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1 Introduction

The NO: field around a MAX-DOAS station can be inhomogeneous, especially for urban
environments. Knowledge of the horizontal inhomogeneities in the NO; is useful and important
for the interpretation of the data of a MAX-DOAS station, and especially for validation of
satellite instruments.

The objective of FRM4DOAS WP-4 is to define a procedure for the characterization of the
horizontal NO; field and the inhomogeneities within it for MAX-DOAS measurements in urban
areas. The procedure needs to be applicable for all stations, robust for different situations, and
fast enough to work in the FRM4DOAS processing chain.

To identify inhomogeneities, three different indicators were defined:

1. Azimuthal inhomogeneity
2. Temporal inhomogeneity
3. Combined azimuthal and temporal inhomogeneity

Each indicator was calculated as an absolute indicator in molec/cm? and a relative indicator,
normalized by a corresponding median VCD. Additionally, representative averaged columns
were defined and calculated from VCDs filtered for inhomogeneity based on these indicators.
The derived parameters as well as the underlying algorithms are presented in the ATBD of WP4
(D-4.2) in detail.

2 Validation method

The inhomogeneity indicators were implemented and tested for several urban FRM4DOAS
stations and multiple years of measurements were used for each station. This dataset was then
matched to S5p tropospheric VCDs, and the influence of filtering using the inhomogeneity
indicators on the correlation between both data sources was investigated. The goal was to
determine whether satellite validation could be improved by incorporating information about
the horizontal inhomogeneity of the NO; field.

To match both datasets, the time difference in measurements had to be lower than 10 minutes,
with a distance between S5p pixel and station below 20 km and a S5p pixel ga_value =>0.5.
Additionally, the MAX-DOAS data has not only been matched to a single S5p pixel but also to
3x3 and 5x5 averages of S5p pixels around the matched pixel. For Athens, only S5p pixels
located above the city itself are considered, as the instrument is located at the edge of the city
and some azimuth direction only scan into rural areas, while other scan towards the harbour
and more urban parts of the city. For Thessaloniki only azimuth direction from south to north-



west were used because hills and mountains only allow the MAX-DOAS instrument to scan in
these directions.

Also, the four viewing directions of Mainz, which are currently delivered as four different
instruments (Mainz_1676_1, Mainz_1676_2, Mainz_1676_3, Mainz_1676_4), were combined
during the processing and will be summarized as Mainz_1676 in the discussion of the results.

This initial dataset has then been further refined to use only S5p qa_values equal to 1, MAX-
DOAS cloud flag equal to 0, and MAX-DOAS ga_flag smaller than 2. In this document, only this
stricter dataset will be presented and used for all investigations. Comparison between S5p and
MAX-DOAS using MAX-DOAS qa_flag equal to 0 would have left only very few matching
observations and was therefore not further considered for the analysis.

For the validation, linear regressions and orthogonal distance regressions were performed
between the S5p tropospheric NO2 VCDs and the respective MAX-DOAS VCDs for all stations
and both profiling algorithms (MAPA and MMF). The regressions are carried out for unfiltered
MAX-DOAS VCDs, MAX-DOAS VCDs that have been filtered by the inhomogeneity indicators,
and the representative MAX-DOAS VCDs, which have been calculated as averages out of
prefiltered data (more details in the ATBD). The filtered MAX-DOAS VCDs have been filtered by
either their absolute inhomogeneity indicator, their relative inhomogeneity indicator, or the
combination of both. When absolute and relative indicators are combined, the absolute
indicator is used for VCDs lower than the station’s median VCD and the relative indicator for
VCDs higher than the station’s median.

Figure 1 and Figure 2 show histograms of the inhomogeneity indicators in the MMF product for
all stations. For each station, the histograms show positively skewed distributions. The results
for MAPA are very similar and therefore not shown here. Based on the histograms, relative
thresholds of 20% and absolute thresholds of 1.0x10> molec/cm? were chosen as thresholds
for inhomogeneity as a compromise that works reasonably well for all stations.
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Figure 1: Histograms of the different absolute inhomogeneity indicators of the MMF product for each station.
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Figure 2: Histograms of the different relative inhomogeneity indicators of the MMF product for each station.

In all cases, regressions were performed with the single pixel S5p value, the 3x3 average, and
the 5x5 average. Additionally, the influence of the distance on the regression results between
the MAX-DOAS station and the S5p pixel has been investigated by carrying out the regressions a
second time, but using matching VCDs only when the distance between the station and the S5p
pixel was below 5 km.

3  Validation results

Figure 3 shows the results of the validation for the Bremen station using the MAPA VCDs in the
ultraviolet wavelength range against the matched S5p tropospheric VCDs (single pixel), with a
maximum distance between station and satellite pixel of 20 km. In the first three columns, the
scatterplots and regression results for filtering using a specific inhomogeneity indicator are
shown, starting with filtering for inhomogeneity in time, filtering for inhomogeneity in azimuth,
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and filtering for the combined inhomogeneity in time and azimuth. The first plot in the last
column shows the result for the unfiltered values, while the last plot in this column shows the
results for the representative column calculated for VCDs that have been filtered for the
combined azimuthal and temporal inhomogeneity. The combined setting uses the absolute
value for VCDs below the station’s median, while relative values are used for VCDs above the
station’s median. In all filtered cases, the correlation coefficients increase compared to the
unfiltered dataset, the slopes get closer to 1, and the RMS decreases. Reducing the distance
between S5p pixel and station further increases the correlation coefficients at (Figure 4),
although the improvement is more pronounced when filtering for relative or the combination
of absolute and relative inhomogeneity. The slopes do not improve compared to the dataset
with a maximum distance of 20 km. Generally, for this station, the filtering results in a
homogeneous removal of values in a wider range of VCDs and the correlations improve when
the VCDs are filtered for inhomogeneity, and the best results are found when the
representative column is used instead of the individual VCDs.

For this station the results using the MMF VCDs are very similar, filtering improves correlation,
especially when filtering by a combination of relative and absolute indicators and the best
regressions results are found when the representative column filtered for temporal and
azimuthal inhomogeneity is used (see Figure 5). Similar plots for all stations and both retrieval
algorithms can be found in the appendix.
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Figure 3: Scatterplots of S5p and MAPA VCDs for FRM4DOAS station Bremen_1673_1, with a maximum distance between
station and assigned S5p pixel within a distance of 20 km. In the first three columns, the scatterplots and regression results for
filtering using a specific inhomogeneity indicator are shown, starting with filtering for inhomogeneity in time, filtering for
inhomogeneity in azimuth, and filtering for the combined inhomogeneity in time and azimuth. The first plot in the last column
shows the result for the unfiltered values, while the last plot in the fourth column shows the results for the representative
column calculated for VCDs that have been filtered for the combined azimuthal and temporal inhomogeneity. In the first row the
VCDs in columns one to three are filtered by absolute inhomogeneity indicators, while in the second row relative inhomogeneity
indicators are used, and finally in the third row a combination of relative and absolute indicators is used, where VCDs below the
stations median were filtered using absolute indicators and VCDs above the stations median were filtered using relative
indicators.
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Figure 4: Scatterplots of S5p and MAPA VCDs for FRM4DOAS station Bremen_1673_1, with a maximum distance between
station and assigned S5p pixel of 5 km.
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Figure 5: Same as Figure 3 but using MMF VCDs.

For a more detailed discussion of the results for each station, MMF and MAPA are presented

separately in the following chapters.

3.1 MAPA

For comparison, Figure 6 shows the results for Athens in the visible wavelength range with a

maximum distance between S5p and station of 20 km. Filtering in these cases mostly removes

high VCDs and only leaves a cluster of low VCDs in the comparison to S5p. However, also here

there is an improvement of slope, correlation coefficient, and RMS compared to the unfiltered

datasets and the representative column shows the best results.
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Filtering for individual inhomogeneity indicators does not always lead to better results, and
especially thresholds for the absolute indicators need to be adapted to individual stations.
Figure 7 shows the results for the Thessaloniki station (Thessaloniki_1686 1), and the chosen
absolute threshold of 1x10% molec/cm? clearly is not a good choice for this station, as only a
cluster of low VCDs is left for comparison, and the total number of data points is reduced to
below 50. In such cases, the regressions results are not displayed. Nevertheless, the
correlations improve when filtering for the combined temporal and azimuthal inhomogeneity
using the combination of relative and absolute thresholds.

An overview of all orthogonal distance regression results for all stations using a maximum
distance between pixel and station of 20 km is shown in Figure 8. This figure also shows the
results for 3x3 and 5x5 pixel averaged S5p data in each column of the plot. The different filter
settings are colour-coded and the representative column, filtered for combined inhomogeneity
in time and azimuth is also shown. If there is no value shown for a specific station, there were
fewer than 50 matched datapoints for the whole time period. In Mainz the azimuthal
inhomogeneity filtered individual VCDs show similar results to the representative columns that
have been filtered for the combined temporal and azimuthal inhomogeneity, the
representative columns however still show the best correlations.

Generally, filtering improves the results for all stations, especially filtering using the combined
temporal and azimuthal inhomogeneity indicators. In most cases, the representative columns
show better results than the individually filtered and matched VCDs. The biggest improvements
are found for Athens and Bremen. The improvement is also found for the averaged S5p pixel
data, but has influence on the slopes. For Athens and Bremen, the slopes are closer to 1 for the
3x3 and 5x5 averages, while for San Pietro Capofiume, DeBilt, Uccle and Xianghe the slopes are
similar to regression against individual S5p pixels.

The results for the dataset with a maximum distance of 5 km are similar, and the reduced
distance mostly has an effect on the initial unfiltered correlations (see Figure 9). The results
using linear regression are shown in Figure 10 and are similar to the ones for orthogonal
distance regression, although for most stations the slopes here are closer to 1, with the
exception of Heidelberg and Mainz.
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Figure 6: Scatterplots of S5p and MAPA VCDs for FRM4DOAS station Athens_1674_1, visible channel, with maximum distance
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pixels, and the third column for 5x5 averages.

15



MAPA, max. 5 km, orthogonal distance regression,
absolute for low VCDs, relative for high VCDs
pixel 3x3 5x5

il M\ il ' il

ore] PO TER TR TR T TTAR TR )

slope

B
2
-
3

0.00 L E N B S B B B B S B B B S S B S e LI B B S B S B S e B S B S B B B B B B LN I S S S B e s e

x101%

correlation coefficient

o

RMS: m::ec cm2
¥
b/
W
b4
S
a

’
[ e L e o o e e e e e ML B o o o o o o e e e e e o o o o o o L L o o o o e e o o o
2
%5 5 300 E 1
=}
R
22 200 4 4
£EQ
54 4 .
z 1 1 1
8 100 5 N 3 AN + 3 =N
b3 3 b3
OB AR UM IORRON SN BORON N DN TR AR R A AU =SS RO NI A AN B O A R RO IORORUN SOOI R A IO
FETMmommnINT oM [0 o sEmmomm V\V\QMG\O\BM‘OO\G\VQOIOO\O\ <r<tmm'ommmmm«nommwmtommwﬂoolmm
NSNNOOOO N0 ONN 2 a © NERNNOOONNRNOANN AR0NNNN N0 O NERNNOODNNNRNNONNAR0NNNN N0 O
LOVOOVVLVLVVVVLVY © ©©o © LOVOOOOOOVVYVVY KOVOVVY VLYY LLOLVOVOOLVOVLYVY POVVLVLYVYY
A S S SN |"‘| le—"u—ilu—(v—(lﬁlv—tlrilr—(l-—ilﬂlv—ilﬂlv—{‘gF‘I"‘IHIHIHIF‘|H|HEIF4I le—<|.—|‘.—<r—<Iv—'|r—<Iv—I|-—<lﬂCll—<IﬂngF‘IF‘IHIHIHIHIH‘HGIF‘I
n>z= ww's s w 0=z W EHO0ZEZ Y 2200 winluw w2zz WwhkH00ZY [l ymmmm
z:mm%%%zgﬁ:’ﬁgg T z=mm§§§szdﬁdgg<’—“—‘¥¥»—r—44:: z=mm‘§§§zsﬁﬁ='2§<¥ EEJJIT
Woss32355000uw G ©2:55222335mmGh52222220060 2w255222335aanisz S5006056
IZllpserr YWWan z IZhnsSS22wwwnn- 0000000022 IZhnesS22uwwnn 0000009022
Euoy Tl Y e e pu] 2 cogy LIApn3s J22222255%% puyy Linnoaa JJJJggoD%%
ELaad3388 om S RIEE3I3ISOQ0 o 3333ZE°°<E REZE9SI06 on 33IIEE°7LE
= aa faY=) x E aa aa vwuunv XX E aa an vwuuy XX
< 83 == < 33 == hnnnFF < 3s == hnnnkEE
wuw W pwww W wwww
T IT IIIT IT IIIT
FEFF FRFF
filtered filtered filtered

representative VCD

: s % A 5 : . 5
-’- unfiltered -.- time absolute 1e+15 molec/cm’ -'- azimuth absolute 1e+15 molec/cm -.- time azimuth absolute 1e+15 molec/cm tirnie-and azimuth

time relative 0.2 azimuth relative 0.2 time azimuth relative 0.2

Figure 9: Overview of the results of orthogonal distance regression between MAPA VCDs and S5p pixels for all stations, with a
maximum distance of 5 km. The first column shows results for individual pixels, the second column for 3x3 average of S5p pixels,
and the third column for 5x5 averages.
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Figure 10: Overview of the results of linear regression between MAPA VCDs and S5p pixels for all stations, with a maximum
distance of 20 km. The first column shows results for individual pixels, the second column for 3x3 average of S5p pixels, and the
third column for 5x5 averages.

3.2 MMF

Generally, the results for the MMF algorithm are similar to the results for the MAPA algorithm.
However, there are differences for individual stations. For example, the station in Thessaloniki
(Thessaloniki_1686_1, Figure 11), where the MAPA results are difficult to filter using the
common settings, shows better results in the MMF product when using the same settings.
Using the representative column filtered for the combination of inhomogeneity in time and
azimuth further increases the quality of the correlation.

The validation results for all stations using orthogonal distance regression and a maximum
distance of 20 km are shown in Figure 12. Also here, filtering for the combined inhomogeneity
of time and azimuth increases the correlation coefficients and decreases the RMS. In all cases,
the regressions using the representative columns show better results than the individually
filtered VCDs, even though for some stations the difference is rather small. Averaging of S5p
pixels leads to station specific results, for Athens and Bremen the slopes are closer to 1, while
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for Mainz the slope increases and for Cabauw, San Pietro Capofiume, Toronto, Uccle and
Xianghe there is almost no difference.

A reduction of distance between station and S5p pixel center to 5 km further increases the
correlation coefficients and leads to a small reduction in the RMS, and also here the
representative columns show the best results.

Using linear regressions (Figure 14), the correlation coefficients also increase, and the RMS is
reduced as well, while the influence on the slope depends on the station. For some stations,
filtering improves the slope, while for others, the unfiltered data show better results.
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Figure 11: Scatterplots of S5p and MMF VCDs for FRM4DOAS station Thessaloniki_1686_1, with a maximum distance between
station and assigned S5p pixel of 20 km.
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Figure 14: Overview of the results of linear regression between MMF VCDs and S5p pixels for all stations, with a maximum
distance of 20 km. The first column shows results for individual pixels, the second column for 3x3 averages of S5p pixels, and the
third column for 5x5 averages.

4  Summary

Three different NO2 inhomogeneity indicators were defined and calculated for several urban
MAX-DOAS stations. The inhomogeneity indicators indicate azimuthal, temporal, and the
combined azimuthal and temporal inhomogeneity in the NO; field around a station, based on
the tropospheric VCDs derived by the MAPA and MMF algorithms. All inhomogeneity indicators
were defined as absolute inhomogeneity (in molec/cm?) and as relative inhomogeneity, where
a median was used for normalization.

MAPA and MMF tropospheric NO; VCDs have been matched to the respective S5p tropospheric
NO VCDs, and their agreement was investigated using orthogonal distance regression and
linear regression between the MAX-DOAS and corresponding S5p data. Matching was carried
out using two different distance settings (5 km and 20 km maximum distance between station
and pixel) and three different pixel settings (individual pixels, 3x3 averages, and 5x5 averages
around the corresponding S5p pixel). Regressions were performed on the unfiltered data pairs,
and on filtered data pairs, where the data has been filtered either using an absolute, a relative,
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or a combined inhomogeneity criterion. Additionally, regressions were performed using a
representative column, which is the mean of several filtered VCDs with different azimuth
directions.

For most cases, filtering for inhomogeneity improves the correlation coefficients and decreases
the RMS between MAX-DOAS VCDs and corresponding S5p VCDs. Filtering for the combined
temporal and azimuthal inhomogeneity using a combination of absolute criterion for VCDs
smaller than the station’s median VCD and a relative criterion for VCDs bigger than the station’s
median VCD shows the best results. The common filter settings generally worked well for all
stations, but for individual stations, custom settings could further improve the results,
especially when using only absolute indicators. Correlations of individually filtered VCDs and
representative averaged VCDs that have been filtered for the same thresholds using the same
indicators show similar results, but in most cases the results using the representative VCDs are
better.

For potential users we suggest to use the combined temporal and azimuthal inhomogeneity
indicators and also to combine relative and absolute thresholds, filtering for absolute indicators
when the VCDs are low and relative when the VCDs are high. The differentiation between low
and high VCDs should be carried out for each station individually e.g., using a station specific
median VCD calculated from a long timeseries, preferably out of all data. Averaging of satellite
pixels improves the correlations in most cases, but for individual stations this leads to an
increase in the slope further away from 1.
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Appendix

Scatterplots MAPA
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relative time relative azimuth relative time and azimuth
30X10%
; = Y
/ V4
)/ /
2.5 // ;
o o/ .
// // T
LIN_REG LIN_REG \ i
1.05x+-3.6x10M ~=- 1.03x+-3.6x10% e
RMS: 1.6x10'% RMS: 1.7x10%5
ODR . ODR .
1.03x 1.01x
RMS: 1.6x10'% —-- RMS: 1.7x10%5
R: 0.91 R: 0.90
n: 54 n: 61
filtered data + filtered data + filtered data

absolute time
relative time
median MAX-DOAS VCD: 3.0x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 3.0x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 3.0x10%

representative VCDs

3.0

25

2.0

S/ N 4
S/ W
£ e
77 77
¢ 7 o
»7 %4 ¥
v ", . -
i i 97
7 ! 7
b -4
7 i v an
‘ —— P
LIN_REG LIN_REG P LIN_REG LIN_REG
-=- 111x+-9.5x10'* —=- 1.07x+-7.8x10™ Al —=- L17x+-12x10'% —==- 1.12x+-1.0x10'%
RMS: 1.5x10%% RMS: 1.5x10% 4 RMS: 1.6x10'5 RMS: 1.4x10%%
ODR ODR o ODR ODR
1.01x 1.00x 1.05x 1.01x
—.= RMS: 1.5x10%% —.= RMS: 1.5x10%% o« —-= RMS: 1.7x10'% —:= RMS: 1.4x10%%
R:0.93 R: 0.92 ,"'7 3 R:0.92 R: 0.94
n: 80 n: 85 n: 78 n 79
+ filtered data + filtered data + filtered data + all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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absolute time

DEBILT_1675_1_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 r s
7
G
v
25 77
Lt
2.0
15
LIN_REG
- - 1.22x+-1.9x10
1.0 RMS: 2.9x10%*
ODR
= 1.28x
s
0.5 S RMS: 2.9x10%*
s > R:0.79
o 76
0.0 s + filtered data + filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0 7
7
2
2.5
7
.
2.0
15
LIN_REG el LIN_REG
1.34x+4-1.0x10%5 — it ~—- 1.34x+-1.0x10%%
1.0 RMS: 2.4x10'% e RMS: 2.4x101%
ODR T ODR
1.27x B > 1.27x
0.5 RMS: 2.4x10'% LS. —-= RMS: 2.4x101%
R: 0.87 g R: 0.87
n: 53 Vs n: 53
0.0 filtered data + filtered data Vid * filtered data
. 7
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 7.6x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 7.6x10% median MAX-DOAS VCD: 7.6x10%
576 X101 representative VCDs

LIN_REG

—=- 1.42x+-1.8x10%
RMS: 2.4x10'%
ODR
1.26x

—-= RMS: 2.4x10'%
R: 0.89
n: 55

+ filtered data

+ filtered data

LIN_REG
1.42x+-1.8x10"
RMS: 2.4x10'%

LIN_REG

ODR
1.25x

n: 56
all data

1.39x+4-1.7x10%
RMS: 2.5x10'%

RMS: 2.5x1015
R: 0.88

15 20 25 ki
%1018

3.0

0.0 05 1.0 15 2.0 25,

x10'0

3.0

ODR
1.26x
RMS: 2.4x105
R: 0.89
n: 55
filtered data
2.0 25 3.0
x1016

NO; trop. VCD S5p / molec cm~2

2.0
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absolute time

DEBILT_1684_1_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 o K
127 o4
/% v
y4a v
25 4 §4
5 T Vi
1% ¢ v
EAS EAS ’
2.0 77 77
s B/
+ //‘,’
15 44
LIN_REG LIN_REG LIN_REG
——- 1.07x+-1.5x10% 1.07x+-1.5x104 1.22x+-8.5x1034
1.0 RMS: 1.7x10% RMS: 1.7x10% RMS: 2.4x10%*
ODR ODR ODR
111x 111x 1.25x
0.5 —-- RMS: 1.7x10% RMS: 1.7x10% RMS: 2.4x10%*
R: 0.79 R: 0.79 R: 0.80
n: 143 n: 143 n: 196
0.0 + filtered data + filtered data filtered data all data
relative time relative azimuth relative time and azimuth
5.0-X10
.0 7 g
Z %4
Vi Va
25 7 7
4 4
e 7
2.0 A A
7 4
=7 Y4
. Ve *: Vi
15 7 i
LIN_REG LIN_REG
* ——= 116x+-3.6x10M ® ——- 116x+-3.6x10'
1.0 RMS: 2.0x10'% RMS: 2.0x101%
ODR ODR
117x 1.17x
0.5 —-- RMS: 2.0x10%% —-- RMS: 2.0x101%
R: 0.82
n: 144
0.0 * filtered data * filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 5.7x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 5.7x10% median MAX-DOAS VCD: 5.7x10%
576 X101 representative VCDs
’ d e Y
i g A
v i Z
25 7 i 7
K pa 7
7 7 4
2.0 A v
P ™ v % i
% K % '
15 ¥ Vi
LIN_REG LIN_REG 2 57 LIN_REG
¢ === 116x+-3.5x10™ 1.16x+-3.5x101¢ bt ¢ -—- L3x+28x10%
1.0 RMS: 2.0x10'% RMS: 2.0x10'% RMS: 1.9x10'%
ODR ODR ODR
1.17x 117x 1.15x
0.5 —:= RMS: 2.0x101% RMS: 2.0x101% —-= RMS: 1.9x1015
R: 0.83 R: 0.83 R:0.84
: 160 n: 160 n: 157
0.0 + filtered data * filtered data filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

DEBILT_1688_1_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

25

2.0

1.0

0.5

0.0

x10¢
0

+ filtered data

+ filtered data

+ filtered data

7/ —-- RMS: 4.7x10%
’ R:0.53

7 LIN_REG
2.13x+-1.9x10%*
RMS: 4.7x10%*

/ ODR
2.09x

n: 8
+ all data

%1016

relative time

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

+ filtered data

+ filtered data

+ filtered data

absolute time
relative time
median MAX-DOAS VCD: 9.5x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 9.5x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 9.5x10%

representative VCDs

+ filtered data

+ filtered data

+ filtered data

+ alldata

0.0 0.5 1.0 15 20 25 30 00 05 1.0 15 2.0 25 30 00 0.5 1.0 15 20 25 30 00 0.5 1.0 15 2.0 5 3.0
%1018 %1016 %1016 %1018
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absolute time

HEIDELBERG_1679_1_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

3.0

X106 unfiltered individual VCDs
0 -
/ ' 7
// // Y/
o/
25 7 7 T 77
V/ 4 .
2.0
15
LIN_REG LIN_REG LIN_REG
1.36x+-1.1x10% 1.36x+-1.1x10% ~—- 1.60x+-1.1x10%
1.0 RMS: 2.2x10% RMS: 2.2x10% RMS: 3.0x10™®
ODR ODR
131x 1.31x
0.5 RMS: 2.2x10% RMS: 2.2x10%
R: 0.69 R: 0.69
n: 101 n: 101
0.0 filtered data + filtered data filtered data + all data
relative time relative azimuth relative time and azimuth
30X10%
’ 74 /7
.//(
oy
2.5 77
/
/./,f . .
2.0 — L
L //
/,//
205 .ol
& o/
’ LIN_REG LIN_REG
——- 1.61x+-8.6x101¢ 1.61x+-8.6x101¢
1.0 2 RMS: 3.3x101% RMS: 3.3x101%
ODR ODR
167x 1.67x
0.5 —-- RMS: 3.3x10%% RMS: 3.3x101%
R: 0.83 R: 0.83
n: 81 n: 81
0.0 + filtered data + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 4.6x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 4.6x10% median MAX-DOAS VCD: 4.6x10%
576 X101 representative VCDs
) 7 4 7
i i
— g =
4 4
4 4
. pA . 4 .
——
g A
7
LIN_REG LIN_REG LIN_REG
1.64x+-1.5x101% ~=- 1.64x+-1.5x10'% ~—- 1.65x+-1.5x10'%
RMS: 3.0x10'% RMS: 3.0x10'% RMS: 3.0x10'%
ODR ODR ODR
1.60x 1.60x 1.61x
RMS: 3.0x10'% —:= RMS: 3.0x10'% —:= RMS: 3.0x101%
R: 0.83 R: 0.83 R:0.84
n: 116 n: 116 n: 113
filtered data * filtered data + filtered data + all data
20 25 30 00 05 10 15 20 25 3.0 15 20 25 30 00 05 10 15 20 25 :
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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x10¢
0

absolute time

HEIDELBERG_1679_2_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

3.0

25

. LIN_REG LIN_REG LIN_REG
1.59%+-2.7x 104 1.50x+-2.7x 101 1.79x+-3.9x10%
RMS: 2.6x10% RMS: 2.6x10%* RMS: 3.2x10%
= s ODR ODR ODR
1.79x 1.79x 1.95x
32 —-= RMS: 2.7x10% ?.- —-= RMS: 2.7x10% 2= —-= RMS: 32x10%
R:0.72 . R: 0.72 R: 0.81
n: 141 n: 141 n: 190
+ filtered data + filtered data + filtered data 2 + all data
relative time relative azimuth relative time and azimuth
x1016
7 7
A Vi
7 +—

5

LIN_REG

——- 2.05x+-1.3x101%
RMS: 3.1x101%
ODR
.04x

—-= RMS: 3.1x10%%

R:0.83
n: 136

+ filtered data

+ filtered data

LIN_REG

——- 2.05x+-1.3x101%
RMS: 3.1x101%
ODR
2.04x

—-= RMS: 3.1x101%

R: 0.83
n: 136

+ filtered data

absolute time
relative time
median MAX-DOAS VCD: 5.5x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 5.5x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 5.5x10%

representative VCDs

LIN_REG

—==- 2.04x+-1.4x10'%
RMS: 3.0x10%%
ODR
2.01x

—:= RMS: 3.0x10%
R:0.83
n: 157

+ filtered data

+ filtered data

/|
-
7
o 4
4
A
oflie
A
. 7er
g LIN_REG
S ~=- 2.04x+-1.4x10'S
3 - RMS: 3.0x10'%
ODR
e 2.01x
22N —:= RMS: 3.0x10'%
- R:0.83
n: 157
N + filtered data

A
4
—| 4
i
5 %
7s
odite
. 4
7/l
Lasvit LIN_REG
— ~==- 2.08x+-1.4x10'%
3 "'-Z - RMS: 3.0x10'%
ODR
",’/ = 2.03x
2 . —.= RMS: 3.0x10'%
c R:0.84
n: 153
2 + alldata

£/}
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absolute time

MAINZ_1676_1_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

0 x10%¢
/s’ 1L/
V. 7
W2 pa%
25 77 A
/7
7
2.0 77
?
T Y 1
15 ads—
LIN_REG LIN_REG
1.08x+-2.8x10% " 1.24x+3.9x104
1.0 RMS: 2.1x10® RMS: 3.3x10%®
ODR * ODR
111x - 137x
0.5 RMS: 2.1x10%® S by RMS: 3.4x10%%
R: 0.68 4 - . R: 0.80
n: 55 ., Eat T n: 138
00! filtered data + filtered data N + filtered data P i | + all data
relative time relative azimuth relative time and azimuth
5.0-X10
.0 7
' 3P4
Rd Vi
2.5 77
Y 3
2.0 {/’ =T
2% i s
T 1
15
LIN_REG ¥
——- 1.18x+9.7x10™ 2 *
1.0 RMS: 3.2x10% .
ODR e,
.
1.36x
0.5 —-= RMS: 32x10% a s
) R:0.81 =
n: 87 4 Al
+ filtered data + filtered data + filtered data
0.0
absolute time N
relative time absolyte az'imuth ahsolyte time and azjmuth
median MAX-DOAS VCD: 6.5x10%° 3 relative azimuth !'elatlve time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
576 X101 representative VCDs
. 7 77
£/ N/’
£y 7
25 7 e
/
2.0
15
LIN_REG LIN_REG LIN_REG
—-- 126x+12x10" . 125x+9.4x10M 125x+1.1x10'5
1.0 RMS: 3.1x10'% - RMS: 3.3x10'% RMS: 3.5x10'%
008 R oor Saa
.35x 41x .44x
0.5 —:= RMS: 3.2x10% S5 RMS: 3.4x10'% RMS: 3.6x10'%
R: 0.83 >4 R:0.83 R: 0.81
n: 99 < n: 54 n: 54
00 + filtered data + filtered data filtered data all data

0.0 0.5 10 15 2.0 25 3.0

%1018

0.0 05 1.0 15 2.0 25, 3.0

x10'0
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3.0

3.0

25

2.0

1.0

0.5

0.0

x10¢
0

absolute time

MAINZ_1676_2_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

LIN_REG
1.18x+1.6x10%*
RMS: 2.5x10%>
ODR

1.56x

RMS: 2.7x10**
R:0.70

n: 53

filtered data

e

+ filtered data

+ filtered data

e
LIN_REG

== 1.14x+2.0x10%*
RMS: 3.7x10*>
ODR

1.49x

RMS: 3.9x10%>
R:0.74

n: 139

+ alldata

relative time
x10%¢

relative azimuth

relative time and azimuth

LIN_REG
1.10x+2.3x10%
RMS: 3.3x10%%
ODR

1.43x

MS: 3.5x10%5
R:0.79

n: 90

filtered data

+ filtered data

LIN_REG
0.96x+4.1x10'%
RMS: 3.2x10%%
ODR

1.41x

RMS: 3.7x10%5
R:0.77

n: 54

filtered data

absolute time
relative time
median MAX-DOAS VCD: 6.5x10%

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.5x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.5x10%

representative VCDs

x10'¢
7 77 7
7 47 Y o 4
Y4l P4 /|’
’ S
.
.
. e
. =
* .‘ =
LIN_REG e LIN_REG LIN_REG
-=- 1.10x+2.5x10'% e 1.12x+2.3x10% 1.17x+1.7x10"5
RMS: 32x10% % RMS: 3.1x10%% RMS: 2.9x10'%
ODR - ODR ODR
1.44x .0 1.42x 1.39x
—-:= RMS: 3,5x10% RMS: 3.3x10% RMS: 3.1x10'%
R: 0.80 . R: 0.85 R: 0.86
n: 88 i~ n: 64 n: 63
+ filtered data + filtered data filtered data all data
0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1016 %1018
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absolute time

MAINZ_1676_3_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 3
B
25
20 —
I o
15
LIN_REG . v LIN_REG
1.92x+-3.8x10%° . . Bt e e . 1.39x4-1.4x101
1.0 RMS: 32x10% - . . RMS: 3.7x10%
ODR
1.52x .
0.5 RMS: 3.3x10%° . .
R: 0.85 2
n: 60 ¢
0.0 4 . filtered data + filtered data + filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0 50 .///
4
Y
25 77
J %
2.0 e .
.
.o * 1 .
15 —t *
LIN_REG .- LIN_REG
1.40x+-1.2x10% . — [ . —=- 1.40x+-12x10M
1.0 RMS: 3.8x1015 ; RMS: 4.3x10'%
ODR oo ODR
1.39x b 1.50x
0.5 RMS: 3.8x101% A S —-- RMS: 4.3x101%
R: 0.80 T R: 0.78
n: 115 Vi n: 68
0.0 v + filtered data + filtered data Ly = + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
576 X101 representative VCDs

LIN_REG
- 1.43x+-1.0x10'%
RMS: 3.8x101%

S

e

.

o = a5

==t .
i o
*=je—y

LIN_REG
1.47x+-8.8x101¢
RMS: 4.1x10'%

LIN_REG
1.30x+4.

RMS: 3.1x10'%

.6x101¢

NO; trop. VCD S5p / molec cm~2

ODR ODR ODR
1.43x 1.49x 1.41x
-~ RMS: 3.8x1015 . . —-= RMS: 4.1x10'% —-= RMS: 3.1x1015
R: 0.81 R: 0.83 R: 0.86
n: 100 ¢ n: 78 n: 75
filtered data + filtered data + filtered data - e + alldata
20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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x10¢
0

absolute time

MAINZ_1676_4_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

25

2.0

LIN_REG
0.77x+7.7x10%
RMS: 2.1x10*

LIN_REG
1.15x+1.4x 104
RMS: 3.7x10%

ODR . . ODR
0.96x é P, 1.29x
RMS: 2.1x10> ., . —-- RMS: 3.7x10®
R: 0.69 ® R 0.73
n: 61 -y e n: 163
filtered data + filtered data + filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0
2.5 5 £ -
.
.
2.0 -
. . 8 4 ) &
S
15 -
LIN_REG % =g LIN_REG
——= 117x+6.6x101 s ~—= 1.00x+3.1x10'5
1.0 RMS: 4.0x10'% RMS: 4.5x10'%
ODR ODR
1.35x 5 1.44x
0.5 —-- RMS: 4.0x1015 - —-- RMS: 4.8x101%
R:0.76 . R: 0.68
n: 88 . n: 53
0.0 + filtered data + filtered data + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
576 X101 representative VCDs
2.5 1 L.
. .
. . s
2.0 +4 4 I .
. . * . . * . i
. ! . (Y
—— i I =
15 —— ——
LIN_REG X res % poins
- 121x+9.6x10" P . *
1.0 RMS: 3.9x101% e
ODR .
1.34x
0.5 -~ RMS: 4.0x1015 - . .
R: 0.77 . . ~l—e
n: 96 - Cogl LR
00442 + filtered data + filtered data + filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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absolute time

MAINZ_1676_pixel, MAPA, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10¢
0 7
P
yavd
25 T LFEF
[
/.
20 —— :
13 : |
1.5 p = e —
LIN_REG = LIN_REG LIN_REG
— e 127x+-6.1X10% s 0.67x+1.4x10%* —-= 124x+1.0x101
1.0 RMS: 2.9x10'® RMS: 1.9x10® RMS: 3.7x10%
ODR ~ ODR ODR
131x o o 1.06x 1.38x
0.5 —-= RMS: 2.9x10%* Spia=e—3p RMS: 2.1x10%* —-= RMS: 3.7x10%
:0.71 o? R: 0.54 R:0.76
229 <., n: 88 n: 624
0.0 + filtered data + filtered data filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0 7
. 3
D
£ 25
S
9
3 -y
S :
2.0
£ e =—--a
v o o-tumy
S s -
Q LIN_REG LIN_REG " LIN_REG
% ——= 123x+5.3x10% ~—- 0.95x+4.4x10'% s ——= 1.14x+2.2x10%
s 10 RMS: 3.7x10%5 RMS: 3.8x1015 RMS: 4.0x101%
o ODR ODR ODR
Q 1.39x 1.45x 1.45x
> os —-= RMS: 3.7x1015 —-- RMS: 4.2x1015 . —--= RMS: 4.2x10%
-3 R:0.79 R: 0.68 o 3
g / n: 380 n: 139 £
~ ) 4 * filtered data + filtered data | .
S oo
z
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
x1016 representative VCDs
3.0 T —— . 7
o " VP4
S V.
25 77 77
S
<
e U 4
2.0 —==3 e
Y ok =
15
LIN_REG X LIN_REG X LIN_REG LIN_REG
——= 125x+3.5x10™ 3 ~-- 1.00x+3.8x1015 ——= 122x+12x10' 1.30x+5.2x101
1.0 — RMS: 3.6x10'% RMS: 3.8x101% RMS: 3.9x10'% RMS: 3.4x10'%
ODR ODR ODR ODR
1.39x Sosden, 1.45x 1.44x 1.44x
0.5 —-= RMS: 3.7x10'% L ¥pe—y —-= RMS: 4.2x1013 —-= RMS: 4.0x10'® RMS: 3.5x10'%
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/ LIN_REG
0.73x+9.1x10%
RMS: 8.7x10%
rd ODR
5 1.40x
14k —-- RMS: 9.8x10%

R: 0.50

n: 301

+ filtered data

LIN_REG
1.49x+6.5x10%*
RMS: 3.0x10%
ODR

2.00x

RMS: 32x10%
R: 0.75

n: 524

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

3.0 7
7 ;
/ 4
/ 2/
25 F 7 1
E K
/
i /.// /
2.0 7
- /e
v /7
T .
15 s /.,65 =
LIN_REG e LIN_REG LIN_REG
——- 1.50x+17x10™ o3 /v: ~=- 1.66x+-1.5x101 1.71x+-5.6x10%
1.0 RMS: 2.5x101% s B RMS: 2.4x10%% RMS: 1.5x101%
ODR ODR ODR
1.87x 1.83x 1.70x
0.5 —-- RMS: 2.6x101% —-- RMS: 2.4x10'% RMS: 1.5x101%
R: 0.77 R: 0.85 R:0.93
n: 377 n: 263 n: 145
0.0 + filtered data + filtered data 7 + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 2.9x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 2.9x10% median MAX-DOAS VCD: 2.9x10%
X106 representative VCDs
29 g 7 & V4 V4
/ 7/ 4 4
! Vi
4 o
N2 ¥ Va
2.5 77 —
/7 ya
. e ) g
Iy /
2.0 _//,i 7
1+ o
IR T @ %
15 . .fﬁ .4
LIN_REG 7 ,-{’ v LIN_REG LIN_REG + /,/" LIN_REG
1.49x+1.8x10™ ey ——- 1.63x+-2.1x10M 1.62x+-4.4x1014 oy’ ~-- 1.60x+-3.4x101
1.0 RMS: 2.4x10'% i RMS: 2.1x10'% RMS: 1.3x101% o RMS: 1.3x10'%
ODR ODR I ODR T3 ODR
1.87x 1.80x 1.63x - £ 1.63x
0.5 RMS: 2.5x10'% —-= RMS: 2.1x10 RMS: 1.3x101% S —:= RMS: 1.3x101%
R:0.77 R: 0.85 R: 0.90 . R:0.91
n: 404 n: 365 J n: 289 o n: 280
0.0 filtered data + filtered data + filtered data 7 + all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 :
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

BREMEN_1673_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 T 7 7
/ & s
; A %
25 v /
/
2.0 /
15
LIN_REG LIN_REG LIN_REG LIN_REG
1.06x+9.1x10% 1.02x+1.2x10% — - 0.99x+6.5x10% 126x+1.1x10%
1.0 RMS: 2.4x101® RMS: 22x10% RMS: 1.4x101% RMS: 3.4x10"
ODR ODR ODR ODR
1.43x 1.45x 1.23x 175x
0.5 RMS: 2.5x101° RMS: 2.4x10'> —-= RMS: 1.4x10%* RMS: 3.6x10%
R: 0.65 R: 0.63 R:0.74 R: 0.63
n: 185 n: 232 n: 159 n: 344
0.0 filtered data filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
30X10%
. 7 , 7 o ¥
B A / ¥,
. . 3
/ A ’
LIN_REG LIN_REG LIN_REG

1.04x+1.6x10%
RMS: 2.9%10%%
ODR

.54
RMS: 3.1x10%%
R: 0.62
n: 202
filtered data

1.14x+1.6x10%°
RMS: 3.2x10%
ODR

1.65x

RMS: 3.5x10%5
R: 0.64

n: 219

filtered data

== 0.98x+2.3%10%%
RMS: 3.4x10%%
ODR
1.61x

—-- RMS: 3.7x10%5
R: 0.58
n: 145

+ filtered data

absolute time
relative time
median MAX-DOAS VCD: 5.6x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 5.6x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 5.6x10%

representative VCDs

3.0

LIN_REG
1.07x+1.3x10%%
RMS: 2.9x10%%
ODR

1.53x

RMS: 3.0x10'5
R: 0.64

n: 221

filtered data

LIN_REG

—==- 122x+9.5x10'*
RMS: 3.1x10%%
ODR
1.62x

—-= RMS: 3.2x10%
R: 0.67
n: 267

+ filtered data

LIN_REG
1.13x+1.0x10*5
RMS: 3.0x10%%
ODR

1.56x

RMS: 32x1015
R: 0.65

n: 207

filtered data

LIN_REG
. 1.13x+8.9x10'¢
* RMS: 2.6x10'%
ODR
1.46x
—-= RMS: 2.7x10%%
R:0.71
n: 197
+ all data

2.0 25 3.0
%1018

0.0 05 1.0 15 2.0 25, 3.0

x10'0

0.0 0.5 1.0 15 2.0 25 3.0

%1010

NO; trop. VCD S5p / molec cm~2
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x10'®
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x10¢
0

absolute time

BREMEN_1673_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

LIN_REG
1.00x+1.4x10%
RMS: 2.4x10%>
ODR

L.44x

RMS: 2.5x10*>
R: 0.67

n: 114

filtered data

LIN_REG
——- 0.97x+1.5x10%

e RMS: 1.7x10%*
.o
ODR
1.36x
® 24 —-- RMS: 1.9x10%*
R:0.77
A n: 158

+ filtered data

/ LIN_REG
~~- 1.01x+8.8x10%
3 RMS: 1.3x10%*
Y ODR
3 1.28x
—-- RMS: 1.3x10%*
R: 0.80
n: 110

47 + filtered data

LIN_REG
1.08x+1.9x10*>
RMS: 3.3x10*
ODR

171x

RMS: 3.6x10%>
R: 0.61

n: 221

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

LIN_REG
0.99x+2.1x10%%
RMS: 3.3x10%%
ODR

1.63x

RMS: 3.7x10%5
R:0.57

n: 123

filtered data

LIN_REG
1.11x+1.7x10'%
RMS: 3.6x10'%
ODR

1.70x

RMS: 3.9x10'5
R: 0.61

n: 168

filtered data

LIN_REG
0.94x+2.2x10%
RMS: 3.3x101%
ODR

1.59x

RMS: 3.6x10'5
R: 0.58

n: 131

+ filtered data

absolute time
relative time
median MAX-DOAS VCD: 5.9x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 5.9x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 5.9x10%

representative VCDs

3.0

LIN_REG
1.00x+1.9x10%
RMS: 3.2x1015

LIN_REG
1.12x+1.6x10'%
RMS: 3.5x10'%

LIN_REG
0.98x+1.9x1015
RMS: 3.2x1015

LIN_REG
1.03x+1.5x10%%
RMS: 2.4x10'%

ODR ODR ODR ODR

1.62x 1.70x 1.57x 1.44x

RMS: 3.5x10% RMS: 3.8x10'% RMS: 3.5x10%% RMS: 2.6x10%%

R:0.59 R: 0.62 R: 0.59 R:0.72

n: 135 n: 180 n: 146 n: 141

filtered data filtered data filtered data all data

2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1016 %1018

NO; trop. VCD S5p / molec cm~2
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absolute time

CABAUW_1690_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

X101 unfiltered individual VCDs
0 ¥
77
4
V
25 7 74 - 5
7 -
I ///
./ >k
7| 7
LIN_REG LIN_REG LIN_REG

3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

0.83x+7.9x10%
RMS: 1.4x10%
ODR

1.05x

RMS: 1.4x10%
R:0.67

n: 76

filtered data

+ filtered data

0.83x+7.9x10%
RMS: 1.4x10**
ODR

1.05x

RMS: 1.4x10%**
R: 0.67

n: 76

+ filtered data

1.39x+-8.6x101
RMS: 3.0x10%*
ODR

: 1.40x

RMS: 3.0x10%*
R:0.75

: 120
+ alldata

relative time
x10%¢

relative azimuth

relative time and azimuth

LIN_REG
1.50x+-1.5%10'°
RMS: 2.2x1015
ODR

1.35x

RMS: 2.2x10%5
R: 0.86

n: 98

filtered data

+ filtered data

LIN_REG
1.50x+-1.5x10'%
RMS: 2.2x10%
ODR

1.35x

RMS: 2.2x10%5

R: 0.86

n: 98

filtered data

absolute time
relative time
median MAX-DOAS VCD: 5.5x10%

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 5.5x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 5.5x10%

representative VCDs

x10'¢
o s V7
/Y 4 rid
b Vi /4
7 7 7
LIN_REG LIN_REG LIN_REG
1.50x+-1.5x10'5 1.50x+-1.5x10'% 1.51x+-1.5x10'%
RMS: 2.1x10%% RMS: 2.1x10%% RMS: 2.2x10%
ODR ODR ODR
1.34x 1.34x 1.35x
RMS: 2.2x101% RMS: 2.2x10% RMS: 2.2x10%%
R: 0.86 R: 0.86 R: 0.86
n: 101 n: 101 n: 96
filtered data + filtered data filtered data all data
0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1016 %1018

NO; trop. VCD S5p / molec cm~2
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absolute time

CABAUW_1693_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

X106 unfiltered individual VCDs
0 7
7 T
g A/
e 71/
B /
25 7 = i
A Bt
/ /
2.0 17
15
LIN_REG LIN_REG LIN_REG
0.88x+1.4x10%* 0.88x+1.4x10%° 1.32x+1.1x10%3
1.0 RMS: 1.3x10%% RMS: 1.3x10® RMS: 3.0x10%®
ODR ODR ODR
117x 117x 1.45x
0.5 RMS: 1.4x10%* RMS: 1.4x10* RMS: 3.0x10%*
R:0.83 R: 0.83 R:0.77
n: 120 n: 120 n: 162
0.0 filtered data + filtered data filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0 ’
i
2.5
2.0
15
LIN_REG LIN_REG
1.12x+8.3x101¢ ~-- 112x+8.3x101
1.0 RMS: 2.1x10'% RMS: 2.1x101%
ODR ODR
132x 1.32x
0.5 RMS: 2.2x10%5 —-- RMS: 2.2x10%%
R: 0.80 R: 0.80
n: 145 n: 145
0.0 filtered data + filtered data + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
X106 representative VCDs
a0 7 i L
Ve l7
25 4, a4/
4 -/ ) 4
/ /
/ /
2.0
15
LIN_REG LIN_REG LIN_REG
1.14x+6.6x10™ 1.14x+6.6x101¢ 1.15x+6.5x101¢
1.0 RMS: 2.1x10'% RMS: 2.1x101% RMS: 2.2x10%
ODR ODR ODR
132x 1.32x 133x
0.5 RMS: 2.2x10' RMS: 2.2x10% RMS: 2.2x10'
R: 0.80 R: 0.80 R: 0.80
n: 144 n: 144 n: 136
0.0 filtered data * filtered data filtered data all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

CABAUW_1693_2 pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 r
4
25 7
2.0
.
15
LIN_REG LIN_REG . LIN_REG
ww- 0.80x+1.2x10* —=- 0.80x+1.2x10%* 3 //.,_. e 1.67X+-2.0%10%*
1.0 RMS: 1.3x101% RMS: 1.3x10'% L3 RMS: 3.3x10®
ODR ODR
1.09x 1.09x
0.5 —-= RMS: 1.4x101* —-= RMS: 1.4x10> -
R: 0.75 R:0.75
66 n: 66
0.0 * filtered data + filtered data + filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0 =
7
4
& 7
. 7
Vi
- - "
2.0 7
15
LIN_REG LIN_REG
——- L31x+-4.4x101¢ —=- 131x+-4.4x10M
1.0 RMS: 2.2x1015 = RMS: 2.2x1015
ODR ODR
131x 1.31x
0.5 —-- RMS: 2.2x10%% —-= RMS: 2.2x1015
R: 0.83 R:0.83
n: 83 n: 83
0.0 + filtered data + filtered data * filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.4x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.4x10% median MAX-DOAS VCD: 6.4x10%
576 X101 representative VCDs
) 4 £
/,./’ //’
zs 7 7
2.0
15
LIN_REG LIN_REG ¥ LIN_REG
——- 132x+-4.6x101* —=- 1.32x+-4.6x101* ot il —=- 1.33x+-4.9x101
1.0 % RMS: 2.1x10'% RMS: 2.1x101% + RMS: 2.1x10'%
ODR ODR ODR
1.32x 1.32x 133x
0.5 —:= RMS: 2.1x101% —:= RMS: 2.1x10'% —= RMS: 2.1x10'%
R: 0.84 R:0.84 R:0.85
n: 85 n: 85 n: 8l
0.0 + filtered data * filtered data + filtered data + all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

CAPOFIUME_1695_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

0 x10%¢
7 ¥ 3 7 A 17
/A4 y I/,
’ /'
25 2 £ 7
, / /
. .
/
2.0 " . *
15
LIN_REG LIN_REG LIN_REG LIN_REG
1.10x+8.3x 10 1.03x+1.1x10%* 1.17x+5.4x104 1.10x+9.7x101*
1.0 RMS: 1.3x10'® RMS: 1.4x10%% RMS: 1.2x10% RMS: 1.6x10
: ODR ODR ODR ODR
S 132x 1.25x 133x 128x
05 3 —-- RMS: 1.3x10%* RMS: 1.5x10%% RMS: 1.2x10% RMS: 1.7x10%
R: 0.89 R: 0.91 R:0.91 R: 0.92
b n: 123 n: 136 n: 118 n: 146
0.0 i/ + filtered data filtered data filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0 = 3 7
K4 5 4
A AL
25 4 Lt
./ ¢
A
2.0 . 4
15
LIN_REG LIN_REG LIN_REG
——- 1.09x+9.4x10¢ 1.10x+9.3x10¢ 1.11x+8.7x10M
1.0 RMS: 1.6x10'% RMS: 1.6x101% RMS: 1.6x101%
ODR ODR ODR
127x 1.28x 127x
0.5 —-- RMS: 1.7x101% RMS: 1.7x101% RMS: 1.7x1015
R:0.92 R: 0.92
n: 140 n: 141
0.0 Y + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 4.5x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 4.5x10% median MAX-DOAS VCD: 4.5x10%
576 X101 representative VCDs
) 7 X 2N 2 I
vy e ¢ d
25 A A
/ '3 d 4
7 AL i
2.0 & +
15
LIN_REG LIN_REG LIN_REG LIN_REG
1.09x+9.3x10* 1.10x+9.2x101 —-- 111x+8.6x101* - 1.10x+8.9x101
10 RMS: 1.6x10'% RMS: 1.6x10'% v RMS: 1.6x101% RMS: 1.5x10'%
ODR ODR ODR ODR
1.27x 1.28x 1.28x 1.26x
0.5 RMS: 1.7x1075 RMS: 1.7x10'3 —= RMS: 1.7x101% -= RMS: 1.6x1015
R:0.92 R: 0.92 R:0.92 R:0.93
n: 141 n: 143 n: 137 n: 136
0.0 filtered data filtered data + filtered data all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

CAPOFIUME_1695_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 — 7 SN
rFal” K g ¥
. £ PR
P A2
25 viP 77
7/ i
/L
2.0 Y
./ b’
15
LIN_REG LIN_REG LIN_REG LIN_REG
~—- 1.08x+8.3x10% —~- 1.06x+9.0x10% ——- 111x+7.2x10% 1.11x+9.1x10
1.0 RMS: 1.3x10'® RMS: 1.4x101% RMS: 1.2x10% RMS: 1.6x101%
ODR ODR ODR ODR
1.28x 1.28x 1.30x 1.30x
0.5 —-- RMS: 1.4x10%* —-= RMS: 1.5x101® —-- RMS: 1.3x10%* RMS: 1.7x10%
R: 0.90 R: 0.89 R: 0.90 R:0.91
n: 117 n: 125 n: 106 n: 137
004 + filtered data  filtered data W7 + filtered data 7 + alldata
relative time relative azimuth relative time and azimuth
x1016
3.0 5
g PP v ’
./ //
25 S
,/ l/
s
2.0
LIN_REG LIN_REG LIN_REG
-—- 1.10x+8.8x10™ 1.11x+7.8x10% --- 111x+8.0x10M
& RMS: 1.6x10'% RMS: 1.5x101% & RMS: 1.5x101%
ODR ODR ODR
1.28x 1.27x 1.27x
—-= RMS: 1.7x10%5 RMS: 1.6x10'% —-- RMS: 1.6x101%
R:0.91 R: 0.92 R:0.92
n: 129 n: 125 n: 120
+ filtered data filtered data + filtered data

absolute time
relative time
median MAX-DOAS VCD: 4.5x10%

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 4.5x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 4.5x10%

representative VCDs

16
3.0.-X10 i -
A £ 7l
o g £ A
25 AL R
ka'd K4
77 L

2.0 %
1.5

LIN_REG LIN_REG LIN_REG LIN_REG

-=-- 1.10x+8.8x10™ 1.11x+7.8x10™ ~== 1L11x+7.9x10' 1.07x+8.9x10'¢

1.0 RMS: 1.6x10%% RMS: 1.5x10%% - RMS: 1.5x101 RMS: 1.4x10'%

ODR ODR ODR ODR

1.28x 1.27x 1.27x 1.24x
0.5 Z . —-= RMS: 1.7x10'% RMS: 1.6x10%5 —.= RMS: 1.6x101% RMS: 1.5x1015

R:0.91 R:0.92 R: 0.92 R:0.93

n: 130 n: 132 n: 127 n: 127
0.0 4/ + filtered data filtered data + filtered data all data

0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1016 %1018

NO; trop. VCD S5p / molec cm~2
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0 x10¢
"4 it
A i // //
7 KAW:
28 7 L
W 2l
21 /.7
2.0 - ——
LIN_REG LIN_REG LIN_REG

3.0

3.0

25

2.0

1.0

0.5

0.0

absolute time

DEBILT_1675_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

~=- 0.86x+1.2x10%°
RMS: 1.3x10%
ODR
112x

—-= RMS: 1.4x10"*
R: 0.80

52

* filtered data

+ filtered data

0.86x+1.2x10%
RMS: 1.3x10%
ODR

112x

RMS: 1.4x10%>
R: 0.80

n: 52

filtered data

1.17x+8.9x10%*
RMS: 2.5x101>
ODR

1.34x

RMS: 2.5x10"*
R: 0.84

n: 97

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

LIN_REG
121x+3.3x10™
RMS: 2.3x10%%
ODR

1.30x

RMS: 2.3x10%%
R: 0.87

n: 82

filtered data

+ filtered data

LIN_REG
1.21x+3.3x10"
RMS: 2.3x10%%
ODR

1.30x

RMS: 2.3x10%%
R: 0.87

n: 82

filtered data

absolute time
relative time
median MAX-DOAS VCD: 8.2x10%°

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 8.2x10"

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 8.2x10"

representative VCDs

x10'¢
d
.//I
.//’
A/
o/
192
—p

Y/
LIN_REG LIN_REG LIN_REG

——- 123x+18x10M —-- 123x+1.8x101 ——- 126x+-3.4x10%
RMS: 2.3x1015 RMS: 2.3x10%5 RMS: 2.3x1015
ODR ODR ODR
1.31x 131x 1.30x

—:= RMS: 2.3x10'S —:= RMS: 2.3x10%% —-= RMS: 2.3x101%
R: 0.88 R: 0.88 R: 0.88
n: 76 n: 76 n: 73

+ filtered data * filtered data + filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 1.0 15 20 25 30 00 05 10 15 20 25 3.0
%1016 x1016 %1016 %1016

NO; trop. VCD S5p / molec cm~2
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absolute time

DEBILT_1684_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 —
4 % T,
v y /
4 / . Y,
/7
25 7 /,' _///
Y 7
714
2.0 3“
15
LIN_REG LIN_REG LIN_REG
0.95x+6.1x10% ——- 0.95x+6.1x10% 122x+5.9x10%
1.0 RMS: 1.3x10'® RMS: 1.3x101% RMS: 2.5x10
ODR ODR ODR
112x 112x 133x
0.5 RMS: 1.3x10° —-- RMS: 1.3x10%* RMS: 2.5x10
R: 0.83 R:0.83 R: 0.79
n: 148 n: 148 n: 212
0.0 + filtered data + filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0 ’
4 4
a4
25  arade
2.0
15
LIN_REG LIN_REG
o === L11x+3.3x10M 1.11x+3.3x101
1.0 RMS: 1.9x10'% RMS: 1.9x101%
ODR ODR
122x 1.22x
0.5 —-- RMS: 1.9x1015 RMS: 1.9x101%
R:0.84 R:0.84
n: 167 n: 167
0.0 + filtered data + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.5x10% median MAX-DOAS VCD: 6.5x10%
X106 representative VCDs
3.0 - -
Lo 4
2o
2.5 i
.///
o
2.0
15
LIN_REG LIN_REG LIN_REG
1.12x+2.6x10™ ——- 112x+2.6x101 —=- 111x+2.9x101
1.0 RMS: 1.8x10'5 RMS: 1.8x1015 RMS: 1.8x10'5
ODR ODR ODR
1.22x 1.22x 122x
0.5 RMS: 1.8x10'5 —-= RMS: 1.8x105 —-= RMS: 1.8x10'3
R:0.84 R:0.84 R:0.84
n: 173 n: 173 n: 170
0.0 filtered data * filtered data + filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

absolute time

DEBILT_1688_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x1016
/ d
/
A
/7
. / ,/
/ //
7
¥
ok
y #d
20 LIN_REG
A ——- 173x+8.8x1014
1 /}/ s RMS: 4.6x101%
1 1 F ODR
. . L1y 2.07x
3 . /- —.- RMS: 4.6x10'
/ R: 0.49
i no9
+ filtered data + filtered data  filtered data 4 + alldata
relative time relative azimuth relative time and azimuth
x1016
. .
. .
& ¢
. .
. .
+ filtered data + filtered data + filtered data
absolute time . ) )
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 9.6x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 9.6x10% median MAX-DOAS VCD: 9.6x10%
x1016 representative VCDs
. . .
. . .
1 ¥ i
. . +
. . .
+ filtered data + filtered data « filtered data + alldata

0.0 0.5 1.0 15 2.0 25 3.0

x101¢

0.0 0.5 1.0 15 2.0 25

x10'¢

0.0 0.5 1.0 15 2.0 25 3.0

x101®

NO; trop. VCD S5p / molec cm™~2
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absolute time

HEIDELBERG_1679_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

X106 unfiltered individual VCDs
0 7
// FF. ;
7/ ¢
25
.
2.0
15 S
LIN_REG LIN_REG LY LIN_REG
1.56x+-8.5x10 1.56x+-4.5x104 LTS ——- 1.63x+-1.4x10M
1.0 RMS: 2.3x10® RMS: 2.3x10%% Sl RMS: 2.9x10®
ODR ODR ODR
= 1.64x 1.64x 1.79x
0.5 - —-- RMS: 2.3x10%* —--= RMS: 2.3x10* —-- RMS: 2.9x10%*
R: 0.76 R: 0.76 R:0.83
n: 162 n: 162 : 203
0.04-£ + filtered data + filtered data ¥ * filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0 4
Vi
y
2.5
2.0
15
LIN_REG LIN_REG
——- 178x+-8.9%10M 1.78x+-8.9x10%
1.0 RMS: 2.6x101% RMS: 2.6x101%
ODR ODR
1.78x 1.78x
0.5 —-- RMS: 2.6x101% RMS: 2.6x101%
R: 0.85 R:0.85
n: 174 n: 174
0.0 + filtered data + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 5.8x10'° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 5.8x10"° median MAX-DOAS VCD: 5.8x10"°
576 X101 representative VCDs
: 7 7
7 7
4 Vi
Vi
2.5 ;
4
2.0
15
LIN_REG LIN_REG LIN_REG
177x+-8.7x101 177x+-8.7x1014 ~-- 181x+-9.5x10"
1.0 RMS: 2.6x10'% RMS: 2.6x10'% RMS: 2.6x10'%
ODR ODR ODR
1.78x 1.78x 1.79x
0.5 RMS: 2.6x10'% RMS: 2.6x10'% —-= RMS: 2.6x105
R: 0.85 R: 0.85 R: 0.86
n: 180 n: 180 n: 173
00 filtered data + filtered data filtered data + all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

HEIDELBERG_1679_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

* filtered data

x10%¢
0 T 77 7
t !/ 1 /
/ 1 .
r/ 4
3 7
74
.
°-",’/
/1y
.
]
3 -
:
LIN_REG LIN_REG ‘,ﬁ_ LIN_REG
~—- 1.63x+-5.6x10% 1.63x+-5.6x10%% wlid — - 1.69x+4.0x10
RMS: 2.5x10® RMS: 2.5x10%% ’." RMS: 3.2x10%
ODR ODR ODR
1.85x 1.85x 2.01x
—-- RMS: 2.5x10%* RMS: 2.5x10%* —-- RMS: 3.3x10%
R: 0.75 R:0.75 R 0.78
n: 175 n: 175 n: 231
+ filtered data filtered data + all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

LIN_REG

~—- 1.86x+-3.8x10'*
RMS: 3.1x10'%
ODR
2.02x

—-= RMS: 3.1x10'5
R: 0.80
n: 195

+ filtered data

+ filtered data

LIN_REG
1.86x+-3.8x10%
RMS: 3.1x10%%
ODR

2.02x

RMS: 3.1x10'%
R: 0.80

n: 195

filtered data

absolute time
relative time
median MAX-DOAS VCD: 6.3x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.3x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.3x10%

representative VCDs

3.0

25

2.0

1.0

0.5

0.0

LIN_REG LIN_REG LIN_REG
1.85x+-3.6x10'¢ 1.85x+-3.6x10™* 1.92x+-5.1x101¢
RMS: 3.0x10%% RMS: 3.0x10'% RMS: 3.0x10*%
ODR ODR ODR
2.02x 2.02x 2.05x
RMS: 3.1x10'% RMS: 3.1x10'5 RMS: 3.0x10'%
R: 0.80 R: 0.80 R: 0.82
n: 200 n: 200 n: 193
filtered data * filtered data filtered data all data

0.0 0.5 1.0 15 20 25 30 00 05 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0

%1018 %1016 %1016 %1018
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absolute time

MAINZ_1676_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10%¢
0 E Z
v 4 5 4
AR 5 4
25 o o
./// /
7
2.0 e
7
A’ .
.
15
LIN_REG 4 LIN_REG LIN_REG
——- 110x+2.2x10%* . 0.89x+8.6x104 123x+4.4x104
1.0 RMS: 1.9x101% RMS: 1.5x10® RMS: 3.1x10%®
ODR ODR ODR
119x et 113x 1.38x
0.5 —-- RMS: 1.9x10%* Y S5 RMS: 1.5%10%* RMS: 32x10%
R 0.73 . R: 0.71 R: 0.80
n: 122 bR n: 54 n: 234
0.0 * filtered data + filtered data filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0
2.5
.
2.0
15
% LIN_REG LIN_REG
* - 128x+3.3x10M * ——- 1.32x+7.0x10M
1.0 RMS: 3.1x10%% RMS: 3.3x1015
ODR ¥ ODR
1.41x s 1.49x
0.5 —-- RMS: 3.1x10%% S —-- RMS: 3.3x101%
R:0.83 2. R:0.83
n: 188 t n: 94
0.0 + filtered data + filtered data + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.7x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.7x10% median MAX-DOAS VCD: 6.7x10%
576 X101 representative VCDs
2.5
.
2.0
15
LIN_REG LIN_REG LIN_REG
- 129x+2.1x10™ - 1.36x+3.3x101¢ ~-- 1.40x+2.9x101
1.0 RMS: 3.1x10'% RMS: 3.2x10%% RMS: 3.4x10'%
ODR ODR ODR
1.40x 1.48x 1.53x
0.5 -~ RMS: 3.1x10%5 .= RMS: 3.3x1015 —-= RMS: 3.4x1015
R: 0.83 R:0.84 R:0.83
n: 190 n: 99 n: 97
00 filtered data + filtered data filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

x10¢
0

absolute time

MAINZ_1676_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

LIN_REG

== 117x+1.8x10%*
RMS: 2.7x10*>
ODR
1.62x

—-= RMS: 2.9x10%
R:0.70
n: 92

+ filtered data

+ filtered data

e
.///
.//(
.//,
.//I
.//‘
7
i

g A LIN_REG

—ee 1.37x+-9.1x10%
RMS: 2.2X101
ODR
1.45x

—= RMS: 22x10
R: 0.79
ni 62

* filtered data

LIN_REG
126x+1.5%10%
RMS: 3.4x10"
ODR

1.56x

RMS: 3.6x10%
R: 0.78

n: 228

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

LIN_REG
—=- 128x+1.3x10'S
RMS: 3.1x105
ODR
1.54x
—-= RMS: 3.3x10%%
R: 0.82
n: 162
+ filtered data

LIN_REG

—== 1.18x+2.7x10'%
RMS: 3.7x10%%
ODR
1.58x

—-= RMS: 3.9x10'%
R:0.75
n: 52

* filtered data

LIN_REG
124x+2.0x10%%
RMS: 3.2x10%5
ODR

1.55x

RMS: 3.4x10'5
R: 0.82

n: 99

filtered data

absolute time
relative time
median MAX-DOAS VCD: 6.7x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.7x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.7x10%

representative VCDs

4V
o .

LIN_REG LIN_REG LIN_REG LIN_REG
——- 126x+1.8x101 122x+22x10' 1.30x+1.3x10'% 1.30x+9.3x10*
RMS: 3.2x10%% RMS: 3.6x10'° RMS: 3.1x10'% RMS: 3.0x1015
ODR ODR ODR ODR
1.57x 1.58x 1.54x 1.48x
—-= RMS: 3.3x10'S RMS: 3.9x101% RMS: 3.3x10'% RMS: 3.1x10'5
R: 0.82 R:0.77 R: 0.84 R: 0.86
n: 139 n: 54 R n: 112 7 n: 109
+ filtered data filtered data Vi filtered data 7 all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2



NO; trop. VCD MAX-DOAS / molec cm™—2

70

absolute time

MAINZ_1676_3_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10¢
0 . 7 . E
7 7
v 77
25 e 77
Vi ~
s
2.0
.
15
LIN_REG 23 LIN_REG LIN_REG
——- 125x+-1.1x10% * —=- 131x+-1.0x10% 1.35%+-6.6 X103
1.0 RMS: 32x10% RMS: 2.1x10%* RMS: 3.6x10®
ODR ODR ODR
1.42x 1.22x 1.40x
0.5 —-- RMS: 32x10% + —.= RMS: 2.1x10* RMS: 3.6x10%*
R: 0.67 R: 0.80 R:0.78
n: 105 n: 67 : 241
0.0 + filtered data + filtered data v * filtered data all data
. 7
relative time relative azimuth relative time and azimuth
x1016
3.0 3 77 3 = 77
7 Vivs 717
7/ gt 7 A
25 T F R
/ |/
2.0
15
LIN_REG LIN_REG LIN_REG
1.41x+-7.8x104 1.19x+1.5x10'% T ——- 1.34x+2.2x10%
1.0 RMS: 3.8x101% RMS: 3.9x10'% RMS: 3.7x1015
ODR ODR ODR
1.46x 1.48x 1.46x
0.5 RMS: 3.8x101% RMS: 4.0x10'% —-- RMS: 3.8x10'%
R:0.78 R: 0.72 R:0.79
n: 173 n: 59 n: 110
0.0 filtered data filtered data / * filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.7x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.7x10% median MAX-DOAS VCD: 6.7x10%
x1016 representative VCDs
3.0 5 o V7
o/ 7N/
// /' /(
25 o
2.0
.
Z
15 s
LIN_REG LIN_REG s lr & LIN_REG & LIN_REG
W&F . B
1.47x+-7.5x10™ t 120x+1.5x10'% e % | --- 139x+-4.1x10M e - 120x+6.4x101
10 RMS: 3.8x1015 RMS: 4.0x1015 s RMS: 3.6x1015 IR AR RMS: 3.0x10'5
ODR ODR . ODR ~d ODR
151x 1.49x 1.46x 1.45x
0.5 RMS: 3.8x101% 4 RMS: 4.1x10'% —:= RMS: 3.6x10'® —= RMS: 3.0x10'%
R: 0.80 4 R:0.74 = R: 0.82 R: 0.85
n: 146 ¥ n: 55 7 n: 116 n: 112
0.04.4 filtered data A ¢+ filtered data Va + filtered data + all data
X hl L&,
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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absolute time

MAINZ_1676_4_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

0 x10%¢
Ly & 3
A P
V' I/
L s cadl
25 7t 7 ¥
P S
//- ’
+—177
2.0 T
., ? | .
.
15
LIN_REG * LIN_REG
~—- 1.40x+-1.5x10% 4 b 1.23x+-2.0x1034
1.0 RMS: 2.2x10% RMS: 3.4x10%%
ODR .
1.24x .
0.5 —-= RMS: 2.2x10% $ =13
R: 0.83
n: 115 ‘.":'
0.0 + filtered data + filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
30X10%
¢ 77 A3
Pt /
£l /
25 ZZT 3
i .
2.0 — =t .
. -
.
—9
15 .
LIN_REG * 8% LIN_REG
.
1.28x+-2.1x10% ¢ 1.34x+4.7x10M
1.0 RMS: 3.6x10'% RMS: 4.0x10'%
ODR ODR
1.39x 1.54x
0.5 RMS: 3.6x101% RMS: 4.1x10'%
R:0.77 R:0.75
n: 174 n: 93
0.0 filtered data + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.7x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.7x10% median MAX-DOAS VCD: 6.7x10%
576 X101 representative VCDs
// 2 e
/ /
/' ’
2.5 /
+
. .
2.0 —— o .
. -
. o
—
15 .
LIN_REG t > S} LIN_REG S LIN_REG
1.29x+-9.1x10% jzaum 125x+1.4x10% 127x+1.5x10'%
1.0 RMS: 3.6x10'% * RMS: 4.1x10'% RMS: 3.5x10'%
ODR ODR ODR
1.41x 1.56x 1.54x
0.5 RMS: 3.6x10'% 2 RMS: 4.3x10'% —-= RMS: 3.7x10
R:0.78 - R:0.74 R:0.79
n: 167 n: 82 n: 80
0.0 filtered data * filtered data filtered data '_/ + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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x10¢
0

absolute time

MAINZ_1676_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

25

2.0

1.0

0.5

0.0

LIN_REG

- 126x+-1.6x10*
RMS: 2.7x10'*
ODR
1.37x

== RMS: 2.7x10%
R: 0.72

n: 434

filtered data

LIN_REG
1.00x+1.9x10%*
RMS: 3.7x10%
ODR

1.59x

RMS: 4.0x10%*
R: 0.58

3| n: 85
filtered data

LIN_REG
1.20x+-1.6x10%
RMS: 2.1x10"*
ODR

1.27x

RMS: 2.1x10**
R:0.74

n: 223

¢ filtered data

. 7 7

\ S

LIN_REG
~- 127x+2.4x10%
RMS: 3.5x10%
ODR
1.42x
+= RMS: 3.5x10%*
R:0.77
n: 936
all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

LIN_REG
1.31x+1.4x10'
RMS: 3.5x10%
ODR

1.45x

RMS: 3.5x10%%
R:0.79

n: 697

+ filtered data

LIN_REG
1.18x+2.4x10%
RMS: 3.8x10%%
ODR

1.55x

RMS: 4.1x10%5
R:0.75

n: 203

+ filtered data

LIN_REG
1.31x+7.6x10'¢
RMS: 3.6x1015
ODR

1.51x

RMS: 3.7x1015
R:0.79

n: 396

filtered data

absolute time
relative time
median MAX-DOAS VCD: 6.7x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.7x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.7x10%

representative VCDs

LIN_REG
1.33x+2.2x10™

LIN_REG
122x+2.0x10'%

LIN_REG
1.33x+6.0x10™*
RMS: 3.6x101%

k7
iRl
//

LIN_REG
1.34x+3.5x101¢
RMS: 3.1x10'%

RMS: 3.5x10%% RMS: 3.8x10%%
ODR ODR ODR ODR
1.47x 1.56x 1.51x 1.46x
—-= RMS: 3,5x10% —:= RMS: 4.0x10'% —-- RMS: 3.6x10'% RMS: 3.1x10'5

R: 0.80 R: 0.76 R: 0.81 R: 0.84
n: 642 n: 203 n: 409 n: 166

+ filtered data + filtered data ,'7' + filtered data ) all data

0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
x10'® x10'0 %1010 x10'®
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absolute time

THESSALONIKI_1683_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

X106 unfiltered individual VCDs
0 7 7
/ S
/ 7
25 7
./ 1
K 7 P
2.0 7 g
. / 7
/ B < i
15 & 2 3 ra— _
/ < LIN_REG LIN_REG
Al 277 === 0.59x+4.1x10% \f 0.88x+3.8x10*
1.0 =i e RMS: 3.1x10> * . RMS: 3.4x10"
477 LRy = ODR e 2 4 ODR
Bl 1.79x 1.87x
0.5 A £ 4 —- RMS:4.3x10% RMS: 4.3x10%
7 R: 0.43 R: 0.57
n: 64 n: 88
0.0 + filtered data + filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0 7
K 5 P 7
/ o / s/
/ Py / /
25 7 7 7 f
s L / ¥
/ / / /s
L3 ” /
2.0 7 7 K
i . L i £+~
15 1 1wl
- r=3 agy g
LIN_REG 7 LIN_REG
——- 0.91x+3.7x10'® T 5 -—- 1.13x+2.8x10'
1.0 RMS: 3.5x10'% s RMS: 2.8x101%
ODR ODR
1.90x 1.92x
0.5 —-- RMS: 4.3x101% —-- RMS: 3.4x10%%
R: 0.56 R:0.73
n: 76 n: 54
0.0 + filtered data + filtered data + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 8.5x10%° relative azimuth relative time and azimuth
median MAX-DOAS VCD: 8.5x10% median MAX-DOAS VCD: 8.5x10%
3.0.-X10% representative VCDs
. 7 >
/ //’
4 L
2.5 7 7,
/ v 3
/
.
2.0 i =
. . L= 1 i It it
. /'o Fd . . .
; B s S :
B .
¥ P LIN_REG t
Y47 ——- 0.92x+3.6x10' t
1014y o . RMS: 3.5x101% . eis e
. 3 g X
. B, ODR 2T
»7, 1.90x
0.5 o —- RMS:4.4x10%
R: 0.57
n: 73
00 + filtered data Y + filtered data + filtered data + alldata
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016
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absolute time

THESSALONIKI_1686_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

X106 unfiltered individual VCDs
0 - -
7 i / 7 %
) / A
25 A / vaa
= il
/ i
2.0 ’
15
LIN_REG LIN_REG LIN_REG
122x+12x10% 0.37x+2.5x10* ——- 1.30x+1.9x10%
1.0 RMS: 2.0x10'® RMS: 1.2x10% RMS: 3.3x10%®
ODR ODR 3 ODR
1.95x 4 1.60x t 2.28x
0.5 RMS: 2.2x10% RMS: 1.6x10%* + —:- RMS: 3.7x10%
?: R:0.57 R: 0.26 R: 0.58
| n: 175 g n: 151 n: 320
0.0 * + filtered data filtered data Vi + filtered data + all data
relative time relative azimuth relative time and azimuth
x1016
3.0 7
/
25 [
/
2.0
15
LIN_REG LIN_REG
1.49x+1.6x10'% ~—- 1.46x+1.5x10'5
1.0 RMS: 3.5x101% RMS: 3.8x101%
ODR ODR
.34x 2.34x
054" : . —-- RMS: 3.9x10'% —-- RMS: 4.3x10%%
R: 0.65 R: 0.64
S n: 136 n: 93
0.0 + filtered data ’, + filtered data + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.0x10% 3 relative azimuth !'elative time and azimuth
median MAX-DOAS VCD: 6.0x10% median MAX-DOAS VCD: 6.0x10%
X106 representative VCDs
3.0 - r
/
/
2.5 7
2.0
15
LIN_REG LIN_REG LIN_REG
1.50x+1.1x10%5 -~ 1.45x+8.7x10™ 1.53x+6.0x101¢
1.0 RMS: 3.1x101% RMS: 3.0x10'% RMS: 2.9x10'%
ODR ODR ODR
2.24x 2.16x 2.11x
0.5 RMS: 3.4x101% L . —-= RMS: 3.3x1015 RMS: 3.1x10'%
. R: 0.65 R:0.63 R: 0.68
70. \8 n: 197 | n: 172 n: 162
0.0 ¢ + filtered data filtered data 7 + filtered data all data

0.0 0.5 1.0 15 20 25 3.0
%1018

0.0 05 1.0 15 2.0 25,
x10'0

0.0 0.5 1.0 15 2.0 25
%1010

NO; trop. VCD S5p / molec cm~2

0.5 1.0 15 2.0 25 3
x10'®
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X106 unfiltered individual VCDs
0 S 7
%
25 i
2.0
15
LIN_REG
- 1.05x+1.9x10%
1.0 RMS: 2.5x10%*
ODR
" 4 2.10x

0.5 RMS: 2.7x10%

$.i} s PV R:0.43

o [] $L 3 n 28
0.0 + filtered data + filtered data + filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0
25
2.0
. .
15
1.0
. .
0.5
S s So

0.0 + filtered data + filtered data + filtered data

3.0

25

2.0

1.0

0.5

0.0

absolute time

THESSALONIKI_1699_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

absolute time
relative time
median MAX-DOAS VCD: 6.8x10"

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.8x10"°

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.8x10"°

representative VCDs

x10'¢
. . .
- 2 -
T L e
+ filtered data + filtered data + filtered data + all data
0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
x10'® x10'0 %1010 x10'®

NO; trop. VCD S5p / molec cm~2



absolute time

THESSALONIKI_1699_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10¢
0

+ filtered data

.
+ filtered data

+ filtered data

" LIN_REG
- 0.69x+1.8x10%*

RMS: 2.5x10%
ODR

1.83x

RMS: 2.7x10**
R:0.28

n: 39

all data

relative time
x1016

relative azimuth

relative time and azimuth

NO; trop. VCD MAX-DOAS / molec cm—2

+ filtered data

+ filtered data

P

+ filtered data

absolute time
relative time
median MAX-DOAS VCD: 6.0x10%

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.0x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.0x10%

representative VCDs

%1018

x10'0

%1010

NO; trop. VCD S5p / molec cm~2

x10'¢
.
T
) i
¥ + filtered data * filtered data + filtered data + alldata
0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 0.0 0.5 1.0 15 2.0 25 2.0 25

x10'®
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x10¢
0

absolute time

TORONTO_1694_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

25

2.0

1.0

0.5

0.0

LIN_REG
1.44x+8.1x10*
RMS: 2.4x10%*
ODR

1.97x

RMS: 2.5x10*
R: 0.65

n: 71

+ filtered data

+ filtered data

LIN_REG
1.44x+8.1x10%
RMS: 2.4x10%°
ODR

1.97x

RMS: 2.5x10%
R: 0.65

n: 71

filtered data

s

LIN_REG
1.54x+1.5x10%°
RMS: 3.8x10!*
ODR

2.12x

RMS: 4.1x10%>
R:0.72

n: 112

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

LIN_REG

~=- 178x+5.6x10'¢
RMS: 3.7x10%%
ODR
2.24x

= —-= RMS: 3.9x10%%

R:0.74
n: 82
filtered data

13 .

+ filtered data

LIN_REG
1.78x+5.6x10'¢
RMS: 3.7x10'%
ODR

2.24x

RMS: 3.9x10'5
R:0.74

n: 82

filtered data

absolute time
relative time
median MAX-DOAS VCD: 7.0x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 7.0x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 7.0x10%

3.0

25

2.0

1.0

0.5

0.0

representative VCDs

LIN_REG LIN_REG LIN_REG

—=- 179x+4.9x10™ - 1.79x+4.9x10™ - 1.83x+2.7x10¢
RMS: 3.7x10"% RMS: 3.7x10'% RMS: 3.6x10'%
ODR ODR ODR
2.24x 2.24x 2.22x

—:~ RMS: 3.8x10%% += RMS: 3.8x10% —-= RMS: 3.7x10'%
R:0.75 R:0.75 R:0.76
n: 87 n: 87 n: 86

+ filtered data * filtered data filtered data all data
0.0 0.5 1.0 15 20 25 30 00 05 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1016 %1018
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x10¢
0

absolute time

TORONTO_1694_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs
7

2.5 - o
//’ ' 4
2.0 “ -
15
LIN_REG LIN_REG LIN_REG
0.98x+1.6x10%* 0.98x+1.6x10% 121x+2.1x10%*
1.0 RMS: 2.5x10%% RMS: 2.5x10® RMS: 3.7x101%
ODR ODR ODR
174x 1.74x 4 1.86x
0.5 RMS: 2.8x101% RMS: 2.8x101% —-= RMS: 4.1x10%*
R:0.54 R: 0.54 R: 0.67
) n: 75 J n: 75 n: 133
007 + filtered data + filtered data + filtered data + alldata
relative time relative azimuth relative time and azimuth
x1016
3.0 7 7 7
/ 4 s’
A /] A
25 2 7 74
// / //
2.0
15
LIN_REG LIN_REG
——- 126x+1.4x10% ~—- 126x+1.4x10%
1.0 RMS: 3.1x101% RMS: 3.1x101%
ODR ODR
1.79x 1.79x
0.5 —-- RMS: 3.3x101% —-- RMS: 3.3x10'%
R: 0.68 R: 0.68
7 n: 80 3 n: 80
0.0 4 + filtered data + filtered data v + filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 6.6x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 6.6x10% median MAX-DOAS VCD: 6.6x10%
576 X101 representative VCDs
B 7 ’ ’ ’
/ ) V7 )4
/ / /
/ / /
2.5 v
/
/
v
2.0
15
LIN_REG LIN_REG LIN_REG
——- 1.32x+1.1x10% 1.32x+1.1x10'5 1.33x+1.1x10%
1.0 3% RMS: 2.9x10'% RMS: 2.9x10'% RMS: 2.9x10'%
-l ODR ODR ODR
; 1.81x 1.81x 1.82x
0.5 " —-= RMS: 3.1x10 RMS: 3.1x10'% g —-= RMS: 3.1x10
R:0.70 R: 0.70 R:0.70
n: 93 n: 93 n: 91
0.0+ * filtered data * filtered data 4 + filtered data 4 + all data
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
x1016 x1016 x1016 x1016

NO; trop. VCD S5p / molec cm~2
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absolute time

UCCLE_1670_1_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

o1
0 -X1 - z
4 i
’ / %
oL v &
25 i Z
” .

/ .

2.0 Ve
+

15 5

LIN_REG LIN_REG

1.0

0.5

0.0

LIN_REG
0.84x+1.5x10%*
RMS: 1.6x10%
ODR

1.13x

RMS: 1.8x10%*
R: 0.82

n: 78

+ filtered data

+ filtered data

0.81x+1.4%10%°
RMS: 1.6x10**

filtered data

0.96x+1.7x10%*
RMS: 2.7x10'*
ODR

1.27x

RMS: 2.8x10%
R: 0.75

n: 198

+ alldata

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

LIN_REG
1.03x+1.2x10%
RMS: 2.4x101%
ODR

1.23x

RMS: 2.5x101%

R: 0.83
n: 119

filtered data

LIN_REG
0.86x+2.0x10'°
RMS: 2.1x10%%
ODR

1.30x

RMS: 2.3x10%%
R: 0.64

n: 59

filtered data

LIN_REG
1.01x+1.2x10%
RMS: 2.5x101%
ODR

1.22x
RMS: 2.6x10'5

absolute time
relative time
median MAX-DOAS VCD: 6.7x10%

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.7x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.7x10%

representative VCDs

16
30512 vi
/ 4 . 22
pi 2 -
2.5 = - -
74 1.
ar A

2.0

Il Iyl
15

LIN_REG LIN_REG LIN_REG LIN_REG

1.04x+1.1x10* - 0.91x+1.8x10'® 1.03x+1.1x10% ~=- 1.04x+1.1x10'%
1.0 RMS: 2.4x10%% RMS: 2.1x10%% RMS: 2.4x10%% RMS: 2.5%10%

ODR ODR ODR ODR

1.23x 1.33x 1.23x 1.25x
0.5 RMS: 2.5x10'% -= RMS: 2.2x10% RMS: 2.5x10'% —-= RMS: 2.6x10%®

R: 0.84 R: 0.68 R: 0.82 R:0.83

n: 114 n: 59 n: 135 s n 121
0.0 filtered data filtered data filtered data 1/ + all data

0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 x10'0 %1010 x10'®

NO; trop. VCD S5p / molec cm~2
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absolute time

UCCLE_1670_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

x10¢
0 > 7
Vs
A ;
2 +
25 ./~ 7 Y 7
V' o7
.//,,
77 p 7
74
- = * A ’//' =
LIN_REG LIN_REG LIN_REG LIN_REG

1.02x+1.7%x10%
RMS: 2.1x10%
ODR

1.10x

RMS: 2.1x10%>
R: 0.86

n: 87

filtered data

0.77x+1.3x10%*
RMS: 1.6x10**
ODR

1.04x

RMS: 1.8x10%*
R:0.77

n: 74

* filtered data

0.81x+9.7x10%
RMS: 1.5x10%
ODR

1.01x

., . 2 —-= RMS: 1.5x10**
M L R: 0.84
n: 102
17 + filtered data

1.00x+9.8x10%*
RMS: 2.8x10'*
ODR

1.21x

RMS: 2.9%10%>
R:0.77

n: 195

all data

relative time
x10%¢

relative azimuth

relative time and azimuth

3.0

25

2.0

1.0

0.5

0.0

3.0

25

2.0

1.0

0.5

0.0

LIN_REG
1.09x+1.6x101¢
RMS: 2.5x101%
ODR

1.18x

RMS: 2.5x10!%

R: 0.84
n: 119

filtered data

LIN_REG
1.05x+3.8x10™¢
RMS: 2.6x101%
ODR

1.18x
RMS: 2.6x10%5

filtered data

LIN_REG
1.05x+3.4x101¢
RMS: 2.5x101%
ODR

1.16x
RMS: 2.5x101%

absolute time
relative time
median MAX-DOAS VCD: 6.6x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 6.6x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 6.6x10%

representative VCDs

i 7 7
Rl vy o
P& 2.4¢
757 7
v g
. Vel . 4
e /
b
.
- .
7 s
LIN_REG LIN_REG ™17 LIN_REG LIN_REG
~=- 1.10x+1.3x10™ 1.07x+2.7x10'¢ ‘ s == 1.07x+2.7x10" 1.10x+1.3x10'¢
RMS: 2.5x10'% RMS: 2.5x10'% = v e RMS: 2.4x10'5 RMS: 2.5x10'%
ODR ODR - -.-‘,*..' ODR ODR
1.18x 1.19x - ¢ 117x 1.19x
—-- RMS: 2.6x101% RMS: 2.5x10'3 —-= RMS: 2.5x10'% RMS: 2.5x10'%

R: 0.84 R: 0.83 R:0.83 R: 0.84
n: 116 n: 88 n: 136 n: 124

+ filtered data filtered data + filtered data + all data

0.0 0.5 10 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 x10'0 %1010 x10'®

NO; trop. VCD S5p / molec cm~2



NO; trop. VCD MAX-DOAS / molec cm™—2

XIANGHE_1669_1_pixel, MMF, max. 20 km

absolute time absolute azimuth absolute time and azimuth

X106 unfiltered individual VCDs
0
» ¥ f
4 *— o i¢ E
25 s o
+ T ‘* —.
| Lista’
+
2.0 == i_"LZ’f"_‘
=YY
1S3
B +
15
LIN_REG LIN_REG
—-- 0.88x+9.4x10™ ~- 0.88x+9.4x10M 0.78x+2.8x10%
1.0 RMS: 1.7x10% RMS: 1.7x10% RMS: 4.4x101%
ODR ODR ODR
1.05x 1.05x 0.94x
0.5 —-= RMS: 1.7x10* —-= RMS: 1.7x10* —-- RMS: 4.8x10%
R:0.84 R: 0.84 R:0.91
n: 137 n: 137 n: 297
0.0 + filtered data + filtered data + filtered data + alldata
relative time relative azimuth relative time and azimuth
16
30210
B i
2.5
2.0
.
LIN_REG B = LIN_REG
- 0.78x+2.6x1015 N - 078x+2.6%101
RMS: 4.1x101% RMS: 4.1x101%
ODR ODR
0.91x 0.91x
—-- RMS: 4.4x101% —-- RMS: 4.4x10'%
R:0.93 R:0.93
n: 217 n: 217
+ filtered data + filtered data * filtered data

absolute time

3.0

25

2.0

relative time
median MAX-DOAS VCD: 9.6x10%

x10'¢

absolute azimuth
relative azimuth
median MAX-DOAS VCD: 9.6x10%

absolute time and azimuth
relative time and azimuth
median MAX-DOAS VCD: 9.6x10%

representative VCDs

o 4
ANy =7 LIN_REG

/4 === 078x+2.6x10'%

—-= RMS: 4.5x10'%
R:0.93
n: 203

+ filtered data

+ filtered data

LIN_REG
0.78x+2.6x10'%

RMS: 4,5x10'5
R:0.93

n: 203
filtered data

LIN_REG
0.78x+2.7x1015

RMS: 4.2x10% RMS: 4.2x10% RMS: 4.2x10%
ODR ODR ODR
0.91x 0.91x 0.91x

RMS: 4.6x10'5
R: 0.93
n: 196
all data

2
15 2.0 25 3.0 00 0.5 1.0 15 2.0 25, 3.0 0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 1.0 15 2.0 25 3.0
%1018 %1016 %1010 x10'®

NO; trop. VCD S5p / molec cm~2



NO; trop. VCD MAX-DOAS / molec cm™—2

82

absolute time

XIANGHE_1669_2_pixel, MMF, max. 20 km

absolute azimuth

absolute time and azimuth

unfiltered individual VCDs

06
0 -X1 7
25
3
2.0
.
.
15 =
LIN_REG LIN_REG LIN_REG
122x+-1.3x10% 1.22x+-1.3x10% 1.08x+1.3x10*
1.0 RMS: 2.4x101® RMS: 2.4x101% RMS: 6.6x10*
ODR ODR ODR
113x 113x 1.23x
0.5 RMS: 2.4x10%° L RMS: 2.4x101% RMS: 6.8x10%*
R: 0.89 R: 0.89 R: 0.87
n: 184 n: 185 n: 490
0.0 + filtered data + filtered data filtered data all data
relative time relative azimuth relative time and azimuth
x1016
3.0
2.5
2.0
15
LIN_REG LIN_REG
1.10x+1.4x10'% 1.10x+1.3x10%
1.0 RMS: 6.7x1015 RMS: 6.7x10
ODR ODR
.24x 1.24x
0.5 RMS: 6.9x10'% 4 RMS: 6.8x101%
R: 0.90 R: 0.90
n: 330 n: 331
0.0 filtered data + filtered data filtered data
absolute time N
relative time absolute azimuth absolute time and azimuth
median MAX-DOAS VCD: 1.1x10% relative azimuth relative time and azimuth
median MAX-DOAS VCD: 1.1x10%° median MAX-DOAS VCD: 1.1x10%®
52620 representative VCDs
2.5 b
2.0

LIN_REG
¢ ——- 1.11x+1.2x10'S
RMS: 6.8x10%%
ODR
1.24x
—-= RMS: 7.0x10'%
R: 0.90
n: 311
+ filtered data

+ filtered data

LIN_REG
1.11x+1.2x10'5
RMS: 6.8x10'%
ODR

1.24x

RMS: 7.0x10'S
R: 0.90

n: 312

filtered data

LIN_REG
1.11x+1.3x10'%
RMS: 6.9%10%
ODR

1.24x

RMS: 7.1x10'%
R:0.90

n: 299

all data

x10'®

15 2.0 25 3.0

0.0 05 1.0 15 2.0 25, 3.0

x10'0
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%1010
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