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1 Short Introduction

1.1 The list of parameters

You may want to keep the list given in table 1 at hand when viewing the results.

2 Definitions

The averages shown here are unweighed averages:

| N
Y= i;xi (1)
with N the number of observations in the dataset.
The spread of the measurements is indicated with the variance V (x), or rather the standard deviation o (x) = 1/V (x).
1 N
V() = 57 L% @

We also report the more robust statistics median, minimum, maximum, various percentiles and inter quartile range.
The median m is the value of parameter x for which half of the observations of x is smaller than m:

Paxsm)=Pezm= [ fa=3 )
with f(x) the probability density function.

The median is a special case of a percentile. Instead of %2 in equation 3, other threshold values can be used. We report
results for 1%, 5%, 10 %, 15.9 %, 25 %, 75 %, 84.1 %, 90 %, 95 % and 99 %. The inter quartile range is the difference
between the 75 % and 25 % percentiles. Similarly the minimum and maximum values correspond to the 0 % and 100 %
percentiles respectively.

For normally distributed parameters the mean and median are the same, while the u & ¢ values and the 15.9 % and
84.1 % percentiles coincide.

To get a measure for the relation of one variable x() with another x(;), we calculate the covariance matrix Cy;.

1 N
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Rather than a dimensionally dependent covariance, it is often easier to interpret a correlation matrix Ry;, a matrix of Pearson’s

r coefficients:
Cu Cu

- VCuCil - VV )V (x)

The diagonal elements of the covariance matrix are the variances of the elements, V(x(k)) = Cy, and obviously Ry, = 1.

Ri = R(xx),x(1)) Q)



Variable

ga value [1]

ozone total vertical column [mol m™2]

ozone total vertical column precision [mol m2]
root mean square slant column fit [1]

ozone effective temperature [K]

ozone ghost column [mol m2]

number of iterations vertical column [1]

Table 1: Parameterlist and basic statistics for the analysis

mean =0

0.84340.210

0.151+0.031
(7.922+4.214) x 1074
(1.2794+0.828) x 1073

230+5
(1.429+£2.025) x 1073
3.63+0.60

Count
27242808
27242808
27242808
27242808
27242808
27242808
27242808

Mode
0.905
0.112
6.500 x 10~
8.700 x 10~
232
5.000 x 1073
4.05

IQR
0.200
5.882x 102
2.552x10°*
4.566 x 10~*
4.62
1.950 x 103
1.000

Median
0.900
0.144

7.100 x 1074
1.044 x 1073
231
5.382x 1074
4.00

Minimum
0.0
2.086 x 1072
1.906 x 10~4
4.115x 1074
39.9
—4.851 x 1074
1.000

Maximum
1.000
0.267

7.853x 1073
0.466
425
2.448 x 1072
6.00



Table 2: Percentile ranges

Variable 1% 5% 10 % 159 % 25 % 75 % 84.1% 90 % 95 % 99 %

qa value [1] 0.0 0.280 0.600 0.640 0.800 1.000 1.000 1.000 1.000 1.000
ozone total vertical column [mol m™2] 0.107 0.110 0.112 0.116 0.122 0.181 0.189 0.194 0.199 0.208
ozone total vertical column precision [mol m2] | 4.099x107% 4.773x107% 5.109x 107 5414x107* 5871x107* 8423x107* 9.177x10™* 1.023x1073 1.398x 1073 2.805x 1073
root mean square slant column fit [1] 6.546 x 10™*  7.397x10~* 7.889x10~* 8.300x10~* 8.836x10™* 1.340x1073 1.566x1073 1.900x 1073 2.694x10~3 5.008 x 1073
ozone effective temperature [K] 211 218 223 225 228 233 234 234 235 237
ozone ghost column [mol m2] 0.0 0.0 0.0 0.0 0.0 1.950x 1073 3277x1073 4.545x 1073 6.010x 1073 8.429x 1073
number of iterations vertical column [1] 2.00 3.00 3.00 3.00 3.00 4.00 4.00 4.00 4.00 5.00



Table 3: Parameterlist and basic statistics for the analysis for observations in the northern hemisphere

Variable

qa value [1]

ozone total vertical column [mol m™2]

ozone total vertical column precision [mol m™2]
root mean square slant column fit [1]

ozone effective temperature [K]

ozone ghost column [mol m2]

number of iterations vertical column [1]

mean +£0
0.837+0.198
0.166+0.028
(7.5214+4.355) x 10~*
(1.211+0.747) x 1073
23242
(1.38742.061) x 1073
3.724+0.56

Count
17260076
17260076
17260076
17260076
17260076
17260076
17260076

IQR
0.220
4.749 x 1072
2.490 x 1074
4.090 x 10~4
2.54
1.881 x 1073
1.000

Median
0.900
0.173

6.646 x 10~
1.020 x 1073
232
4.435x 1074
4.00

Minimum
0.0
8.920 x 102
1.906 x 10~
4.115x 1074
39.9
0.0
1.000

Maximum
1.000
0.267

7.853 x 1073
0.466
380
2.448 x 1072
6.00

25 % percentile
0.780
0.142

5.577 x 107
8.732 x 10~*
231
0.0
3.00

75 % percentile
1.000
0.189

8.068 x 10~*
1.282x 1073
233
1.881 x 1073
4.00



Table 4: Parameterlist and basic statistics for the analysis for observations in the southern hemisphere

Variable mean +0 Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.853+0.229 9982732 0.120 0.900 0.0 1.000 0.880 1.000
ozone total vertical column [mol m™2] 0.125+0.014 9982732  2.197 x 1072 0.122 2.086 x 1072 0.251 0.112 0.134
ozone total vertical column precision [mol m™2] | (8.6154+3.861) x 10~* 9982732 2470 x 10~* 7.834x107* 2.956x107* 5528x107° 6.631x107*  9.101x 107
root mean square slant column fit [1] (1.39740.940) x 1073 9982732 5.584x 107* 1.095x 1073  4.141 x 10~* 0.425 9.049 x 10~* 1.463 x 1073
ozone effective temperature [K] 226+6 9982732 8.71 227 42.8 425 222 231
ozone ghost column [mol m™2] (1.5034+1.960) x 1073 9982732 1.925x 1073 6.528 x 107* —4.851x107* 2.127x1072  1.632x10™*  2.088x 1073
number of iterations vertical column [1] 3.474+0.63 9982732 1.000 3.00 1.000 6.00 3.00 4.00



Variable

qa value [1]

ozone total vertical column [mol m™2]

ozone total vertical column precision [mol m™2]
root mean square slant column fit [1]

ozone effective temperature [K]

ozone ghost column [mol m2]

number of iterations vertical column [1]

Table 5: Parameterlist and basic statistics for the analysis for observations over water

mean +£0
0.854 +0.205
0.146+0.030
(7.880+3.726) x 1074
(1.285+0.817) x 1073
22946
(1.45742.032) x 1073
3.5940.60

Count
19537023
19537023
19537023
19537023
19537023
19537023
19537023

IQR
0.160
5.351 x 1072
2.401 x 1074
4.996 x 1074
6.09
1.943 x 1073
1.000

Median
0.900
0.138

7.163x 10~

1.051 x 1073
231

5.788 x 1074
4.00

Minimum
0.0
2.086 x 1072
1.906 x 10~
4.115x 1074
44.6
0.0
1.000

Maximum
1.000
0.238

7.496 x 1073
0.466
425
2.448 x 1072
6.00

25 % percentile
0.840
0.119

5.988 x 10~
8.751 x 1074
227
0.0
3.00

75 % percentile
1.000
0.173

8.388 x 10~*
1.375x 1073
233
1.943 x 1073
4.00



Table 6: Parameterlist and basic statistics for the analysis for observations over land

Variable mean +0 Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.845+0.201 5020165 0.220 0.900 0.0 1.000 0.780 1.000
ozone total vertical column [mol m™2] 0.155+0.032 5020165 5.956 x 1072 0.155 5.991 x 1072 0.251 0.124 0.183
ozone total vertical column precision [mol m™2] | (7.729+4.296) x 10~* 5020165 2.826x 10~* 7.000x 107* 2,143 x107* 7.752x107%  5.663x107*  8.489x 107*
root mean square slant column fit [1] (1.17340.722) x 1073 5020165 2.973 x10~* 1.002x 1073  4.316 x 10~* 0.425 8.814 x 1074 1.179 x 1073
ozone effective temperature [K] 23143 5020165 3.12 232 42.8 398 230 233
ozone ghost column [mol m™2] (1.21941.918) x 1073 5020165 1.672x 1073 2.682x 107* —4.851x107* 1.699 x 1072 0.0 1.672 x 1073
number of iterations vertical column [1] 3.63 +0.60 5020165 1.000 4.00 1.000 6.00 3.00 4.00




Table 7: Correlation matrix

= 5 3 9 9 z 9
< = = < < L i
=3 N & S 2 = 3
3 = jy iy @ 8
=8 - 8 3 E =
= 2. g = g =
o e 5 5 §*
o S a
e,
é.
1.000 6.750 x 1073 —7.403x 1073  4.455x1073 —9322x10°2 —3.193x 102 0.104
6.750 x 1073 1.000 —0.114 0.266 0.436 —0.525 0.171
~—7.403 x 1073 —0.114 1.000 0.781 —0.145 0.653 —6.886 x 1072
4.455 % 1073 0.266 0.781 1.000 7.164 x 1073 0.243 —1.843 x 1072
—9.322 %1072 0.436 —0.145 7.164 x 1073 1.000 —0.411 0.174
~3.193 x 102 —0.525 0.653 0.243 —0.411 1.000 —0.165

0.104 0.171 —6.886x 1072 —1.843x1072 0.174 —0.165 1.000



Table 8: Covariance matrix

= 5 - 9 9 z 9
z g8 = & & & %G
= 3 & 2. = = 2
N =8 Q Q @ 2
=3 jav} o @] o e
:y‘ = ek ek B
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= @ 5 5 =
3 g 5
2.
§.
383 2.88 —6.60 2709 x 1073  —7.690 x 10—+ —3.22 4.138 x 1073
2.88 476 —113 0.181 4.004 x 1073 —59.1 7.573 x 1073
—6.60 —113 2.072 x 103 1.10 —2.781x 1073 153 —6.349 x 1073
2.709 x 1073 0.181 1.10 9.648 x 10~* 9.376 x 1078 3.888x 1072  —1.159x10°°
—7.690x 104 4.004x 1073 —2.781x1073 9.376x 108 1.775x 1077 —8.928 x 1074  1.483 x 10~
—3.22 —59.1 153 3.888 x 1072  —8.928 x 10~ 26.6 —1.727x 1073

4138 x 1073 7.573x 1073 —6349%x 103 —1.159x107°% 1483x10"7 —1.727x1073  4.103x10°°
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Figure 1: Map of correlation graph for 2024-05-16 to 2024-05-18.
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Map of correlation matrix for 2024-05-16 to 2024-05-18.
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3 Granule outlines
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4 Input data monitoring

processing status
Status BG
Status L2 CLOUD
Status MET 2D
Status NISE
reference spectrum
processing mode Offline
algorithm version UPAS-03-GODFIT-3.2.0
processor version 02.06.01
product version

revision b00a2664f80dc489c4d29fdfd946e248b224a036

initialization (s)

processing (s)

time per pixel

o time per pixel

L1B IR UVN

2024-05-17 2024-05-17 2024-05-17 2024-05-17 2024-05-17 2024-05-17 2024-05-17 2024-05-17 2024-05-18
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

Figure 4: Input data per granule
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5 Warnings and errors
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Figure 5: Fraction of pixels with specific warnings and errors during processing
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6 World maps

2024-05-17
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Figure 6: Map of “Oj3 vertical column” for 2024-05-16 to 2024-05-18
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2024-05-17
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Figure 7: Map of “O3 vertical column precision” for 2024-05-16 to 2024-05-18



2024-05-17

Fitting RMS x1073

Figure 8: Map of “Fitting RMS” for 2024-05-16 to 2024-05-18
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Figure 9: Map of “Effective temperature” for 2024-05-16 to 2024-05-18
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2024-05-17
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Figure 10: Map of “O3 ghost column” for 2024-05-16 to 2024-05-18
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Figure 11: Map of “Number of iterations for vertical column retrieval” for 2024-05-16 to 2024-05-18
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Figure 12: Map of the number of observations for 2024-05-16 to 2024-05-18

21



7 Zonal average

Latitude [degrees]

80 A

60

40

20 A

—-20 1

_40 .

—60 1

_80 .

— all
— land
— sea

T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0
QA value

Figure 13: Zonal average of “QA value” for 2024-05-16 to 2024-05-18.
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Figure 14: Zonal average of “O3 vertical column” for 2024-05-16 to 2024-05-18.
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Figure 15: Zonal average of “Os3 vertical column precision” for 2024-05-16 to 2024-05-18.
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Figure 16: Zonal average of “Fitting RMS” for 2024-05-16 to 2024-05-18.
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Figure 17: Zonal average of “Effective temperature” for 2024-05-16 to 2024-05-18.
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Figure 18: Zonal average of “O3 ghost column” for 2024-05-16 to 2024-05-18.
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Figure 19: Zonal average of “Number of iterations for vertical column retrieval” for 2024-05-16 to 2024-05-18.
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8 Histograms

The definitions of the parameters given in this section can be found in section 2.
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Figure 20: Histogram of “QA value” for 2024-05-16 to 2024-05-18
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Number of observations
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Figure 21: Histogram of “O3 vertical column” for 2024-05-16 to 2024-05-18
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Figure 22: Histogram of “O3 vertical column precision” for 2024-05-16 to 2024-05-18
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Figure 23: Histogram of “Fitting RMS” for 2024-05-16 to 2024-05-18
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Histogram of “Effective temperature” for 2024-05-16 to 2024-05-18
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Figure 25: Histogram of “O3 ghost column” for 2024-05-16 to 2024-05-18
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¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 26: Histogram of “Number of iterations for vertical column retrieval” for 2024-05-16 to 2024-05-18
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9 Along track statistics

The TROPOMI instrument uses different binned detector rows for different viewing directions. In this section statistics are
presented for each of the binned rows in the instrument.
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Figure 27: Along track statistics of “QA value” for 2024-05-16 to 2024-05-18
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Figure 28: Along track statistics of “O3 vertical column” for 2024-05-16 to 2024-05-18
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O3 vertical column precision [mol m~2]
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Figure 29: Along track statistics of “O3 vertical column precision” for 2024-05-16 to 2024-05-18
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Figure 30: Along track statistics of “Fitting RMS” for 2024-05-16 to 2024-05-18
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Effective temperature [K]

1-99% - 595% -—— 10-90% === 25-75% — Median

240

230

225

220

215

210 A

205 A

T T T T T T T
0 50 100 150 200 250 300 350 400
Binned row index

Figure 31: Along track statistics of “Effective temperature” for 2024-05-16 to 2024-05-18
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0Os ghost column [mol m—2]
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Figure 32: Along track statistics of “O3 ghost column” for 2024-05-16 to 2024-05-18

41




1-99% 5-95% -—— 10-90% === 25-75% — Median

Number of iterations for vertical column retrieval

2.5 A

2.0

T T T T T T T
0 50 100 150 200 250 300 350 400
Binned row index

Figure 33: Along track statistics of “Number of iterations for vertical column retrieval” for 2024-05-16 to 2024-05-18
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10 Coincidence density

To investigate the relation between parameters scatter density plots are produced. These include some ‘hidden’ parame-
ters, latitude and the solar- and viewing geometries, in addition to all configured parameters. All combinations of pairs of
parameters are included once, in one direction alone.

2024-05-17 5
250 10" 5 00
1.75
240 -
1.50
X, 2
v S
ful B
5 230- 1.25 g
— [0
(0] (%]
g 1.00 8
3 5
GJ | .
. (0]
z 220 0.75 ©
5 £
Q S
“LE =2
0.50
210 -
0.25
200 - : 0.00
-80 -60 —40 —20 0 20 40 60 80
Latitude [°N]
2024-05-17
250
10°
240 -
104
v "
— C
v o
= =
2 2301 S
g 103 ¢
o 3
E [e)
S 5
w —
2 2201 102 8
5 £
o S
= =
w
210 - 10!
200 - 10°

-80 -60 -40 -20 0 20 40 60 80
Latitude [°N]
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Figure 44: Scatter density plot of “Solar zenith angle” against “Latitude” for 2024-05-16 to 2024-05-18.
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Figure 47: Scatter density plot of “Solar zenith angle” against “O3 vertical column” for 2024-05-16 to 2024-05-18.
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Figure 48: Scatter density plot of “Solar zenith angle” against “O3 vertical column precision” for 2024-05-16 to 2024-05-18.
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Figure 49: Scatter density plot of “Viewing zenith angle” against “Latitude” for 2024-05-16 to 2024-05-18.
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11 Copyright information of ‘PyCAMA’
Copyright © 2005 —2023, Maarten Sneep (KNMI).

All rights reserved.
Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following
conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following dis-
claimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

This software is provided by the copyright holders and contributors “as is” and any express or implied warranties,
including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose are disclaimed.
In no event shall the copyright holder or contributors be liable for any direct, indirect, incidental, special, exemplary, or
consequential damages (including, but not limited to, procurement of substitute goods or services; loss of use, data, or
profits; or business interruption) however caused and on any theory of liability, whether in contract, strict liability, or tort
(including negligence or otherwise) arising in any way out of the use of this software, even if advised of the possibility of
such damage.

Maarten Sneep (maarten.sneep @knmi.nl).
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