Supplementary material

Table S1. Proposed metadata attributes for spectroradiometric data for F retrieval grouped by
metadata categories, with core attributes shaded in gray and justification for their inclusion in the F
metadata set. Attributes or metadata categories that are not yet included in the SPECCHIO metadata
model are indicated with an asterisk®.

Attributes per Metadata
Category

Justification

General

Acquisition Time (UTC)

The acquisition time, in combination with the spatial position, defines
the sun angle and is required for time series. UTC is a must for the
integration of data across time zones and daylight savings.

File Name

Part of a unique file identification system, related to the name of a file
produced by spectroradiometer control software.

Generic Target Properties

Basic Target Type

A categorical variable defining the target type at a scale appropriate to
the measurement support. Required for comparative studies selecting
data via target types.

Site ID

Unique identifier of a sampling site, which may comprise several
targets. Required to select all data for a single site or to group data by
site for comparative studies.

Target Scale

A categorical variable indicating if measurements were taken at the
leaf, single plant, or canopy level. Required for scale-dependent
analysis.

Target Structure’

A representation of the target structure as a surface model or 3D point
cloud to allow modeling of the direct/diffuse irradiance of the
measurement support [1]. Requires optical properties of the target if a
radiative transfer model is to be parametrized.

Target Description

A textual description of the target. Used to capture information not
specified by the Basic Target Type. May be superseded by photos and
physical measurements of the target structure.

Target ID

A unique identifier for a target within a site. Used to select a specific
target of a site or group data by target for site-related studies.

Instrument

Calibration Number

A unique number or alphanumeric value that specifies a set of
calibration vectors (wavelengths, FWHMSs, radiometric gains, and other
variables pertaining to an instrument model' [2]) of a particular
instrument.

Instrument Serial Number

A unique number of an instrument. Required to establish a link with the
calibration data in conjunction with the calibration number.

Sensor/Instrument Type

A model identifier. Required for the selection of the correct instrument
model' for that type of instrument.

Center Wavelengths

The center wavelengths of each spectral band. This information is
critical for F retrieval.

1 By instrument model, we refer to the concept of a software component that can execute forward
and inverse simulations of the measurement process.
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FWHMSs or SRFs’

The per-band bandwidth as a scalar or spectral response function as a
vector if not approximated by a Gaussian. Important parameter to
quantify the smoothing influence on sharp absorption features in

combination with the center wavelength. Required for instrument and
data inter-comparisons [3].

Instrument Settings

Automatic Dark Current Correction

A flag indicating whether the instrument implemented an automatic
dark current correction and that the dark current signal is not explicitly
available. Such implementations limit the information about the state of

the instrument, likely leading to higher uncertainties.

Capturing Software Version

The software version should be part of the metadata generated by the
instrument and may be indicative of changes in the acquisition of the
spectroradiometric signal. Required for post-processing algorithms.

Gain/Offset

The radiometric gains and offsets applied during data capture.
Required for radiometric calibration and parametrization of the
instrument model.

Instrument Temperature

Required for monitoring and compensation of temperature effects via
the instrument model [4,5].

Integration Time

The integration time applied during data capture. Required for
radiometric calibration and parametrization of the instrument model in
cases of nonlinearities [6].

Number of internal Scans

Governs the signal-to-noise ratio by taking internal averages. Important
for noise analysis and optimization of instrument configuration.

Location

Altitude

Required for radiative transfer modeling of the observed target, as the
O2 absorption band depths are a function of the altitude [7].

Latitude, Longitude

Required for solar angle calculations and data selection by spatial
location.

Location Name

Required for text-based searches and automated report generation.

Optics

FOV

Required for the measurement support calculation and for modeling of
at-sensor radiance due to BRDF effects in combination with the
selected FOV [8,9].

FOV Response Function”

Angularly resolved spectroradiometric sensitivity function of the FOV

[10]. Required to weight the measurement support when modeling at-

sensor radiances or to determine the radiometrically most contributing
area of the target.

Sampling Geometry

Beam Geometry

Defines the geometries of incoming and outgoing radiation [11].
Required for comparison of data [12].

Illlumination Azimuth & Zenith

Required for radiative transfer modeling or for selection of data for
certain solar geometries. Has an impact on the radiometric uncertainty
of the irradiance measurement [13].

Measurement Support Area,
Major/Minor Axis

The area of the projected field of view and the size of the axes of the

elliptical footprint, calculated from FOV, sensor distance, and sensor

zenith. Required for inter-comparisons between different setups and
impact of target structure sizes [9].
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Sensor Azimuth & Zenith

Required for measurement support calculations and BRDF modeling.

Sensor Distance

Required for measurement support calculations.

Environmental Conditions

Air Pressure

Required for the modeling of altitude pressure effects [14] on the depth
of Oz absorption bands [15].

Ambient Temperature

Relative Humidity

Soil Temperature’

Required for the study of the effect of environmental conditions on the
photosynthetic apparatus [16].

Water Content

Cloud Cover

Percent of the hemisphere covered by clouds. May be useful to link
with observed PAR or solar irradiance.

Wind Speed

Can be used to explain fluctuations in spectroradiometric signal due to
disturbances of the target structure, e.g., the swaying of branches.

Data Links

Irradiance Data Link”

A link in the information system, pointing to irradiance data measured

by, e.g., a PAR sensor or a sun photometer, and stored as separate

radiometric measurement series. Required to explore links between
photosynthetic photon flux density, GPP, and F [16].

Uncertainty”

A collection of uncertainty information linked to the traceability chain.
Quantifies the uncertainty of various sources of uncertainty with the
uncertainty of the retrieved F being the propagated uncertainty [17].

PDFs

Experimental Design

A document in PDF format describing the experimental design of the
study. Useful to raise contextual awareness.

Pictures

Sampling Environment Picture

Shows the surrounding area to give an impression of influencing
factors such as terrain or nearby scene elements leading to adjacency
effects.

Sampling setup Picture

Shows the setup of the instrumentation in relation to the target and the
solar principal plane.

Sky Picture

Documents the sky conditions. May be used to calculate the cloud
cover and the distribution of clouds in the hemisphere observed by
irradiance sensors.

Target Picture

Shows the target, ideally imaged from the same viewpoint as the
spectral sensor. May be exploited to extract the target homogeneity,
particularly if co-registered with the measurement support.

Processing

Processing Algorithm

Definition of the processing algorithms applied to the data, including
version numbers to establish provenance [18].
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Figure S1. Diurnal photosynthetic photon flux density (PPFD; red line) and relative standard
deviation of fluorescence at 760 nm (Freo; black cycles) for a sunny day with few clouds (A) and a
cloudy day with strong cloud cover (B). Measurements were taken with a QE Pro over sugar beet on
20.08.2015 (A) and 30.07.2015 (B), Merzenhausen, Germany. The spectroradiometer system has a
spectral resolution of 1 nm FWHM (full-width at half maximum), a spectral sampling interval (SI) of
0.3 nm, and a signal-to-noise ratio (SNR) of 1000:1 in a spectral range from 300 to 1000 nm.

Measurements were taken every 6-8 seconds.
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Figure S2. Diurnal photosynthetic photon flux density (PPFD; red line) and relative standard
deviation of fluorescence at 760 nm (Feo; black cycles) for a sunny day with few clouds (A) and a
cloudy day with strong cloud cover (B) after using a 1% illumination filter. Measurements were taken
with a QE Pro over sugar beet on 20.08.2015 (A) and 30.07.2015 (B), Merzenhausen, Germany. The
spectroradiometer system has a spectral resolution of 1 nm FWHM (full-width at half maximum), a
spectral sampling interval (SI) of 0.3 nm, and a signal-to-noise ratio (SNR) of 1000:1 in a spectral range
from 300 to 1000 nm. Measurements were taken every 6-8 seconds.
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Figure S3. Boxplot of the relative standard deviation (RSD) of fluorescence at 760 and 687 nm (F7o and Fes7) for
four different illumination quality filters. The dataset was measured over 65 days from June to August 2015

within a sugar beet field in Merzenhausen, Germany. The quality filter labeled “none” does not consider

illumination changes between two measurement cycles (6-8 s), the quality filters 10%, 1%, and 0.1% discard

samples that show an illumination change of 10, 1, 0.1% between two measurement cycles, respectively. The

green bar in the Boxplot shows the median value, the whiskers show the minimum and maximum RSD, the

lower box border shows the first quartile, and the upper box border the third quartile.
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