
PyCAMA report generated by tropl2-proc

tropl2-proc

2023-11-13 (01:16)

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:

x =
1
N

N

∑
i=1

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 σ(x) =

√
V (x).

V (x) =
1

N−1

N

∑
i=1

(xi− x)2 (2)

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:

P(x≤ m) = P(x≥ m) =
∫ m

−∞

f (x)dx =
1
2

(3)

with f (x) the probability density function.
The median is a special case of a percentile. Instead of ½ 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 µ ±σ values and the 15.9 % and
84.1 % percentiles coincide.

To get a measure for the relation of one variable x(k) with another x(l), we calculate the covariance matrix Ckl .

Ckl =C(x(k),x(l)) =
1

N−1

N

∑
i=1

(x(k),i− x(k))(x(l),i− x(l)) (4)

Rather than a dimensionally dependent covariance, it is often easier to interpret a correlation matrix Rkl , a matrix of Pearson’s
r coefficients:

Rkl = R(x(k),x(l)) =
Ckl√
CkkCll

=
Ckl√

V (xk)V (xl)
(5)

The diagonal elements of the covariance matrix are the variances of the elements, V (x(k)) =Ckk and obviously Rkk = 1.
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Table 1: Parameterlist and basic statistics for the analysis
Variable mean±σ Count Mode IQR Median Minimum Maximum
qa value [1] 0.607±0.282 7252162 0.705 0.300 0.700 0.0 1.000
carbonmonoxide total column [mol m-2] (2.667±0.928)×10−2 7252162 1.930×10−2 1.356×10−2 2.639×10−2 0.0 0.277
carbonmonoxide total column corrected [mol m-2] (2.665±0.916)×10−2 7252162 1.930×10−2 1.348×10−2 2.640×10−2 −3.146×10−3 0.277
carbonmonoxide total column precision [mol m-2] (1.097±0.586)×10−3 7252162 6.650×10−4 6.926×10−4 9.319×10−4 0.0 2.529×10−2

number of spectral points in retrieval [1] 154±1 7252162 155 2.00 154 30.0 156
chi square [1] (0.138±0.849)×104 7252162 472 975 968 186 3.103×106

degrees of freedom [1] 7.39±0.54 7252162 7.95 0.900 7.44 4.00 8.00
number of iterations [1] 8.54±1.26 7252162 8.17 1.000 8.00 5.00 15.0
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Table 2: Percentile ranges
Variable 1 % 5 % 10 % 15.9 % 25 % 75 % 84.1 % 90 % 95 % 99 %
qa value [1] 0.0 0.0 0.0 0.400 0.400 0.700 0.700 1.000 1.000 1.000
carbonmonoxide total column [mol m-2] 1.060×10−2 1.265×10−2 1.473×10−2 1.708×10−2 1.954×10−2 3.310×10−2 3.554×10−2 3.760×10−2 4.095×10−2 5.287×10−2

carbonmonoxide total column corrected [mol m-2] 1.089×10−2 1.273×10−2 1.486×10−2 1.730×10−2 1.957×10−2 3.306×10−2 3.536×10−2 3.728×10−2 4.064×10−2 5.274×10−2

carbonmonoxide total column precision [mol m-2] 3.527×10−4 4.554×10−4 5.296×10−4 5.893×10−4 6.715×10−4 1.364×10−3 1.648×10−3 1.930×10−3 2.315×10−3 2.953×10−3

number of spectral points in retrieval [1] 151 152 153 153 153 155 155 156 156 156
chi square [1] 318 380 434 495 597 1.571×103 1.953×103 2.356×103 3.024×103 5.322×103

degrees of freedom [1] 6.00 6.02 7.00 7.00 7.00 7.90 7.96 7.98 7.99 8.00
number of iterations [1] 6.00 7.00 8.00 8.00 8.00 9.00 9.00 9.00 11.0 14.0

3



Table 3: Parameterlist and basic statistics for the analysis for observations in the northern hemisphere
Variable mean±σ Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.610±0.272 2964287 0.300 0.700 0.0 1.000 0.400 0.700
carbonmonoxide total column [mol m-2] (3.167±0.577)×10−2 2964287 6.953×10−3 3.204×10−2 0.0 0.123 2.827×10−2 3.523×10−2

carbonmonoxide total column corrected [mol m-2] (3.166±0.556)×10−2 2964287 6.629×10−3 3.206×10−2 −8.090×10−4 0.121 2.842×10−2 3.505×10−2

carbonmonoxide total column precision [mol m-2] (1.193±0.640)×10−3 2964287 7.691×10−4 1.023×10−3 0.0 1.922×10−2 7.314×10−4 1.500×10−3

number of spectral points in retrieval [1] 154±1 2964287 2.00 154 145 156 153 155
chi square [1] (0.131±0.693)×104 2964287 880 892 188 2.864×106 573 1.453×103

degrees of freedom [1] 7.45±0.48 2964287 0.917 7.50 5.00 8.00 7.00 7.92
number of iterations [1] 8.43±1.10 2964287 1.000 8.00 5.00 15.0 8.00 9.00
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Table 4: Parameterlist and basic statistics for the analysis for observations in the southern hemisphere
Variable mean±σ Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.604±0.289 4287875 0.300 0.700 0.0 1.000 0.400 0.700
carbonmonoxide total column [mol m-2] (2.321±0.967)×10−2 4287875 9.993×10−3 2.108×10−2 0.0 0.277 1.691×10−2 2.690×10−2

carbonmonoxide total column corrected [mol m-2] (2.319±0.956)×10−2 4287875 9.589×10−3 2.102×10−2 −3.146×10−3 0.277 1.714×10−2 2.673×10−2

carbonmonoxide total column precision [mol m-2] (1.031±0.536)×10−3 4287875 6.255×10−4 8.713×10−4 0.0 2.529×10−2 6.443×10−4 1.270×10−3

number of spectral points in retrieval [1] 154±1 4287875 2.00 154 30.0 156 153 155
chi square [1] (0.144±0.941)×104 4287875 1.024×103 1.029×103 186 3.103×106 617 1.641×103

degrees of freedom [1] 7.35±0.57 4287875 0.884 7.39 4.00 8.00 7.00 7.88
number of iterations [1] 8.61±1.35 4287875 1.000 8.00 5.00 15.0 8.00 9.00
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Table 5: Parameterlist and basic statistics for the analysis for observations over water
Variable mean±σ Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.640±0.209 4215829 0.0 0.700 0.0 1.000 0.700 0.700
carbonmonoxide total column [mol m-2] (2.668±0.735)×10−2 4215829 1.125×10−2 2.574×10−2 0.0 0.277 2.077×10−2 3.202×10−2

carbonmonoxide total column corrected [mol m-2] (2.666±0.717)×10−2 4215829 1.116×10−2 2.566×10−2 −3.146×10−3 0.277 2.079×10−2 3.194×10−2

carbonmonoxide total column precision [mol m-2] (1.227±0.626)×10−3 4215829 8.075×10−4 1.059×10−3 0.0 2.529×10−2 7.495×10−4 1.557×10−3

number of spectral points in retrieval [1] 154±1 4215829 2.00 154 30.0 156 153 155
chi square [1] (0.143±0.973)×104 4215829 943 1.024×103 186 3.103×106 642 1.586×103

degrees of freedom [1] 7.50±0.46 4215829 0.923 7.65 4.00 8.00 7.01 7.93
number of iterations [1] 8.75±1.37 4215829 1.000 8.00 5.00 15.0 8.00 9.00
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Table 6: Parameterlist and basic statistics for the analysis for observations over land
Variable mean±σ Count IQR Median Minimum Maximum 25 % percentile 75 % percentile
qa value [1] 0.567±0.359 2482307 0.300 0.700 0.0 1.000 0.400 0.700
carbonmonoxide total column [mol m-2] (2.498±1.149)×10−2 2482307 1.833×10−2 2.475×10−2 0.0 0.257 1.447×10−2 3.279×10−2

carbonmonoxide total column corrected [mol m-2] (2.496±1.141)×10−2 2482307 1.838×10−2 2.501×10−2 −2.209×10−3 0.261 1.440×10−2 3.278×10−2

carbonmonoxide total column precision [mol m-2] (8.695±4.299)×10−4 2482307 4.781×10−4 7.569×10−4 0.0 6.725×10−3 5.753×10−4 1.053×10−3

number of spectral points in retrieval [1] 154±1 2482307 2.00 154 82.0 156 153 155
chi square [1] (0.136±0.616)×104 2482307 1.065×103 913 188 2.864×106 550 1.615×103

degrees of freedom [1] 7.21±0.61 2482307 0.796 7.04 4.00 8.00 7.00 7.80
number of iterations [1] 8.24±0.99 2482307 0.0 8.00 5.00 15.0 8.00 8.00
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Table 7: Correlation matrix
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1.000 −2.486×10−3 2.673×10−4 6.784×10−3 6.874×10−3 −0.219 8.834×10−2 1.760×10−2 −3.354×10−3 2.195×10−2

−2.486×10−3 1.000 −5.533×10−3 −0.281 −0.284 −0.207 7.838×10−3 −3.319×10−2 −0.296 −0.122
2.673×10−4 −5.533×10−3 1.000 0.668 0.677 0.190 3.238×10−4 −3.510×10−3 0.171 −4.312×10−2

6.784×10−3 −0.281 0.668 1.000 0.990 0.209 1.900×10−3 7.002×10−3 0.232 −8.793×10−3

6.874×10−3 −0.284 0.677 0.990 1.000 0.209 −6.903×10−4 7.271×10−3 0.235 −9.512×10−3

−0.219 −0.207 0.190 0.209 0.209 1.000 −2.932×10−2 −6.473×10−2 6.501×10−2 −1.610×10−2

8.834×10−2 7.838×10−3 3.238×10−4 1.900×10−3 −6.903×10−4 −2.932×10−2 1.000 2.112×10−3 −1.702×10−2 1.417×10−2

1.760×10−2 −3.319×10−2 −3.510×10−3 7.002×10−3 7.271×10−3 −6.473×10−2 2.112×10−3 1.000 1.575×10−2 −7.484×10−3

−3.354×10−3 −0.296 0.171 0.232 0.235 6.501×10−2 −1.702×10−2 1.575×10−2 1.000 −7.420×10−2

2.195×10−2 −0.122 −4.312×10−2 −8.793×10−3 −9.512×10−3 −1.610×10−2 1.417×10−2 −7.484×10−3 −7.420×10−2 1.000
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Table 8: Covariance matrix
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340 −0.855 0.238 1.162×10−3 1.162×10−3 −2.370×10−3 2.12 2.755×103 −3.315×10−2 0.509
−0.855 348 −4.98 −4.855×10−2 −4.852×10−2 −2.257×10−3 0.190 −5.251×103 −2.96 −2.85
0.238 −4.98 2.335×103 0.300 0.300 5.366×10−3 2.039×10−2 −1.440×103 4.43 −2.62

1.162×10−3 −4.855×10−2 0.300 8.619×10−5 8.422×10−5 1.136×10−6 2.298×10−5 0.552 1.155×10−3 −1.027×10−4

1.162×10−3 −4.852×10−2 0.300 8.422×10−5 8.392×10−5 1.121×10−6 −8.241×10−6 0.565 1.152×10−3 −1.096×10−4

−2.370×10−3 −2.257×10−3 5.366×10−3 1.136×10−6 1.121×10−6 3.433×10−7 −2.239×10−5 −0.322 2.041×10−5 −1.186×10−5

2.12 0.190 2.039×10−2 2.298×10−5 −8.241×10−6 −2.239×10−5 1.70 23.4 −1.188×10−2 2.323×10−2

2.755×103 −5.251×103 −1.440×103 0.552 0.565 −0.322 23.4 7.201×107 71.6 −79.9
−3.315×10−2 −2.96 4.43 1.155×10−3 1.152×10−3 2.041×10−5 −1.188×10−2 71.6 0.287 −5.001×10−2

0.509 −2.85 −2.62 −1.027×10−4 −1.096×10−4 −1.186×10−5 2.323×10−2 −79.9 −5.001×10−2 1.58
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Figure 1: Map of correlation graph for 2023-10-28 to 2023-10-30.
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Figure 2: Map of correlation matrix for 2023-10-28 to 2023-10-30.
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3 Granule outlines

Figure 3: Outline of the granules.
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4 Input data monitoring

Figure 4: Input data per granule
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5 Warnings and errors

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

Figure 6: Map of “CO total vertical column” for 2023-10-28 to 2023-10-30
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Figure 7: Map of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-30
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Figure 8: Map of the number of observations for 2023-10-28 to 2023-10-30
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7 Zonal average

Figure 9: Zonal average of “QA value” for 2023-10-28 to 2023-10-30.
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Figure 10: Zonal average of “CO total vertical column” for 2023-10-28 to 2023-10-30.

19



Figure 11: Zonal average of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-30.
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Figure 12: Zonal average of “CO total vertical column precision” for 2023-10-28 to 2023-10-30.
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Figure 13: Zonal average of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-30.
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Figure 14: Zonal average of “χ2” for 2023-10-28 to 2023-10-30.
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Figure 15: Zonal average of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-30.
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Figure 16: Zonal average of “Number of iterations” for 2023-10-28 to 2023-10-30.
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8 Histograms
The definitions of the parameters given in this section can be found in section 2.

Figure 17: Histogram of “QA value” for 2023-10-28 to 2023-10-30
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Figure 18: Histogram of “CO total vertical column” for 2023-10-28 to 2023-10-30
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Figure 19: Histogram of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-30
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Figure 20: Histogram of “CO total vertical column precision” for 2023-10-28 to 2023-10-30
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Figure 21: Histogram of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-30
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Figure 22: Histogram of “χ2” for 2023-10-28 to 2023-10-30
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Figure 23: Histogram of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-30
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Figure 24: Histogram of “Number of iterations” for 2023-10-28 to 2023-10-30
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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.

Figure 25: Along track statistics of “QA value” for 2023-10-28 to 2023-10-30
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Figure 26: Along track statistics of “CO total vertical column” for 2023-10-28 to 2023-10-30
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Figure 27: Along track statistics of “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-10-30

36



Figure 28: Along track statistics of “CO total vertical column precision” for 2023-10-28 to 2023-10-30
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Figure 29: Along track statistics of “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-30
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Figure 30: Along track statistics of “χ2” for 2023-10-28 to 2023-10-30
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Figure 31: Along track statistics of “Degrees of freedom for signal” for 2023-10-28 to 2023-10-30
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Figure 32: Along track statistics of “Number of iterations” for 2023-10-28 to 2023-10-30
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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.

Figure 33: Scatter density plot of “CO total vertical column” against “CO total vertical column (stripe-corrected)” for 2023-
10-28 to 2023-10-30.
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Figure 34: Scatter density plot of “CO total vertical column” against “CO total vertical column precision” for 2023-10-28 to
2023-10-30.
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Figure 35: Scatter density plot of “CO total vertical column” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 36: Scatter density plot of “CO total vertical column (stripe-corrected)” against “CO total vertical column precision”
for 2023-10-28 to 2023-10-30.
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Figure 37: Scatter density plot of “CO total vertical column (stripe-corrected)” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 38: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Degrees of freedom for signal” for
2023-10-28 to 2023-10-30.
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Figure 39: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Number of iterations” for 2023-10-
28 to 2023-10-30.
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Figure 40: Scatter density plot of “CO total vertical column (stripe-corrected)” against “Number of spectral points in re-
trieval” for 2023-10-28 to 2023-10-30.
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Figure 41: Scatter density plot of “CO total vertical column” against “Degrees of freedom for signal” for 2023-10-28 to
2023-10-30.
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Figure 42: Scatter density plot of “CO total vertical column” against “Number of iterations” for 2023-10-28 to 2023-10-30.
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Figure 43: Scatter density plot of “CO total vertical column” against “Number of spectral points in retrieval” for 2023-10-28
to 2023-10-30.
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Figure 44: Scatter density plot of “CO total vertical column precision” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 45: Scatter density plot of “CO total vertical column precision” against “Degrees of freedom for signal” for 2023-10-
28 to 2023-10-30.
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Figure 46: Scatter density plot of “CO total vertical column precision” against “Number of iterations” for 2023-10-28 to
2023-10-30.
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Figure 47: Scatter density plot of “CO total vertical column precision” against “Number of spectral points in retrieval” for
2023-10-28 to 2023-10-30.
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Figure 48: Scatter density plot of “χ2” against “Degrees of freedom for signal” for 2023-10-28 to 2023-10-30.
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Figure 49: Scatter density plot of “χ2” against “Number of iterations” for 2023-10-28 to 2023-10-30.
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Figure 50: Scatter density plot of “Degrees of freedom for signal” against “Number of iterations” for 2023-10-28 to 2023-
10-30.
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Figure 51: Scatter density plot of “Latitude” against “CO total vertical column” for 2023-10-28 to 2023-10-30.
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Figure 52: Scatter density plot of “Latitude” against “CO total vertical column (stripe-corrected)” for 2023-10-28 to 2023-
10-30.
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Figure 53: Scatter density plot of “Latitude” against “CO total vertical column precision” for 2023-10-28 to 2023-10-30.
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Figure 54: Scatter density plot of “Latitude” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 55: Scatter density plot of “Latitude” against “Degrees of freedom for signal” for 2023-10-28 to 2023-10-30.
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Figure 56: Scatter density plot of “Latitude” against “Number of iterations” for 2023-10-28 to 2023-10-30.
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Figure 57: Scatter density plot of “Latitude” against “Number of spectral points in retrieval” for 2023-10-28 to 2023-10-30.
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Figure 58: Scatter density plot of “Number of spectral points in retrieval” against “χ2” for 2023-10-28 to 2023-10-30.
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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 2023-10-30.
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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
2023-10-30.
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Figure 61: Scatter density plot of “Solar zenith angle” against “CO total vertical column” for 2023-10-28 to 2023-10-30.
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Figure 62: Scatter density plot of “Solar zenith angle” against “CO total vertical column (stripe-corrected)” for 2023-10-28
to 2023-10-30.
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Figure 63: Scatter density plot of “Solar zenith angle” against “CO total vertical column precision” for 2023-10-28 to 2023-
10-30.
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Figure 64: Scatter density plot of “Solar zenith angle” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 65: Scatter density plot of “Solar zenith angle” against “Degrees of freedom for signal” for 2023-10-28 to 2023-10-
30.
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Figure 66: Scatter density plot of “Solar zenith angle” against “Latitude” for 2023-10-28 to 2023-10-30.
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Figure 67: Scatter density plot of “Solar zenith angle” against “Number of iterations” for 2023-10-28 to 2023-10-30.
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Figure 68: Scatter density plot of “Solar zenith angle” against “Number of spectral points in retrieval” for 2023-10-28 to
2023-10-30.
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Figure 69: Scatter density plot of “Viewing zenith angle” against “CO total vertical column” for 2023-10-28 to 2023-10-30.
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Figure 70: Scatter density plot of “Viewing zenith angle” against “CO total vertical column (stripe-corrected)” for 2023-10-
28 to 2023-10-30.
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Figure 71: Scatter density plot of “Viewing zenith angle” against “CO total vertical column precision” for 2023-10-28 to
2023-10-30.
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Figure 72: Scatter density plot of “Viewing zenith angle” against “χ2” for 2023-10-28 to 2023-10-30.
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Figure 73: Scatter density plot of “Viewing zenith angle” against “Degrees of freedom for signal” for 2023-10-28 to 2023-
10-30.
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Figure 74: Scatter density plot of “Viewing zenith angle” against “Latitude” for 2023-10-28 to 2023-10-30.
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Figure 75: Scatter density plot of “Viewing zenith angle” against “Number of iterations” for 2023-10-28 to 2023-10-30.
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Figure 76: Scatter density plot of “Viewing zenith angle” against “Number of spectral points in retrieval” for 2023-10-28 to
2023-10-30.
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Figure 77: Scatter density plot of “Viewing zenith angle” against “Solar zenith angle” for 2023-10-28 to 2023-10-30.
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