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Objective of this discussion: EUMETSAT’s Matchup Protocols

→ Available at: eumetsat.int/media/44087

❖ This protocol arouse as a need to have a common standard so that the results across this team 
are as comparable as possible

❖ This document is assumed to respond to a consensus reached from this  
validation team, so all of us showing matchups should be aware of its 
existence, follow it or, in case of departing from it, explain the rationale 
behind your proposed variants.

❖ The protocol is currently being reviewed at EUMETSAT…

https://www.eumetsat.int/media/44087
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EUMETSAT’s Matchup Protocols: extraction of statistics at macropixel level: today

Set BFOR: 5x5 window

Detection of non-valid pixels
(flagged pixels)

Set BOR: without flagged pixels

Detection of outliers

Set final: without flagged & outlier pixels

Pixels are masked/removed if flagged by any of the following:

CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED, 
SUSPECT, HISOLZEN, HIGHGLINT, SNOW_ICE, AC_FAIL, WHITECAPS, ADJAC, 
RWNEG_O2, RWNEG_O3, RWNEG_O4, RWNEG_O5, RWNEG_O6, RWNEG_O7, 
RWNEG_O8 
+ product-specific flags e.g. OC4ME_FAIL

Pixel ‘X’ is considered outlier if:

|value@X - µ1| < 1.5σ1

Macropixel is discarded if:

NBOR < 50% NBFOR

Central value: medianfinal

Uncertainty measure (Type B): σfinal

Homogeneity measure: CVfinal

Macropixel is discarded if:

CVfinal(560)>20%

µ → Mean
σ → Standard deviation
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EUMETSAT’s Matchup Protocols: extraction of statistics at macropixel level: initial changes

Set BFOR: 5x5 window

Detection of non-valid pixels
(flagged pixels)

Set BOR: without flagged pixels

Detection of outliers

Set final: without flagged & outlier pixels

Pixels are masked/removed if flagged by any of the following:

CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED, 
SUSPECT, HISOLZEN, HIGHGLINT, SNOW_ICE, AC_FAIL, WHITECAPS, ADJAC, 
RWNEG_O2, RWNEG_O3, RWNEG_O4, RWNEG_O5, RWNEG_O6, RWNEG_O7, 
RWNEG_O8 
+ product-specific flags e.g. OC4ME_FAIL

Pixel ‘X’ is considered outlier if:

|value@X - µBORmedianBOR| < 1.5σBOR

𝟏𝟎

𝟗
IQRBOR

Macropixel is discarded if:

NBOR < 50% NBFOR

Central value: medianfinalµfinal

Uncertainty measure (Type A): σfinal

Homogeneity measure: CVfinal
Macropixel is discarded if:

CVfinal(560)>20%

µ → Mean
σ → Standard deviation
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Pixel ‘X’ is considered outlier if:

|value@X - µ| < 1.5×σ

Pixel ‘X’ is considered outlier if:

|value@X – median| < 
𝟏𝟎

𝟗
× IQR

Why?
• Mean and standard deviation are non-robust statistics, they are precisely highly affected by outliers
• On the contrary, median and IQR are robust statistics, suitable for outlier detection

• The “tolerance factor” 
10

9
is chosen in a way that  1.5 × σ ≅

10

9
× IQR ≅ 1.111 × IQR (normal distribution)

• This equivalence depends the distribution of the data:

• e.g. 1.5 × σ ≅
3

2
× IQR ≅ 0.866 × IQR =  (if distribution is uniform)
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(Roughly coincide in
the absence of outliers)

----- Robust

----- Non-robust

----- Robust

----- Non-robust

----- Robust

----- Non-robust

----- Robust

----- Non-robust

An example

25 random numbers following:

N(µ = 0.025; σ = 0.0025) 
+

outliers 

Threshold sensitive to outliers (!)
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Pixel ‘X’ is considered outlier if:

|value@X - mean| < 𝟏. 𝟓 × σ

Pixel ‘X’ is considered outlier if:

|value@X - median| < 
𝟏𝟎

𝟗
× IQR

Robust

Non-robust
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Central value: median Central value: µ

Why mean (µ) instead of median?
• It shouldn’t be necessary to report a robust statistic (median): outliers were removed in the previous step!
• Reporting median means choosing the middle values among the set of valid pixels in the 5x5 window.
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Central value: median Central value: µ

Why mean (µ) instead of median?
• Mean has a series of well-known properties that median lacks:
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Why mean (µ) instead of median?
• Mean has a series of well-known properties that median lacks: e.g.: 

The 99-95-68 rule applies for normal distribution:

New realization falls in [µ − 3𝜎; µ + 3𝜎] with 99.7% confidence (k=3)

New realization falls in [µ − 2𝜎; µ + 2𝜎] with 95% confidence (k=2)

New realization falls in [µ − 𝜎; µ + 𝜎] with 68% confidence (k=1)
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Extraction window without flagged & outlier pixels

Case 1: Each (valid) pixel is assumed as an independent realization of the same measurand

Central value: median Central value: µ
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This is the way recommended in the Guide to the expression of uncertainty in measurement (GUM)



11

Type A uncertainty when computing average of realizations.
We assume each valid pixel of the window is an independent realization of the same measurand

Uncertainty measure (Type A): σ Uncertainty measure (Type A): σ/ N

(Of course, as you know, full uncertainty budget is still missing…)

?
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Case 2: Each (valid) pixel is assumed as a realization of the same measurand (with unimodal distribution)

Extraction window without flagged & outlier pixels

Vysochanskij–Petunin inequalityChebyshev's inequality

Central value: median Central value: µ

Uncertainty measure (Type A) bounded by: σ

Type A uncertainty of the mean still bounded by standard deviation:

New realisations “X” are still bounded around the mean µ (no independence required)

𝝈𝟐 ഥ𝑿 =
𝟏

𝟐𝟓


𝒊=𝟏

𝟐𝟓

𝝈𝟐(𝑿𝒊) + 

𝒊<𝒋

𝑪𝒐𝒗(𝑿𝒊, 𝑿𝒋) ≤ 𝝈𝒘𝒊𝒏𝒅𝒐𝒘
𝟐
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Pixel ‘X’ is considered outlier if:

|value@X - median| < 
𝟏𝟎

𝟗
× IQR

Central value = mean

Robust “1”

Pixel ‘X’ is considered outlier if:

|value@X - mean| < 𝟏. 𝟓× IQR

Central value = median

Current protocol
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Pixel ‘X’ is considered outlier if:

|value@X - median| < 
𝟑

𝟐
× IQR

Central value = mean

Robust “2”

Pixel ‘X’ is considered outlier if:

|value@X - mean| < 𝟏. 𝟓× IQR

Central value = median

Current protocol
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No recommendation is given regarding space-time interpolation of quasi-simultaneous matchup pairs

Pixel ‘X’ is considered outlier if:

|value@X - median| < 
𝟑

𝟐
× IQR

Central value = mean

Robust “2”

Pixel ‘X’ is considered outlier if:

|value@X - mean| < 𝟏. 𝟓× IQR

Central value = median

Current protocol
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→ in situ (satellite) measurements corresponding to the same satellite (in situ) measurement

Case 1: Continuous measurements at fix location within valid time difference (±1hr)

Case 2: Continuous measurements on moving vessel within valid time difference (±1hr)

• Extraction windows intersect

• Extraction windows do not intersect 

Time-space aggregation of “quasi-simultaneous” matchup pairs?
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• This document is based on consensus arrived by the S3VT-OC team and is the one 

that we share with all our users. 

• Whenever relevant, the variants that we’ve seen in the last session (considered 

flags, time tolerance window, thresholds, spatial-temporal in situ - satellite 

interpolation) and the rationale behind these variations must be documented.

• We look forward for your feedback on this document (today or in the coming 

months) over which a updated version will be developed.

→ Available at: eumetsat.int/media/44087

https://www.eumetsat.int/media/44087

