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ABSTRACT: View angle and directional effects significantly affect reflectance and vegetation
indices, especially when daily images collected by large field-of-view (FOV) sensors like the
Moderate Resolution Imaging Spectroradiometer (MODIS) are used. In this study, the PROSAIL
radiative transfer model was chosen to evaluate the impact of the geometry of data acquisition on
soybean reflectance and two vegetation indices (Normalized Difference Vegetation Index — NDVI
and Enhanced Vegetation Index - EVI) by varying biochemical and biophysical parameters of the
crop. Input values for PROSAIL simulation were based on the literature and were adjusted by the
comparison between simulated and real satellite soybean spectra acquired by the MODIS/Terra and
hyperspectral Hyperion/Earth Observing-One (EO-1). Results showed that the influence of the view
angle and view direction on reflectance was stronger with decreasing leaf area index (LAI) and
chlorophyll concentration. Because of the greater dependence on the near-infrared reflectance, the
EVI was much more sensitive to viewing geometry than NDVI presenting larger values in the
backscattering direction. The contrary was observed for NDVI in the forward scattering direction.
In relation to the LAI, NDVI was much more isotropic for closed soybean canopies than for
incomplete canopies and a contrary behavior was verified for EVI.
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INFLUENCIA DA GEOMETRIA DE AQUISICAO DE DADOS NA RESPOSTA
ESPECTRAL DA SOJA SIMULADA PELO MODELO PROSAIL

RESUMO: Os efeitos direcionais e de angulo de visada afetam significativamente a reflectancia e
os indices de vegetacdo, especialmente quando sdo usadas imagens diarias adquiridas por sensores
com amplo campo de visada como 0 Moderate Resolution Imaging Spectroradiometer (MODIS).
No presente estudo, o modelo de transferéncia radiativa PROSAIL foi escolhido para avaliar o
impacto da geometria de aquisicdo de dados na reflectancia da soja e no célculo de dois indices de
vegetacdo (Normalized Difference Vegetation Index - NDVI e Enhanced Vegetation Index - EVI),
variando-se parametros bioquimicos e biofisicos do dossel. Os valores usados para a simulagéo
PROSAIL foram definidos com base na literatura e foram ajustados pela comparacdo entre
espectros de soja simulados e adquiridos pelos sensores MODIS/Terra e hiperespectral
Hyperion/Earth Observing-One (EO-1). Os resultados mostraram que os efeitos direcionais e de
angulo de visada na reflectancia foram mais fortes com a diminuigdo do indice de area foliar (IAF)
e da concentracdo de clorofila. Por ser mais dependente da banda do infravermelho proximo (1VP),
0 EVI foi muito mais sensivel a geometria de visada do que o NDVI, apresentando maiores valores
na direcdo do retroespalnamento. O contrario foi observado para o NDVI na direcdo do
espalhamento frontal. Em relacdo ao IAF, o NDVI foi mais isotropico para dosséis fechados de soja
do que para dosséis esparsos, € um comportamento contrario foi verificado para o EVI.

PALAVRAS-CHAVE: indice de area foliar, NDVI, EVI, reflectancia, MODIS, sensoriamento
remoto.
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INTRODUCTION

Soybean is one of the worldwide most important agricultural commodities. Brazil is an
important soybean producer and has presented an expressive increase in planted area in the last
decades. The adequate monitoring of the Brazilian soybean planted areas is usually expensive and
time-consuming when performed through intensive field inspection. Remote sensing, based on the
use of satellite images acquired by large swath-width sensors, like the Moderate Resolution Imaging
Spectroradiometer (MODIS), is cost-effective for an adequate temporal monitoring of soybean
development and crop production (RIZZlI & RUDORFF, 2007; WARDLOW & EGBERT, 2008;
RODRIGUEZ et al., 2009; MARSDEN et al., 2010; ARAUJO et al., 2011).

MODIS is onboard the Terra and Aqua satellites launched in 1999 and 2002, respectively. Its
cross-track scanning radiometer has a field-of-view (FOV) of 110° (£55° from nadir) with a
resultant swath width of 2,300 km. It operates in both platforms from an altitude of 705 km,
covering the spectral region from 0.4 to 14.5 um in 36 bands with variable spatial resolution of
250 m (bands 1-2), 500 m (3-7) and 1,000 m (bands 8-36) (XIONG et al., 2009). As a function of
its large swath width, MODIS has a continuous and near global coverage of 1 to 2 days, which
increases the probability of acquiring cloud-free images in central Brazil just at peak of soybean
development (January to February). On the other hand, because of the large swath width, the same
soybean field can be sensed by MODIS in close dates with different view angles and directions
(backscattering and forward scattering). Due to the anisotropy of the vegetation, soybean fields with
the same biochemical and biophysical attributes can present very different spectral reflectance
solely due to changes in the geometry of data acquisition (GALVAO et al., 2009). Even the 8- or
16-day MODIS composite products of surface reflectance or vegetation indices can show large
variation in quality and reliability due to infrequent observations resultant from cloud cover, which
precludes adequate view angle constraints for pixel selection.

Besides the high temporal resolution, an important contribution provided by the off-nadir
viewing is the generation of biophysical image products. MODIS data acquired at variable view-
illumination geometries describe the vegetation anisotropy and provide inputs for the inversion of
the 3D radiative transfer models to estimate biophysical parameters such as the leaf area index
(LATI). LAI can be related to crop production and yield (FANG et al., 2008). However, atmospheric
contamination may limit the number of input images necessary for inversion. In this case, LAI is
generally estimated from available empirical relationships between LAI and NDVI through a
Backup Algorithm (BREUNIG et al., 2011).

Despite the fact that most of the MODIS products have an associated pixel quality assurance
information, the majority of the users do not consider pixel retrieval quality (e.g., atmospheric or
view angle effects) on their studies. In fact, the magnitude of the view-illumination effects on crop
spectral response has not received great attention in the literature. Thus, a better comprehension of
the impact of the geometry of data acquisition on reflectance and vegetation indices of crops is still
necessary to avoid misinterpretation of MODIS data.

Radiative transfer modeling can be used for this purpose. The integration of the leaf radiative
transfer PROSPECT (FERET et al., 2008) with the canopy radiative transfer SAIL (Scattering by
Arbitrarily Inclined Leaves) (VERHOEF, 1984; VERHOEF et al., 2007) generated a complete leaf-
canopy model named PROSAIL (JACQUEMOUD et al., 2009). PROSAIL model allows varying
combinations of data regarding the following input parameters: pigment concentration, leaf and
canopy structure parameters (Leaf Inclination Distribution Function - LIDF, LAI), atmosphere
conditions and view-illumination geometry (Solar Zenith Angle - SZA; View Zenith Angle - VZA,;
and Relative Azimuth Angle - RAA).

Considering the hypothesis that MODIS off-nadir data can significantly introduce spectral
variability for soybean fields, the objective of this study was to evaluate the impact of the geometry
of data acquisition on soybean reflectance and vegetation indices. For this purpose, it was used the
PROSAIL radiative transfer algorithm to simulate the soybean spectral response by varying data
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acquisition geometry (VZA) and biochemical (e.g., chlorophyll) and biophysical (e.g., LAI and
LIDF) parameters.

PROSAIL

Biophysical and biochemical parameters of the canopy can be estimated by the inversion of
empirical-statistical methods or physically-based radiative transfer models such as PROSAIL
(ATZBERGER, 2010). Radiative transfer models are valuable tools to improve the interpretation of
remote sensing products and to formulate new methods for retrieving biophysical and biochemical
properties. The coupled leaf-canopy PROSAIL model (PROSPECT + SAIL) is widely used for
planning new sensors capability, to improve and test vegetation indices, and to better understand
radiation regime within vegetation stands (JACQUEMOUD et al., 2009). Several improvements
were implemented and are continually being developed aiming to represent increasingly better the
actual radiation propagation at leaf and canopy levels.

At leaf scale, PROSPECT was derived from the Allen’s generalized plate model and currently
allows as input the chlorophyll concentration (Cab), carotenoid concentration (Car), equivalent
water thickness (Cw), dry matter content (Cm), and the leaf mesophyll structure parameter (N,
angiosperm or gymnosperm). To simulate the leaf directional-hemispherical reflectance and
transmittance, the model uses look-up-tables with the specific absorption coefficients and refractive
index of leaf components (FERET et al., 2008).

At canopy scale, SAIL is a widespread accepted canopy radiative transfer model initially
proposed by VERHOEF (1984) to simulate the bidirectional reflectance factor (BRF) considering
distinct sun and view geometry angles. Data acquisition geometry parameters can significantly
change the reflectance if one considers using off-nadir data (BREUNIG et al., 2011). Plant
biophysical parameters, such as LAl and LIDF, are used to represent crop phenology on the BRF.
Hot spot parameter is usually set to 0.2 since this value represent nearly the actual effect of this
phenomena on the BRF. Biochemical parameters (e.g., chlorophyll a and b - C,,) change the

reflectance in the visible spectral range with maximum absorption in the blue and red bands.
Carotenoids have more influence close to the senescence stage with decreasing chlorophyll content.
Structural parameters (e.g., LAl and LIDF) determine the radiation regime within the canopy
according to the plant architecture, crop development and calendar, management and regional
aspects (GALVAO et al., 2011a).

MATERIAL AND METHODS
Definition of the PROSAIL input data

In order to define the PROSAIL input parameters, several tests were carried out and the
literature was used. A summary of the model input values is presented in Table 1. Leaf structure
parameter and C,; were set according to FRITSCHI & RAY (2007) and WANG et al. (2011). The

other biochemical parameters were set according to preliminary evaluations, based on the
PROSAIL look-up-table (LUT) provided by FERET et al. (2008). The structural parameter N was
defined for a dicotyledonous plant (soybean) characterized by a spongy parenchyma with air
cavities JACQUEMOUD, 1993).

To represent the soybean planophile canopy architecture, an average leaf inclination
distribution function (LIDF) value of 13° was first defined based on the WinSAIL implemented
algorithm for soybean crops. Soil reflectance was extracted from a topsoil reflectance spectrum
acquired in the Brazilian Mato Grosso State by the Airborne Visible/Infrared Imaging Spectrometer
(AVIRIS) over dry dystrophic Red Latosol (Rhodic Acrustox in the Soil Taxonomy), a common
soil type in soybean farms of central Brazil. After preliminary tests, the hot spot parameter was set
to 0.2. Ratio of diffuse to total incident radiation was set to 20%, which corresponds to a visibility
of 50 km, typical for a cloudless atmosphere (JACQUEMOUD, 1993).
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TABLE 1. Main parameters used as input for PROSAIL (PROSPECT + SAIL) simulations.

Model Symbol Quantity Range (step) Unit
Cap Chlorophyll a + b content 10 - 60 (10) pg cm’?
Cec Carotenoid content 13 ug cm
=
E_ﬂ % Cyw Equivalent water thickness 0.02 cm
3 :
Q8§ m Dry matter content 0.009 gem
D— N
Cb]ﬂ Brown pigments content 0.3
N Leaf structure parameter 15N
LAI Leaf area index 0.01to 7 (1) -
LIDF Leaf inclination distribution function 10 to 75(5) Degree
= Sy Hot spot parameter 0.2 mm*
>
[<5]
<=EI = Py Soil reflectance assumed Lambertian or not 1
o
@ % SKYL Ratio of diffuse to total incident radiation 20 %
NH SZA Solar zenith angle 30 Degree
VZA Viewing zenith angle -45to0 45 (5) Degree
RAA Relative azimuth angle 0 Degree

To evaluate the ability of PROSAIL to reproduce real spectra of soybean fields, we compared
the PROSAIL simulated spectra with real soybean spectra derived from the Hyperion/Earth
Observing One (EO-1) hyperspectral satellite sensor and from the MODIS/Terra multispectral
sensor. PROSAIL simulations were performed using the same Hyperion and MODIS geometry of
data acquisition with a LAl of 5. The images were acquired over a soybean farm located in
Queréncia municipality (State of Mato Grosso, Brazil). The Hyperion image was obtained with off-
nadir viewing (-21.5°) in the forward scattering direction on February 8, 2005. Two MODIS images
were obtained on February 5 and 6, 2005, in opposite directions (backscattering at 42° VZA and
forward scattering at -44° VZA, respectively). A brief description of the Hyperion and MODIS
images and of the soybean farm for this study is found in GALVAO et al. (2011a,b) and BREUNIG
etal. (2011).

Data analysis

Viewing configuration was changed to perform several representations of VZA (+45° from
nadir) for different chlorophyll concentrations (10 to 60 pg cm™), LAI (0.01 to 7) and LIDF (10° to
75°) values (Table 1). The resultant PROSAIL reflectance spectra (400-2500 nm) were analyzed.
All the simulations were performed using the Matlab® environment (The MathWorks Inc. 2008).
Because SZA does not vary too much during the peak of soybean development in central Brazil
(January to February), we kept this parameter fixed at 30° (SZA). The RAA was also fixed at 0°
(principal plane of scattering). Thus, results were evaluated by keeping several PROSAIL input
parameters constant while varying others (VZA, LIDF and chlorophyll). In this study, negative
VZA indicates the forward scattering (predominance of shadowed canopies for the sensor), whereas
positive VZA represents the backscattering (predominance of sunlit canopies).

Different plots were elaborated representing the view angle-directional effects resultant from
changes in chlorophyll, LAI and LIDF on the reflectance and two vegetation indices (Normalized
Difference Vegetation Index - NDVI; and Enhanced Vegetation Index - EVI). NDVI and EVI,
which are the two indices used in MODIS vegetation index composite products, were calculated
using Equations 1 and 2, considering the central wavelength of the Hyperion narrow bands:

NDVI = (Pges — Pg71)/ (Pges T Pg71) (1)
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EVI =G * ( Pasa—Pa71 ) (2)
PasatC1*Par1—Ca*Pag7ytL

where,
p, - simulated and the atmospherically corrected surface reflectance;

L - canopy background adjustment (we adopted L = 1);
C;; €, - coefficients of the aerosol resistance term (€, =6, C; =7.5);

G - scaling factor (G = 2.5) (SOLANO et al., 2010).

To allow comparisons between results from a common baseline, we calculated the anisotropic
reflectance factor (ANIF), which comprises simulated off-nadir data normalization (reflectance) to
nadir viewing (SANDMEIER & ITTEN, 1999). The same strategy was adopted for NDVI and EVI,
which were also normalized to nadir viewing.

RESULTS
PROSAIL simulated versus real satellite soybean spectra

An overall good agreement was verified in the red edge, near infrared (NIR) and shortwave
infrared (SWIR) spectral regions between real and PROSAIL simulated soybean reflectance spectra
for Hyperion/EO-1 (Figure 1a) and MODIS/Terra (Figure 1b). However, the greatest differences for
Hyperion were observed in the visible interval and were probably associated with atmospheric
scattering effects. For MODIS, simulated PROSAIL reflectance curves, when compared to real
spectra, displayed lower values in the entire 400-2500 nm range.

Despite the differences between real and simulated reflectance spectra mainly observed for
MODIS, results of Figure 1 confirmed the good performance of PROSAIL to represent the soybean
spectral reflectance using the input parameters of Table 1.
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FIGURE 1. Comparison of simulated PROSAIL spectra with real spectra measured by a)
Hyperion/EO-1 on February 8, 2005 (forward scattering), and b) MODIS/Terra on
February 5, 2005 (backscattering) and on February 6, 2005 (forward scattering).

Variation in biochemical and biophysical parameters: the soybean reflectance anisotropy
from PROSAIL

PROSAIL results showed that the soybean variations in chlorophyll a and b concentration
changed the red reflectance at 661 nm, which varied with VZA for distinct LAI values (2 and 5),
especially at the hot spot position (SZA and VZA = 30° in Figure 2). The red reflectance decreased
as the chlorophyll concentration increased, because of the more radiation absorption in the visible
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due to the photosynthesis (Figure 2a). Similar results were obtained in the blue wavelength region,
as expected (results not shown). View angle effects on reflectance were stronger in the
backscattering (positive view angles) than in forward scattering direction (negative view angles)
due to the hot spot effects. ANIF results (normalized to nadir) indicated that view angle and
directional effects were reduced when chlorophyll content increased from 10 to 60 ug cm™ (Figure
2b). The magnitude of angular effects decreased also significantly with canopy closure, as deduced
from the comparison between Figures 2b (LAI = 2) and 2c (LAI = 5). For closed soybean canopies
(LAI = 5), changes in VZA produced much smaller reflectance variations for different chlorophyll
concentrations when compared to incomplete canopies (LAl = 2). Thus, in time series analysis of
satellite data of annual crops like soybean, the magnitude of the directional effects, in the visible
interval, decreases with crop development or reproductive stages.
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FIGURE 2. Directional and view zenith angle (VZA) effects, as a function of different
concentrations of chlorophyll a and b, on the a) red reflectance (660 nm) of soybean
for LAI 2; b) red anisotropic reflectance factor (ANIF) for LAI 2, and c) red ANIF
for LAI 5. SZA (30°), RAA (0°), LIDF (13° and other parameters of Table 1 were

kept fixed.

The main biophysical parameters that affect reflectance are LAI and LIDF. For a constant
chlorophyll concentration (30 pg cm™), an increase in LAI produced light absorption in the visible
(Figure 3a) and multiple scattering of radiation in the NIR (results not shown). View angle effects
on red reflectance were stronger in the backscattering and at the hot spot (30° VZA), and decreased
with increasing LAI (Figure 3b). For LAI higher than 5, no significant changes were observed in the
red interval due to the reflectance saturation and to the small spectral influence of soil background
and plant stand shadowing on the simulated soybean canopy reflectance. When compared to the red
interval (Figure 3b), directional and view angle effects were reduced in the NIR (Figure 3c) as well
as in the SWIR (results not shown).
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FIGURE 3. Directional and view zenith angle (VZA) effects, as a function of different LAI values,
on the a) red reflectance (660 nm) of soybean; b) red anisotropic reflectance factor
(ANIF); and c) NIR ANIF. SZA (30°), RAA (0°), LIDF (13°), chlorophyll (30 pg.cm™)
and other parameters of Table 1 were kept fixed.
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Soybean has planophile canopy architecture with LIDF average values lower than 30°. The
soybean LIDF is also dependent on its development stage. Changes in LIDF values usually result in
reflectance variations and in different levels of dependence on viewing geometry. For example,
when compared to the other crops with more erectophile canopy architecture (e.g., sugarcane);
soybean is much more isotropic when reflecting radiation. An example is presented in Figure 4. For
fixed LAI (value of 5) and chlorophyll concentrations, representing the beginning and full seed of
soybean, view angle effects were stronger in the red (Figures 4a and 4b) than in the NIR (Figure 4c)
with increasing LIDF values, especially in the backscattering (positive VZA) and at the hot spot
position. In fact, extreme LIDF values in Figure 4 represent the broad transition from planophile
(e.g., soybean; 15°) to erectophile (e.g., sugarcane; 75°) canopy architectures rather than changes
with soybean development.
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FIGURE 4. Directional and view zenith angle (VZA) effects, as a function of different LIDF values,
on the a) red reflectance of soybean; b) red anisotropic reflectance factor (ANIF); and
c) NIR ANIF. SZA (30%), RAA (0°, chlorophyll (30 pg.cm®), LAI (5) and other
parameters of Table 1 were kept fixed. Results for LIDF of 75° were partially ommited
to facilitate graphic representation.

Variation in biochemical and biophysical parameters: the soybean vegetation index
anisotropy from PROSAIL

EVI displayed stronger anisotropic behavior than NDVI with view angle and view direction,
especially in the hot spot (backscattering) and for a fixed LAI of 5 (Figures 5a and 5b). For NDVI,
directional and view angle effects were stronger with decreasing chlorophyll concentrations from 50
to 10 ug.cm, but a reversal in EVI behavior was observed.
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FIGURE 5. Directional and view zenith angle (VZA) effects, as a function of different chlorophyll
concentrations of soybean, on the normalized-to-nadir a) NDVI; and b) EVI. SZA
(30%, RAA (0°, LAI (5), LIDF (13°) and other parameters of Table 1 were kept fixed.
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A reversal trend between NDVI and EVI was also noted when we fixed the chlorophyll
concentration (30 pg cm™@) and varied the LAI values from 1 to 5 (Figures 6a and 6b). When
compared to nadir viewing, much lower normalized NDVI values were observed in the
backscattering with decreasing LAI values, but the contrary was verified for EVI, which presented
much higher normalized values with canopy closure.
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FIGURE 6. Directional and view zenith angle (VZA) effects, as a function of different LAI of
soybean, on the normalized-to-nadir a) NDVI; and b) EVI. SZA (30°), RAA (0°,
chlorophyll (30 pg cm), LIDF (13°) and other parameters of Table 1 were kept fixed.

DISCUSSION

View angle and directional effects on the visible, NIR and SWIR reflectance were stronger for
incomplete soybean canopies (e.g., LAl = 2) than for closed canopies (e.g., LAl = 5). This result is
in agreement with findings by EPIPHANIO & HUETE (1995) and WALTER-SHEA et al. (1997)
in field experiments performed with other crops. In the early plant development stage, the soil
background is a significant source of reflectance variation due to the soil reflectance itself and to the
plant stand shadowing on it (ROSENA et al., 1992; ZHAO et al., 2010). After canopy closure, the
soil background influence is minimal and eventual angular effects on reflectance depend on crop
row spacing, which is generally small (45 cm) for soybean (BREUNIG et al., 2011). The present
study also showed that such effects were also reduced towards canopy closure with increasing
chlorophyll concentration.

Depending on the vegetation index formulation, the combination of several bands can lead to
a conflicting and misinterpretation of the data, since plant leaves absorb, reflect, and transmit light
differentially across the whole spectrum (FITZGERALD et al., 2005). For example, NDVI
presented higher values than EVI in the forward scattering. The opposite was verified in the
backscattering. EVI was more sensitive to directional and view angle effects than NDVI, which is
in agreement with recent studies by GALVAO et al. (2011b) and SIMS et al. (2011) using MODIS
and hyperspectral data. This fact can be associated to the greater dependence of EVI on the NIR
reflectance (GALVAO et al., 2011b) and to the fact that EVI uses two visible bands (blue and red),
which are more affected by the geometry of data acquisition (LEBLON et al., 1996; APARICIO et
al., 2004). As a result of its dependence on the NIR reflectance, EVI is much more sensitive to
variations in LAI than NDVI but is also much more sensitive to view-illumination effects. On the
other hand, NDVI is more dependent on the red reflectance variation (APARICIO et al., 2004) and
tends to be comparatively more sensitive to pigment concentration than EVI.

Despite the quality improvement of satellite data mentioned by FENSHOLT et al. (2010),
attention is necessary when using vegetation indices or daily reflectance images collected by large
FOV sensors like MODIS due to canopy internal (geometry, leaf and soil optical properties) and
external factors (view-illumination geometry and atmosphere) (APARICIO et al., 2004). View
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angle and directional effects on MODIS can produce erroneous interpretation of biophysical
parameters, especially when radiative transfer modeling is replaced by empirical modeling due to
the infrequent satellite observation resultant from cloud cover (BREUNIG et al., 2011). Viewing
effects are also dependent on spectral mixtures of the scene components (FITZGERALD et al.,
2005; SOMERS et al.,, 2011) and a validation stage is usually desirable to ensure the best
representation of plant stand characteristics (WIDEN, 2004).

LIDF is important because, among other parameters, determines the extinction and scattering
coefficients. For horizontally predominant leaves (planophile architecture), the extinction and
bidirectional scattering coefficients tend to be constant. In plant stands with vertically predominant
leaves (erectophile architecture), the extinction coefficient increases according to the tangent of the
observation angle (monotonous increases) and the bidirectional scattering coefficient assumes a “V”
shape centered at nadir position (VERHOEF, 1984). PROSAIL results showed that soybean
canopies with lower LIDF values are more isotropic than other canopies with erectophile canopy
architecture (higher LIDF values). However, view angle and directional effects were still present
over soybean canopies and even on real Hyperion and MODIS data collected over soybean farms in
the Mato Grosso State (GALVAO et al., 2009; BREUNIG et al., 2011).

CONCLUSIONS

Results showed good agreement between simulated and satellite reflectance spectra (MODIS
and Hyperion) that confirmed the ability of PROSAIL to model soybean spectral response under
different biochemical and biophysical attributes, and viewing geometry. View angle and directional
effects on the visible, NIR and SWIR reflectance were stronger for incomplete soybean canopies
than for closed canopies or for increasing chlorophyll concentration. They were evident in the
backscattering (positive VZA) due to the predominance of sunlit canopy components towards
sensor, especially at the hot spot geometry (VZA and SZA = 30°). Analysis of LIDF values
anticipates the conclusion that soybean (planophile canopy architecture) is more isotropic than other
crops with more erectophile canopy architecture (e.g., sugarcane with higher LIDF values).

When compared to NDVI, EVI was much more sensitive to viewing geometry having larger
values in the backscattering (hot spot). The inverse was observed for NDVI that presented higher
values in the forward scattering direction. Differences in the response of the two indices with
viewing geometry are due to the greater dependence of EVI on the NIR reflectance, which had also
more anisotropic behavior for closed canopies.

Results emphasized that care is necessary when analyzing daily images collected by large
FOV sensors. Because the soybean development in central Brazil is coincident with the peak of
cloud cover season, even the analysis of 8- or 16-days MODIS composite images should consider
information associated to pixel quality, including the view zenith angle and direction of the pixels
selected to be included into the composite product.
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