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S1. Seasonal dynamicsin effects of varying sun and sensor viewing geometry on NDS|
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Figure S1. The coefficient of variation (COV), itee ratio between daily standard deviation and
the daily mean (measurements taken between 8:00&6068 (UTC)), for different normalised
difference spectral index (NDSI) wavelength) combinations for: a) 10 days during the dry seaso
2012 (day of year 71-85; n=480), b) 11 days dutimggrow-up phase in 2011 (day of year 200-
214; n=528), c) 12 days at the peak of the growrmson 2011 (day of year 237-251; n=576), and
d) 12 days during the senescent phase 2011 (dgao278-293; n=576). The COV indicates how
strongly the NDSI are affected by variable sun asglhe upper right half of each chart shows the
unfiltered R values whereas the lower left half includes fittgras based on criteria described
under Subsect. 2.6.
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Figure S2. The anisotropy factor (ANIF) for diffatenormalised difference spectral index (NDSI)
wavelengthi(;) combinations for 10 days during the dry seasdi?3@ay of year 71-85) for the
different sensor viewing angles: a) 15°E, b) 158V30E°, d) 30°W, e) 45°E, and f) 45W°. In

order not to include effects of solar zenith angtethe analysis, only data measured between 12:00
and 14:00 (UTC) were used in the ANIF calculatigms90). The upper right half of each chart
shows the unfiltered Rvalues whereas the lower left half includes filigras based on criteria
described under Subsect. 2.6.



]

Wavelength. (nm)

]

Wavelength. (nm)

J

Wavelength. (nm)

400
600
800
1000
1200
1400
1600
1800

400
600
800
1000
1200
1400
1600
1800

400
600
800
1000
1200
1400
1600
1800

a)

!5

b)

15

> N 14

———— 1.3

1.2

500

1000

1500

500

1000 1500

Wavelengthi (nm) Wavelengthi (nm)

Figure S3. The anisotropy factor (ANIF) for diffatenormalised difference spectral index (NDSI)
wavelengthi(;) combinations for 11 days during the fast groweniqd (period of vegetation
establishment) in 2011 (day of year 200-214) ferdiferent sensor viewing angles: a) 15°E, b)
15°W, c¢) 30E°, d) 30°W, e) 45°E, and f) 45W°. Ider not to include effects of solar zenith angles
in the analysis, only data measured between 1210@.4:00 (UTC) were used in the ANIF
calculations (n=99). The upper right half of eabhart shows the unfiltered’Ralues whereas the
lower left half includes filtering as based oneriid described under Subsect. 2.6.
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Figure S4. The anisotropy factor (ANIF) for diffatenormalised difference spectral index (NDSI)
wavelengthi(;) combinations for 12 days at the peak of the gnoveieason 2011 (day of year 237-
251) for the different sensor viewing angles: &E,%) 15°W, c) 30E°, d) 30°W, e) 45°E, and f)
45W°. In order not to include effects of solar zBrangles in the analysis, only data measured
between 12:00 and 14:00 (UTC) were used in the AddlEulations (n=108). The upper right half
of each chart shows the unfilteredRilues whereas the lower left half includes fittgras based
on criteria described under Subsect. 2.6.
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Figure S5. The anisotropy factor (ANIF) for diffatenormalised difference spectral index (NDSI)
wavelengthi(;) combinations for 12 days at the end of the grovéieason 2011 (day of year 278-
293) for the different sensor viewing angles: &E,%) 15°W, c) 30E°, d) 30°W, e) 45°E, and f)
45W°. In order not to include effects of solar zBra@ngles in the analysis, only data measured
between 12:00 and 14:00 (UTC) were used in the AddlEulations (n=108). The upper right half
of each chart shows the unfiltered\Rlues whereas the lower left half includes fittgras based

on criteria described under Subsect. 2.6. The pnoced difference in the E and W direction during
the senescent phase is most likely caused by lyeteedy in vegetation structure of the herbaceous
vegetation caused by the wind.



S2. Differences between linear and exponential relationshipsfitted between NDSI and the
ecosystem properties

We examined the relationship between the normatigéelence spectral indices (NDSI) from
nadir observations and response variables (biorgasss primary productivity (GPP), light use
efficiency (LUE), and fraction of photosynthetigadictive radiation (FAPAR) using both linear and
exponential regression analysis. The linear regresmalysis is described in the main paper.
Additionally, we fitted ordinary least square expatial regression equations between NDSI and
the response variables using:

Y = a x expP*NDsI (S1)
where Y is the response variable, and a, and btere parameters.

The linear and exponential regression equagenerated very similar coefficients of
determination (B, and the pattern of how well the different wawejéas predicted variability in
seasonal dynamics of the response variables waresathilar (compare Fig. S6 with Fig. 6 in the
main paper). The difference irf Between the two regression models were genegsl/than 0.05
(Fig. S7) and only few wavelength combinations stadnger relationships using exponential or
linear models (areas coloured in dark blue andrespectively (Fig. S7)). No significant difference
was found between the two model equations.

For biomass, the strongest exponential relatipnsas seen at NDSI[412,1131], for which the
exponential model increased theffom 0.88 to 0.89 in relation to the best lineard®l (Fig. S8).
For GPP, the strongest exponential relationshipsfaand at NDSI[933,702], but’Rlecreased
from 0.86 to 0.82 in relation to the strongestdinmodel. For LUE, the strongest exponential
relationship was observed at NDSI[456,481] wittRamf 0.83, whereas the linear model with the
strongest correlation had afi 6 0.81. For FAPAR, the strongest linear and exnoial
relationships were found for exactly the same wawgth combination NDSI[399,1295], but the
exponential model decreased theffem 0.81 to 0.78.

The measurements of the experiment are conduttedemi-arid ecosystem with relatively low
vegetation density. Maximum LAl measured betweed228nd 2013 was 2.1 (Tagesson et al.
2015), hence there is limited saturation effectxdse the linear relationship is strong, it intisa
minor problems with saturation. For particular wilangth regions being sensitive to saturation
effects, exponential and logarithmic regressiondaét better. However, in this study the aimas t
identify wavelength regions with maximum sensiintib seasonal dynamics in ecosystem
properties, and therefore wavelength regions seesi saturation should be avoided. Additionally,
the exponential character makes the models lesspygte for upscaling applications since errors
also propagate in an exponential way. In the maalyais, we have therefore chosen the usage of
linear regression models.



4007 1
E
£
£ 1000} 08
[o)]
c
o
[(}] L -
> 1300} g
=
1600+ B 0-6
. 105
4007
- 104
_. 700}
E
£
£ 1000}
()]
c
@
2 1300/
(4]
<

1000 1300 1600 400 700 1000 1300 1600

Wavelengthi (nm)

Figure S6. Coefficient of determination’jfbetween normalised difference spectral index (NDS
and a) dry weight biomass (n=12; ¢)nb) gross primary productivity (GPP) (n=285; gi&/"), c)
light use efficiency (LUE) (n=272; g C M3, and d) fraction of photosynthetically active iggibn
absorbed by the vegetation (FAPAR) (n=369) fitingrdinary least square exponential regression
equation. The upper right half of each chart shthesunfiltered R values, whereas the lower left
half shows filtered B based on the filtering criteria described undessct. 2.6.
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Figure S7. Difference in coefficient of determinati(R) between fitted linear regression equations
and exponential regression equations. The equatiens fitted between normalised difference
spectral index (NDSI) and a) dry weight biomassl@i=g n?), b) gross primary productivity

(GPP) (n=285; g C d&y, c) light use efficiency (LUE) (n=272; g C M, and d) fraction of
photosynthetically active radiation absorbed bywbgetation (FAPAR) (n=369). The upper right
half of each chart shows the unfilteretRlues, whereas the lower left half shows filteRéd

based on the filtering criteria described unders®ehb 2.6. Positive values indicate highérfd® the
linear regression and negative values indicategrighvalues for the exponential regression
equation.
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Figure S8. The least square exponential regressitthghe strongest relationships between the
normalised difference spectral index (NDSI) andrg)weight biomass, b) gross primary
productivity (GPP), c) light use efficiency (LUEnd d) fraction of photosynthetically active
radiation absorbed by the vegetation (FAPAR).
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