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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

Cu = Clxqry %) = 5 2 Fo.i = %) (ki = X)) @)

i=1

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
qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]
degrees of freedom [1]
number of iterations [1]

Table 1: Parameterlist and basic statistics for the analysis

mean +0
0.605 +0.289
(2.43040.956) x 102
(2.428 £0.945) x 1072
(1.06540.562) x 1073
15441

(0.144 4+ 1.003) x 10*

7.3740.55

8.5741.29

Count
7947568
7947568
7947568
7947568
7947568
7947568
7947568
7947568

Mode
0.705
1.810 x 1072
1.810 x 1072
6.650 x 10~4
155
428
7.95
8.17

IQR
0.300
1.407 x 1072
1.389 x 102
6.470 x 10~4
2.00
1.037 x 103
0.894
1.000

Median
0.700
2.353 x 1072
2.352x 1072
9.115x 10~*
154
986
7.41
8.00

Minimum Maximum
0.0 1.000
0.0 0.311
—2.470x 1073 0.310
0.0 2.561 x 1072
126 156
184 3.374 x 100
4.00 8.00

5.00 15.0



Variable

qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

1%

0.0
9.075%x 1073
9.487 x 1073
3.668 x 1074

151

317

6.00

6.00

5%

0.0
1.097 x 102
1.109 x 1072
4.540x 10~

152

381

6.01

7.00

Table 2: Percentile ranges

10% 15.9 % 25% 75 %

0.0 0.400 0.400 0.700
1.255x 1072 1.447x 1072 1.687x 1072 3.094 x 102
1.258 x 1072 1.466x 1072 1.696x 1072 3.086 x 102
5.189x107* 5781 x107* 6.606x10~* 1.308x 1073

153 153 153 155

435 496 602 1.638 x 10°

7.00 7.00 7.00 7.89

8.00 8.00 8.00 9.00

84.1% 90 %
0.700 1.000
3.351 1072 3.567 x 102
3.335x 1072 3.540x 1072
1.573x 1073 1.854x 1073
155 156
2.048 x 10°  2.463 x 10°
7.96 7.98
9.00 9.00

95 %
1.000
3.932x 1072
3.904 x 1072
2.240 x 1073
156
3.129 x 103
7.99
12.0

99 %
1.000
5.045 x 1072
5.021 x 1072
2.891x 1073
156
5.446 x 103
8.00
14.0



Variable

qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

mean +0 Count IQR

0.603 +0.274 2696879 0.300
(3.10940.572) x 1072 2696879  6.399 x 1073
(3.106+0.551) x 1072 2696879  6.033 x 1073
(1.17740.650) x 1073 2696879  7.657 x 1074

154+1 2696879 2.00

(0.136£0.726) x 10* 2696879 898

7.46+0.50 2696879 0.920

8.474+1.18 2696879 1.000

Median
0.700
3.114 x 1072
3.110x 1072
9.963 x 10~4
154
924
7.57
8.00

Minimum
0.0
0.0
—2.470x 1073
0.0
145
190
5.00
5.00

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

Maximum
1.000
0.264
0.263

2.070 x 1072
156
3.150 x 10°
8.00
15.0

25 % percentile
0.400
2.787 x 1072
2.805 x 1072
7.089 x 10~4
153
599
7.01
8.00

75 % percentile
0.700
3.427 x 1072
3.408 x 1072
1.475x 1073
155
1.496 x 103
7.93
9.00



Variable

qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

mean +0 Count IQR

0.606 +0.296 5250689 0.300
(2.08140.926) x 1072 5250689 9.863 x 1073
(2.0804+0.915) x 1072 5250689 9.538 x 1073
(1.008 +0.502) x 1073 5250689 5.941 x 1074

154+1 5250689 2.00
(0.1494+1.119) x 10* 5250689  1.100 x 103

7.334+0.57 5250689 0.871

8.62+1.34 5250689 1.000

Median
0.700
1.873 x 1072
1.862 x 1072
8.712x 1074
154
1.026 x 103
7.31
8.00

Minimum
0.0
0.0
—2.274 %1073
0.0
126
184
4.00
5.00

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

Maximum
1.000
0.311
0.310

2.561 x 1072
156
3.374 x 10°
8.00
15.0

25 % percentile
0.400
1.476 x 1072
1.496 x 1072
6.416 x 1074
153
603
7.00
8.00

75 % percentile
0.700
2.463 x 1072
2.450 x 1072
1.236 x 1073
155
1.703 x 103
7.87
9.00



Variable

qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

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

mean +0
0.634+0.205
(2.52540.732) x 1072
(2.52340.714) x 1072
(1.179+£0.619) x 103
154+1
(0.157 £ 1.153) x 10*
7.55+0.45
8.76 4 1.43

Count
4554529
4554529
4554529
4554529
4554529
4554529
4554529
4554529

IQR
0.0
1.121 x 1072
1.115x 1072
7.854 x 1074
2.00
1.036 x 10°
0.865
1.000

Median
0.700
2.460 x 1072
2.458 x 1072
1.009 x 1073
154
1.116 x 103
7.72
8.00

Minimum
0.0
0.0
—2.470x 1073
0.0
145
190
4.00
5.00

Maximum
1.000
0.311
0.310

2.561 x 1072
156
3.374 x 10°
8.00
15.0

25 % percentile
0.700
1.921 x 1072
1.916 x 1072
7.069 x 10~4
153
699
7.07
8.00

75 % percentile
0.700
3.043 x 1072
3.031 x 102
1.492 x 1073
155
1.734 x 103
7.94
9.00



Variable

qa value [1]

carbonmonoxide total column [mol m™2]
carbonmonoxide total column corrected [mol m™2]
carbonmonoxide total column precision [mol m2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

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

mean +0
0.569+0.373
(2.18441.161) x 1072
(2.18241.154) x 1072
(8.867+4.022) x 10~*
154+1
(0.127+£0.765) x 10*
7.114+0.59

8.30+£0.99

Count
3014256
3014256
3014256
3014256
3014256
3014256
3014256
3014256

IQR
0.600
1.790 x 102
1.796 x 102
4.901 x 1074
2.00
946
0.554
1.000

Median
0.700
1.732 x 1072
1.719 x 1072
8.022x 1074
154
807
7.02
8.00

Minimum
0.0
0.0
—2.274 %1073
0.0
145
184
4.00
5.00

Maximum
1.000
0.134
0.132

9.661 x 103
156
3.150 x 10°
8.00
15.0

25 % percentile
0.400
1.255 x 1072
1.250 x 1072
5.944 x 1074
153
505
7.00
8.00

75 % percentile
1.000
3.045x 1072
3.046 x 1072
1.085x 1073
155
1.451 x 103
7.55
9.00



Table 7: Correlation matrix
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1.000 —1.099x 1072 2.181 x 1072 1.988 x 102 2.180 x 1072 —0.230 8.977 x 1072 1.731 x 1072 2.559 x 1072 3.822 x 1072
—1.099 x 1072 1.000 —5.705 x 1072 —0.304 —0.307 —0.188 9.676 x 1073 —3.295x 1072 —0.324 —0.146
2181 x 1072 —5.705 x 1072 1.000 0.712 0.720 0.190 1.206 x 1073 7.303 x 10~ 0.213 —2.585x 1072
1.988 x 1072 —0.304 0.712 1.000 0.992 0.177 —3.079x 1073  1.285x 1072 0.272 —7.424 x 1073
2.180 x 1072 —0.307 0.720 0.992 1.000 0.176 —2433%x 1073  1.316x 1072 0.275 —8.288 x 1073
—0.230 —0.188 0.190 0.177 0.176 1.000 —3.298x 1072 —5.787x 1072 7.198x 1072 —3.734x 1072
8.977 x 1072 9.676 x 1073 1206 x 1073 —3.079x 1073 —2433x1073 —3.298 x 1072 1.000 3156 x 1073 —1.423x 1072 1.524x 1072
1.731x 1072 —3.295x 1072 7.303x10°* 1.285 x 1072 1316 x 1072 —5787x1072 3.156x 1073 1.000 1.925x 1072 —6.376x 1073
2.559 x 1072 —0.324 0.213 0.272 0.275 7.198x 1072  —1.423x1072  1.925x 1072 1.000 —4.632x 1072

3.822 x 1072 —0.146 —2585x 1072 —7424x 1073 —8.288x103 —3.734x1072 1.524x1072 —6.376x1073 —4.632x1072 1.000



Table 8: Covariance matrix
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341 —3.81 18.8 3.513x 1073 3.806 x 1073 —2.388x 1073 2.13 3.208 x 103 0.260 0911
—3.81 352 —49.8 5444 %1072 —5443x 1072 —1.979x 1073 0.233 —6.199 x 103 —3.34 —3.53
18.8 —49.8 2171 x 103 0.317 0.317 4.982 x 1073 7.210 x 1072 341 5.46 —1.55
3.513x 1073 —5.444x 1072 0.317 9.146 x 1075 8.966 x 107 9504 x 107  —3.776 x 107> 1.23 1.429x 1073 —9.158 x 107>
3.806 x 1073 —5.443 x 1072 0.317 8.966 x 107 8.931 x 1073 90347 x 1077 —2.949 x 107> 1.25 1.427x 1073 —1.010x 1074
—2.388x 1073 —1.979%x 1073 4.982x1073 9.504x 1077 9.347 x 10”7 3.160x 1077 —2.378 x 1073 —0.326 2224%x 1075 —2.707 x 1073

2.13 0.233 7210x 1072 —3.776 x 107> —2.949x 107> —2.378x 107 1.65 40.6 —1.004x 1072 2.520%x 1072
3.208 x 103 —6.199 x 103 341 1.23 1.25 —0.326 40.6 1.007 x 108 106 —82.5
0.260 —3.34 5.46 1.429 x 1073 1.427 x 1073 2224%x 1075 —1.004 x 102 106 0.302 —3.284 x 1072

0.911 —3.53 —1.55 —9.158x 107>  —1.010x10™* —2.707x1075 2.520x 1072 —82.5 —3.284 x 1072 1.66
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Dgdrees of freedom for signal

Figure 1: Map of correlation graph for 2023-11-21 to 2023-11-23.
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Viewing zenith angle

Solar zenith angle

Latitude
CO total vertical column

CO total vertical column (stripe-corrected)

CO total vertical column precision
Number of spectral points in retrieval
XZ

Degrees of freedom for signal

Number of iterations
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X 7
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Solar zenith angle -

CO total vertical column -

CO total vertical column precision -

Degrees of freedom for signal
Number of iterations
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Number of spectral points in retrieval -

Figure 2: Map of correlation matrix for 2023-11-21 to 2023-11-23.
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3 Granule outlines
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Figure 3: Outline of the granules.
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4 Input data monitoring

processing status
Status CTMCH4
Status CTM CO
Status MET 2D
'sideNadirEquatorCrossirg
processing mode
algorithm version
orbit

processor version
product version
revision
initialization (s)
processing (s)
time per pixel

o time per pixel
AUX CTMCH4
AUX CTM CO
AUX ISRF

AUX MET 2D
AUX MET QP

AUX MET 7P
CFGCO F

CFG CO

L1B IR SIR

REF DEM

REF SOLAR

REF XS CO

Offline
1.5.0
B1646 31647 31648 31649 31650 31651 31652 31653 31654 31655 31656 31657 31658 31659 31660 31661 3166
2.5.0
1.4.0

17a60fb214c1+

2023-11-21, 2023-11-22 . 2023-11-22, 2023-11-23
2023-01-01
2021-01-07 10:32
l—JZ—lﬂD.OO, 202 l22 03:0@023-11-22 O3:00023-11-l33:00, 2023'22 15:02023-11-22 15:00023-11-.15:00, 2023
1—12-'5200, 2023.22 03:0@023-11-22 03:00023-11-')3:00, 2023'22 15:0Q2023-11-22 15:00023-11-'15:00, 2023

l-n-l:moo, 202 l22 03:0Q023-11-22 03:00023-11-')3:00, 2023'22 15:0Q023-11-22 15:00023-11-'15:00, 2023

2021-01-29 00:00
2022-02-25 00:00
2019-04-04
2021-01-07 13:24

2020-06-22 08:56

2023-11-22 2023-11-22 2023-11-22 2023-11-22 2023-11-22 2023-11-22 2023-11-22 2023-11-22 2023-11-23

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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S Warnings and errors
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© 1 =@= cloud filter convergence error occurrences -4- failed retrievals == rejected pixels not enough spectrum
+ ) ) ) . p
o) == cloud filter occurrences -)— ground pixels with/ warnings == successfully processed pixels
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Orbit

Figure 5: Fraction of pixels with specific warnings and errors during processing
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6 World maps

2023-11-22

0.01 0.02 0.03 0.04 0.05 0.06 0.07
CO total vertical column [mol m—2]

Figure 6: Map of “CO total vertical column” for 2023-11-21 to 2023-11-23
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2023-11-22

0.01 0.02 0.03 0.04 0.05 0.06 0.07
CO total vertical column (stripe-corrected) [mol m=2]

Figure 7: Map of “CO total vertical column (stripe-corrected)” for 2023-11-21 to 2023-11-23
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2023-11-22

0 25 50 75 100 125 150 175 200
Number of observations per cell

Figure 8: Map of the number of observations for 2023-11-21 to 2023-11-23
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7 Zonal average
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Figure 9: Zonal average of “QA value” for 2023-11-21 to 2023-11-23.




Latitude [degrees]

80 A

60

40 A

20 A

—-20 1

_40 .

—60 1

—80 1

— all
— land
—— sea

0.010 0.015 0.020 0.025 0.030 0.035

CO total vertical column [mol m~2]

0.040

0.045 0.050

Figure 10: Zonal average of “CO total vertical column” for 2023-11-21 to 2023-11-23.
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Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2023-11-21 to 2023-11-23.
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Figure 12: Zonal average of “CO total vertical column precision” for 2023-11-21 to 2023-11-23.
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Figure 13: Zonal average of “Number of spectral points in retrieval” for 2023-11-21 to 2023-11-23.
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Figure 14: Zonal average of “y>” for 2023-11-21 to 2023-11-23.
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Figure 15: Zonal average of “Degrees of freedom for signal” for 2023-11-21 to 2023-11-23.
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Figure 16: Zonal average of “Number of iterations” for 2023-11-21 to 2023-11-23.
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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 17: Histogram of “QA value” for 2023-11-21 to 2023-11-23
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Figure 18: Histogram of “CO total vertical column” for 2023-11-21 to 2023-11-23
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Number of observations
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Figure 19: Histogram of “CO total vertical column (stripe-corrected)” for 2023-11-21 to 2023-11-23
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Figure 20: Histogram of “CO total vertical column precision” for 2023-11-21 to 2023-11-23
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Observation density

¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 21: Histogram of “Number of spectral points in retrieval” for 2023-11-21 to 2023-11-23
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Observation density
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Figure 22: Histogram of “x2” for 2023-11-21 to 2023-11-23
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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 25: Along track statistics of “QA value” for 2023-11-21 to 2023-11-23
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Figure 26: Along track statistics of “CO total vertical column” for 2023-11-21 to 2023-11-23
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2023-11-21 to 2023-11-23
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Figure 28: Along track statistics of “CO total vertical column precision” for 2023-11-21 to 2023-11-23
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2023-11-21 to 2023-11-23

38



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

8000 ~

6000 | 111

4000 A

2000

T T T T T
25 50 75 100 125 150 175 200
Binned row index

Figure 30: Along track statistics of “x2” for 2023-11-21 to 2023-11-23
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2023-11-21 to 2023-11-23
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Figure 32: Along track statistics of “Number of iterations” for 2023-11-21 to 2023-11-23
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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.
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Figure 33: Scatter density plot of “CO total vertical column” against “CO total vertical column (stripe-corrected)” for 2023-
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Figure 35: Scatter density plot of “CO total vertical column” against “y>” for 2023-11-21 to 2023-11-23.
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Figure 36: Scatter density plot of “CO total vertical column (stripe-corrected)” against “CO total vertical column precision”
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Figure 37: Scatter density plot of “CO total vertical column (stripe-corrected)” against “x>” for 2023-11-21 to 2023-11-23.
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Figure 39: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Number of iterations” for 2023-11-
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Figure 40: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Number of spectral points in re-
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Figure 41: Scatter density plot of “CO total vertical column” against “Degrees of freedom for signal” for 2023-11-21 to
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Figure 42: Scatter density plot of “CO total vertical column” against “Number of iterations” for 2023-11-21 to 2023-11-23.
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Figure 43: Scatter density plot of “CO total vertical column” against “Number of spectral points in retrieval” for 2023-11-21
to 2023-11-23.

52



4500

4000

3500

3000

2500

2000

1500

1000

500

4500

4000

3500

3000

2500

2000

1500

1000

500
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Figure 45: Scatter density plot of “CO total vertical column precision” against “Degrees of freedom for signal” for 2023-11-
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Figure 46: Scatter density plot of “CO total vertical column precision” against “Number of iterations” for 2023-11-21 to
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Figure 47: Scatter density plot of “CO total vertical column precision” against “Number of spectral points in retrieval” for
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Figure 53: Scatter density plot of “Latitude” against “CO total vertical column precision” for 2023-11-21 to 2023-11-23.
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Figure 54: Scatter density plot of “Latitude” against “x2” for 2023-11-21 to 2023-11-23.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2023-11-21 to 2023-11-23.
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Figure 56: Scatter density plot of “Latitude” against “Number of iterations” for 2023-11-21 to 2023-11-23.
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