night-time measurements.  

The individual NO measurements from each instrument have been filtered according to the 

instructions given in the product specification documents provided on the MesosphEO data service 

web page. They were then interpolated onto a common 2 km vertical grid from 40 to 118 km, and 

were averaged to zonal daily median vmr values binned into 10° latitude bins. These daily zonal 

averages constitute the NO data which is used for all subsequent comparisons.  

 

 

Instrument Measurement period Altitude range (km) Version 

SMR 2004 – 2016 40 – 115 3.0 

ACE-FTS 2004 – 2013 40 – 110 3.5 

MIPAS MA 2005 – 2012 15 – 100 5R - 521 

MIPAS UA 2005 – 2012 40 – 100 5R - 622 

MIPAS UA (NOw T) 2005 – 2012 40 – 170 5R - 622 

OSIRIS 2009 – 2011 86 – 100 N/A 

SCIAMACHY 2008 – 2012 65 – 150 6.2 

SOFIE 2007 – 2015 40 – 140 1.3 

Table 2:  Overview of the NO products included in this comparison study. 

  



 

 

2.4.2    Results 

In a first step, we compare the NO vmr time series in three different latitude bands (90 – 50°S, 50°S – 

50°N, 50 – 90°N) at night-time (Figure 5) and day-time (not shown). This gives an overview of how 

the data sets are distributed over time and how they compare to each other. A seasonal variation 

pattern characterized by strong increases in vmr in winter at high latitudes, in both hemispheres, 

corresponding to the downward transport of NO produced at higher altitudes into the polar vortex, is 

clearly visible in all data sets (top and bottom panels). At lower latitudes, the signature of the 11 year 

solar cycle is visible in measured NO vmr values, especially in ACE-FTS and SMR data sets. At all 

latitudes and at the altitudes under consideration, the measurements from MIPAS show significantly 

higher variability than the measurements from the other instruments. 

In a second step, we perform a more direct comparison of the individual results by comparing the 

vertical vmr profiles with each other. As previously explained (Sect. 2.4.1), we focus here on zonally 

averaged data, measured at day-time or night-time, on the same day and in the same 10° latitude 

bin. Each instrument involved in the MesosphEO project has been compared with all the other 

instruments. SOFIE, aboard the AIM satellite, has been used as an external validation instrument. The 

figures show the median relative difference (where the mean between the two instruments 

compared to each other has been used as the denominator) in three different latitude bands (90 – 

50°S, 50°S – 50°N, 50 – 90°N). The local solar times of the measurements, made from instruments 

onboard different satellites, can differ substantially. Moreover, the geographical distribution of the 

measurements can also be substantially different from one instrument to another. For these reasons, 

the comparison of NO vertical profiles is particularly difficult.  

 

  



 

 

 

 

 

 

Figure 5: NO time series comparison for night-time measurements at high southern latitudes (top panel), at 
middle and low latitudes (middle panel), and high northern latitudes (bottom panel).  

 

Figure 6 shows the relative differences between NO measured by SMR and by the other instruments. 

SMR measures significantly lower NO vmr than MIPAS (all modes), except in the lower mesosphere 



 

 

by day, and around 75 and 85 km at low and middle latitudes, both by day and by night. SMR NO vmr 

values are approximately 150% higher than SOFIE measurements in the lower mesosphere, but they 

are consistent within 25% at higher altitude at high latitudes, both in the northern and southern 

hemisphere. SMR measurements are relatively close to ACE measurements over the whole altitude 

range at high latitudes. However, SMR NO (both day-time and night-time) is significantly higher than 

ACE NO between 80 and 95 km at low and middle latitudes, with a maximum of about 150% around 

85km. SMR night-time NO vmr is approximately 50% lower than NO vmr measured by OSIRIS. By day, 

SMR gives ~30% higher NO vmr than SCIAMACHY at high southern latitudes, and the relative 

differences between these two instruments are fluctuating within 150% in other regions.  

Figure 7 and Figure 8 show the comparison results for MIPAS (middle and upper atmosphere modes, 

version 521 and 622, respectively). All MIPAS NO measurements are higher than the measurements 

from the other instruments in the lower thermosphere and in the altitude range 55 – 70 km, at all 

latitudes, expect for OSIRIS which measures twice to three times higher NO vmr at night-time. The 

relative differences between MIPAS and the other instruments in these regions are on the order of 

200%. A low bias is observed in MIPAS day-time measurements in the lower mesosphere and upper 

stratosphere. Between 55 and 95 km, MIPAS has a high bias compared to SOFIE at high latitudes, and 

the differences between MIPAS and ACE or SMR are fluctuating. Day-time NO measurements from 

MIPAS are significantly lower than SCIAMACHY NO vmr from ~70 to ~85km at low and middle 

latitudes and at high northern latitudes. 

The results of the comparison for ACE-FTS NO day-time and night-time measurements are plotted in 

Figure 9. The measured vmr values are consistent with SMR within 70% at high latitudes, with ACE on 

the low side. The relative differences between ACE and SCIAMACHY day-time measurements are very 

variable, with a minimum value of -5 at 62 km at low latitudes. ACE NO vmr are lower than MIPAS NO 

vmr in all regions, except for the lower mesosphere during day-time. NO measured by ACE is 

generally higher than NO measured by SOFIE in the lower mesosphere, but lower at high altitudes.  

To calculate the relative differences shown in Figure 10, SCIAMACHY has been used as the reference 

instrument. Only day-time measurements are considered, because this instrument measures NO in 

Sun illuminated conditions only. SCIAMACHY is consistent with SMR within 50% at low southern 

latitudes above 65 km, and at all latitudes above 90 km. It has a low bias compared to MIPAS (all 

three data sets) over the whole altitude range in the polar regions, and below 68km and above 88 km 

at low and middle latitudes. Between 68 and 88 km in the latitude range -50° to +50°, NO vmr 

measured by SCIAMACHY is higher than MIPAS measurements, with a maximum relative difference 

of about 150% between 75 and 80 km.  

As shown in Figure 11, OSIRIS night-time NO measurements are characterized by a high bias 

compared to all the other instruments and in all regions. The most significant relative differences, in 

the order of 200%, result from the comparison with SOFIE, ACE and SMR.     



 

 

 

 

 

Figure 6: Vertical profile comparison of the SMR NO vmr with the other data sets, in three different latitude 
bands and for day-time (top panel) and night-time (bottom panel) measurements. The median of the relative 
differences, averaged over coincident days, is shown. The error bars represent the standard error of the 
mean.  

 

  



 

 

 

 

Figure 7: Same as Figure 6, but for MIPAS (MA mode). 

 

  



 

 

 

 

Figure 8:  Same as Figure 6, but for MIPAS (UA mode). 

 

  



 

 

 

 

Figure 9: Same as Figure 6, but for ACE-FTS. 

 

  



 

 

 

Figure 10: Same as Figure 6, but for SCIAMACHY. Day-time comparison only, because SCIAMACHY provides 
only day-time NO measurements.  

 

 

Figure 11: Same as Figure 6, but for OSIRIS. Night-time comparison only, because OSIRIS provides only night-
time NO measurements.  

 

   



 

 

2.5  N2O 

2.4.1  Approach  

The comparisons shown in this section include four N2O products created within the MesosphEO 

project: MIPAS v5R (middle atmosphere - 521, upper atmosphere – 621 and NLC -721 modes) and 

ACE-FTS v3.5. Aura-MLS N2O v4.2 product is also used as an external independent data set.   

This study is based on the comparison of collocated pairs of vertical volume mixing ratio profiles. 

Because N2O is a long-lived (no diurnal cycle in the stratosphere and lower mesosphere) and well-

mixed constituent, it is possible to use relatively relaxed temporal and spatial coincidence criteria, 

providing good statistics. They were defined as ±9 h and 800km. However, N2O measurements in the 

stratosphere can be affected by the subsidence inside the polar vortex. It is in principle possible to 

use the associated value of potential vorticity in order to separate the observations made inside and 

outside the vortex. However, this has not been taken into account in this study. The comparison 

results at high latitudes can therefore be affected by the wintertime downward transport of N2O. 

Multiple counting of profiles was allowed. In other words, if n validation measurements met the 

criteria with respect to a single observation of the instrument taken as the reference, these were 

counted as n coincidences. No smoothing was applied to account for the differences in vertical 

resolution. All profiles were linearly interpolated onto a common 1-km altitude grid. MLS profiles are 

reported on pressure levels. Their vertical coordinate was converted to altitude by interpolating each 

MLS profile onto the retrieved pressure profile of the coincident ACE or MIPAS observation.  

Unreliable data has been screened out from all data sets, following the recommendations specific to 

each instrument. ACE profiles associated with a flag value in the range of 4 to 9 have been excluded. 

Regarding MIPAS, data points with a visibility flag of 0 have been excluded, as well as data points 

associated with an averaging kernel diagonal element lower than 0.03. Regarding MLS, only data 

points characterised by a positive precision, and only profiles associated with an even status flag, a 

quality greater than 1.3 and a convergence lower than 2 were used.  

The comparison study has been performed using the following procedure, for each pair of 

instruments under consideration:  

o The mean profiles of all co-located observations are calculated for the two instruments 

separately, along with their standard deviations. These mean profiles are plotted as solid 

lines, with ± one standard deviation as dashed lines in the figures discussed below. The 

standard error of the mean is included as error bars. It is calculated as σ(z)/√(N(z)), where 

N(z) is the number of coincidences at each altitude level. In some cases, these error bars are 

so small that they are not visible. These mean profiles correspond to the left panels in the 

following figures.  

o The mean absolute difference between the instrument used as the reference and the 

validation instrument is then calculated, along with the standard deviation of the individual 

differences of all coincident pairs. In other words, the differences are first calculated for each 

pair of profiles at each altitude, and then averaged to obtain the mean absolute difference at 

the given altitude level, which is plotted as a solid line with ±1σ as dashed lines. The error of 



 

 

the mean is calculated and represented as error bars. The mean absolute difference 

correspond to the middle panels in the comparison figures.  

o Finally, we calculate the relative deviation from the mean, which is defined as the mean 

absolute difference divided by the mean of all pairs of coincident profiles, at each altitude 

level. This is plotted as a solid line in the right panels of the figures, with ± the relative 

standard deviation plotted as dashed lines. We use the relative deviation from the mean for 

the statistical comparisons, rather than the mean relative difference, because the latter is 

affected by very small denominators and noisy data, especially at mesospheric altitudes in 

the case of N2O, which makes it very large, extremely variable and difficult to interpret (von 

Clarmann, 2006). 

Because the available mesospheric measurements of N2O are generally limited to the lower 

mesosphere, this comparison study also covers the stratospheric altitudes.  

2.4.2    Results  

Figure 12 and Figure 13 show the results of the intercomparison between ACE-FTS v3.5 and MIPAS 

MA (521) v5 (reduced spectral resolution), based on N2O measurements made between January 

2005 and April 2012, in the altitude range ~17-65 km. 103 matching pairs of profiles were found. 

Globally (Figure 12) the mean absolute difference is negative below 27 km, with a maximum 

difference at 20 km where ACE N2O is on average 15 ppbv lower than MIPAS N2O. Over the entire 

altitude range of the comparison, the mean absolute difference is on average -1.2 ppbv. The 

corresponding relative deviations from the mean are relatively low in the stratosphere (within ±12 

%), but they reach high positive values in the mesosphere, meaning that N2O measured by ACE is 

significantly higher than N2O measured by MIPAS UA at high altitude. Overall, compared to older 

versions of ACE and MIPAS N2O data sets (Strong et al., 2008), the measurements from the two 

instruments are closer to each other, especially in the stratosphere, but the relative difference 

between them is higher in the mesosphere. Figure 13  shows that the differences between ACE and 

MIPAS in the lower stratosphere are higher at low and middle latitudes than at high latitudes. 

However, the differences in the upper stratosphere and lower mesosphere are higher at high 

latitudes. This could be due to the fact that profiles both inside and outside the vortex have been 

considered.  

Figure 14 and Figure 15 show the results of the intercomparison between ACE and the upper 

atmosphere mode of MIPAS (621), in the altitude range 40 to 65 km. The considered time period is 

the same as in Figure 12 and Figure 13. 76 collocated profiles were found. Over almost the entire 

altitude range (above 43 km), the mean differences are positive, with ACE N2O vmr values 

approximately 0.5 ppbv higher than MIPAS N2O vmr values. Very high relative deviations from the 

mean are observed in the mesosphere, especially at high latitudes in both hemispheres (Figure 15). 

The comparison between ACE and the NLC mode of MIPAS (721), between 40 and 65 km, is shown in 

Figure 16.  This specific mode of MIPAS was operated during very limited time periods and in limited 

latitude ranges (only at high latitudes during summer). For this reason, only a few coincidences were 

found (13 in the northern hemisphere and 3 in the southern hemisphere). The results of this 

intercomparison is similar to the one described previously (ACE vs MIPAS UA), with even higher 

positive differences in the mesosphere.  



 

 

Figure 17 shows the comparison between ACE and MLS v4.2, between 22 and 55km. The time period 

under consideration was also from January 2005 to April 2012. 4303 coincidences were found, 

resulting in a more statistically significant analysis. The mean absolute difference is relatively low (-

1.1 ppbv on average over the entire altitude range), with a maximum of -5 ppbv at 29 km. The 

relative deviations stay within the range ±25%, except at 54 km where it reached ~-35%. Moreover, 

they are higher at high latitudes than at low and middle latitudes (not shown here).  

Figure 18 to Figure 20 show the results of the comparison between the three modes of MIPAS (MA, 

UA and NLC) and MLS. The comparison between MIPAS MA and MLS covers the altitude range 22 to 

55km. MIPAS N2O vmr values are on average 2.2 ppbv lower than MLS N2O vmr values above 28 km, 

and 10.9 ppbv higher at lower altitude. MIPAS MA is 75 to 100% lower than MLS in the lower 

mesosphere at high latitudes. The comparisons between MIPAS UA/NLC and MLS cover the altitude 

range 40 to 55km, and are similar to each other. MIPAS measurements are always lower than MLS 

measurements, about 1.5 ppbv on average over the whole altitude range, which corresponds to an 

average to a relative deviation from the mean of about 45%. The results for different latitude bins 

are not shown here, but the absolute differences are generally very similar at all latitudes.  

  

 

Figure 12: Comparison of ACE-FTS and MIPAS (MA mode) N2O VMR profiles. Left panel: Mean profiles for ACE 
(black solid line) and MIPAS (red solid line). These mean profiles plus or minus one standard deviation are 
plotted as dashed lines, and the standard errors of the mean are included as error bars. Middle panel: Mean 
absolute difference profile (solid line) with ±1σ (dashed lines) and the standard error of the mean (error 
bars). Right panel: Relative deviation from the mean (solid line) with ±1σ  (dashed lines). The number of 
coincident profiles is indicated in grey on the right.    



 

 

 

Figure 13: Comparison of ACE-FTS and MIPAS (MA mode) N2O VMR profiles in three latitude bands. Top row: 

60-90°S, middle row: 60°S-60°N, bottom row: 60-90°N. 

 

 

Figure 14: Same as Figure 12, for ACE-FTS compared to MIPAS (UA mode). 



 

 

 

 

Figure 15: Same as Figure 13, for ACE-FTS compared to MIPAS (UA mode). 

 

Figure 16: Same as Figure 12, for ACE-FTS compared to MIPAS (NLC mode). 

 



 

 

 

Figure 17: Same as Figure 12, for ACE-FTS compared to MLS. 

 

 

Figure 18: Same as Figure 12, for MIPAS (MA mode) compared to MLS. 

 



 

 

 

Figure 19: Same as Figure 12, for MIPAS (UA mode) compared to MLS. 

 

 

Figure 20: Same as Figure 12, for MIPAS (NLC mode) compared to MLS. 

 

 

  



 

 

 

2.6  NO2       

2.6.1  Approach 
Here, the same approach as for CH4 and CO is used. However, only nighttime observations provide 
any reasonable mesospheric coverage. Thus, the data sets include only observations with solar zenith 

angles of 97 and larger. This limits the number of available data sets to those obtained by GOMOS 
and MIPAS. Data sets based on the solar occultation or solar scattering technique, as from ACE-FTS, 
HALOE, MAESTRO, OSIRIS, POAM III, SAGE II, SAGE III or SCIAMACHY, which yield at least 
stratospheric results (Sheese et al., 2016) are correspondingly not included here. The comparisons for 
NO2 we perform not in volume mixing ratios, as done for CH4 and CO, but in number density which is 
the natural retrieval space for the GOMOS data. The temperature and pressure data supplied with 
the GOMOS data are not observed simultaneously but taken from the MSIS90 (Mass Spectrometer 
and Incoherent Scatter radar; Hedin, 1991) model. For the MIPAS data a conversion to number 
density is trivial using the temperature and pressure information retrieved from the same set of 
observations. 
 

2.6.2  Results 
The comparison of the GOMOS data set with MIPAS indicates absolute biases within 2  1013 m-3  
(see Figure 21). Below 60 km the biases are primarily positive and above primarily negative. The 
relative biases (see Figure 22) vary typically between -20% and 40%. For the MIPAS V5H data set 
quantitatively the same absolute bias range is found as for the GOMOS data set. The MIPAS V5R 
NOM and MA data sets indicate small absolute biases in comparisons with the remaining MIPAS data 
sets. The comparisons with the GOMOS data set clearly yield larger biases. In relative terms this 
behavior is not as obvious. For the MIPAS V5R MA data set the relative biases are typically within 

20%. For the MIPAS V5R NOM data set this interval is larger, in particular towards the upper limits 
of the comparisons. The comparison between the MIPAS UA and NLC data sets exhibit differences 

above 65 km. In absolute terms the biases amount up to 3  1013 m-3, in relative terms up to 60%. 
 



 

 

 

Figure 21: Absolute biases among the different nitrogen dioxide data sets. 

 

 

 

 



 

 

 

Figure 22: As Figure 21, but here the relative biases are shown. 

 

 

  



 

 

2.7  OH 

As part of the MesosphEO project, OH Meinel-band nightglow emissions in the hydroxyl (8 – 4) band 

were extracted from GOMOS observations. The OH(8 – 4) band covers the spectral range from about 

930 nm to about 955 nm. Note that these GOMOS OH measurements (provided by LATMOS) are 

available as monthly and zonally averaged and latitudinally binned data and the peak limb emission 

altitude is provided. It is important to mention that these peak altitudes correspond to uninverted 

limb emission rate profiles. Here the GOMOS OH(8 – 4) peak emission altitudes were compared to 

centroid altitudes of the OH(3 – 1) (around 1530 nm) and OH(6 – 2) (around 840 nm) Meinel bands 

retrieved from SCIAMACHY nightglow observations for the entire duration of the Envisat mission. The 

SCIAMACHY OH data (provided by EMAU) were daily and zonally binned and were in addition 

monthly averaged for the comparisons shown here. Figure 23 shows comparisons of GOMOS and 

SCIAMACHY OH emission altitudes for the years 2003 to 2011 for different latitude bins. Apparently, 

there are differences of up to several kilometers between the different data sets. These differences 

are due to different reasons:  

(a) The GOMOS OH peak altitudes refer to peak altitudes of uninverted limb measurements, i.e. 

they will be systematically lower than the peak altitudes of inverted volume emission rate 

profiles. The SCIAMACHY OH emission altitudes are centroid altitudes (i.e., altitude weighted 

by the vertical OH volume emission rate profile) and are, hence, based on inverted volume 

emission rate profiles. 

(b) OH emissions from higher vibrational states v’ peak at slightly higher altitudes (about 0.5 km 

per vibrational state; von Savigny et al., 2012), which explains the differences between the 

SCIAMACHY OH(3 – 1) and OH(6 – 2) data. It is expected that the centroid altitudes of 

inverted GOMOS OH(8 – 4) profiles lie above the OH(6 – 2) peak altitudes and a future 

inversion of the GOMOS data would be of interest. 

Figure 23 shows that the relative and seasonal variations in GOMOS and SCIAMACHY OH emission 

altitude are often in quite good agreement. Both data sets show data gaps of different lengths and at 

different times of the year. For SCIAMACHY, nighttime limb measurements are only available 

between about 10S and 30N. At higher latitudes, measurements are only available in the winter 

hemisphere. For the southern hemisphere, SCIAMACHY does not provide any observations at 

latitudes poleward of about 40S. This is the reason, why no results are shown for latitudes south of 

40S. The OH emission altitude is characterized by an annual variation at mid and high latitudes with 

a winter minimum and a summer maximum. At low latitudes a semi-annual variation dominates – 

with amplitudes of up to 1 km and equinox minima, solstice maxima, respectively. This can be clearly 

seen in, e.g., the OH(3 – 1) emission altitude for the 10N – 20N latitude range.  

In summary, a quantitative comparison of GOMOS and SCIAMACHY measurements of OH emission 

altitudes is not possible, because of the reasons described above. There is, however, consistency in 

terms of the seasonal variations in OH emission altitudes. A future inversion of the GOMOS data 

would allow studying the behavior of OH emissions from the ninth vibrational level, in comparison to 

SCIAMACHY observations of OH bands from lower vibrational states.  

 



 

 

 

   

   

   

  

 

Figure 23: Comparison of monthly and zonally averaged GOMOS OH(8 – 4) (black circles) and SCIAMACHY 
OH(3 – 1) (red circles) and OH(6 – 2) (blue circles) emission height measurements for different latitude bins. 
Note that the GOMOS emission heights correspond to the peak height of the uninverted limb emission rate 
profiles, whereas the SCIAMACHY emission heights are centroid altitudes based on inverted volume emission 
rate profiles.  

 

 

  



 

 

2.8  H2O     

2.7.1  Approach 

The comparisons shown in this section include four H2O products created within the MesosphEO 

project: MIPAS v5R (middle atmosphere - 522, upper atmosphere – 622 and NLC -722 modes) and 

ACE-FTS v3.5. Aura-MLS H2O v4.2 product is used as an external independent data set. SMR H2O v3.0 

could not be included because this newly reprocessed version was not ready to be delivered yet, at 

the time this report was written.  

This study is based on the comparison of collocated pairs of vertical volume mixing ratio profiles, 

using the approach described in 2.4.1. Only the mesospheric altitudes are covered here. Water 

vapour is a relatively long-lived constituent at these altitudes, so relaxed temporal and spatial 

coincidence criteria were used. They were defined as ±9 h and 800km.  

Unreliable data has been screened out from all data sets, following the recommendations specific to 

each instrument. ACE profiles associated with a flag value in the range of 4 to 9 have been excluded. 

Regarding MIPAS, data points with a visibility flag of 0 have been excluded. Regarding MLS, only data 

points characterised by a positive precision, and only profiles associated with an even status flag, a 

quality greater than 1.45 and a convergence lower than 2 were used.  

Each figure discussed below shows the mean profiles of all co-located observations (left panel), the 

mean absolute difference between the instrument used as the reference and the validation 

instrument (middle panel), and the relative deviation from the mean (right panel). We refer the 

reader to Sect. 2.4.1 for more details.  

 

2.7.2    Results 

V3.5 ACE-FTS H2O is compared to three MIPAS modes (v5R MA, UA and NLC), based on 

measurements made from 2005 to 2012, in Figure 24 to Figure 27, and to v4.2 MLS, based on 

measurements made between 2004 and 2013, in Figure 28. The water vapour measurements from 

ACE and MLS are remarkably close to each other, with an absolute difference of only -0.04 ppmv on 

average below 85km, corresponding to an average relative deviation from the mean of -1.7 %. The 

differences between ACE and MLS are higher between 60 and 70 km, at low and middle latitudes 

(not shown here), but still within ±5 % (ACE is approximately 4% lower than MLS at 65 km). ACE is 

characterised by a wet bias compared to MIPAS from 55 to 90 km, with a maximum of about 1 ppmv 

(2 ppmv compared to MIPAS 722) around 75 km. As shown in Figure 25, this bias is more pronounced 

at low and middle latitudes than at polar latitudes. We observe a dry bias in the lowermost part 

(below 55 km) and in the uppermost part of the mesosphere, both in the comparisons with MIPAS 

and MLS. This is consistent with what had already been shown by previous studies.  

MIPAS v5R water vapour measurements (MA, UA and NLC modes) made from 2005 to 2012 are 

compared to ACE-FTS v3.5 H2O data set in Figure 24 to Figure 27 and to MLS in Figure 29 to Figure 31. 

All comparisons exhibit a marked dry bias above 55 km (approximately -0.5 ppmv, -19%, compared to 

ACE, and -0.7 ppmv, -21% compared to MLS). This dry bias is observed at all latitudes (see Figure 25 



 

 

for example). As shown in the figures, the bias is generally lower in MIPAS MA than in the two other 

modes (UA and NLC). In the lowermost part of the mesosphere, MIPAS is in agreement within 5% 

with the other instruments. H2O volume mixing ratios measured by MIPAS are higher than vmr 

measured by ACE in the uppermost part of the mesosphere (above 92 km), with a maximum relative 

deviation of about 75% at 100km.  

 

Figure 24: Comparison of ACE-FTS and MIPAS (MA mode) H2O VMR profiles. Left panel: Mean profiles for ACE 
(black solid line) and MIPAS (red solid line). These mean profiles plus or minus one standard deviation are 
plotted as dashed lines, and the standard errors of the mean are included as error bars. Middle panel: Mean 
absolute difference profile (solid line) with ±1σ (dashed lines) and the standard error of the mean (error 
bars). Right panel: Relative deviation from the mean (solid line) with ±1σ  (dashed lines). The number of 
coincident profiles is indicated in grey on the right.    



 

 

 

Figure 25: Comparison of ACE-FTS and MIPAS (MA mode) H2O VMR profiles in three latitude bands. Top row: 
60-90°S, middle row: 60°S-60°N, bottom row: 60-90°N. 

 

 

Figure 26: Same as Figure 24, for ACE-FTS compared to MIPAS (UA mode). 



 

 

 

Figure 27: Same as Figure 24, for ACE-FTS compared to MIPAS (NLC mode). 

 

 

Figure 28: Same asFigure 24, for ACE-FTS compared to MLS 

. 

 

Figure 29: Same as Figure 24, for MIPAS (MA mode) compared to MLS.  



 

 

 

 

Figure 30: Same as Figure 24, for MIPAS (UA mode) compared to MLS. 

 

 

Figure 31: Same as Figure 24, for MIPAS (NLC mode) compared to MLS.  

 

 

 

 

  



 

 

2.9  CO2      

The inversion of MIPAS CO2 volume mixing ratio (version v5r CO2 622) and the characterization, 
errors and quality of the retrieved CO2 are described in Jurado-Navarro et al. (2015, 2016). More 
recently the MIPAS CO2 have been compared to SABER (v2.0) and ACE-FTS (v3.6) CO2; and also with 
the WACCM simulations “specified dynamics” version (SD-WACCM) (Garcia et al., 2014), as described 
by Lopez-Puertas et al. (2017). The major differences found with those satellite datasets are 
described in the latter reference. Here we include an extract of the abstract of that reference 
summarizing the most salient results. MIPAS shows a very good agreement with ACE-FTS below 100 

km with differences of 5%. Above 100 km, MIPAS CO2 is generally lower than ACE-FTS with 

differences growing from 5% at 100 km to 20 – 40 % near 110 – 120 km. Part of this disagreement 
can be explained by the lack of a non-local thermodynamic equilibrium correction in ACE. MIPAS also 

agrees very well (5%) with SABER below 100 km. At 90 – 105 km, MIPAS is generally smaller than 

SABER by 10 – 30% in the polar summers. At 100 – 120 km, MIPAS and SABER CO2 agree within 10% 
during equinox but, for solstice, MIPAS is larger by 10 – 25%, except near the polar summer. Whole 
Atmosphere Community Climate Model (WACCM) CO2 shows the major MIPAS features. At 75 – 100 

km, the agreement is very good (5%), with maximum differences of 10%. At 95 – 115km MIPAS 
CO2 is larger than WACCM by 20 – 30% in the winter hemisphere but smaller (20 – 40%) in the 
summer. Above 95 – 100km WACCM generally overestimates MIPAS CO2 by about 20 – 80% except 
in the polar summer where it underestimates it by 20 – 40%. MIPAS CO2 favors a large eddy diffusion 
below 100km and suggests that the meridional circulation of the lower thermosphere is stronger 
than in WACCM. The three instruments and WACCM show a clear increase of CO2 with time, more 
markedly at 90 – 100 km. 
 

2.10  Magnesium        

Figure 32 presents a comparison between climatological Mg for January retrieved from MLT 

measurements (averaged over all measurements between 2009 and 2012) shown in the upper left 

panel and Mg climatologies retrieved from nominal limb measurements for 2003, 2004 and 2008 

shown in the upper right, lower left and lower right panels, respectively. As seen from the plot, both 

data sets show similar magnitudes of the Mg number densities, however, the results from the 

nominal limb measurements are much more noisy. This can be caused by higher noise levels in the 

single measurements resulting from a different detector exposure time (4 times shorter in nominal 

limb measurements compared to MLT measurements) as well as by a usage of latitudinal smoothing 

in MLT retrievals. It is also seen, that the data gets more noisy with time, which is most probably 

associated with a degradation of the detector in the UV channel of SCIAMACHY. The data from 

nominal limb measurements for January averaged over several years of SCIAMACHY (2003, 2004, 

2006 – 2009) are shown in the right panel of Figure 33 in comparison with MLT data set (same as in 

the upper left panel of Figure 32. The plot reveals that the noise became reduced but is still clearly 

present in the nominal limb data set. While the altitude and latitude behavior of the two data sets is 

similar, the absolute values in the nominal limb data set are about 20% smaller than those from the 

MLT data. The year 2005 was excluded from the averaging because of identified issues at high 

tangent heights (too high values) and the data from 2010 could not be averaged because of a change 

in the tangent height sampling of the SCIAMACHY instrument. 

The results for other months are very similar to those for January and therefore are not shown here. 



 

 

  

  

Figure 32: Distribution of magnesium atom number density in January retrieved from SCIAMACHY MLT 
(upper left panel) and nominal limb measurements (upper right, lower left and lower right panels for 2003, 
2004 and 2008, respectively). 

 

 

  
 

Figure 33: Distribution of magnesium atom number density in January retrieved from SCIAMACHY MLT (left 
panel) and nominal limb measurements (right panel). 

  



 

 

2.11  Sodium  

Different Na data products for the MLT region were developed and validated within the MesosphEO 

project. At IUP Bremen, the nominal (or standard) limb measurements (which are available from 

August 2002 until April 2012) were used to retrieve Na concentration profiles from daytime 

resonance scattering observations with SCIAMACHY. The earlier retrievals (Langowski et al., 2016) 

were only based on the special MLT limb observations with SCIAMACHY, which were available since 

2008 for two full days every month. In addition, Na profiles were retrieved from SCIAMACHY Na D-

line nightglow observations with an entirely new retrieval (von Savigny et al., 2016).  

2.11.1  Comparison of Na retrievals from nominal limb states with other data sets 

Figure 34 presents a comparison between a January Na climatology retrieved from MLT 

measurements (averaged over all measurements between 2009 and 2012) shown in the upper left 

panel and climatologies retrieved from nominal limb measurements for 2003, 2007 and 2011 shown 

in the upper right, lower left and lower right panels, respectively. The plot reveals that both 

latitudinal and vertical distributions of the sodium values as well as their magnitude are in a good 

agreement between the both types of measurements. One observes very low sodium values at the 

high latitudes in the summer hemisphere and a strong increase toward the high latitudes of the 

winter hemisphere with a local minimum in the tropics. Similar climatologies but for June are 

presented in Figure 35. Here, however, MLT measurements were averaged from 2008 to 2011 for the 

reason of data availability. It is clearly seen that similarly to the January results both latitude/altitude 

dependencies and absolute values are very similar between the results from SCIAMACHY MLT and 

nominal limb measurements. The overall behavior of the sodium distribution is the same as in 

January with minimum values at high latitudes of the summer hemisphere and maximum values in 

the winter hemisphere. A latitude distribution of the retrieved sodium number densities at different 

altitudes for January is presented in Figure 36. The plot shows the results from the SCIAMACHY MLT 

observations averaged over 2008 – 2012 period (blue), SCIAMACHY standard limb observations 

averaged over 2003 – 2012 period (red) and a climatology created from GOMOS measurements for 

the 2002 – 2008 period as described by Fussen et al. (2010). It should be noted here, that the latter is 

a parameterization of the GOMOS observation data set rather than averaged data as in the case of 

both SCIAMACHY data sets. The plot reveals that both SCIAMACHY data sets agree very well both in 

latitudinal behavior and absolute values for all considered altitudes. The GOMOS climatology agrees 

well with both SCIAMACHY data sets at 90 km altitude but shows a weaker gradient between 

southern and northern latitudes. The observed differences increase with decreased altitude. A good 

agreement in terms of the absolute values is observed at high southern latitudes and the tropics, 

while a strong disagreement is observed at high northern latitudes downwards from 87 km. A similar 

comparison between the three data sets but for June is shown in Figure 37. Here a mirrored behavior 

as compared to that for January is observed. The agreement is best at high northern latitudes getting 

worse towards the southern latitudes. 

Furthermore, the agreement decreases with decreasing altitude. Figure 38 depicts the seasonal cycle 

of the SCAMACHY MLT, SCIAMACHY standard limb and GOMOS climatologies at four different 

altitudes in the tropics. The same color code and same averaging periods as in Figure 36 are used. In 

all three data sets one observes a clear semi-annual oscillation; for the GOMOS climatology it is, 

however, out of phase as compared with both SCIAMACHY data sets. For mid-latitudes of both 



 

 

northern and southern hemispheres, shown in Figure 39 and Figure 40, respectively, the annual cycle 

for all three data sets is in phase, however, the amplitude of the seasonal cycle for GOMOS is smaller 

than that for both SCIAMACHY climatologies downwards from 87 km. In contrast, both SCIAMACHY 

data sets show very similar altitude and phase of the seasonal cycle for all considered latitude bands. 

 

 

  

  

Figure 34: Distribution of Sodium in January retrieved from SCIAMACHY MLT (upper left panel) and nominal 
limb measurements (upper right, lower left and lower right panels for 2003, 2007 and 2011, respectively) 

 

 

 

 

 

 

 



 

 

  

  

Figure 35: Same as Figure 34 but for June. 

 

 

 

Figure 36:   Latitude distribution of sodium at different altitudes in January resulting from SCIAMACHY MLT 
observations averaged over 2009 – 2012 period (blue), SCIAMACHY standard limb observations averaged 
over 2003 – 2012 period (red) and a climatology created from GOMOS measurements for 2002 – 2008 period 
(cyan). Upper left panel: 90 km, upper right panel: 87 km, lower left panel: 84 km, lower right panel: 81 km. 

 



 

 

 

Figure 37: Same as Figure 36 but for June 

 

 

 

Figure 38: Seasonal of sodium at different altitudes in tropics resulting from SCIAMACHY MLT observations 
averaged over 2009 – 2012 period (blue), SCIAMACHY standard limb observations averaged over 2003 – 2012 
period (red) and a climatology created from GOMOS measurements for 2002 – 2008 period (cyan). Upper left 
panel: 90 km, upper right panel: 87 km, lower left panel: 84 km, lower right panel: 81 km. 

 



 

 

 

 

Figure 39: Same as Figure 38 but for northern mid-latitudes (40 N) 

 

 

 

Figure 40: Same as Figure 38 but for southern mid-latitudes (40 S) 

 



 

 

2.11.2 Comparison of SCIAMACHY MLT state Na retrievals with independent satellite 

measurements and WACCM model simulations 

In a recent study, Langowski et al. (2017) performed a comprehensive comparison of MLT Na profiles 

retrieved from SCIAMACHY limb MLT measurements using the approach described by Langowski et 

al. (2016) with OSIRIS Na retrievals (provided by the group of John Plane, University of Leeds), with a 

Na climatology based on GOMOS stellar occultation observations (described by Fussen et al., 2010) 

and with model simulations with the WACCM-Na model provided by the University of Leeds. Only 

the most important findings of Langowski et al. (2017) are summarized here. Investigating the 

WACCM model results showed that diurnal variations of the Na vertical column density (VCD) can 

reach up to 50% at specific latitudes and times, which complicates comparing satellite observations 

performed at different – and potentially changing – local solar times. Figure 41 shows as a sample 

result the comparison of the time and latitude variation of Na vertical columns densities based on 

the GOMOS, OSIRIS and SCIAMACHY measurements as well as corresponding WACCM model 

simulations for the local solar times of the respective satellite data. Note that apparent data gaps in 

the OSIRIS data sets are a consequence of Odin’s near terminator orbit. Overall, the agreement has 

to be considered quite good and is typically on the order of 25% (results on relative differences not 

shown here; see Langowski et al. (2017) for more details). Note that the large values occurring near 

the terminator in the OSIRIS data sets are connected to small numbers of individual measurements. 

Other sample result is shown in Figure 42. The top panels show the average seasonal variation in Na 

vertical column density from the different data sources. The middle panels correspond to the 

centroid altitude (i.e. altitude weighted by the density profile) of the Na density profile and the 

bottom panels display the seasonal variation of the full width at half maximum (FWHM) of the Na 

density profiles. Panels in the left column are for 67N and the right panels are for 67S. The top 

panels indicate good overall agreement between model results and observations in terms of the Na 

vertical column density. The middle panels indicate, however, that the Na layer altitude is 

systematically underestimated by up to 3 km by the WACCM simulations. This is known feature in 

the simulations and is also visible in other atmospheric parameters. In terms of the layer FWHM, 

WACCM reproduces the OSIRIS and SCIAMACHY observations quite well. Note that the GOMOS 

climatology does not provide a realistic seasonal variation on the Na layer FWHM, which also is a 

known feature. It is expected that the original GOMOS Na profiles exhibit a realistic seasonal 

variation of the layer FWHM. This should be tested in the future. The SCIAMACHY nightglow 

retrievals are overall significantly noisier than the other data sets, which mainly is a consequence of 

the weakness of the Na D-line nightglow emissions with typical peak emission rates of 40 photons 

cm-3 s-1. 

 



 

 

 

Figure 41: Comparison of temporal and meridional variation of Na vertical columns density for different data 
sets (G: GOMOS, Od: OSIRIS descending, OA: OSIRIS ascending, S: SCIAMACHY, WG: WACCM at GOMOS local 
times, W Od: WACCM at Od local times, W Oa: WACCM at Oa local times, W S: WACCM at SCIAMACHY local 
times, M: corresponds to a mean as described in detail in Langowski et al., 2017). Figure adapted from 
Langowski et al. (2017).  

 



 

 

 

Figure 42: Top panels: multi-annual mean seasonal variation of Na vertical column density. Middle panels: 
Similar plot for Na centroid altitude. Bottom panels: similar plots for Na layer full width at half maximum. 

Left column: results at 67N. Right column: results at 67S. Figure adapted from Langowski et al. (2017).  

 

2.11.3  Comparison of nightglow Na retrievals 

The Na profile retrievals from SCIAMACHY nightglow observations were compared by von Savigny et 

al. (2016) to SCIAMACHY daytime measurements as well as the GOMOS climatology by Fussen et al. 

(2010). As discussed in the MesosphEO ATBD in detail, the photochemical model used  to retrieve Na 

concentrations from observations of the Na D-line nightglow emission requires choosing a suitable 

value of the branching ratio for the formation of the 2D state of Na. The branching ratio was 

empirically chosen to obtain good agreement between the SCIAMACHY nightglow Na retrievals and 

SCIAMACHY dayglow retrievals (Langowski et al., 2016) as well as the GOMOS Na climatology. 

Therefore, an additional comparison of the SCIAMACHY nightglow retrievals with, e.g., SCIAMACHY 

dayglow or GOMOS measurements is not meaningful. With the currently chosen value of the 

branching ratio of f = 0.09 the annually averaged Na vertical column densities obtained from 



 

 

SCIAMACHY Na D-line nightglow observations agree with SCIAMACHY dayglow and GOMOS 

observations to within about 10%. Figure 43 shows as an example a comparison of the multi-annual 

mean seasonal variation of Na concentrations at different altitudes. The data sets compared are 

based on SCIAMACHY standard (or nominal) limb measurements, SCIAMACHY MLT limb 

measurements, SCIAMACHY nightglow measurements and GOMOS observations (Fussen et al., 

2010). It is important to mention that all altitudes shown are below the Na concentration peak, 

typically occurs at about 92 km. This limited altitude range was chosen, because the standard limb 

measurements do not extend well beyond 90 km for a large part of the SCIAMACHY mission. Because 

of the limited altitude range, the relatively large differences between the data products shown are 

not inconsistent with the other validation results discussed above.   

  

  

Figure 43: Comparison of multi-annual mean seasonal variations of Na concentration at different altitudes 
retrieved from SCIAMACHY standard limb measurements (SCIA SL), SCIAMACHY MLT measurements (SCIA 
MLT), SCIAMACHY nightglow measurements (SCIA NG) and the GOMOS climatology (Fussen et al. 2010).  

  



 

 

 

2.12  Noctilucent clouds  

 

2.12.1  Comparison of NLC (Noctilucent cloud) occurrence frequency 

Here we compare time series of NLC occurrence frequency retrieved from GOMOS and from 

SCIAMACHY limb observations. The GOMOS data set was provided by LATMOS and the SCIAMACHY 

data set by EMAU. The GOMOS data set consists of biweekly (and zonally) averaged and latitudinally 

binned data, whereas the SCIAMACHY NLC data is daily and zonally averaged. Figure 44 shows a 

comparison of NLC occurrence frequency for the northern hemisphere NLC seasons 2003 to 2011 

and for different 5 degree latitude bins. The biweekly averaged GOMOS data are shown as blue solid 

circles. The thin grey line shows the daily averaged SCIAMACHY NLC occurrence frequencies and the 

red line corresponds to the SCIAMACHY data smoothed with a 5-day running mean filter. The overall 

agreement between the GOMOS and SCIAMACHY NLC occurrence rates is remarkably good. NLC 

occurrence rate are only enhanced during the NLC seasons, which last from about mid-May until 

mid-August in the northern hemisphere. Figure 44 also clearly shows that during the NLC season, NLC 

occurrence frequency increases with increasing latitude. At the highest latitudes shown (80N – 

85N) the occurrence frequency is nearly 100% for several weeks during the core seasons – in both 

the GOMOS and the SCIAMACHY data sets. Note that the good apparent agreement must not be 

over interpreted, because occurrence frequency is not a truly objective quantity. It depends in a non-

trivial way on the cloud detection sensitivity, which differs between different instruments and 

viewing geometry.  

Figure 45 shows a similar comparison between GOMOS and SCIAMACHY NLC occurrence frequency 

for the southern hemisphere NLC seasons 2002 – 2003 to 2011 – 2012. For the highest latitude bin 

no GOMOS data is available. The overall agreement is not as good as in the northern hemisphere and 

the SCIAMACHY cloud occurrence rates are generally lower than for GOMOS. This is likely related to 

differences in viewing geometries between the two hemispheres and the two instruments. The 

SCIAMACHY limb scatter observations in the northern hemisphere are associated with relatively 

small scattering angles (25 – 60), whereas the southern hemisphere observations have scattering 

angles of about 130 – 150. As the NLC particles are larger than Rayleigh scatterers in the UV 

spectral range, the scattering phase function has a forward peak, implying that the same particle 

population will produce a larger scatter signal for forward scattering conditions, i.e. in the northern 

hemisphere for SCIAMACHY.  

 

 

 

 

 



 

 

 

 

  

  

  

Figure 44: Comparison of GOMOS and SCIAMACHY NLC occurrence frequency for the northern hemisphere 

NLC seasons 2003 to 2011 for different latitude bins, from 55N – 60N to 80N to 85N. 

 

 



 

 

 

  

  

  

Figure 45: Similar to Figure 44 , but for NLC seasons in the southern hemisphere. 

 

 

 

 



 

 

 

2.13  Temperature 

MIPAS temperatures (version vM21) have been retrieved from the CO2 emission near 15 m, 
recorded in the band A accounting for the non-LTE effects. The detailed description of the method 
and the characterization of the inverted pressure-temperatures profiles are described in Garcia-
Comas et al. (2012). The upgrades in the retrieval of the temperature of this version (vM21) and a 
validation of the results are reported by Garcia-Comas et al. (2014). Briefly, (1) they include an 

updated version of the calibrated L1b spectra in the 15 m region (versions 5.02/5.06); (2) the 
HITRAN 2008 database for CO2 spectroscopic data; (3) the use of a different climatology of atomic 
oxygen and carbon dioxide concentrations; (4) the improvement of important aspects of the retrieval 
setup (temperature gradient along the line of sight, offset regularization, and apodization accuracy); 
and (5) some minor corrections to the CO2 non-LTE modelling (Funke et al., 2012). This current 
version (vM21) of MIPAS temperatures corrects the main systematic errors of the previous version 
and has, in general, a remarkable agreement with the measurements taken by ACE-FTS (version 3.0), 
MLS (v3.3), OSIRIS (Sheese et al., 2012), SABER (v2.0), SOFIE (v1.2) and the Rayleigh lidars at Mauna 
Loa and Table Mountain. We quote here the major conclusions about the validation of MIPAS 
temperatures as found by Garcia-Comas et al. (2014). In general, the MIPAS vM21 temperatures are 
in very good agreement with ACE-FTS, MLS, OSIRIS, SABER, SOFIE and the two Rayleigh lidars at 
Mauna Loa and Table Mountain. With a few specific exceptions, they typically exhibit differences 
smaller than 1K below 50 km and smaller than 2K at 50 – 80km in spring, autumn and winter at all 
latitudes, and summer at low to mid-latitudes. Differences in the high-latitude summers are typically 
smaller than 1K below 50 km, smaller than 2K at 50 – 65km and 5K at 65 – 80 km. Differences 
between MIPAS and the other instruments in the mid-mesosphere are generally negative. MIPAS 
mesopause is within 4K of the other instruments measurements, except in the high-latitude 
summers, when it is within 5 – 10 K, being warmer there than SABER, MLS and OSIRIS and colder 
than ACE-FTS and SOFIE. The agreement in the lower thermosphere is typically better than 5 K, 
except for high latitudes during spring and summer, when MIPAS usually exhibits larger vertical 
gradients. 
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