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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
0.604 +0.291
(2.53240.963) x 102
(2.530+£0.951) x 1072
(1.06240.568) x 1073
15441

(0.142 4+ 1.008) x 10*

7.37+0.54

8.5441.26

Count
7450036
7450036
7450036
7450036
7450036
7450036
7450036
7450036

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
1.457 x 1072
1.448 x 1072
6.562 x 10~4
2.00
1.030 x 103
0.892
1.000

Median
0.700
2.465 x 1072
2.464 x 1072
9.062 x 10~*
154
980
7.39
8.00

Minimum Maximum

0.0 1.000
0.0 0.341

—2.012x 1073 0.340
0.0 5.578 x 1072
66.0 156
185 4.218 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
9.721 x 1073
1.007 x 1072
3.546 x 104

151

318

6.00

6.00

5%

0.0
1.167 x 1072
1.179 x 1072
4.449 x 10~

152

378

6.01

7.00

Table 2: Percentile ranges

10% 15.9 % 25% 75 %

0.0 0.400 0.400 0.700
1.330x 1072 1.521x 1072 1.775x 1072 3.232x 1072
1.335%x 1072 1.536x 1072 1.783x 1072 3.231 x 1072
5.141x107* 5.738x107* 6.548x10~* 1.311x 1073

153 153 153 155

430 489 592 1.622 x 10°

7.00 7.00 7.00 7.89

8.00 8.00 8.00 9.00

84.1% 90 %
1.000 1.000
3.479%x 1072 3.675x 1072
3.465x 1072 3.646 x 1072
1.575x 1073 1.849x 1073
155 156
2.022x10° 2427x10°
7.96 7.98
9.00 9.00

95 %
1.000
3.981 x 1072
3.942 x 1072
2.242 %1073
156
3.079 x 103
7.99
11.0

99 %
1.000
5.220 x 1072
5.199 x 1072
2.904 x 1073
156
5.267 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
0.608+0.274 2738951
(3.1854+0.600) x 1072 2738951
(3.18340.579) x 1072 2738951
(1.1704+0.648) x 10~ 2738951
154+1 2738951
(0.134+£0.727) x 10* 2738951
7.46+0.49 2738951
8.4441.15 2738951

IQR
0.300
6.954 x 103
6.639 x 103
7.522 x 1074
2.00
890
0.920
1.000

Median
0.700
3.205 x 1072
3.209 x 1072
9.979 x 10~4
154
930
7.55
8.00

Minimum
0.0
0.0
—9.950x 10~*
0.0
140
189
4.99
5.00

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

Maximum
1.000
0.122
0.121

5.578 x 1072
156
3.083 x 10°
8.00
15.0

25 % percentile
0.400
2.830 x 1072
2.842 x 1072
7.079 x 1074
153
601
7.01
8.00

75 % percentile
0.700
3.525x 1072
3.506 x 102
1.460 x 1073
155
1.491 x 103
7.93
9.00



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

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
0.602 +0.301
(2.153+£0.930) x 102
(2.151£0.919) x 1072
(1.00040.506) x 10~3
154+1

(0.146+ 1.140) x 10*

7.3240.57

8.60+1.32

Count
4711085
4711085
4711085
4711085
4711085
4711085
4711085
4711085

IQR
0.300
9.869 x 103
9.533x 103
5.928 x 1074
2.00
1.105 x 103
0.868
1.000

Median
0.700
1.951 x 1072
1.944 x 1072
8.580x 1074
154
1.018 x 103
7.28
8.00

Minimum
0.0
0.0
—2.012x 1073
0.0
66.0
185
4.00
5.00

Maximum
1.000
0.341
0.340

3.066 x 1072
156
4218 x 10°
8.00
15.0

25 % percentile
0.400
1.530 x 1072
1.546 x 1072
6.345x 1074
153
586
7.00
8.00

75 % percentile
0.700
2.517x 1072
2.500 x 1072
1.227x 1073
155
1.691 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
0.63640.199
(2.60040.730) x 1072
(2.598+£0.713) x 1072
(1.190£0.627) x 10~3
154+1

(0.152+1.143) x 10*

7.544+0.44

8.7441.39

Count
4087474
4087474
4087474
4087474
4087474
4087474
4087474
4087474

IQR
0.0
1.160 x 102
1.154 x 1072
7.957 x 1074
2.00
1.017 x 103
0.884
1.000

Median
0.700
2.494 x 1072
2.487 x 1072
1.021 x 1073
154
1.098 x 103
7.70
8.00

Minimum
0.0
0.0
—2.012x 1073
0.0
66.0
185
4.00
5.00

Maximum
1.000
0.341
0.340

5.578 x 1072
156
3.508 x 10°
8.00
15.0

25 % percentile
0.700
2.001 x 1072
2.002 x 1072
7111 x 1074
153
682
7.05
8.00

75 % percentile
0.700
3.161 x 1072
3.156 x 1072
1.507 x 1073
155
1.700 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]

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

mean +0
0.568 +0.376
(2.30341.158) x 1072
(2.30241.151) x 1072
(8.856+4.130) x 10~*
154+1
(0.129+£0.794) x 10*
7.13+0.60

8.31+£1.01

Count
2915867
2915867
2915867
2915867
2915867
2915867
2915867
2915867

IQR
0.600
1.813 x 1072
1.816 x 1072
4.962 x 1074
2.00
994
0.609
1.000

Median
0.700
1.898 x 1072
1.872 x 1072
7.906 x 10~4
154
817
7.02
8.00

Minimum
0.0
0.0
—1.137x 1073
0.0
137
189
4.00
5.00

Maximum
1.000
0.241
0.240

7.898 x 1073
156
4218 x 10°
8.00
15.0

25 % percentile
0.400
1.339 x 1072
1.337 x 1072
5.906 x 1074
153
502
7.00
8.00

75 % percentile
1.000
3.151 x 1072
3.153x 1072
1.087 x 1073
155
1.495 x 103
7.61
9.00



Table 7: Correlation matrix
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1.000 —1.964x 1072 5.863x 1073 5.869 x 1073 7.219 x 1073 —0.230 9.001 x 1072 1.721 x 1072 1.896 x 1072 2.598 x 1072
—1.964 x 1072 1.000 —5.595 x 1072 —0.314 —0.317 —0.190 7792 x 1073 —3.426x 1072 —0.330 —0.137
5863 x 1073  —5.595x 1072 1.000 0.711 0.720 0.179 —9327x107% 2.353x 1073 0.222 —3.675x 1072
5.869 x 1073 —0.314 0.711 1.000 0.992 0.211 —5.855x 1073 1.198 x 102 0.284 —8.943 x 1073
7.219 x 1073 —0.317 0.720 0.992 1.000 0.211 —5.013x 1073  1.220x 1072 0.287 —1.001 x 1072
—0.230 —0.190 0.179 0.211 0.211 1.000 —3386x 1072 —5456x 1072 8.676 x 1072 —1.414x1072
9.001 x 1072 7.792x 1073 —9.327x107% —5.855x 1073 —5.013x1073 —3.386x 1072 1.000 2670x 1073 —1.614x1072 1.281x 1072
1.721x 1072 —3426x 1072 2.353x103 1.198 x 102 1.220x 1072 —5456x1072 2.670x 1073 1.000 1.825x 1072 —6.175%x 1073
1.896 x 102 —0.330 0.222 0.284 0.287 8.676x 1072 —1.614x102 1.825x1072 1.000 —4.820x 1072

2.598 x 1072 —0.137 —3.675x 1072 —8943x 1073 —1.001x1072 —1.414x1072 1.281x1072 —6.175x103 —4.820x 1072 1.000



Table 8: Covariance matrix
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341 —6.77 5.20 1.043 x 1073 1.268x 1073 —2.412x1073 2.13 3.205 x 103 0.191 0.606
—6.77 349 —50.2 —5.639x1072 —5.641x1072 —2.013x1073 0.187 —6.454 x 103 —3.35 —3.24
5.20 -50.2 2.311 x 103 0.329 0.329 4.886x 1073  —5758x 1072 1.141x 103 5.81 —2.23
1.043x 1073 —5.639x 102 0.329 9.266 x 107 9.082 x 1073 1.153x 1076 —7.238x 1073 1.16 1.486x 1073 —1.087x 10~*
1.268x 1073 —5.641 x 1072 0.329 9.082 x 107 9.047 x 1073 1.138 x107% —6.123x 1073 1.17 1.484x 1073  —1.202x10~*
—2412%x 1073 —2.013x1073 4.886x 1073 1.153x 107 1.138 x 107 3.226x 1077 —2.470x 107 —0.312 2681 x 107> —1.014x107°

2.13 0.187 —5758x 1072 —7.238x107° —6.123x 107> —2.470x 107 1.65 34.6 —1.128x 1072 2.078 x 1072
3.205 x 103 —6.454 x 103 1.141 x 103 1.16 1.17 —0.312 34.6 1.017 x 108 100 —78.6
0.191 —3.35 5.81 1.486 x 1073 1.484 x 1073 2681 x107° —1.128 x 1072 100 0.296 —3311x 1072

0.606 —3.24 —2.23 —1.087x107* —1.202x10* —1.014x10"° 2.078x 102 —78.6 —3311x 1072 1.59



CO total vertical collatitude

CO total vertical column (stripe-corrected) Solar zenith angle

CO total vertical column precision

Viewing zenith angle

Number of spectral points in retrieval Number of iterations

Dgdrees of freedom for signal

Figure 1: Map of correlation graph for 2023-11-12 to 2023-11-13.
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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

Viewing zenith angle -

Solar zenith angle -

Latitude -

CO total vertical column A

CO total vertical column precision -

X 7

Degrees of freedom for signal
Number of iterations

CO total vertical column (stripe-corrected) A
Number of spectral points in retrieval -

Figure 2: Map of correlation matrix for 2023-11-12 to 2023-11-13.
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3 Granule outlines
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4 Input data monitoring

processing status
Status CTMCH4
Status CTM CO
Status MET 2D
'sideNadirEquatorCrassing
processing mode
algorithm version
orbit p1sos

processor version
product version
revision

initialization (s)

Offline
1.5.0

31506 31507 31508 31509 31510 31511 31512 31513 31514 31515 31516 31517 31518 31519 3152(

1.4.0

17a60fb214c1+

processing (s)

time per pixel

o time per pixel
AUX CTMCH4
AUX CTM CO

AUX ISRF
AUX MET 2D

AUX MET QP
AUX MET TP
CFGCO F
CFG CO

L1B IR SIR
REF DEM
REF SOLAR
REF XS CO

15:00, 2023

15:00, 20

2023-11-11, 2023-11-12 l 2023-11-12, 2023-11-13
2023-01-01

2021-01-07 10:32

15:00, 2023—.12 03:00 2023-11-12 03:00 2023-11-.03:00, 2023.12 15:00 2023-11-12 15:00 2023-11.15:00, 2023+

2 03:00 2023-11-12 03:00 2023-11 3:00, 2023 215:00 2023-11-12 15:00 2023—11.15:00, 2023+

2 03:00 2023-11-12 03:00 2023-11-.03:00, 2023.12 15:00 2023-11-12 15:00 2023-11.15:00, 2023-

2021-01-29 00:00
2022-02-25 00:00
BI5IS
2019-04-04
2021-01-07 13:24

2020-06-22 08:56

03:00 06:00 09:00 12:00 15:00

2023-11-12

18:00 21:00 00:00

Figure 4: Input data per granule
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5 Warnings and errors
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10 ] =& cloud filter occurrences -4- ground pixels with warnings + rejected pixels not enough spectrum
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1 == data range warning occurrences  =3€= radiance missing occurrences === sza range erfor occurrences
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Orbit

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

2023-11-12

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 2023-11-12 to 2023-11-13
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2023-11-12

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 2023-11-12 to 2023-11-13
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2023-11-12

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

Figure 8: Map of the number of observations for 2023-11-12 to 2023-11-13
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7 Zonal average

Latitude [degrees]
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Figure 9: Zonal average of “QA value” for 2023-11-12 to 2023-11-13.
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Figure 10: Zonal average of “CO total vertical column” for 2023-11-12 to 2023-11-13.
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Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2023-11-12 to 2023-11-13.
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Latitude [degrees]

— all

80 - — land

— Sea
60 -
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-80 - E

0.0005 0.0010 0.0015 0.0020

0.0025
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CO total vertical column precision [mol m~2]

0.0035 0.0040

Figure 12: Zonal average of “CO total vertical column precision” for 2023-11-12 to 2023-11-13.
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Latitude [degrees]
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—-20 1

_40 .

_60 4

—80 1
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— land
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Number of spectral points in retrieval

159

160

Figure 13: Zonal average of “Number of spectral points in retrieval” for 2023-11-12 to 2023-11-13.
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Figure 14: Zonal average of “y>” for 2023-11-12 to 2023-11-13.
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— land
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Degrees of freedom for signal

Figure 15: Zonal average of “Degrees of freedom for signal” for 2023-11-12 to 2023-11-13.
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Figure 16: Zonal average of “Number of iterations” for 2023-11-12 to 2023-11-13.




8 Histograms

The definitions of the parameters given in this section can be found in section 2.

¥ Mean A Median - § - Standard deviation —#- Inter quartile range
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Figure 17: Histogram of “QA value” for 2023-11-12 to 2023-11-13
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Number of observations

¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 18: Histogram of “CO total vertical column” for 2023-11-12 to 2023-11-13
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Number of observations

¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 19: Histogram of “CO total vertical column (stripe-corrected)” for 2023-11-12 to 2023-11-13
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Number of observations
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Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 20: Histogram of “CO total vertical column precision” for 2023-11-12 to 2023-11-13
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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 2023-11-12 to 2023-11-13
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Observation density

Number of observations

¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 22: Histogram of “x2” for 2023-11-12 to 2023-11-13
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Figure 23: Histogram of “Degrees of freedom for signal” for 2023-11-12 to 2023-11-13
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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 2023-11-12 to 2023-11-13
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Figure 26: Along track statistics of “CO total vertical column” for 2023-11-12 to 2023-11-13
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2023-11-12 to 2023-11-13
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Figure 28: Along track statistics of “CO total vertical column precision” for 2023-11-12 to 2023-11-13
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2023-11-12 to 2023-11-13
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Figure 30: Along track statistics of “x2” for 2023-11-12 to 2023-11-13
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2023-11-12 to 2023-11-13
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Figure 32: Along track statistics of “Number of iterations” for 2023-11-12 to 2023-11-13
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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 2023-11-12 to 2023-11-13.
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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 2023-11-12 to 2023-11-13.
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Figure 39: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Number of iterations” for 2023-11-
12 to 2023-11-13.
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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 2023-11-12 to
2023-11-13.
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Figure 43: Scatter density plot of “CO total vertical column” against “Number of spectral points in retrieval” for 2023-11-12
to 2023-11-13.
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Figure 45: Scatter density plot of “CO total vertical column precision” against “Degrees of freedom for signal” for 2023-11-
12 to 2023-11-13.

54



2023-11-12 X105

25 3.0
R= -0.014

2.5
20 A

N
o

=
6,}
Number of observations

Number of iterations

=
o

0.5
0 T T T T T T 0-0
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007
CO total vertical column precision [mol m=2]
2023-11-12
25
10°
20 4

104
2
Z S
o -
5
g 10° §
- S
o G
g o
£ 102 é
2 S
=z

10t

0 100

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007
CO total vertical column precision [mol m=2]

Figure 46: Scatter density plot of “CO total vertical column precision” against “Number of iterations” for 2023-11-12 to
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Figure 47: Scatter density plot of “CO total vertical column precision” against “Number of spectral points in retrieval” for
2023-11-12 to 2023-11-13.
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Figure 51: Scatter density plot of “Latitude” against “CO total vertical column” for 2023-11-12 to 2023-11-13.
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Figure 53: Scatter density plot of “Latitude” against “CO total vertical column precision” for 2023-11-12 to 2023-11-13.
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Figure 54: Scatter density plot of “Latitude” against “x2” for 2023-11-12 to 2023-11-13.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2023-11-12 to 2023-11-13.
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Figure 56: Scatter density plot of “Latitude” against “Number of iterations” for 2023-11-12 to 2023-11-13.
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Figure 57: Scatter density plot of “Latitude” against “Number of spectral points in retrieval” for 2023-11-12 to 2023-11-13.
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