PyCAMA report generated by tropl2-proc

tropl2-proc
2025-06-01 (02:15)

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
0.607 +0.239
(2.693 £0.667) x 1072
(2.69340.641) x 1072
(1.12540.611) x 1073
154 +1

(0.19241.048) x 10*

7.50+£0.45

8.45+1.28

Count
7261913
7261913
7261913
7261913
7261913
7261913
7261913
7261913

Mode
0.705
2.950 x 1072
3.010 x 1072
6.650 x 1074
155
562
7.95
8.17

IQR
0.300
9.587 x 1073
9.299 x 1073
7.182x 1074
2.00
1.431 x 103
0.892
1.000

Median
0.700
2.798 x 102
2.827 x 1072
9.333x 1074
154
1.298 x 103
7.61
8.00

Minimum

0.0
0.0

—4.026x 1073

0.0
31.0
189
4.00
5.00

Maximum
1.000
0.277
0.274

6.391 x 1072
156
5.841 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
1.282 x 1072
1.369 x 102
3.798 x 1074
151
361
6.00
6.00

5%

0.0
1.569 x 1072
1.604 x 1072
4.833x 1074

152

450

7.00

7.00

Table 2: Percentile ranges

10 % 15.9% 25% 75 % 84.1% 90 %
0.400 0.400 0.400 0.700 0.700 0.700
1746 x 1072 1918 x 1072 2.181x 1072 3.140x 1072 3.301 x 1072 3.460 x 1072
1.765% 1072 1.927x 1072 2.181x1072 3.111x1072 3.249x 1072 3.410x 1072
55161074 6.072x10~* 6.811x107* 1.399x 1073 1.712x1073 2.019x 1073
153 153 153 155 155 156
529 618 766 2.197x10° 2783 x10°  3.411x 10

7.00 7.00 7.03 7.92 7.97 7.98
7.00 8.00 8.00 9.00 9.00 9.00

95% 99 %
1.000 1.000
3.704x 1072 4.213x 1072
3.657x 1072  4.141 x 1072
2.410x 1073 3.040x 1073
156 156
4571 x10°  8.863x 10°
7.99 8.00
11.0 14.0



Table 3: Parameterlist and basic statistics for the analysis for observations in the northern 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
0.625+0.230
(3.002+0.488) x 1072
(3.00240.450) x 102
(1.05740.583) x 1073
15441

(0.22141.236) x 10*

7.46+0.46

8.46+1.37

Count
5027308
5027308
5027308
5027308
5027308
5027308
5027308
5027308

IQR
0.300
5.265%x 1073
4.355x 1073
6.742 x 1074
2.00
1.674 x 103
0.890
1.000

Median
0.700
2.995 x 102
2.996 x 1072
8.575x 1074
154
1.520 x 103
7.53
8.00

Minimum

0.0
0.0

—3.418x 1073

0.0

31.0
213
4.00
5.00

Maximum 25 % percentile
1.000 0.400
0.100 2.735x 1072

9.914x 1072  2.777x 1072
1.857x 1072  6.421x 1074

156 153
5.841 x 10° 859
8.00 7.01
15.0 8.00

75 % percentile
0.700
3.261 x 102
3.213x 1072
1.316 x 103
155
2.534 x 103
7.90
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]

mean +0o Count IQR

0.568+0.254 2234605 0.300
(1.99940.462) x 1072 2234605 5.559 x 1073
(1.99840.427) x 1072 2234605 5.088 x 1073
(1.277+£0.645) x 1073 2234605 7.698 x 1074

154+1 2234605 2.00

(0.126 +0.352) x 10* 2234605 861
7.5940.41 2234605 0.724
8.4441.04 2234605 1.000

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

Median Minimum Maximum
0.700 0.0 1.000
1.948 x 102 0.0 0.277
1.946 x 1072 —4.026 x 1073 0.274
1.081 x 1073 0.0 6.391 x 1072
154 147 156
983 189 2.018 x 10°
7.76 4.00 8.00
8.00 5.00 15.0

25 % percentile
0.400
1.689 x 1072
1.709 x 1072
8.071 x 10~*
153
650
7.23
8.00

75 % percentile
0.700
2.244 x 102
2.217x 1072
1.577 x 1073
155
1.511 x 103
7.95
9.00



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

Variable mean £0 Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.59740.233 4742145 0.300 0.700 0.0 1.000 0.400 0.700
carbonmonoxide total column [mol m~2] (2.6354+0.690) x 1072 4742145 1.091 x 1072 2.766 x 102 0.0 0.277 2.038x 1072 3.129x 1072
carbonmonoxide total column corrected [mol m=2] | (2.63540.665) x 1072 4742145 1.073x 1072 2.804 x 1072 —4.026 x 1073 0.274 2.031x 1072 3.104x 1072
carbonmonoxide total column precision [mol m—2] | (1.210+£0.654) x 10~3 4742145 8.380x 107* 9.957x107* 0.0 6.391 x 1072 7.131 x 107* 1.551 x 1073
number of spectral points in retrieval [1] 15441 4742145 2.00 154 31.0 156 153 155

chi square [1] (0.1594+0.915) x 10* 4742145 1.140x 10>  1.125x 10? 189 5.841 x 10° 703 1.843 x 103
degrees of freedom [1] 7.5240.42 4742145 0.838 7.62 4.00 8.00 7.08 7.92
number of iterations [1] 8.494+1.27 4742145 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 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
0.632+0.254
(2.739+0.580) x 1072
(2.74140.551) x 1072
(9.356+4.835) x 10~*
15441

(0.26641.184) x 10*

7.434+0.50

8.37+1.27

Count
1673843
1673843
1673843
1673843
1673843
1673843
1673843
1673843

IQR
0.300
7.535%x 1073
7.031 x 1073
5.615x 1074
2.00
2.135 x 103
0.903
1.000

Median
0.700
2.776 x 1072
2.794 x 1072
8.071 x 104
154
1.839 x 103
7.47
8.00

Minimum
0.0
0.0
—3.455% 1073
0.0
31.0
213
5.00
5.00

Maximum
1.000
8.988 x 1072
9.052 x 1072
9.326x 1073
156
3.694 x 10°
8.00
15.0

25 % percentile
0.400
2.352x 1072
2.371 x 1072
5.954 x 1074
153
975
7.01
8.00

75 % percentile
0.700
3.106 x 1072
3.074 x 1072
1.157 x 1073
155
3.110 x 103
7.91
9.00



Table 7: Correlation matrix

5 4 3 3 3 3 z g ¥ z
< 3 = g g5 5 2 5 2
i § & = =) =) 3 & 8
8 = g g g = = 2
. = =3 = L7} =g =
= g & & & 3 g g
o s, =N = =3 o4 g s
= = =] =) o
2 el 2 1q
z g 5 E
3 z: ?a -
& o =.
o = 9]
§ g,
(¢}
&
1.000 4178 x 1072 —3.294x 1072 —2.102x102 —2.158x1072 —0.212 8.575 x 1072 8.806 x 1073 6.506 x 1072 5.507 x 1072
4.178 x 1072 1.000 1.019 x 1072 —0.335 —0.350 —0.108 4516 x 1073 —5.982x 1072 —0.129 —0.121
—3.294%x 1072  1.019x 1072 1.000 0.642 0.669 —0.210 —2.506x 1073 2.490 x 1072 —0.167 —1.060 x 1073
—2.102x 1072 —0.335 0.642 1.000 0.966 —6.888x 1072  1.707 x 1072 3.829%x 1072  —7366x 1072 2.318x 1072
—2.158 x 1072 —0.350 0.669 0.966 1.000 —7.588x 1072  9.038x 1073 4.032x1072 —7379%x 1072 2.346x 1072
—0.212 —0.108 —0.210 —6.888x 1072 —7.588x 1072 1.000 —1.964x 1072 —-8376x 1072 6.372x1072 —1.825x 1072
8.575 x 1072 4516 x 1073  —2.506x 1073 1707 x 1072 9.038 x 1073 —1.964 x 1072 1.000 5153 x107% —9.330x 1073  1.903x 1072
8.806x 1073  —5.982x 1072  2.490x 102 3.829 x 102 4.032x1072 —8376x1072 5.153x107* 1.000 —2.124x107%2 5597x 1073
6.506 x 1072 —0.129 —0.167 —7366x1072 —7379x1072  6372x1072 —9330x103 —2.124x102 1.000 —5.834 x 1072

5.507 x 1072 —0.121 —1.060x 1073 2.318x 1072 2346x 1072 —1.825x 1072  1.903x 1072 5597 %1073  —5.834 x 1072 1.000



Table 8: Covariance matrix
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348 16.5 —27.8 —2.615%x1073 —2580x10"3 —2413x1073 2.06 1.720 x 103 0.544 1.31
16.5 448 9.77 —4727x 1072 —4.745%x 1072 —1.392x 1073 0.123 —1.327 x 10* —-1.22 —3.27
—27.8 9.77 2.050 x 103 0.194 0.194 —5.806x 1073 —0.146 1.181 x 10* —3.39 —6.135x 1072
—2615x1073 —4.727x 1072 0.194 4.448 x 107 4.129%x 1075 —2.808x 1077  1.464 x 10~* 2.68 —2202%x107* 1976 x10~*
—2.580x%x 1073 —4.745x 1072 0.194 4.129 x 1073 4.110x 1075 —2.974x 1077  7.453x 107 2.71 —2.120x107*  1.922x10~*
—2413x 1073 —1.392x103 —5806x 1073 —2808x10"7 —2974x10~7 3.737x1077 —1.545%x107° —0.536 1.745x 10 —1.426x 1073
2.06 0.123 —0.146 1.464 x 1074 7453 %1075  —1.545x 1075 1.65 6.94 —5378x 1073 3.129x 102
1.720 x 103 —1.327 x 10* 1.181 x 10* 2.68 2.71 —0.536 6.94 1.097 x 108 —99.7 74.9
0.544 —-1.22 —3.39 —2202%x107* —2.120x10™* 1.745x10™° —5.378x 1073 —99.7 0.201 —3.341 x 1072

1.31 —3.27 —6.135x 1072 1976 x 10~* 1.922x107* —1.426x 107>  3.129 x 1072 74.9 —3.341 x 1072 1.63
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Figure 1: Map of correlation graph for 2025-05-16 to 2025-05-18.
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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

e
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Figure 2: Map of correlation matrix for 2025-05-16 to 2025-05-18.
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3 Granule outlines
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Figure 3: Outline of the granules.
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4 Input data mo

processing status
Status CTMCH4

Status CTM CO

Status MET 2D

leNadirEquatorCrossing i

nitoring

processing mode Offline

algorithm version

orbit 39336 39337 39338 39339 39340 39341 39342 39343 39344 39345 39346 39347 39348 39349 39350 3935

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

o time per pixel

2.8.0

1.5.0

f775492ad134

AUX CTMCH4 2025-05-16, 2025-05-2025-05-16, i ' 2025-05-18 2025-05-17, 2025-05-18
AUX CTM CO 2025-01-01
AUX ISRF 2021-01-07 10:32
AUX MET 2D EHd8 2025'-17 03:@®25-05-17 03:00 20 .17 03:00, 2025 I15:m)2 -17 zamos-llls:oo, 2025
XSy QY =alelal 5:00, 20258-17 03:0025-05-17 03:00 2025-.17 03:00, 2025-0 15:0025-05-17 252}3}05-1.15:00, 2025
AUX MET TP -17 03:@®25-05-17 03:00 20 -.17 03:00, 2025 Ils:rmnz
CFGCO F 2021-01-29 00:00
CFG CO 2024-10-04 00:00
L1B IR SIR 39343
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
2025-05-16

Figure 4: Input data per granule
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S Warnings and errors

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

2025-05-17
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Figure 6: Map of “CO total vertical column” for 2025-05-16 to 2025-05-18
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2025-05-17
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Figure 7: Map of “CO total vertical column (stripe-corrected)” for 2025-05-16 to 2025-05-18
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2025-05-17
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Figure 8: Map of the number of observations for 2025-05-16 to 2025-05-18
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7 Zonal average
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Figure 9: Zonal average of “QA value” for 2025-05-16 to 2025-05-18.
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Figure 10: Zonal average of “CO total vertical column” for 2025-05-16 to 2025-05-18.

19




— all
80 1 — land

— Sea

60

40 -

20 1

Latitude [degrees]
o

—20 1

_40 .

—00 1

_80 4

0.015 0.020 0.025 0.030 0.035
CO total vertical column (stripe-corrected) [mol m—2]

Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2025-05-16 to 2025-05-18.
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Figure 12: Zonal average of “CO total vertical column precision” for 2025-05-16 to 2025-05-18.
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Figure 13: Zonal average of “Number of spectral points in retrieval” for 2025-05-16 to 2025-05-18.
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Figure 14: Zonal average of “y>” for 2025-05-16 to 2025-05-18.
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Figure 15: Zonal average of “Degrees of freedom for signal” for 2025-05-16 to 2025-05-18.
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Figure 16: Zonal average of “Number of iterations” for 2025-05-16 to 2025-05-18.




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 2025-05-16 to 2025-05-18
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Figure 18: Histogram of “CO total vertical column” for 2025-05-16 to 2025-05-18

27

0.07



Number of observations

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

~J
o
1

= wn D
o o o
1 1 1

Observation density

= e Loy}
(=] [=) [=)
1 1 I

0 T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07
2025-05-17

400000 -

300000 A

200000 -

100000 -

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

Figure 19: Histogram of “CO total vertical column (stripe-corrected)” for 2025-05-16 to 2025-05-18
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Figure 20: Histogram of “CO total vertical column precision” for 2025-05-16 to 2025-05-18
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Observation density
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Figure 21: Histogram of “Number of spectral points in retrieval” for 2025-05-16 to 2025-05-18
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Figure 22: Histogram of “x2” for 2025-05-16 to 2025-05-18
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Observation density
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Figure 23: Histogram of “Degrees of freedom for signal” for 2025-05-16 to 2025-05-18
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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.

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

QA value

T
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Binned row index

Figure 25: Along track statistics of “QA value” for 2025-05-16 to 2025-05-18
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Figure 26: Along track statistics of “CO total vertical column” for 2025-05-16 to 2025-05-18
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2025-05-16 to 2025-05-18
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Figure 28: Along track statistics of “CO total vertical column precision” for 2025-05-16 to 2025-05-18
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2025-05-16 to 2025-05-18

38



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

14000 A

12000 A

10000 A

8000 A

6000 A

4000

2000

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

Figure 30: Along track statistics of “)2” for 2025-05-16 to 2025-05-18
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2025-05-16 to 2025-05-18
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Figure 32: Along track statistics of “Number of iterations” for 2025-05-16 to 2025-05-18
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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.
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Figure 33: Scatter density plot of “CO total vertical column” against “CO total vertical column (stripe-corrected)” for 2025-
05-16 to 2025-05-18.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2025-05-16 to 2025-05-18.
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Figure 58: Scatter density plot of “Number of spectral points in retrieval” against “y>” for 2025-05-16 to 2025-05-18.
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Figure 63: Scatter density plot of “Solar zenith angle” against “CO total vertical column precision” for 2025-05-16 to 2025-

05-18.
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Figure 67: Scatter density plot of “Solar zenith angle” against “Number of iterations” for 2025-05-16 to 2025-05-18.
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Figure 68: Scatter density plot of “Solar zenith angle” against “Number of spectral points in retrieval” for 2025-05-16 to
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Figure 69: Scatter density plot of “Viewing zenith angle” against “CO total vertical column” for 2025-05-16 to 2025-05-18.
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Figure 72: Scatter density plot of “Viewing zenith angle” against “y>” for 2025-05-16 to 2025-05-18.
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Figure 73: Scatter density plot of “Viewing zenith angle” against “Degrees of freedom for signal” for 2025-05-16 to 2025-
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Figure 76: Scatter density plot of “Viewing zenith angle” against “Number of spectral points in retrieval” for 2025-05-16 to
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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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