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Fig. 1 “In-filling” of Fraunhofer Line by SIF
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Fig. 2 Simulated atmospheric transmittance, SIF spectra at
top of canopy/atmosphere and at-sensor radiance (with/without
SIF), under 0.3 nm spectral resolution (simulations were based
on MODTRANS and SCOPE)
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Table 1 State of the art of SIF retrieval methods at top-of-atmosphere (the selected retrieving window, data used and references

are also listed)

Ak (RS SR H liF=% S0k
FLDH% MERIS/CASI Guanter %5, 2007
ETRAFIERTROSE  FHPLDIIE OrA FLEX-FIMAS Guanter %5 2010
ASD(HLEK) Damm %5, 2014
SFMAE 0,-A/B FLEX-FLORIS Cogliati 55, 2015
IMAP-DOAS 756—759 nm Frankenberg 45, 2011
T AL O PRI Y 3 o 769.9—770.2 nm GOSAT-FTS Joiner 5. 2011
AR N sk XFAFXIR =, 2013
— 755—759 nm Kéhler 4, 2015a
756—759 nm 769—771 nm GOSAT-FTS Guanter 45, 2012
SVDHk 758—759 nm 770.1 nm 0CO0-2 Frankenberg %5, 2014
BWAER A TROPOMI Guanter %, 2015
EACITE e AR 712—783 nm Joiner %, 2013
JELEPCATR L 682—692 nm Joiner %, 2016
GOME-2, SCIAMACHY
712—783 nm Sanders 4%, 2016
LMPCATIL 720—758 nm Kohler %5, 2015b

1 : WIHFLEX-FIMAS. FLEX-FLORISFITROPOMIE BS Hidh Jg 4l A% B Y i 107 pR AR I LU AR = RO |



4 Journal of Remote Sensing

#2018, 22(1)

=2

BESIFRUENHERE R[N EZHEEIER, SR CEENETHMEIINLZFSEENIE

Table 2 Major characteristics of satellite instruments used to retrieve SIF, including currently used and scheduled to be launched
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Top-of-atmosphere hyperspectral remote sensing of solar-induced
chlorophyll fluorescence: A review of methods

ZHANG Lifu', WANG Siheng"’, HUANG Changping'

1. The State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Solar-Induced chlorophyll Fluorescence (SIF) is directly related to photosynthesis and therefore considered a promising tool for
grossprimary productivityestimation and vegetation environmental stress monitoring. Interest in SIF has increased since satellite remote
sensing of SIF became feasible, especially after the first global SIF map was depicted in 2011. However, methods for retrieving SIF at Top-
Of-Atmosphere (TOA) are still under investigation and argumentation, as decoupling SIF from total at-sensor radiance is challenging in the
presence of atmospheric scattering and absorption. This paper aims to review the methods proposed for SIF retrieval at TOA over the past 10
years, to illustratethe advantages/disadvantages of those methods and to provide a technical instruction for remote sensingof SIF at
airborne/space level.

All the methods were categorized into three types: methods based on Radiative Transfer (RT) calculations, simplified physically-based
methods and data-driven approaches. Methods based on RT calculations, including improved Fraunhofer Line Discrimination (FLD) meth-
ods and Spectral Fitting Methods (SFM), aim to retrieve SIF using atmospheric absorption lines. Atmosphere is characterized through RT
calculations and then the TOA problem is converted to Bottom-Of-Atmosphere (BOA). These methods are applicable in situations with me-
dium to low spectral resolution (0.3—5 nm) whereas imperfect characterization of atmosphere and RT process will lead to retrieval errors.
Physically-based methods utilize single or several solar Fraunhofer Lines located in atmospheric windows, using solar irradiance spectra
(measured or simulated through spectra convolution) as reference, decoupling SIF signal from earth radiances. Atmosphere scattering and
absorption are neglected under these situations. Physically-based methods were developed for high spectral resolution measurements (e.g.
0.025 nm for GOSAT) and are sensitive to noise. Data driven approaches consider any fluorescent radiance spectrum consists non-fluores-
cent portion and SIF signal. Features extracted from large training dataset consisting non-fluorescent spectra (cloud, ice/snow, desert*+*) are
used to express the non-fluorescent portion in the fluorescent spectra while SIF signal is expressed as mathematical function or spectra with
fixed shape. Data driven approaches are popular because they do not require RT calculations while are applicable for medium to high spec-
tral resolution situations. The performance of data driven approaches depends on the representativeness of training dataset and other empiric-
al settings of the model, including the number of features used, function used to describe SIF spectrum and retrieval window selected.

With several satellite sensors with medium spectral resolution (0.3—0.5 nm) being available for SIF retrieval (including currently avail-
able ones and scheduled to be launched in near future ones), including MetOp-GOME-2, Sentinel-5-TROPOMI and the FLuorescence EX-
plorer (FLEX) mission, RT-based methods and data-driven approaches are considered most promising SIF retrieval methods in the future.
The RT-based methods are mainly developed by the FLEX team and are applicable for low spectral resolution and airborne data, but the per-
formance of these methods on global SIF retrieval needs to be validated with real satellite data. On the other hand, several global SIF
products have been generated using data driven approaches. However, representative training dataset needs to be built carefully and optimal
parameters need to be determined according to different sensors.

Key words: SIF retrieval, hyperspectral remote sensing, radiative transfer, data-driven approaches
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