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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 m~2]
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
0.599 +0.287
(2.740 £0.783) x 1072
(2.74140.764) x 1072
(1.094 +£0.578) x 1073
154 +1

(0.14741.014) x 10*

7.39+0.53

8.56+1.29

Count
7371266
7371266
7371266
7371266
7371266
7371266
7371266
7371266

Mode
0.705
2.950 x 1072
2.950 x 1072
6.650 x 1074
155
472
7.95
8.17

IQR
0.300
9.656 x 1073
9.324 x 1073
6.713 x 1074
2.00
1.076 x 103
0.891
1.000

Median
0.700
2.739 x 102
2.750 x 1072
9.279 x 1074
154
1.009 x 103
7.43
8.00

Minimum

0.0
0.0

—3.781 x 1073

0.0

36.0
203
4.00
5.00

Maximum
1.000
0.242
0.242

1.767 x 1072
156
4.289 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
1.243 x 1072
1.290 x 102
3.682x 1074
151
324
6.00
6.00

5%

0.0
1.482x 1072
1.494 x 1072
4.693 x 1074

152

389

6.02

7.00

Table 2: Percentile ranges

10 % 15.9% 25% 75 % 84.1% 90 %
0.0 0.400 0.400 0.700 0.700 1.000
1.714% 1072 1.972x 1072 2231x1072 3.197x 1072 3.406x 1072 3.624x 1072
1.730x 1072 2.011x 1072 2250x 1072 3.183x 1072 3.372x1072 3.585x 1072
5378 x 1074 5.975x107* 6.768x107* 1.348x1073 1.631x1073 1.923x 1073
153 153 153 155 155 156
444 506 610 1.686 x 10>  2.110x10°  2.544 x 103

7.00 7.00 7.00 7.89 7.95 7.98
8.00 8.00 8.00 9.00 9.00 9.00

95 %
1.000
3.998 x 1072
3.968 x 1072
2313 %1073
156
3.247 x 103
7.99
12.0

99 %
1.000
4.932 x 1072
4.891 x 1072
2.940 x 1073
156
5.591 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]

0.605 +0.267

(3.0664+0.551) x 102
(3.068 +0.520) x 102
(1.18140.641) x 1073

(0.13940.775) x 10*

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

Count
2947042
2947042
2947042
2947042
2947042
2947042
2947042
2947042

25 % percentile

5.691 x 1073
5.113x 1073
7.840 x 1074

3.057 x 1072
3.058 x 1072
1.002 x 1073

2.764 x 1072
2.792 x 1072
7.119x 1074

1.393 x 1073
1.767 x 1072

75 % percentile
0.700
3.333x 1072
3.303 x 1072
1.496 x 1073
155
1.561 x 103
7.90
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 m~2]
number of spectral points in retrieval [1]

chi square [1]

degrees of freedom [1]

number of iterations [1]

mean +£0
0.595+0.299
(2.52240.837) x 102
(2.52440.820) x 1072
(1.03640.524) x 1073
15441

(0.15341.146) x 10*

7.35+0.56

8.64+1.37

Count
4424224
4424224
4424224
4424224
4424224
4424224
4424224
4424224

IQR
0.300
9.516x 1073
8.956 x 103
5.981 x 1074
2.00
1.148 x 103
0.884
1.000

Median
0.700
2.406 x 1072
2.400 x 1072
8.831x 1074
154
1.061 x 103
7.36
8.00

Minimum

0.0
0.0

—3.781x 1073

0.0

36.0
203
4.00
5.00

Maximum
1.000
0.242
0.242

1.534x 1072
156
3.721 x 10°
8.00
15.0

25 % percentile
0.400
1.975x 1072
2.010x 1072
6.612x 10~
153
610
7.00
8.00

75 % percentile
0.700
2.926 x 1072
2.905 x 1072
1.259 x 1073
155
1.757 x 103
7.88
9.00



Variable

qa value [1]

carbonmonoxide total column [mol m~2]
carbonmonoxide total column corrected [mol m 2]
carbonmonoxide total column precision [mol m~2]
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
0.636+0.196
(2.836+0.560) x 1072
(2.83740.528) x 1072
(1.22740.636) x 1073
15441

(0.15741.169) x 10*

7.54+0.44

8.79+1.43

Count
4113604
4113604
4113604
4113604
4113604
4113604
4113604
4113604

IQR
0.0

7.731 x 1073
7.427 x 1073
8.290 x 104

2.00
1.062 x 103

0.859

1.000

Median
0.700
2.801 x 1072
2.803 x 1072
1.044 x 1073
154
1.116 x 103
7.70
8.00

Minimum
0.0
0.0
—3.781x 1073
0.0
36.0
204
4.00
5.00

Maximum
1.000
0.242
0.242

1.587 x 1072
156
4.289 x 10°
8.00
15.0

25 % percentile
0.700
2421 x 1072
2.433 x 1072
7.369 x 1074
153
689
7.07
8.00

75 % percentile
0.700
3.194 x 102
3.176 x 1072
1.566 x 103
155
1.751 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 m~2]
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
0.557+£0.371
(2.51540.980) x 102
(2.517£0.968) x 1072
(9.0274+4.169) x 10~*
15441
(0.136+0.777) x 10*
7.16+0.58
8.2841.00

Count
2781378
2781378
2781378
2781378
2781378
2781378
2781378
2781378

IQR
0.600
1.392 x 102
1.388 x 1072
4.933x 1074
2.00
1.064 x 103
0.653
1.000

Median
0.700
2.366 x 1072
2.355x 1072
8.037 x 104
154
857
7.02
8.00

Minimum
0.0
0.0
—2.610x 1073
0.0
109
203
4.00
5.00

Maximum
1.000
0.201
0.200

1.098 x 1072
156
3.721 x 10°
8.00
15.0

25 % percentile
0.400
1.715x 1072
1.716 x 1072
6.093 x 1074
153
526
7.00
8.00

75 % percentile
1.000
3.107 x 1072
3.104 x 1072
1.103x 1073
155
1.590 x 103
7.65
9.00
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1.000
—2.183 x 1072
1.455 x 1072
2.255x 1072
2.012 x 1072
—0.216
8.813 x 1072
1.658 x 1072
1.945 x 102
3.269 x 1072

9[Sue WIUaZ JR[0S

—2.183 x 1072
1.000
—4.539 x 1072
—0.411
—0.422
—0.194
8.226x 1073
—3.577 x 1072
—0.306
—0.148

opmine|

1.455 x 1072
—4.539x 1072
1.000
0.553
0.567
0.149
4.523 x 10~
1.097 x 1073
0.208
—5.018 x 1072

UwIn[oo [BONIAA [2101 0D

2.255 x 1072
—0.411
0.553
1.000
0.978
0.176
3.784 x 1073
1.555x 1072
0.290
2.736 x 1072

Table 7: Correlation matrix

Pa1021109-9d11S) UWIN[OD [BOTISA [210) 0D

2.012 % 102
—0.422
0.567
0.978
1.000
0.177
1.627 x 1073
1.637 x 1072
0.296
2.760 x 1072

uoIsIoaxd uwn[od [eoNIdA 12101 Q)

—0.216
—0.194
0.149
0.176
0.177
1.000
—2.708 x 102
—5.915%x 1072
6.049 x 102
—2.372x 1072

[eaatnal ur sjutod [enoads Jo Joquiny

8.813x 1072
8.226x 1073
4523 x 104
3.784 x 1073
1.627 x 1073
—2.708 x 1072
1.000

2.480 x 1073
—2.040 x 1072
1.936 x 1072

1.658 x 1072
—3.577x 1072
1.097 x 103
1.555x 1072
1.637 x 1072
—5.915x 1072
2.480x 1073
1.000
1.767 x 1072
—4.907 x 1073

[BUSIS J0J WOPA2IJ JO $9139(]

1.945 x 1072
—0.306
0.208
0.290
0.296
6.049 x 1072
—2.040 x 1072
1.767 x 1072
1.000
—4.664 x 1072

SUONIBIANI JO JoqUInN

3.269 x 1072
—0.148
—5.018 x 1072
2.736 x 1072
2.760 x 1072
—2.372x 1072
1.936 x 102
—4.907 x 1073
—4.664 x 1072
1.000



Table 8: Covariance matrix
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z B = 5 5 5 = g =
@ g & E E £ g g g
= = =g =8 =8 = a 5]
= @ g g g & 3 =
i : s 5 :
’ : : : E z
=1 =] = - 2.

=z e z. \E

=5 9] =

2 Z: g =

& S =}

= = 2

é 8,

(¢}

&

341 —7.50 13.1 3.262 x 1073 2.840x 1073 —2.312x 1073 2.11 3.106 x 103 0.190 0.781
—7.50 346 —41.1 —5.985x 1072 —5992x102 —2.086x 1073 0.198 —6.744 x 10° —3.01 —3.57
13.1 —41.1 2.374 x 103 0.211 0.211 4203 x 1073 2.860 x 1072 542 5.34 —3.16
3.262x 1073 —5.985x 1072 0.211 6.131 x 1073 5.847 x 1075 7.968 x 10~ 3.845x 107 1.23 1.200 x 1073 2.770 x 10~*
2.840x 1073 —5.992 x 102 0.211 5.847 x 107 5.832x 1073 7.801 x 1077 1.612x 107 1.27 1.194 x 1073 2725 x 10~*
—2312x 1073 —2.086x 1073 4203x1073  7.968 x 1077 7.801 x 10”7 3344 x 1077 —2.032x 1073 —0.347 1.848 x 1075 —1.774 x 1073

2.11 0.198 2.860x 1072 3.845x 1073 1.612x 1077  —2.032x 1077 1.68 32.6 —1.399x 1072 3.248 x 1072
3.106 x 103 —6.744 x 103 542 1.23 1.27 —0.347 32.6 1.028 x 108 94.6 —64.3
0.190 —3.01 5.34 1.200 x 1073 1.194 x 1073 1.848 x 1075 —1.399 x 102 94.6 0.279 —3.186 x 1072

0.781 —3.57 —3.16 2.770 x 10~ 2.725% 1074 —1.774x 1075 3.248 x 1072 —64.3 —3.186 x 1072 1.67
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Figure 1: Map of correlation graph for 2024-11-04 to 2024-11-06.
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Figure 2: Map of correlation matrix for 2024-11-04 to 2024-11-06.
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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
leNadirEquatorCrossing
processing mode
algorithm version
Orbit 6598 36599 36600 36601 36602 36603 36604 36605 36606 36607 36608 36609 36610 36611 36612 3661B

processor version
product version
revision

initialization (s)

processing (s)

time per pixel

o time per pixel

AUX CTMCH4 2024-11-04, 2024-11-0%024-11-04, '4-11'5 2024-11-06 2024-11-05, 2024-11-06
AUX CTM CO 2024-01-01

AUX ISRF 2021-01-07 10:32
AUX MET 2D
AUX MET QP

AUX MET TP
CFGCO F 2021-01-29 00:00
CFG CO 2024-04-25 00:00

L1B IR SIR B
REF DEM 2019-04-04
REF SOLAR 2021-01-07 13:24
REF XS CO 2020-06-22 08:56
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

2024-11-04

Figure 4: Input data per granule
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5 Warnings and errors
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© 1 =@ cloud filter occurrences -{- ground pixels with warnings == rejected pixels not enough spectrum
o == cloud warning occurrences -)— input spectrum warning occurrences  =s= successfully processed pixels
: 1 =@~ convergence error occurrences =l ler range error occurrences == sun glint warning occurrences
o 1 == data range warning occurrences == processed pixels -'- Szarange error occurrences
c | -‘- failed retrievals radiance missing occurrences
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Figure 5: Fraction of pixels with specific warnings and errors during processing
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6 World maps

2024-11-05

<0 T >

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 2024-11-04 to 2024-11-06
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2024-11-05
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Figure 7: Map of “CO total vertical column (stripe-corrected)” for 2024-11-04 to 2024-11-06
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Figure 8: Map of the number of observations for 2024-11-04 to 2024-11-06
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7 Zonal average
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Figure 9: Zonal average of “QA value” for 2024-11-04 to 2024-11-06.
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Figure 10: Zonal average of “CO total vertical column” for 2024-11-04 to 2024-11-06.
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Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2024-11-04 to 2024-11-06.
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Figure 12: Zonal average of “CO total vertical column precision” for 2024-11-04 to 2024-11-06.
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Figure 13: Zonal average of “Number of spectral points in retrieval” for 2024-11-04 to 2024-11-06.
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Figure 14: Zonal average of “y>” for 2024-11-04 to 2024-11-06.
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Figure 15: Zonal average of “Degrees of freedom for signal” for 2024-11-04 to 2024-11-06.
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Figure 16: Zonal average of “Number of iterations” for 2024-11-04 to 2024-11-06.
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8 Histograms

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

Observation density

Number of observations

¥ Mean A Median -4 - Standard deviation - Inter quartile range
60 -
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40
30 A
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10 4
OJ PONON sivintututeibmtntc -sbotvints. NUNTIRIRIRINN .
0.0 0.2 0.4 0.6 0.8 1.0
16 2024-11-05
4 -
3 -
2 4
1-
NN ST . P
0 T ’ T T ’
0.0 0.2 0.4 0.6 0.8 1.0
QA value

Figure 17: Histogram of “QA value” for 2024-11-04 to 2024-11-06
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Figure 18: Histogram of “CO total vertical column” for 2024-11-04 to 2024-11-06
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Number of observations
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Figure 19: Histogram of “CO total vertical column (stripe-corrected)” for 2024-11-04 to 2024-11-06
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Number of observations
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Figure 20: Histogram of “CO total vertical column precision” for 2024-11-04 to 2024-11-06
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Observation density

¥  Mean A Median -+ Standard deviation ~§- Inter quartile range
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Figure 21: Histogram of “Number of spectral points in retrieval” for 2024-11-04 to 2024-11-06

30



¥  Mean A Median -+ Standard deviation ~§- Inter quartile range

0.0008 A

ity

0.0006 -

= 0.0004

Observation dens

0.0002 A

0 500 1000 1500 2000 2500 3000 3500 4000 4500
2024-11-05

300000 A

ons

.2 250000 -
200000 A
150000 -

100000 A

Number of ohservat

50000 -

0 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500
X2

Figure 22: Histogram of “y2” for 2024-11-04 to 2024-11-06
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Figure 23: Histogram of “Degrees of freedom for signal” for 2024-11-04 to 2024-11-06
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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 2024-11-04 to 2024-11-06
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Figure 26: Along track statistics of “CO total vertical column” for 2024-11-04 to 2024-11-06
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2024-11-04 to 2024-11-06
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Figure 28: Along track statistics of “CO total vertical column precision” for 2024-11-04 to 2024-11-06
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2024-11-04 to 2024-11-06
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Figure 30: Along track statistics of “x2” for 2024-11-04 to 2024-11-06
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2024-11-04 to 2024-11-06

40



Number of iterations

1-99% - 5-95% -—— 10-90% === 23-75% — Median

0 25 50 75 100 125 150 175 200
Binned row index

Figure 32: Along track statistics of “Number of iterations” for 2024-11-04 to 2024-11-06
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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 2024-
11-04 to 2024-11-06.

42



0.007

2024-11-05

x10%

.
R=0.176

0.006 A

0.005 A

0.002

CO total vertical column precision [mol m—2]

0.02

0.03

CO total vertical column [mol m—2]

0.04

0.05

0.006 A

0.005 A

0.002

0.001

CO total vertical column precision [mol m~2]

2024-11-05
-- - - -
:- - = F-r

Figure 34: Scatter density plot of “CO total vertical column” against “CO total vertical column precision” for 2024-11-04 to

2024-11-06.

0.02

0.03

CO total vertical column [mol m-2]

0.04

43

0.05

0.06

0.07

3.0

2.5

= N
(0] o
Number of observations

=
o

0.5

0.0

104

103

102

Number of observations

10!

10°



2024-11-05 «10°

4500 2.00
4000 1.75
3500

1.50
2
3000 5
125 ®
c
2500 b
3 1.00 8
2000 5
(0]
0.75 £
1500 =
=2
1000 0.50
500 0.25
0 T T T T T T 1 000
0.01 0.02 0.03 0.04 0.05 0.06 0.07
CO total vertical column [mol m—2]
2024-11-05
4500
104
4000
3500
103 [}
3000 S
©
b
2500 s
0
i< 22
2000 105
Q
o)
1500 E
=2
1000 10!
500

100

0.01 0.02 0.03 0.04 0.05 0.06 0.07
CO total vertical column [mol m-2]
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Figure 37: Scatter density plot of “CO total vertical column (stripe-corrected)” against “x2” for 2024-11-04 to 2024-11-06.
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Figure 44: Scatter density plot of “CO total vertical column precision” against “y2” for 2024-11-04 to 2024-11-06.
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Figure 45: Scatter density plot of “CO total vertical column precision” against “Degrees of freedom for signal” for 2024-11-
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Figure 46: Scatter density plot of “CO total vertical column precision” against “Number of iterations” for 2024-11-04 to
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55



2024-11-05 5
200 X100 4o
R= —0.027
175 1 3.5
©
® )
£ 150 1 - 3.0
8 (7))
C
£ - .°
0 1259 " 25 ®
= &
< i <
o (%]
< 100 - 4 208
s : §S
(] : CIL.)
& 75 152
5 . 5
5 =2
€ 501 T 1.0
> =
25 A 0.5
0 T T T T T T O-O
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007
CO total vertical column precision [mol m~2]
2024-11-05
200
5
175 A 10
©
® 1
‘£ 150 -I -
o 104 o
C
£ - o
u 125 1 i =
= c
£ c
o - 103 v
< 100 - 4 S
s : 5
[0) - 5
CEREE B 102 ¢
(o] - S
5 b=
g 501 T
=2 "l 101
25
O T T T T T T 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 47: Scatter density plot of “CO total vertical column precision” against “Number of spectral points in retrieval” for
2024-11-04 to 2024-11-06.
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Figure 51: Scatter density plot of “Latitude” against “CO total vertical column” for 2024-11-04 to 2024-11-06.
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Figure 52: Scatter density plot of “Latitude” against “CO total vertical column (stripe-corrected)” for 2024-11-04 to 2024-
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Figure 54: Scatter density plot of “Latitude” against “}>” for 2024-11-04 to 2024-11-06.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2024-11-04 to 2024-11-06.
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Figure 56: Scatter density plot of “Latitude” against “Number of iterations” for 2024-11-04 to 2024-11-06.
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Figure 57: Scatter density plot of “Latitude” against “Number of spectral points in retrieval” for 2024-11-04 to 2024-11-06.
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Figure 59: Scatter density plot of “Number of spectral points in retrieval” against “Degrees of freedom for signal” for 2024-
11-04 to 2024-11-06.
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Figure 60: Scatter density plot of “Number of spectral points in retrieval” against “Number of iterations” for 2024-11-04 to
2024-11-06.
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Figure 61: Scatter density plot of “Solar zenith angle” against “CO total vertical column” for 2024-11-04 to 2024-11-06.
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Figure 62: Scatter density plot of “Solar zenith angle” against “CO total vertical column (stripe-corrected)” for 2024-11-04
to 2024-11-06.
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Figure 63: Scatter density plot of “Solar zenith angle” against “CO total vertical column precision” for 2024-11-04 to 2024-
11-06.
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Figure 64: Scatter density plot of “Solar zenith angle” against “x2” for 2024-11-04 to 2024-11-06.
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Figure 65: Scatter density plot of “Solar zenith angle” against “Degrees of freedom for signal” for 2024-11-04 to 2024-11-
06.
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Figure 66: Scatter density plot of “Solar zenith angle” against “Latitude” for 2024-11-04 to 2024-11-06.
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Figure 67: Scatter density plot of “Solar zenith angle” against “Number of iterations” for 2024-11-04 to 2024-11-06.
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