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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 +0C
0.5994-0.289
(2.632+1.115) x 102
(2.630+1.105) x 102
(1.088+0.638) x 1073
15441

(0.136+0.925) x 10*

7.39+0.55

8.53+1.26

Count
7369207
7369207
7369207
7369207
7369207
7369207
7369207
7369207

Mode IQR Median
0.705 0.300 0.700
1.930x 1072 1.352x 1072 2.589 x 102
1.930x 1072 1.342x 1072 2.590 x 102
6.650x 107*  6.750x107* 9.278 x 10~*

155 2.00 154
428 955 950
7.95 0.899 7.45
8.17 1.000 8.00

Minimum
0.0
0.0
—2.232%x1073

0.0

31.0
182

4.00

5.00

Maximum
1.000
16.7
16.7
0.762
156
6.022 x 10°
8.00
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
1.062 x 1072
1.091 x 1072
3.584 %1074

151

316

6.00

6.00

5%

0.0
1.273 x 1072
1.284 x 1072
4.600 x 10~*

152

376

6.01

7.00

Table 2: Percentile ranges

10% 15.9 % 25% 75 %

0.0 0.400 0.400 0.700
1.464x 1072 1.674x 1072 1.918x 1072 3.270 x 1072
1476 x 1072 1.694x 1072 1.924x 1072 3.266 x 102
5323x107% 5.925x107* 6.734x107* 1.348x 1073

153 153 153 155

427 486 584 1.539 x 10°

7.00 7.00 7.00 7.90

8.00 8.00 8.00 9.00

84.1% 90 %
0.700 1.000
3.520x 1072 3.723x 1072
3.503x 1072 3.695x 1072
1.622x 1073 1.900 x 1073
155 156
1.908 x 10> 2.300 x 10°
7.96 7.98
9.00 9.00

95 %
1.000
4.042 x 1072
4.008 x 1072
2.283 %1073
156
2.962 x 103
7.99
11.0

99 %
1.000
5.380 x 102
5.365 x 1072
2.905%x 1073
156
5.253 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

0.608 +0.263 2981774 0.300
(3.146£0.561) x 1072 2981774 7.014 x 1073
(3.144+£0.539) x 1072 2981774 6.704 x 1073
(1.177£0.625) x 1073 2981774 7.573 x 10~*

154+1 2981774 2.00

(0.134+0.806) x 10* 2981774 899

7.48 +£0.47 2981774 0.911

8.44+1.14 2981774 1.000

Median
0.700
3.179 x 1072
3.181 x 1072
1.011x 1073
154
914
7.58
8.00

Minimum
0.0
0.0
—1.002x 1073
0.0
123
182
5.00
5.00

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

Maximum
1.000
0.151
0.150

1.224 x 1072
156
6.022 x 10°
8.00
15.0

25 % percentile
0.400
2.806 x 1072
2.819 x 1072
7.238 x 1074
153
581
7.02
8.00

75 % percentile
0.700
3.507 x 1072
3.489 x 102
1.481x 1073
155
1.480 x 103
7.93
9.00



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

Variable mean +o Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.594 +0.304 4387433 0.300 0.700 0.0 1.000 0.400 0.700
carbonmonoxide total column [mol m™2] (2.282+1.254) x 1072 4387433 9.576 x 1073 2.064 x 1072 0.0 16.7 1.659x 1072 2.617x 1072
carbonmonoxide total column corrected [mol m2] | (2.28141.245) x 1072 4387433 9.199x 1073 2.056 x 1072 —2.232x 1073 16.7 1.679 x 1072 2.599 x 1072
carbonmonoxide total column precision [mol m2] | (1.028+£0.639) x 107> 4387433 6.105x 10~* 8.735x 10~* 0.0 0.762 6.502 x 1074 1.261 x 1073
number of spectral points in retrieval [1] 154 +1 4387433 2.00 154 31.0 156 153 155

chi square [1] (0.1374£0.998) x 10* 4387433 987 978 191 3.538 x 10° 587 1.573 x 103
degrees of freedom [1] 7.32+0.59 4387433 0.875 7.34 4.00 8.00 7.00 7.87
number of iterations [1] 8.60+1.33 4387433 1.000 8.00 5.00 15.0 8.00 9.00




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

Variable mean +o Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.635+0.208 4166847 0.0 0.700 0.0 1.000 0.700 0.700
carbonmonoxide total column [mol m™2] (2.647+1.107) x 1072 4166847 1.121 x 1072 2.548 x 1072 0.0 16.7 2.057x1072  3.179x 1072
carbonmonoxide total column corrected [mol m2] | (2.64641.095) x 1072 4166847 1.113x 1072 2.540x 1072 —2.084 x 1073 16.7 2.058x 1072 3.172x 1072
carbonmonoxide total column precision [mol m2] | (1.225+£0.725) x 1072 4166847 8.049 x 10~*  1.056 x 103 0.0 0.762 7.490 x 1074 1.554 x 1073
number of spectral points in retrieval [1] 154 +1 4166847 2.00 154 31.0 156 153 155

chi square [1] (0.141 4 1.046) x 10* 4166847 916 1.022 x 103 197 6.022 x 10° 645 1.561 x 103
degrees of freedom [1] 7.53+0.45 4166847 0.880 7.69 4.00 8.00 7.05 7.93
number of iterations [1] 8.73+1.38 4166847 1.000 8.00 5.00 15.0 8.00 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
0.554+0.372
(2.4564+1.128) x 1072
(2.45441.120) x 1072
(8.7404+4.130) x 10~*
154+1

(0.131+£0.698) x 10*

7.16+0.63

8.26£0.98

Count
2650922
2650922
2650922
2650922
2650922
2650922
2650922
2650922

IQR
0.600
1.742 x 1072
1.746 x 1072
4.849 x 1074
2.00
1.025 x 103
0.739
1.000

Median
0.700
2.323 x 1072
2.336 x 1072
7.662 x 1074
154
848
7.02
8.00

Minimum
0.0
0.0
—7.047 x 10~
0.0
112
191
4.00
5.00

Maximum
1.000
0.206
0.205

8.622 x 103
156
3.538 x 10°
8.00
15.0

25 % percentile
0.400
1.469 x 1072
1.463 x 1072
5.856x 1074
153
517
7.00
8.00

75 % percentile
1.000
3.211 x 1072
3.209 x 1072
1.071 x 1073
155
1.542 x 103
7.74
9.00
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1.000 —7.295x 1073
—7.295x 1073 1.000
2.833x 1073  —5.774x 1072
3.374x 1073 —0.252
4.068 x 1073 —0.254
—0.204 —0.205
9.137 x 1072 8.071 x 1073
1.779x 1072 —3.170 x 102
—2.534x 1073 —0.328
3.875 x 1072 —0.116

opmme|

2.833 x 1073
—5.774 x 1072
1.000
0.557
0.562
0.163
—2.564 x 104
3.065 x 1073
0.242
—3.911x 1072

UWN[Od [BONIAA [B101 QD)

3.374 x 1073
—0.252
0.557
1.000
0.994
0.400
—2.420%x 1074
9.680 x 103
0.245
—1.209 x 1072

Table 7: Correlation matrix

UoIs1001d UWN[od [BONISA (8101 0D

P91091100-2d11}S) UWN]OD [BOTIAA €101 QD

4.068 x 103 —0.204
—0.254 —0.205
0.562 0.163
0.994 0.400
1.000 0.402
0.402 1.000
—2.078x 1073 —2.788 x 102
9.826x 1073 —5.055 x 1072

0.247 6.867 x 1072
—1.285%x 1072 —2.128 x 1072

T[easmnar ur syurod [enoads Jo requinN

9.137 x 1072
8.071 x 1073

—2.564 x 104
—2.420%x 10~*
—2.078 x 1073
—2.788 x 1072

1.000
2.694 x 1073

—1.764 x 102

1.788 x 1072

1.779 x 1072
—3.170 x 1072
3.065 x 1073
9.680 x 103
9.826 x 1073
—5.055x 1072
2.694 x 1073
1.000
1.780 x 1072
—6.015%x 1073

[eUSIS J0J WOPIAIJ JO ST

—2.534x 1073
—0.328
0.242
0.245
0.247
6.867 x 1072
—1.764 x 1072
1.780 x 1072
1.000
—6.121 x 1072

SUONEIANI JO JIIqUINN]

3.875x 1072
—0.116
—3.911x 1072
—1.209 x 1072
—1.285x 1072
—2.128 x 1072
1.788 x 1072
—6.015x 1073
—6.121 x 1072
1.000



Table 8: Covariance matrix
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344 —2.53 2.57 6.974 x 104 8334x107% —2412x1073 2.18 3.052x10° —2.575x 102 0.903
—2.53 349 -52.8 —5251x1072 —5250x 1072 —2.443x1073 0.194 —5.482 x 103 —3.36 -2.73
2.57 -52.8 2.393 x 103 0.304 0.303 5074x 1073 —1.616x107%2  1.388 x 10° 6.49 —2.41
6.974x 107*  —5.251 x 1072 0.304 1.243 x 1074 1.224 x 1074 2847x 1070  —3.477x107° 0.999 1.498 x 1073 —1.694 x 10~
8334 x 107* —5.250x 1072 0.303 1.224 x 1074 1.220x 10~* 2832x 1070  —2.958x107° 1.00 1.494x 1073 —1.785x 10~*
—2412%x 1073 —2443x 1073 5.074x 1073 2.847 x 1076 2.832x 10°° 4.067x 1077  —2.291x 1073 —0.298 2400x 107> —1.706 x 107

2.18 0.194 —1.616x1072 —3477x107% —2958x 107> —2.291x107° 1.66 32.1 —1.246x 1072 2.897x 102
3.052 x 103 —5.482 % 103 1.388 x 103 0.999 1.00 —0.298 32.1 8.564 x 107 90.3 —70.0
—2.575%x 1072 —3.36 6.49 1.498 x 1073 1.494 x 1073 2.400x 1072 —1.246 x 1072 90.3 0.300 —4.217%x 1072

0.903 —2.73 —2.41 —1.694x107* —1.785x107* —1.706x10~>  2.897 x 102 —70.0 —4217%x 1072 1.58
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Figure 1: Map of correlation graph for 2023-10-28 to 2023-10-29.
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Figure 2: Map of correlation matrix for 2023-10-28 to 2023-10-29.
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3 Granule outlines




4 Input data monitoring

processing status
Status CTMCH4
Status CTM CO
Status MET 2D
'sideNadirEquatorCrossing
processing mode
algorithm version
orbit p1292

processor version
product version
revision

initialization (s)

Offline
1.5.0

31293 31294 31295 31296 31297 31298 31299 31300 31301 31302 31303 31304 31305 31306 3130

2.5.0
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 T?
CFGCO F
CFG CO

L1B IR SIR
REF DEM
REF SOLAR
REF XS CO

15:00, 2023—.28 03:00 2023-10-28 03:00 2023-10.03:00, 2023+
15:00, 2023

15:00, 20

2023-10-27, 2023-10-28 2023-10-27, l3-10l 23-10-29 2023-10-28, 2023-10-29
2023-01-01
2021-01-07 10:32
15:00 2023-10-28 15:00 2023-10.15:00, 2023+
28 03:00 2023-10-28 03:00 2023-10.

28 15:00 2023-10-28 15:00 2023-10-JmM15:00, 2023-|

28 03:00 2023-10-28 03:00 2023-10

00, 2023-.28 15:00 2023-10-28 15:00 2023—10.15:00, 2023

2021-01-29 00:00
2022-02-25 00:00
l 31303
2019-04-04
2021-01-07 13:24

2020-06-22 08:56

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

2023-10-28

18:00 21:00 00:00

Figure 4: Input data per granule
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S Warnings and errors

100

10714

1072 §
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o) == cloud warning occurrences P~ ground pixels with warnings == rejected pixels not enough spectrum
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31292 31294 31296 31298 31300 31302 31304 31306
Orbit

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

2023-10-28
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Figure 6: Map of “CO total vertical column” for 2023-10-28 to 2023-10-29
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2023-10-28
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Figure 7: Map of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-29
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2023-10-28

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

Figure 8: Map of the number of observations for 2023-10-28 to 2023-10-29
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7 Zonal average
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Figure 9: Zonal average of “QA value” for 2023-10-28 to 2023-10-29.
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Figure 10: Zonal average of “CO total vertical column” for 2023-10-28 to 2023-10-29.
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Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-29.
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CO total vertical column precision [mol m=2]

Figure 12: Zonal average of “CO total vertical column precision” for 2023-10-28 to 2023-10-29.
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Figure 13: Zonal average of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-29.
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Figure 14: Zonal average of “y>” for 2023-10-28 to 2023-10-29.




Latitude [degrees]

80 A

60

40 A

20 A

—-20 1

_40 .

—60 1

—80 1

— all
— land
—— sea

6.00

6.25

6.50

6.75 7.00 7.25
Degrees of freedom for signal

7.50

7.75 8.00

Figure 15: Zonal average of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-29.
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Figure 16: Zonal average of “Number of iterations” for 2023-10-28 to 2023-10-29.
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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 2023-10-28 to 2023-10-29
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Figure 18: Histogram of “CO total vertical column” for 2023-10-28 to 2023-10-29
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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 2023-10-28 to 2023-10-29
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Number of observations

¥ Mean A Median - § - Standard deviation 4= Inter quartile range
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Figure 20: Histogram of “CO total vertical column precision” for 2023-10-28 to 2023-10-29
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Observation density
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Figure 21: Histogram of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-29
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Figure 22: Histogram of “x2” for 2023-10-28 to 2023-10-29
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Figure 23: Histogram of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-29
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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 2023-10-28 to 2023-10-29
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Figure 26: Along track statistics of “CO total vertical column” for 2023-10-28 to 2023-10-29
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-29
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Figure 28: Along track statistics of “CO total vertical column precision” for 2023-10-28 to 2023-10-29
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-29
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Figure 30: Along track statistics of “)2” for 2023-10-28 to 2023-10-29
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-29
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Figure 32: Along track statistics of “Number of iterations” for 2023-10-28 to 2023-10-29
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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 52: Scatter density plot of “Latitude” against “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-
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Figure 53: Scatter density plot of “Latitude” against “CO total vertical column precision” for 2023-10-28 to 2023-10-29.
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Figure 54: Scatter density plot of “Latitude” against “x2” for 2023-10-28 to 2023-10-29.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2023-10-28 to 2023-10-29.
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Figure 56: Scatter density plot of “Latitude” against “Number of iterations” for 2023-10-28 to 2023-10-29.



2023‘10'28 X].OS

200 1.0
R= —-0.000
175 1
g 0.8
2 150 m
© n
o _‘ - C
£ o
125 4 . =
£ - 0.6 3
2 3 g
< 100 | "
S - 2
5 " °
% 75 4 1 0.4 8
. - €
4 ] S
o] - =
o] _ -
€ 50 .
S 0.2
=z x
25 A
0 T T T T T T T T T O-O
—-80 —-60 —40 -20 0 20 40 60 80
Latitude [°N]
2023-10-28
200 10°
175 4
:>‘j i . 10
S 150 S 'I_I-w—-'.’rl_l'I—I-
(0] n
o -‘ - C
£ o
125 - . 5
£ = 103 S
g ’ 8
< 100 A " [S)
— _— Y—
5 1)
@ . 102 @
& 75- . S
“— - €
o '] o]
] - z
o) . -
£ 50 .
S 10!
=z "
25 A
O T T T T T T T T T 100
—-80 -60 —-40 -20 0 20 40 60 80

Latitude [°N]

Figure 57: Scatter density plot of “Latitude” against “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-29.
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Figure 58: Scatter density plot of “Number of spectral points in retrieval” against “y>” for 2023-10-28 to 2023-10-29.
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Figure 59: Scatter density plot of “Number of spectral points in retrieval” against “Degrees of freedom for signal” for 2023-
10-28 to 2023-10-29.
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Figure 60: Scatter density plot of “Number of spectral points in retrieval” against “Number of iterations” for 2023-10-28 to
2023-10-29.
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Figure 61: Scatter density plot of “Solar zenith angle” against “CO total vertical column” for 2023-10-28 to 2023-10-29.
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