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1 Introduction 

1.1 Scope of the document 

This document provides the data quality status of Copernicus Sentinel-2 mission L1C products. 

It documents: 

× the measured product performance vs. specifications (Section 2),  

× processing chain improvements associated to each Processing Baseline (Section 3), 

× an overview on L1C product evolution (Section 3.6), 

× observed anomalies and known issues (Section 4),  

× the list of defective pixels (Section 5.1).  

Note that a reference article provides an in-depth presentation of Sentinel-2 Calibration and Validation 
methods and results after one year in operation (F. Gascon et al.Σ άCopernicus Sentinel-2 Calibration 
and Products Validation StatusέΣ w{9Σ нлмтύΦ 

Since May 2018, a Data Quality Report for Level 2A products is also available from the Sentinel-2 
Document Library. 

1.2 Main points for the Reporting Period 

× Nothing to report 

http://www.mdpi.com/2072-4292/9/6/584
http://www.mdpi.com/2072-4292/9/6/584
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/document-library
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/document-library
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2 Measured Product Performances  

2.1 Performances Overview 

The following overview table provides a summary of the Level-1C products data quality performances 
measured on products in Processing Baselines 02.01 and higher, for a set of key mission requirements.  

Similar performances are observed for both S2A and S2B satellites.  

 

Table 2-1: Summary of Sentinel-2 L1C products measured performances for mission key requirements. 

Requirement Description 
Measured 

performance 

Absolute geolocation  
The geo-location uncertainty shall be better than 

20 m at 2̀  confidence level (unrefined products) 

< 11 m at  

95.5% confidence 

(unrefined products) 

Multi -temporal 

registration  

The spatial co-registration accuracy of Level 1c 

data acquired at different dates over the same 

geographical area shall be better than or equal to 

0.3 SSD at 2 ̀ confidence level. 

< 5 m at  

95.5% confidence 

(refined products) 

Multi -spectral 

registration 

The inter-channel spatial co-registration of any two 

spectral bands shall be better than 0.30 of the 

coarser achieved spatial sampling distance of these 

two bands at 3̀ confidence level. 

< 0.3 pixel at  

99.7% confidence 

Absolute 

radiometric 

uncertainty 

The absolute radiometric uncertainty shall be 

better than 5 % (goal 3%). (see Table 2-3 in this 

document) 

B1 to B12, excl. B10: < 

3%±2% 

SNR 

The Signal-to-Noise Ratio (SNR) shall be higher 

than specified values (see Table 2-4 in this 

document) 

All bands compliant with  

> 27% margin 

 

Measured performances are detailed in the following sections. 

2.2 Geometric Performance  

2.2.1 Geometric Refinement and Global Reference Image (GRI) 

Since 30/03/2021 (processing Baseline 03.00) a geometric refinement step is used to improve the 
multi-temporal geolocation performance.  Thanks to this processing, the performance of refined 
products is notably different from that of unrefined products.  

In a first step, the geometric refinement has been applied over Europe and Africa (see section 3.6.1 for 
details). Since 23/08/2021, the geometric refinement is applied globally (except Antarctica). 
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The geometric refinement relies on the Sentinel-2 Global Reference Image (GRI). The GRI is a set of 
Level 1B images (in sensor frame) covering the whole globe with highly accurate geolocation 
information obtained through a spatio-triangulation algorithm using reference Ground Control Points. 
The images use the reference band (B04) and are mostly (but not entirely) cloud-free. The GRI is an 
internal database used only for processing and not for dissemination. In particular, the GRI is not meant 
to be a cloud-free mosaic of the globe. Thanks to the geometric refinement, all refined products inherit 
the same absolute geolocation performance. 

With PB 03.00, a new Digital Elevation Model (DEM), the Copernicus DEM, is used to orthorectify the 
L1C products. This improves the local geolocation for all products in mountainous areas. This applies 
also to unrefined products, although the improvement is more effective for refined products. 

Preliminary validation results indicate the following performances for the refined products: 

× Absolute geolocation: better than 6 m 

× Multi-temporal co-registration (same or different satellites), same repeat orbit: better than 5 

m at 95% confidence 

× Multi-temporal co-registration, different repeat orbits: better than 5 m. 

The geometric calibration status reported in the section 2.2.2 concerns only the unrefined products. 

2.2.2 Geometric Calibration Status 

2.2.2.1 S2A 

An improvement of the yaw angle bias correction was performed on May 30th 2016. Before this date, 
a relatively large along-track bias can be observed between different repeat orbits in the overlap region 
at the edges of the swath. The multi-temporal co-registration performance reported in this document 
is computed for products acquired after this date. 

The geometric calibration of S2A has been updated on 10/01/2019. After a temporary degradation in 
June 2021, the geolocation performance of unrefined S2A products is again nominal. 

2.2.2.2 S2B 

A new geometric calibration has been deployed on January 3rd 2022 to improve the geolocation of non-
refined products. 

Refined products (PB 03.00 and higher) have reduced geolocation bias compared to non-refined 
product. In addition, the refinement corrects any biases between S2A and S2B refined products. 

2.2.3 Absolute Geolocation 

2.2.3.1 Unrefined products 

The long-term performance for unrefined products is close to 11 m at 95% for S2A and close to 13 m 
for S2B. Since the activation of the global refinement in August 2021, the performance is estimated on 
a limited set of unrefined products. 
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Figure 1 shows the absolute geolocation performance for the unrefined products relative to the 

Sentinel-2 GRI. The real absolute performance is expected to be a little worse due to the GRI absolute 

geolocation uncertainty (6 m). For S2A, the ALT bias is centred around zero and the ACT bias around 5 

m. For S2B, an improvement of the ACT bias is observed, and the ALT bias is around -5 m for the 

considered period (October 2021 to May 2022).  

            

Figure 1: Absolute geolocation performance for unrefined products.  
Left: S2A, Right: S2B (30.10.2021 ς 17.05.2022) 

The following figure provides the rate of unrefined products for S2A and S2B. It can be observed that 
the number of refined datastrips is increasing as we progress toward Northern Spring. The number of 
Fall-back datastrips remains constant. 

    

Figure 2: Number of refined and unrefined datastrips per ten days period. 
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The following map provides the location of the datastrips in fall-back for a cycle period during March 
2022. Most of the times these datastrips in fall-back are over snowy or cloudy areas, coasts and islands. 

 

Figure 3 : Location of datastrips in fall-back over a cycle period in March 2022 (2022-03-18 ς 2022-03-28) for 
S2A (red datastrips) and S2B (blue datastrips) 

2.2.3.2 Refined products 

Absolute geolocation estimations for refined products relative to the Sentinel-2 GRI show a stable 
performance for both S2A and S2B with an absolute geolocation error better than 6.1 m for S2A and 
4.5 m for S2B (at 95% confidence). Please note that, as for the unrefined products, the real absolute 
performance is expected to be a little worse due to the GRI absolute geolocation uncertainty (6 m). 

    

Figure 4: Absolute geolocation performance for refined products.  
Left: S2A, Right: S2B (28.04.2022 ς 17.05.2022) 
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2.2.4 Multi -Spectral Registration 

The multi-spectral evaluation is performed over refined and unrefined Level-1C products acquired over 
suitable validation sites (flat terrain with good appropriate texture and spectral characteristics). The 
co-registration requirement (< 0.3 pixel at 99.7% confidence) for both S2A and S2B are met for almost 
all measured band couples. The results with regards to the pair B09/B01 are affected by a low 
correlation between the spectral bands.  

 

 
Figure 5: Illustration of the Karakum desert site (Tile 40TGK) 

used to perform the inter-band co-registration measurements 
 

Table 2-2: Multi-Spectral co-registration performance (per band couple and detector number) 
for S2A (top) and S2B (bottom). 

 

 

 

 Bsec/Bref B02 B03 B06 B07 B08 B09 B11 B12 B8A

B01 0.350

B04 0.294 0.255 0.295

B05 0.151 0.160 0.318 0.310 0.193

B11 0.167

S2A

 Bsec/Bref B02 B03 B06 B07 B08 B09 B11 B12 B8A

B01 nan

B04 0.398 0.285 0.203

B05 0.108 0.128 0.376 0.384 0.161

B11 0.223

S2B
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2.2.5 Multi -Temporal Registration 

2.2.5.1 Methodology 

The multi-temporal registration error for one tile is estimated as the mean measured error for all 
control points of the tile. Then the global performance is taken as the 95.5% percentile of the mean 
shift for all tiles. The performance is measured on the reference band (B04).  

2.2.5.2 Refined products 

Figure 6 below shows the histograms of the co-registration for pairs of S2A, S2B and any S2A/S2B 
products. The performance for all cases is less than 0.5 pixels at 95.45%. 

            

  

Figure 6: Multi-temporal 2D co-registration errors for refined S2A (left) 
and S2B pairs (right), and all pairs (bottom) on 05/2022. The 95.45% performance is <5 m. 
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2.2.5.3 All products 

The following figure provides the multi-temporal performance for all products, whether refined or 
unrefined. The performance drops to 0.73 pixels. 

  

Figure 7: Histogram of the multi-temporal performance 
for all products (refined and unrefined) ς 05/ 2022 

 

2.3 Radiometric Performance  

2.3.1 Radiometric Calibration Status 

2.3.1.1 Sun-diffuser model improvement 

Product baseline 02.06 has been deployed on 23/10/2017. With this new baseline, the Sun-diffuser 
model used for calibration has been improved to reduce seasonal effects. The update did not result in 
a discrepancy in the time series of the radiometry (impact on calibration lower than 0.2% at this time 
of year, see DQR issue 22 for details). 

2.3.1.2 S2A 

Radiometric calibrations are performed routinely at the beginning of each month. Decontamination 
operations are scheduled once a year. 

A decontamination of the instrument was performed on the 8th ς 9th of November 2021. The calibration 
coefficients were updated on the 16th of November.  

2.3.1.3 S2B 

Radiometric calibration is performed once per month. The calibration of 12/12/2019 includes an 
update of the B02 relative spectral response as described for S2A in the previous section. 

A decontamination was performed on 13th ς 14th December 2021. The post-decontamination 
radiometric calibration was implemented on 21/12/2021. 

With the introduction of the baseline 04.00 on 25th January 2022, a radiometric harmonization 
between Sentinel-2A and Sentinel-2B (keeping Sentinel-2A as reference) was introduced (see section 
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3.6.2 for more details). Indeed, among the evolution of this baseline the mitigation of the radiometric 
differences between both satellites was set by applying a radiometric bias correction of 1.1 % to 
Sentinel-2B VNIR bands B01 to B09. 

The harmonization was effective from 09:00 UTC. The first Sentinel-2B sensing using the updated GIPP 
R2ABCA was: 20220125T073939. 

2.3.2 Radiometric Uncertainty 

Radiometric validation is performed using several methods: 

× άwŀȅƭŜƛƎƘέ ƳŜǘƘƻŘΥ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ wŀȅƭŜƛƎƘ ŀǘƳƻǎǇƘŜǊƛŎ ōŀŎƪǎŎŀǘǘŜǊƛƴƎ ƻǾŜǊ ŘŜŜǇ 

ocean sites. 

× Comparison with in-situ data. 

× Measurement over well characterized, temporally stable desert areas (Pseudo-Invariant 

Calibration Sites or PICS). 

× Comparison with other sensors such as Landsat-8 OLI (Collection-1 over Libya-4) and cross-

comparison S2A vs S2B. 

 

The results are presented in the figures below for S2A and S2B for all methods. Results are provided 
for all bands except B09 & B10. All results are within the 5% (3%) radiometric accuracy requirement 
(Goal) respectively.  
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Figure 8: Comparison of radiometric accuracy for all spectral bands (except B09 and B10): ratio of S2A 
measurement on reference. Error bars indicate the method uncertainty.  

Updated over Rayleigh and PICS up to 4/2022 

 

Figure 9: Comparison of radiometric accuracy for all spectral bands (except B09 & B10): ratio of S2B 
measurement on reference. Error bars indicate the method uncertainty. 

Updated over Rayleigh and PICS up to 4/2022 

 

Tabulated results for bands B01 to B12 (B09 & B10 excluded) presented below indicate the 
effectiveness and reliability of the on-board calibration method for both sensors S2A/MSI and 
S2B/MSI. 
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Table 2-3: Best estimate of S2A and S2B calibration gains from validation 

Sensor  S2A S2B 

 Wavelength 

(nm) 

Gain 

Coefficient 

Standard 

Deviation 

Gain 

Coefficient 

Standard 

Deviation 

B01 443 0.998 0.025 0.989 0.021 

B02 490 1.001 0.020 0.994 0.019 

B03 560 1.004 0.014 1.000 0.016 

B04 665 1.000 0.010 0.992 0.014 

B05 705 N/A N/A N/A N/A 

B06 740 1.008 0.016 0.996 0.011 

B07 783 1.008 0.009 0.985 0.006 

B08 842 0.997 0.015 0.985 0.004 

B8A 865 1.002 0.006 0.993 0.003 

B11 1610 1.008 0.017 1.013 0.018 

B12 2190 1.000 0.012 1.009 0.007 

Time series of measurements are also produced to monitor the evolution in time of the radiometric 
response, in particular to detect a possible degradation of the diffuser. The current assessment is 
compatible with the specified stability requirement for all visible and NIR bands (< 1% per year). 

 

2.3.3 Noise 

The SNR for both S2A and S2B is exceeding requirements (worst-case >160 for band B8A). The table 
below provides the most recent estimates (April 2020 for S2A and May 2020 for S2B). 

Table 2-4: Estimated SNR performance for S2A and S2B at reference radiance. 

Spectral Band B1 B2 B3 B4 B5 B6 B7 B8 B8A B9 B10 B11 B12 

Ref. radiance 

[W/m²/sr/µm]  
129 128 128 108 75 68 67 103 52.5 9 6 4 2 

S2A 1388 210 239 222 247 215 223 216 157 219 388 158 167 

S2B 1363 212 242 229 247 222 231 229 168 237 400 167 171 

Requirement 129 154 168 142 117 89 105 174 72 114 50 100 100 

As seen in the figure below, the noise characteristics are very stable over time. 
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Figure 10: Evolution of the SNR performances for S2A since 06/05/2019 to 09/05/2022 (top) 

 and S2B since 22/05/2019 to 18/04/2022 (bottom) 

 

 

 

 










































































