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It is important to understand how sun-sensor geometry affects satellite sun -induced
fluorescence (SIF) in order to take full advantage of these measurements, particularly given
their close relationship with gross primary production (GPP). A recent paper by Li et al.
(2018) (hereafter L2018) presented results on the relationship between OCO-2 SIF and GPP
from 64 flux sites. Similar to Sun et al. (2017), this study suggested a nearly universal rather
than biome-specific SIF-GPP relationship across biomes though a higher slope was found
for C4 plants. Their results are distinct from previous studies (Guanter et al., 2012; Zhang et
al., 2016). We argue that the universal relationship may be biased by not separating SIF data
from three observation modes that have different sensor view zenith angles.

OCO-2 products have three observation modes nadir, the satellite points the instrument to
the local nadir with zero viewing zenith angles (VZAs); glint, with varying VZA; and target,
the observation will lock its view onto specific ground validation sites. L2018 used all three
modes in the OCO-2 product which have different viewing zenith angles (VZA) and hence
different ranges of SIF (Figure 1a, b). Similar to canopy reflectance, there are noticeable
angular variations of SIF (van der Tol et al., 2009; Liu et al., 2015). This variation has effect
on the SIF-GPP relationship (He et al., 2017). Therefore, this effect should be taken into
account when we use SIF data from OCO-2 across sites 2 (Sun et al., 2018).

L2018 suggests that there are no significant differences between the slopes of SIF-GPP
relationship derived from observations with the nadir and other modes. With more sites (82),
however, we observed significant (p < 0.001) differences in the slopes (Figure 1c). This is
attributed to the different viewing geometries of the various modes (Frankenberg et al.,
2014). To display the bi-directionality of SIF, we show SIF at different VZA in the solar
principal plane at three flux sites where there are continuous observations with different
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VZAs made in the target mode. A clear bowl shape of SIF can be observed from the
backward to forward scattering directions (Figure 1d-f). This is consistent with both ground-
and model-based results (van der Tol et al., 2009; Liu et al., 2015). Directional variations of
SIF were also observed from GOME-2 and GOSAT measurements (Guanter et al., 2012;
Kohler et al., 2018).

Sun et al. (2017) performed a regression using nadir mode OCO-2 and flux tower data to
derive a SIF-GPP relationship, forcing a linear fit through the origin. They reported that a
universal SIF-GPP relationship may be foreseen across biomes. In contrast, L2018
performed a regression fit with a non-zero intercept. Therefore, the difference in slopes as
well as intercepts should be considered when evaluating the variations in the SIF-GPP
relationship across biomes._In Figure 1(g)-(i), the slopes are similar among different VZAs
for the three sites, but the GPP-SIF relationships are obviously different because of the
different intercepts. If a regression without an intercept is applied, the slopes vary
significantly at the three sites.

We also find that there is no significant difference in slopes between nadir and glint modes
for all data grouped together, but whether the conclusion holds for individual sites is still
unknown. For the 64 flux sites in L2018, some sites were mainly collected with nadir
observations and the others mainly with glint observations. Several sites have similar
number of both nadir or glint observations, where the glint mode has varying east-west
offsets relative to nadir (Sun et al., 2018). We selected three sites that have a good mix of
both nadir and glint observations as well as GPP data to compare the SIF-GPP relationships
for both modes. It shows that VZAs in the glint mode vary with date and location; the VZAs
for nadir mode are nearly zero for all observations (Figure 2a-c). This results in a varying
SIF-GPP relationship derived from glint mode observations even at a single site due to
variations in the VZA. We found that the derived SIF-GPP slopes between nadir and glint
modes are significantly different (p <0.05) for the US-SRM and AU-Stp sites (Figure 2d-e).
Although there are not significant differences at the US-GLE site, the slope of the SIF-GPP
relationship for the glint mode is still 1.3 times higher than that from the nadir mode (Figure

2f).

In conclusion, it is important to consider the bi-directionality of SIF when using OCO-2 SIF
data to evaluate the SIF-GPP relationship. One way to avoid the directional variations of SIF
is to use only the nadir mode as it provides constant view zenith angle observations over
time (Sun et al., 2018). Whether there exists a universal or nearly universal relationship
between GPP and SIF across biomes is still an open question that needs further research.
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The distributions of (a) viewing zenith angle (VZA) and (b) SIF from OCO-2, and (c) the
relationships between GPP and OCO-2 SIF from 82 tower sites in different modes (nadir,
blue; glint, red; target, black). The SIF at different VZA for (d) US-PFa (mixed forest), (e)
AU-How (woody savannas), and (f) FI-Hyy (evergreen needleleaf forest) sites. The
relationships between SIF and GPP under different VZA for (g) US-PFa, (h) AU-How, and

(i) FI-Hyy sites.

Glob Chang Biol. Author manuscript; available in PMC 2019 November 01.



1duosnue Joyiny VSN 1duosnuey Joyiny YSYN

1duosnue Joyiny VSN

Zhang et al.

~—~
[
S
[~ [ . Ln
= = = =

Viewing zenith angel (°)

[
=]

d g

GPP (umol/m’/s)
= (=1

W]

US-SRM

—_
(=3
~—
Ln
o

—_
(2]
~—
Ln
(=

ONadir
OGlint © o

o

o o

70 140 210 280 350

Day of year

5

)
=

(5]
=

Viewing zenith angel (°)

o

—_—
[)

S

(+]

Au-Stp
ONadir
OGlint
04 o oo o
(o]
(o]
o o
o © o

70 140 210 280 350

Day of year

S
=1

(]
(=]

]
(=

Viewing zenith angel (°)

—
(=

Page 5

US-GLE
ONadir o
OGlint

o]
o

o 0 ¢
a0 L0 000 MG

G

ONadir: r=0.90, y=26.67x-0.01
OGlint: r=0.89, y=43.64x-0.57

p = 0.02 o

+ =)

GPP (umol/m’/s)

]

ONadir: r=0.94, y=21.54x-0.49
OGlint: r=0.92, y=30.19x-1.09

p=0.03

=]

70 140 210 280 350
Day of year

GPP (umol/m’/s)
. o

]

0.00 005 010 015

SIF,, (W/m’/um/sr)

Figure2.

00 01 02
SIF,, (W/m’[um/sr)

ONadir: r=0.70, y=19.09x+1.33
OGlint: r=0.82, y=24.71x+0.30

p = 0.58

00 01 02 03
SIE,, (W/m’/um/sr)

The viewing zenith angle of nadir (blue circles) and glint modes (red circles) for (a) US-
SRM (woody savannas), (b) AU-Stp (grass), and (c) US-GLE (evergreen needleleaf forest)
sites. The relationships between OCO-2 SIF and GPP for nadir (blue circles) and glint
modes (red circles) at (d) US-SRM, (e) AU-Stp, and (f) US-GLE sites. The slopes were

compared using two-tailed T test.
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