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Overview

In the following, the approach and the results of the data quality control (QC) within the EnMAP Ground Segment related to the spectral performance are presented.

While scene-dependent approaches with atmospheric simulations are frequently used for selected scenes, the presented approach is based on mass data, as every recorded Earth datatake is used, resulting in a database of
currently over 150,000 tiles dating from commissioning phase (CP) to the latest acquisitions. The QC approach was developed in the context of the DESIS ground segment based upon their long-term in-orbit experience,
and adjusted for the spectral characteristics of EnMAP, which has a wider spectral sampling distance of 6.5 nm (VNIR) and 10 nm (SWIR) and covers the full wavelength region between 420 nm and 2450 nm.

Approach

As illustrated below, the approach is based on the narrow and stable atmospheric absorption bands of Oxygen A at ~760 nm and of CO2 at ~2060 nm, where -after a radiometric normalization step- the influence 
of the underlying Earth surface on the radiance signal is small. Using the pre-launch characterization of per-pixel center wavelengths and spectral bandwidths, shifts of the center wavelengths of +/- 3.0 nm with 
0.05 nm steps are simulated and applied to a high-resolution MODTRAN-based typical atmospheric transmission spectra.
Then for each calibrated Earth datatake tile (in top-of-atmosphere radiances), the mean observed radiance per detector element (cross-track and band-wise) is calculated. Using a least-square fit, the observed 
spectrum around the absorption features is matched to the simulations, thereby estimating the center wavelengths at the given cross-track element.

Typical atmospheric transmission based on MODTRAN
(WV 40, VIS.50)

Simulation of the normalized O2 A feature at 
EnMAP resolution with varying CW positions

Illustration of the spectral fitting of observed 
to simulated normalized spectra

Example for a VNIR Detector Map and 
corresponding spectral and cross-track profiles

Notes on the accuracy / uncertainty of the method

• Clutter removal is necessary in order to filter out ocean, night & low-light acquisitions, 
and also tiles with unsuitable scene properties

• Influence of spectral resolution of the transmission library (0.1 nm Vs. 1nm grids): within 0.11 nm 
• Assuming that fits showing a similar score as the best fitting are also plausible:

• when allowing min + 3%: best estimate +/- 5 fits ( +/- 0.25 nm)
• when allowing min + 1%: best estimate +/- 3 fits ( +/- 0.15 nm)
• when visually estimating the best fits: 5-10 fits (eq. to +/- 2.5 to +/- 5) is valid 

• Agreement with interactive estimates using ATCOR: fits agree within 0.1 nm ( +/- 0.07 nm)

Summary: assuming an general uncertainty of this method of approx. +/- 0.25 nm is reasonable 
(for comparison, ATCOR spread in single fittings is also +/- 0.2 nm)

For comparison: EnMAP bandwidths VNIR @ ~760 nm: ~9.0 nm,  SWIR @ ~2060nm: 8.6 nm
(as FWHM, assuming Gaussian SRF) 

Estimated spectral shift at 760 nm w.r.t the valid spectral calibration 
table (CTB_SPC, top-right), and relative spectral stability expressed 

at 1 sigma (Q3 2024, 17.228 tiles) 

Estimated spectral shift at 2060 nm w.r.t the valid spectral calibration 
table (CTB_SPC, top-right), and relative spectral stability expressed 

at 1 sigma (Q3 2024, 17.228 tiles) 

Histogram of the estimated fits for cross-track pixel 10, 500 and 999 for 
VNIR band 62; green bar indicates the spectral calibration table value

Histogram of the estimated fits for cross-track pixel 10, 500 and 999 for 
SWIR band 86; green bar indicates the spectral calibration table value.

Summary – vicariously estimating the EnMAP spectral performance

QC approach using Earth datatakes is valid within given uncertainties 
• Good agreement with other methods and with independent Validation by GFZ & U. Valencia
• Shape and magnitude of spectral smile reproduced and consistent over time
• VNIR: stable, meets 0.5 nm requirement 

• All vicarious approaches (DM-based and interactive) show slight shift towards 
shorter wavelengths w.r.t. OBCA-based calibration

• SWIR: stable, meets 1.0 nm requirement
• Vicarious estimates are more affected by noise 

• EnMAP spectral calibration is stable after gravity release during Commissioning Phase
• 6 spectral updates based on OBCA during mission (thereof 4 during CP, last: Feb 2023) 

Regular updates on the spectral and radiometric properties are provided within the 
EnMAP Quarterly Reports available at: https://www.enmap.org/mission/

Median center wavelengths per quarter for ~85.000 EnMAP tiles
Commissioning phase with gravity release in pink.

Stability of the VNIR spectral smile shape @ 760 nm for ~85.000 EnMAP tiles


