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Introduction to EUMETSAT Satellite Application Facility 
on Atmospheric Composition monitoring (AC SAF) 

Background 
The monitoring of atmospheric chemistry is essential due to several human caused changes in the 
atmosphere, like global warming, loss of stratospheric ozone, increasing UV radiation, and pollution. 
Furthermore, the monitoring is used to react to the threats caused by the natural hazards as well as follow the 
effects of the international protocols. 

Therefore, monitoring the chemical composition and radiation of the atmosphere is a very important duty for 
EUMETSAT and the target is to provide information for policy makers, scientists and general public. 

Objectives 
The main objectives of the AC SAF is to process, archive, validate and disseminate atmospheric composition 
products (O3, NO2, SO2, BrO, HCHO, H2O, OClO, CO, NH3), aerosol products and surface ultraviolet 
radiation products utilising the satellites of EUMETSAT. The majority of the AC SAF products are based on 
data from the GOME-2 and IASI instruments onboard Metop satellites. 

Another important task besides the near real-time (NRT) and offline data dissemination is the provision of 
long-term, high-quality atmospheric composition products resulting from reprocessing activities. 

Product categories, timeliness and dissemination 
NRT products are available in less than three hours after measurement. These products are disseminated via 
EUMETCast, WMO GTS or internet. 

• Near real-time trace gas columns (total and tropospheric O3 and NO2, total SO2, total HCHO, CO) and 
high-resolution ozone profiles 

• Near real-time absorbing aerosol indexes from main science channels and polarization measurement 
detectors 

• Near real-time UV indexes, clear-sky and cloud-corrected 

Offline products are available within two weeks after measurement and disseminated via dedicated web 
services at EUMETSAT and AC SAF. 

• Offline trace gas columns (total and tropospheric O3 and NO2, total SO2, total BrO, total HCHO, total 
H2O) and high-resolution ozone profiles 

• Offline absorbing aerosol indexes from main science channels and polarization measurement detectors 
• Offline surface UV, daily doses and daily maximum values with several weighting functions 

Data records are available after reprocessing activities from the EUMETSAT Data Centre and/or the AC 
SAF archives. 

• Data records generated in reprocessing 
• Lambertian-equivalent reflectivity 
• Total OClO 

Users can access the AC SAF offline products and data records (free of charge) by registering at the AC SAF 
web site. 

 

More information about the AC SAF project, products and services: https://acsaf.org/ 
AC SAF Helpdesk: helpdesk@acsaf.org 
Twitter: https://twitter.com/Atmospheric_SAF 
 



 

REFERENCE: 
ISSUE: 
DATE: 
PAGES: 

SAF/AC/IASB/VR/HNO3 
1/1 
26 April 2022 
Page 6 of 18 

 

1. INTRODUCTION 

1.1. Scope of this document  

The present document reports on the verification and validation of Metop-B and C NRT HNO3 data over the 
Dec 2019 – Dec. 2021 time period, produced by the FORLI Data Processor version FORLI-HNO3 
v20151001_2 operated at EUMETSAT. This report includes verification work performed using ground-
based nitric acid profile measurements from the NDACC network. The aim is to investigate whether the 
IASI NRT HNO3 data product fulfils the product requirements in terms of accuracy (Threshold accuracy: 
50%; Target accuracy: 35%; Optimal: 10%), as stated in the FORLI-HNO3 product specification, 
requirement and assessment document [AD1] and in the Product Requirements Document [AD2].  
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2. VALIDATION WITH NDACC GROUND-BASED FTIR HNO3 
DATA 

This chapter discusses in detail the comparison between the IASI NRT HNO3 operational product against 
FTIR measurement data publicly available from the NDACC (Network for the Detection of Atmospheric 
Composition Change) data base. All available data since the release of the IASI HNO3 product in the NRT 
data streams in Dec 2019 is used. Sixteen NDACC sites provide HNO3 data during this period (Figure 2.1 
and Figure 2.2).  

 

The validation methodology largely follows the setup used in Ronsmans et al., 2016. Sections 2.1 and 2.2 
describe the main characteristics of the measurements used in the comparison and the comparison 
methodology. Deviations from the methodology in Ronsmans et al., 2016 are explicitly mentioned.  

2.1. Measurement characterisation  

 
Figure 2.1 Overview of NDACC instruments with HNO3 measurement data since end 2019. Time 
series shows partial columns of HNO3 between 5km and 35km. Sites are sorted by latitude which is 
indicated on the right. FTIR measures direct sunlight and hence no measurements are available at 
high latitude stations during local winter.  

 

NDACC FTIR 

Although reported as profiles, NDACC FTIR HNO3 measurements are sensitive to the stratosphere between 
approximately 10 and 35km. NDACC HNO3 data is formatted in GEOMS hdf files which contain a.o. the 
retrieved HNO3 VMR profiles between the surface and the top of the atmosphere (TOA), the associated 
averaging kernels and a-priori profiles. An example FTIR averaging kernel is shown in Figure 2.6 including 
the sensitivity curve. The a-priori profiles are obtained from the Whole Atmosphere Community Climate 
Model (WACCM) model. 

The typical total column uncertainty on the FTIR HNO3 data is approximately 8% and increases to 12% at 
high latitude sites. Figure 2.1 provides an overview of all NDACC HNO3 data for the mentioned time period 
as partial columns HNO3 between 5km and 35km. All FTIR spectrometers are Bruker type spectrometers, 
except the instrument at Toronto which is a Bomen spectrometer. For further details on the instruments, we 
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refer to Vigouroux et al., 2020. Typical values for the FTIR degrees of freedom (DOF) are approximately 2 
for latitudes between -50 and 50 degrees north and increase up to 3 for high latitude stations. 

For further details on the NDACC FTIR data, see Vigouroux et al., 2007. 

IASI FORLI 

Similar as NDACC FTIR profiles, IASI FORLI HNO3 profiles are obtained by optimal estimation (Rodgers 
2000) and the associated averaging kernels and a-priori profiles are distributed in the NRT BUFR files (see 
HNO3 PUM). The quality filter proposed in the PUM is applied and only pixels with QFLAG>0 are taken 
into account. The IASI a-priori profile is derived from daily profiles from the LMDz-INCA chemistry 
transport model (from the ground up to 15.6 km) and of all profiles obtained from ACE-FTS (from 6 to 60 
km) Hurtmans et al. (2012). As mentioned in Wespes et al. (2009) and Ronsmans et al. (2016), the limited 
sensitivity in the FORLI retrieval does not allow deducing multiple pieces of vertical information. Therefore 
all statistics in this report will be based on partial columns covering the IASI sensitivity range (5km -35km). 
The maximum sensitivity is reached at 15km and coincided with the UTLS for the tropical sites and the 
lower/mid stratosphere for the higher latitudes, see Figure 2.5 for typical pixel averaging kernels and 
Ronsmans et al. (2016). 

The IASI DOFS reached at the NDACC sites is shown in Figure 2.4 and are close to 1 and are 0.9 at the high 
latitude sites and increase to 1.1 DOFS at the tropical sites. No NDACC site coincides with the (possibly 
questionable) higher DOFS ~ 1.2 mentioned in Ronsmans et al. (2016). 

The total uncertainty is estimated in Ronsmans et al. (2016) at 8-10% and becomes larger at tropical site (10-
15%) due to interference of higher water concentrations.  

Figure 2.2 shows the IASI-B HNO3 columns at the different NDACC sites. The difference between the IASI 
retrieved and a priori columns is shown in Figure 2.3. The overestimation of the IASI prior at the tropical 
sites is a systematic geographical pattern and is this is the key argument in the validation setup to deviate 
from the validation methodology used in Ronsmans et al., 2016, as described in the next section. 

 
Figure 2.2 Mosaic of IASI-B HNO3 partial columns between 5km and 35km at the different NDACC 
sites for the period 2020-2021. Similar to Figure 2.1, sites are sorted according to latitude. 
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Figure 2.3 Mosaic of IASI-B HNO3 relative differences between retrieved and a priori columns at the 
different NDACC sites for the period 2020-2021. Similar to Figure 2.1, sites are sorted according to 
latitude. The IASI prior is underestimating the retrieved columns at high latitude sites during local 
winter and overestimating in the tropical region with values above -40%.  

 
Figure 2.4 Mosaic of IASI-B HNO3 degrees of freedom (DOF) at the different NDACC sites for the 
period 2020-2021. Similar to Figure 2.1, sites are sorted according to latitude. At the tropical sites a 
lightly higher DOF is observed which is reducing to values slightly below 1 at the high latitude sites.  
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Figure 2.5 Typical averaging kernels for 4 IASI B pixels at (from left to right) Arrival Heights 
(Antarctic station), Altzomoni (Mexico), Jungfraujoch (Switzerland) and Thule (Greenland). The 
sensitivity curve (sum of AVK rows) near the surface shows an increase towards 0.05 near the surface 
for the high latitude sites. The averaging kernels shown here act on VMR profiles relative to the a-
priori. 

 

2.2. Comparison methodology 

Each FTIR measurement is co-located to all IASI pixels within a time difference of 6 hours and within a 
distance of 200 km around the effective location of the FTIR measurement. This effective location is derived 
from an effective altitude, which is in turn obtained as a weighted main of the altitude using the HNO3 partial 
column profile as weight. The effective altitude is then projected along the line of sight of the FTIR 
measurement and can reach distances up to more than 300km for the high solar zenith measurements. Taking 
into account the effective location has a positive effect on the overall comparison statistics and reduces the 
bias by 1% for the high latitude stations.  

For each co-located pair consisting of a single FTIR and IASI measurement, a sequence of operations is 
performed aiming to reduce the influence of the two a priori profiles used in the FTIR and IASI retrieval 
methods (Rodgers et al., 2003). A first step consists of regridding the FTIR a priori and retrieved profiles to 
the IASI grid. Secondly, the regridded FTIR a priori is substituted in the IASI retrieval and the third and 
final step consists of using the smoothing equation by applying the IASI averaging kernel on the FTIR 
retrieved and regridded profile and using the FTIR a priori as a common prior. All these steps follow the 
methodology described in Rodgers et al., 2003.  

Regridding is done such that the total mass HNO3 is conserved (Langerock et al., 2014) and possible vertical 
mismatches between the station surface and the satellite pixel surface are corrected by extending the 
regridded FTIR profiles by the extrapolated FTIR a priori. All profiles in the comparison are plotted for a 
single measurement pair in Figure 2.6.  
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Figure 2.6 Detailed comparison plot for of a single IASI-B HNO3 pixel (green profile in the right 
panel) against a co-located FTIR measurement (black profile). The right panel contains all profiles 
calculated for this comparison, the most left plot is the IASI AVK, the middle panel shows the FTIR 
AVK (all AVK act on VMR profiles relative to the a priori). 

As mentioned in Section 2.1, the common prior is chosen to be the FTIR a priori profile since the IASI a 
priori profile shows an increased bias for the tropical stations and this leads to a non-negligible systematic 
smoothing error in the comparison statistics. Here the comparison methodology deviates from the 
methodology described in Ronsmans et al., 2016, where the IASI a priori is chosen as a common prior. 

From the IASI averaging kernels shown in Figure 2.5, the IASI retrievals at higher latitudes with reduced 
DOF have an artefact where the AVK rows corresponding to the lower altitudes (<5km) have increased 
sensitivity. This causes a compensation in the FTIR a priori substitution in the IASI profiles and a change in 
the smoothed FTIR profile below at altitudes <5km, see for instance the mosaic plot of profile differences for 
Thule in Figure 2.7.  

Similar to Ronsmans et al., 2016 we therefore calculate partial columns between 5km and 35km from the 
profile. Above 35km there is no sensitivity and below 5km the comparison may suffer from an artefact in the 
IASI kernels. This has only a small effect on the column statistics due to the low concentrations at these 
altitudes. 
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As a final step, all co-located pairs that originate from a single FTIR measurement are averaged. This 
averaging is done on the partial columns between the given boundaries. Only FTIR measurements with at 
least four co-located IASI profiles are taken into account and from all co-located IASI profiles only the 10 
closest pixels are averaged. A similar averaging methodology was also used in Ronsmans et al., 2016 and 
reduces the noise on the IASI measurements (see also the conclusions). 

 

  
Figure 2.7 Mosaic plot of vertical profile differences at the high latitude station Thule (top row) and 
Kiruna (bottom row) for IASI-B to demonstrate the effect of the smoothing operation. The left plot 
shows the difference of the regridded FTIR profile and the IASI profile (containing the FTIR a priori) 
The right panel shows the difference of the smoothed FTIR profile and the IASI profile (containing the 
FTIR a priori).  

2.3. Comparison statistics. 

Differences are calculated using either the smoothed FTIR columns against the IASI columns (containing the 
FTIR a priori ) or directly using the FTIR NDACC data without any modification. Table 2.1 and Table 2.2 
provide the details per station for the relative differences and Pearson correlation coefficients for both the 
direct comparison and the comparison using the smoothed FTIR columns.  

To interpret the statistics, the following remarks on the FTIR data are relevant: 

1. Eureka, Ny Ålesund, Zugspitze, St Petersburg and La Reunion provide only a few measurements in 
2020, and are statistically less relevant 

2. The typical FTIR uncertainty is estimated at 8% and increases to 12% at the high latitude stations. The 
random uncertainty contribution is typically around 3% while the systematic uncertainty (main 
contributor is the uncertainty on spectroscopic parameters) is typically 10% 

3. The statistics in Table 2.1 and Table 2.2 are restricted to the time period to Dec 2019  Dec 2020 because 
only a few sites provide recent measurements in 2021 

 
IASI NRT data has the following characteristics ([AD2, PUM]): 

1. Statistics for IASI-A and C are very similar to IASI-B and are therefore left out from the figures. 
2. The IASI prior is too high in the tropics and the FTIR prior is therefore used as the common prior.  
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3. The typical reported IASI uncertainty is estimated at 10% and increases to 20-25% at the tropical sites 

Mauna Loa, Altzomoni, Reunion. The combined uncertainty on the relative differences (satellite minus 
groundbased) is ranging from 15% to 25%. 

4. From the PRD, the required target product accuracy is 35% with an optimal value of 10%. 
 
Comparison statistics up to January 1 2021 are presented in Table 2.1 (direct comparison) and Table 2.2 
(smoothing enabled) and correspond to the mosaic visualisation in Figure 2.8.  

 
Figure 2.8 Mosaic of weekly mean relative differences for the FTIR smoothed and the IASI columns 
(containing the FTIR a priori). For most sites a positive bias of around 20% is observed except at the 
high latitude sites (Eurka, Ny Alesund and Arrival Heights) having a reduced bias. 
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Table 2.1. Statistics for the direct comparison between IASI Metop-B/C and FTIR HNO3 total 
columns for 2020 (the column “std” is the standard deviation of the local FTIR columns relative to the 
standard deviation of the IASI columns, R is the Pearson correlation coefficient, rel. diff. is the mean 
of the relative differences IASI minus FTIR in percentage). 

 Metop-B Metop-C 
 # meas. std. R rel. diff. std. rel. diff. # meas. std. R rel. diff. std. rel. diff. 

EUREKA                         112 1.2 0.89 11.66 14.98 103 1.2 0.92 8.05 12.83 

NY.ALESUND                     14 1.3 0.89 -10.08 5.57 14 1.2 0.56 -11.95 10.87 

THULE                          622 1.1 0.86 -2.93 8.71 617 1.2 0.8 -3.8 9.3 

KIRUNA                         417 1 0.95 11.7 8.96 410 1 0.95 10.73 8.05 

ST.PETERSBURG                  14 1.1 0.88 26.32 8.09 10 1 0.78 23.25 10.65 

ZUGSPITZE                      24 0.9 0.91 24.16 6 17 1.3 0.94 22.52 5.58 

JUNGFRAUJOCH                   457 0.9 0.91 21.68 8.34 440 0.9 0.93 20.55 7.47 

TORONTO                        491 0.7 0.89 23.46 12.2 490 0.7 0.87 22.04 13.08 

RIKUBETSU                      18 0.8 0.9 14.18 9.53 18 0.7 0.95 9.89 9.2 

IZANA                          196 1 0.85 17.81 11.58 198 1 0.84 17.19 11.42 

MAUNA.LOA.HI                   420 1.1 0.89 20.42 12.47 385 1 0.9 19.66 12.02 

ALTZOMONI                      30 0.4 0.57 40.32 21.04 42 0.6 0.81 30.41 10.94 

LA.REUNION.MAIDO               31 0.8 0.67 17.27 8.23 28 1.4 0.72 14.42 6.31 

WOLLONGONG                     597 0.8 0.92 23.3 9.69 609 0.8 0.9 21.02 9.63 

LAUDER                         809 0.8 0.85 23.57 11.4 761 0.8 0.86 21.48 10.52 

ARRIVAL.HEIGHTS                222 1.1 0.93 0.51 15.13 213 1.1 0.92 0.13 16.45 

Mean  0.94 0.86 16.46 10.75  1 0.85 14.1 10.27 

Table 2.2. Statistics overview for the comparison with smoothing between IASI Metop-B/C and FTIR 
HNO3 total columns for 2020 (table columns have similar meaning as in Table 2.1). 

 # meas. std. R rel. diff. std. rel. diff. # meas. std. R rel. diff. std. rel. diff. 

EUREKA                         112 1.1 0.9 2.38 11.35 103 1.1 0.91 -1.3 10.28 

NY.ALESUND                     14 1.2 0.8 -11.1 6.71 14 1 0.46 -13.02 11.39 

THULE                          622 1 0.86 -2.89 9.09 617 1.1 0.81 -3.75 9.45 

KIRUNA                         417 1 0.95 11.13 8.66 410 1 0.95 10.21 7.93 

ST.PETERSBURG                  14 1.1 0.93 21.59 6.8 10 1.1 0.82 20.38 10.82 

ZUGSPITZE                      24 0.8 0.92 22 5.54 17 1.2 0.92 21.47 4.7 

JUNGFRAUJOCH                   457 0.9 0.91 20.22 8.85 440 0.9 0.92 19.09 7.94 

TORONTO                        491 0.8 0.88 20.29 12.08 490 0.8 0.86 19.05 13.14 

RIKUBETSU                      18 0.8 0.9 14.21 9.84 18 0.7 0.95 9.88 9.26 

IZANA                          196 0.9 0.85 17.17 11.72 198 1 0.83 16.65 11.45 

MAUNA.LOA.HI                   420 1.1 0.9 18.36 11.82 385 1 0.91 17.41 11.4 

ALTZOMONI                      30 0.3 0.43 31.7 24.57 42 0.6 0.73 22.25 12.01 

LA.REUNION.MAIDO               31 0.7 0.68 19.19 8 28 1.3 0.71 16.04 6.12 

WOLLONGONG                     597 0.8 0.92 22.18 9.67 609 0.8 0.91 19.9 9.63 

LAUDER                         809 0.8 0.86 22.45 11 761 0.8 0.88 20.37 10.21 

ARRIVAL.HEIGHTS                222 1 0.94 -1.58 14.21 213 1 0.93 -2.75 14.04 

Mean  0.9 0.85 14.21 10.62  0.96 0.84 11.99 9.99 
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3. DISCUSSION AND CONCLUSIONS 
From Table 2.2. all individual stations have a bias estimate below the product required target accuracy of 
35% [AD2] for both the IASI B (O3M-81) and IASI-C (O3M-336) target products.  

From the statistics tables 2.1 and 2.2 we learn that the comparison of the smoothed columns reduces the 
mean relative difference (bias) with approximately 2%: for IASI-B from 16.46% (direct comparison) to 
14.2% (smoothing enabled) and for IASI-C from 14.1% to 12%. These bias estimates are comparable to the 
reported combined measurement uncertainties. On a network basis the 10% optimal accuracy set in the 
product requirement document [AD2] is nearly met for both O3M-81 and O3M-336 products when taking 
the FTIR data as a reference. At high latitude stations the bias is significantly reduced to values close to zero 
or slightly below zero: -2% at Arrival Heights and -3% at Thule for IASI-B, see Figure 3.1. These statistics 
confirm the conclusions in Ronsmans et al., 2016, where a similar positive overall bias of approximately 
10% for IASI was determined. 

 
Figure 3.1 Weekly mean bias vs the measured FTIR total column. Low concentrations at the tropical 
sites show a systematic positive bias. While the bias nearly vanishes for the higher concentration seen 
during the local winter at the high latitude sites. 

The overall correlation is 0.85. The smoothing operation has a minor effect on the overall correlation. The 
ratio of the standard deviations of the two HNO3 column time series FTIR and IASI is very close to the ideal 
value of 1 and indicate that both the IASI and FTIR data products detect the same signal and variability in 
HNO3 (see Figure 3.2) 

Although the comparison is limited to one year which prevents us from discussing seasonal cycles and 
trends, from Figure 2.8 we can confirm the same conclusion as in Ronsmans et al., 2016 that no clear 
seasonal dependence in the bias is observed.  

The standard deviation of the relative differences is on average 10% and reflects the remaining noise on the 
IASI and FTIR columns (the random uncertainty for the FTIR is estimated 3%). A comparison setup where 
each FTIR is co-located to the closest IASI pixel has an augmented standard deviation on the relative 
differences of around 20% and a related decrease in the correlation R=0.6. The choice to average up to 10 
IASI pixels is therefore justified since it reduces the IASI random uncertainty significantly and has a 
significant impact on the estimated correlation.  
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Because the statistics are based on only one year of data, all estimates should still be considered preliminary 
and should be confirmed when a longer time series is available.  

 

 

 
Figure 3.2 Time series showing the seasonal changes in HNO3 at the high latitude site at Thule (top) 
and Arrival Heights (bottom). The IASI and FTIR columns detect the same HNO3 signal. 
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