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Reduced solar-induced chlorophyll fluorescence from GOME-2
during Amazon drought caused by dataset artifacts

Abstract

Recently, Yang et al. (2018) reported a decrease in solar-induced chlorophyll
fluorescence (SIF) during 2015/2016 El Nifio event albeit the increase in
enhanced vegetation index (EVI). They interpreted the reduced SIF as a
signal of reduced ecosystem photosynthesis. However, we argue that the
reduced SIF during 2015/2016 is caused by a decreasing trend of SIF due to
sensor degradation and the satellite overpass time is critical for drought
impact assessment.

Introduction

Yang et al. (2018) reported an increase in enhanced vegetation index (EVI)
and incoming solar radiation, together with a decreased solar-induced
chlorophyll fluorescence (SIF) signal in Amazon forest during the 2015/2016
El Nifio event, and suggested that although the greenness of the forest
increased, the reduced SIF signal demonstrated an reduced of
photosynthetic capacity during the drought. We argue that the decreased SIF
signal may be caused by the artifacts of the datasets and does not
necessarily support the decrease in photosynthesis in Amazon.

First, the SIF dataset Yang et al. (2018) used from the GOME-2 instruments
exhibited a strong decreasing trend that is caused by instruments
degradation (Figure 1, also suggested in the dataset

description; https://avdc.gsfc.nasa.gov/pub/data/satellite/MetOp/GOME_F/RE
ADME_GOME-F _v26-v27.pdf GOME-2 FLOURESCENCE README FILE, accessed
on 6 March 2018). This trend spreads across the entire Amazon basin for
both satellite sensors (—1.1%/year on average for MetOp-A, same as the
global average trend —1.1%/year; —3.3%/year for MetOp-B, global average
trend is —1.4%/year), and its spatial pattern is also independent from
precipitation gradient or anomalies. This can be the major cause for the
observed anomalies during the later period (2015/2016) deviating from their
multiyear average, and can also explain the inconsistency of the spatial
extent of the drought reported by Yang et al. (2018) with other study
(Jiménez-Muhoz et al., 2016).
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FIGURE 1 The spatial pattern of Sen's slope trend for annual average SIF for (a} MetOp-A and (c} MetOp-B. The annual average starts
fram August and end at July. Black dots in [a) represent the trends are significant at a 0.05 level [two-sided Mann-Kendall test). The seasonal
pattern of average SIF for the Amazon region from {b) MetOp-A and {d) MetOp-B. [Color figure can be viewed at wileyonlinelibrary.com]

Second, SIF signal is driven largely by the absorbed photosynthetically active
radiation (PAR) by chlorophyll (APAR: = PAR X fPAR; Verrelst et al., 2016).
As vegetation indices (eg, EVI) are strongly correlated with fPAR, we would
expect to see concomitant responses in both SIF and vegetation indices.
Considering the reported increase in vegetation greenness and incoming
solar radiation, it is most likely that, if the decrease in SIF did exist, was
caused by the decrease in fluorescence yield. The fluorescence yield
dynamically responds to the diurnal stress on photosynthesis process due to
the closure of the stomata (Lee et al., 2013). However, during the morning
overpass of the satellites (9:30 am), the plants will experience little stress
when the incoming radiation, air temperature and vapor pressure deficit are
relatively low. The fluorescence yield can remain unchanged in the early
morning even during drought, but can also exhibit a strong diurnal variation
which is related to diurnal changes of drought stress (Amoros-Lopez

et al., 2008). Thus, using SIF observation at different time of the day may



give different drought severity prediction. Although sustained drought stress
may also reduce the fluorescence yield (Alonso et al., 2017), it would then
lead to a decrease in vegetation greenness (Sun et al., 2015; Yoshida

et al., 2015) which is not shown in this drought event.

In conclusion, the observed decrease in SIF during 2015/2016 in Amazon
may be caused by dataset artifact or at least overestimated for failing to
take this trend component into consideration. In addition, the timing of the
satellite observation further adds to the uncertainty of using SIF to infer the
vegetation photosynthesis response. Lacking support from other
independent datasets, the conclusion drawn appears questionable.

Keywords: Amazon forest, drought, photosynthesis, solar-induced chlorophyll
fluorescence, vegetation activity

Yao Zhang?, Joana Joiner?, Pierre Gentine?!, Sha Zhou!

! Department of Earth and Environmental Engineering, Columbia University, New York, NY,
USA

2 NASA Goddard Space Flight Center, Greenbelt, MD, USA

Yao Zhang, Department of Earth and Environmental Engineering, Columbia University, New
York, NY, USA. Email: zy2309@columbia.edu

References

Alonso, L., Wittenberghe, S. V., Amor, J., Vila-franc, J., Luis, G., & Moreno,

J. (2017). Diurnal cycle relationships between passive fluorescence, PRI and
NPQ of vegetation in a controlled stress experiment. Remote

Sensing, 9, 770. https://doi.org/10.3390/rs9080770

Amoros-Lopez, J., Gomez-Chova, L., Vila-Frances, J., Alonso, L., Calpe,

J., Moreno, J., ... Del Valle-Tascon, S. (2008). Evaluation of remote sensing of
vegetation fluorescence by the analysis of diurnal cycles. International
Journal of Remote

Sensing, 29, 5423- 5436. https://doi.org/10.1080/01431160802036391

Jiménez-Munoz, J. C., Mattar, C., Barichivich, J., Santamaria-Artigas,

A., Takahashi, K., Malhi, Y., ... van der Schrier, G. (2016). Record-breaking
warming and extreme drought in the Amazon rainforest during the course of
El Nifo 2015-2016. Scientific

Reports, 6, 33130. https://doi.org/10.1038/srep33130

Lee, J.-E., Frankenberg, C., van der Tol, C., Berry, J. A., Guanter, L., Boyce, C.
K., ... Saatchi, S. (2013). Forest productivity and water stress in Amazonia:



Observations from GOSAT chlorophyll fluorescence. Proceedings of the Royal
Society B-Biological

Sciences, 280, 20130171- 20130171. https://doi.org/10.1098/rspb.2013.017
1

Sun, Y., Fu, R., Dickinson, R., Joiner, J., Frankenberg, C., Gu, L., ... Fernando,
N. (2015). Drought onset mechanisms revealed by satellite solar-induced
chlorophyll fluorescence: Insights from two contrasting extreme

events. Journal of Geophysical Research:

Biogeosciences, 120, 2427- 2440. https://doi.org/10.1002/2015JG003150

Verrelst, J., van der Tol, C., Magnani, F., Sabater, N., Rivera, J. P., Mohammed,
G., & Moreno, J. (2016). Evaluating the predictive power of sun-induced
chlorophyll fluorescence to estimate net photosynthesis of vegetation
canopies: A SCOPE modeling study. Remote Sensing of

Environment, 176, 139- 151. https://doi.org/10.1016/j.rse.2016.01.018

Yang, J., Tian, H., Pan, S., Chen, G., Zhang, B., & Dangal, S. (2018). Amazon
drought and forest response: Largely reduced forest photosynthesis but
slightly increased canopy greenness during the extreme drought of
2015/2016. Global Change

Biology, 24, 1919- 1934. https://doi.org/10.1111/9cb.14056

Yoshida, Y., Joiner, J., Tucker, C., Berry, J., Lee, J. E., Walker, G., ... Wang,
Y. (2015). The 2010 Russian drought impact on satellite measurements of
solar-induced chlorophyll fluorescence: Insights from modeling and
comparisons with parameters derived from satellite reflectances. Remote
Sensing of

Environment, 166, 163- 177. https://doi.org/10.1016/j.rse.2015.06.008



	Reduced solar‐induced chlorophyll fluorescence from GOME‐2 during Amazon drought caused by dataset artifacts
	Abstract



