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Abstract: The aim of this study was to assess the ability of optical images, SAR (Synthetic
Aperture Radar) images and the combination of both types of data to discriminate between
grasslands and crops in agricultural areas where cloud cover is very high most of the
time, which restricts the use of visible and near-infrared satellite data. We compared
the performances of variables extracted from four optical and five SAR satellite images
with high/very high spatial resolutions acquired during the growing season. A vegetation
index, namely the NDVI (Normalized Difference Vegetation Index), and two biophysical
variables, the LAI (Leaf Area Index) and the fCOVER (fraction of Vegetation Cover) were
computed using optical time series and polarization (HH, VV, HV, VH). The polarization
ratio and polarimetric decomposition (Freeman—Durden and Cloude—Pottier) were calculated
using SAR time series. Then, variables derived from optical, SAR and both types of
remotely-sensed data were successively classified using the Support Vector Machine (SVM)
technique. The results show that the classification accuracy of SAR variables is higher than
those using optical data (0.98 compared to 0.81). They also highlight that the combination of
optical and SAR time series data is of prime interest to discriminate grasslands from crops,

allowing an improved classification accuracy.
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1. Introduction

Land cover and land use changes, which are often associated with agriculture intensification, may
have important impacts on environmental systems by increasing water and air pollution, soil degradation
or biodiversity loss [1] and on socio-economic systems for stock and winter fodder [2]. The conversion
of grass into cropland results in an increase in nitrate leaching and a decrease in carbon storage in
soils [3,4]. Thus, considering the increases in cropland at the expense of grasslands observed in many
regions of the Earth during the last half century [5,6], the identification of grassland is a key issue for
sustainable agriculture.

Grassland can be identified over large areas using optical remote sensing data through the calculation
of parameters related to vegetation cover, such as vegetation density, crop height and biomass [7,8].
Vegetation indices, such as the Normalized Difference Vegetation Index (NDVI), or biophysical
variables, such as the Leaf Area Index (LAI) or the fraction of Vegetation Cover (fCOVER), can be
used to monitor vegetation growth and assess land cover and land uses [9-11]. However, in some
regions, the use of optical images during the vegetation period is limited, because of cloud cover and
the revisit frequency of satellites. Therefore, Synthetic Aperture Radar (SAR) data, less sensitive to
climatic conditions than optical data, can be considered as an ideal complement to optical data for
grassland monitoring. Moreover, many studies have shown that SAR data are well correlated with
vegetation parameters, such as crop height, biomass or LAI [9,12—-16]. Radar polarimetric information
(dual or full polarization) appears useful for land use and land cover discrimination [17-20]. Thus, land
cover and land use can be studied using polarimetric decompositions (Cloude—Pottier, Freeman—Durden,
etc.), polarimetric discriminators (ratio, coefficient of variation, efc.) useful to characterize different
types of scattering mechanisms (surface roughness, specular response, volume, etc.). Based on
polarimetric synthesis, they describe the polarimetric response of features in the image and allow land
cover classification.

Remote sensing images with high spatial and temporal resolutions are required to precisely
identify land cover and land use at the field scale in agricultural areas covering more than a few
hectares [21]. However, classifications performed with only one image can show poor results for
grassland identification, since they show very different spectral responses according to the management
practices applied during the growing season. Grassland and cropland can show similar spectral responses
depending on the acquisition date. For example, during the growth period of some winter wheat and
grasslands, some misclassification errors can be observed. Thus, multi-temporal data can be very useful
for inter- and intra-annual grassland monitoring. In this context, upcoming new sensors with high spatial
and temporal resolutions, such as Sentinel-1, Sentinel-2 and Venyus, offer new perspectives for grassland
monitoring at the field scale.

The aim of this study was to assess the ability of optical images, SAR images and the combination of
both types of data to discriminate between grasslands and crops in agricultural areas where cloud cover
is very high most of the time, which restricts the use of visible and near-infrared satellite data. For this
purpose, we firstly calculated variables extracted from optical and SAR satellite images with high/very
high spatial resolutions acquired during the growing season. Then, we successively applied the Support
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Vector Machine (SVM) classification technique to the variables derived from optical, SAR and both
types of remotely sensed data.

2. Study Site and Datasets

2.1. Site Description

The study was performed on a catchment area of 61.5 km? located in central-north Brittany, France
(Figure 1). Brittany has a moderate oceanic climate with mild winters and cool summers, high humidity
and high mean cloudiness during the year. This study area, the Yar watershed, is characterized by
relatively intensive farming, mainly oriented towards cattle production. Besides grassland, the main
crops, maize and winter wheat, are produced in relation with industrial breeding. Thus, only these land
cover classes, which occupy more than 95% of the arable land, were identified. High nitrogen rates
in rivers, largely due to grassland regression and excessive fertilization on crops and grasslands, have
been observed for several years on this site. This results in green algae development along the coast.
Grasslands cover approximately 60% of the total vegetation area of the watershed and are distributed
partly in wetlands (permanent grasslands) and partly in cultivated areas (temporary grasslands). Three
types of grassland management practices are encountered in this area, namely grazing, mowing and
mixed management (grazing and mowing). Thus, according to these farming practices, grassland fields
can show a different vegetation status during the growing period.

Figure 1. Location of the study site and field data locations.
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2.2. Datasets

A series of nine satellite images with high/very high spatial resolution acquired in 2010 during the
vegetation period were used for this study. Four cloud-free optical images acquired with SPOT-5 and

Landsat sensors were used (Table 1).

Table 1. Characteristics of optical satellite images.

Date (DOY) Sensor Spatial Resolution  Spectral Bands *
(Days of the Year) (m)
April 19, 2010 (109) SPOT 5 5x5 G, R, NIR
May 21, 2010 (141) SPOT 5 10 x 10 G, R, NIR
June 26, 2010 (177) SPOT 5 5x5 G, R, NIR
September 2, 2010 (245) Landsat TM5 30 x 30 B, G, R, NIR, SWIR

* B =blue, G = green, R = red, NIR = near-infrared and SWIR = short-wavelength infrared.

In addition, fully polarimetric RADARSAT-2 images were acquired in ascending orbit and in fine
quad-polarization mode (single look complex (SLC) products), thus presenting a nominal swath width
of 25 km with a spatial resolution of 12 m (range) x 8 m (azimuth). The FQ18 (Fine Quad-Pol) beam
that corresponds to a radar incidence angle of 37.56° was used. Five C-Band images (5405 GHz) were
programmed from February 2010, to August 2010, over the study site (Table 2).

Table 2. Characteristics of Radarsat-2 images.

Spatial Resolution 12 x 12 m

Azimuth Resolution 8 m

Polarization Full (HH, VV, HV, VH)

Mode Fine Quad-Pol

Incidence Angle 37.56° (Right Ascending)

Coverage 25 km x 25 km

2 February 2010 (33)
Dates 15 June 2010 (166)
(DOY) 9 July 2010 (190)
(Days of the Year) 2 August 2010 (214)
26 August 2010 (238)

All acquired images were used to identify grasslands from crops, since grassland temporal profiles
of biophysical or polarimetric variables are very different according to grassland management practices
and, thus, can be very similar with crop temporal profiles of biophysical or polarimetric variables. Using
multi-temporal optical and/or SAR data rather than one or two images per year should therefore improve
grassland identification.
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In parallel with image acquisition (with a difference of 1-5 days), field campaigns were conducted
monthly during the growing season on the study site to calibrate and validate the classification of satellite
images. An inventory of crop type was conducted on 236 fields (10% of the total number of the watershed
fields) in 2010 during the time period of image acquisition. In addition to crop type, spectral signatures
measured with an ASD FieldSpec-3 spectroradiometer [22,23] and hemispherical photographs [24] were
recorded for 20 fields to derive NDVI and LAI values from these two types of data, respectively. Surveys
were also conducted with volunteer farmers over four farms to describe the farming practices during the

growing season.
3. Data Processing

3.1. Optical and SAR Data Preprocessing

In order to reduce errors resulting from instrumental variations in data acquisition, image noise and
misregistration, the optical images were corrected from radiometric and atmospheric effects. These
corrections were performed applying the 6S model (Second Simulation of a Satellite Signal in the
Solar Spectrum vector code) developed by [25]. Then, geometric corrections were undertaken using
ArcGIS 10. All data were georeferenced based on the Lambert 2 conformal conic system, the root mean
square error being less than one pixel. Finally, the NDVI was calculated [26], and biophysical variables
(LAI and fCOVER) were retrieved from satellite images using the PROSAIL (coupling of PROSPECT
and SAIL models) radiative transfer model proposed by [27,28].

A 3 x 3 coherency matrix (T3) was firstly extracted from the raw Radarsat-2 images using PCI
Geomatics® software. A Lee refined filter [29] was applied using a window of 3x3 pixels to reduce
speckle noise. The images were then geocoded using the Shuttle Radar Topography Mission (SRTM)
digital elevation model (DEM) to correct topographic deformations. The images were also geometrically
corrected to the Lambert 2 conformal conic system using 40 ground control points selected from
orthophoto images with a 0.5-m resolution. The geometric correction accuracy was less than one
pixel. All polarizations in ¢° (dB) and intensity ratio (HH/VV, HH/HV and VV/VH) were firstly
calculated from the 3 x 3 coherency matrix (T3) before applying two polarimetric decompositions in
order to analyze the scattering mechanism of cropped vegetation: (1) the Freeman—Durden
decomposition [20] to determine, for each pixel, the power contributions to total power due to
double-bounce, volume and surface scattering; (2) the Cloude—Pottier decomposition [30], which is
based on the eigenvector-eigenvalues decomposition of the coherence matrix, which computes the
entropy (/, the incoherence degree of the dominant scatterer), the alpha angle, o, an angle between
zero and 90 degrees (the identification of the type of scattering) and the Anisotropy, A (the amount of
mixing between the second and third scattering mechanisms).

In total, fifteen types of variables were extracted from the satellite remote sensing images:
three from optical images (NDVI, LAI and fCOVER) and twelve from SAR images (¢°HH, c°VV, ¢°HV,
HH/VV, HH/HV, VV/HYV, Freeman—-Durden decomposition with double-bounce, volume and roughness
and Cloude—Pottier decomposition with H, A, a). Since the remote sensing data used in this study have
different spatial resolutions, variables derived from optical and SAR images that were calculated at pixel
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scale were computed at the field scale by applying the mean variable value within each field to the entire
field. Field boundaries were delineated each year by photo-interpretation using the orthophotoplan and
the satellite images. For each of these variables, temporal profiles were created: profiles derived from
optical images include four points (four dates), while profiles derived from SAR images comprise five
points (five dates).

3.2. Processing of Optical and SAR Data
3.2.1. Statistical Analysis

Optical and SAR variables have different intervals: for example, LAI ranges between zero and seven,
NDVI ranges between zero and one, HH/VV range from 0.5 to 1.3, etc. Thus, in order to compare the
temporal profiles extracted from the series of optical and SAR images and obtain independent data units,
temporal profiles were normalized using the standard score according to the following equation:

T — K
o

z =

(1

where z is the temporal profile, 1 is the mean and o the standard deviation of the concerned profiles.
Thus, a centered and reduced variable has a mean equal to zero and a standard deviation equal to one.
Then, in order to evaluate and compare the ability of the temporal profiles extracted from optical and
polarimetric SAR data to discriminate grasslands from crops, transformed divergence (TD) was used.
TD is a tool used to measure the separability between two profiles [31]. Firstly, the divergence (D;;) was
computed according to Equation (2), and then, the TD (DZ;) was calculated according to Equation (3).

1
D;; = §Tr{(covi — cov;)(cov; ' — cov; ')} o
1
+§T7’{(covfl+covj_1)(i’i —z;)(z — %)}

where ¢ and j are the profiles (of two classes) to compare, cov; is the covariance matrix of profile 7, Z; is
the mean vector of signature ¢, 7'r is the trace function and ¢ is the transposition function.

DZ»Tj =2(1— exp(%)) (3)

TD values, which can range from zero to two, decrease with increasing distances between classes.
According to the empirical relationship between TD and the probability of correct classification [32]:
classes can be separated with TD values greater than 1.9; classes can be fairly well separated with TD
values between 1.7 and 1.9; and classes can be poorly separated with TD values below 1.7. TD can be
computed for any combination of variables that are used to classify images and, thus, can be applied to

a time series of remote sensing data.
3.2.2. Classification

According to TD analysis, the most discriminative optical and SAR variables were then selected and
an SVM (support vector machine) procedure was performed to evaluate their ability to discriminate

grasslands from crops. Well-known SVM techniques [33,34] are able to efficiently classify a set of data
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where the separability between classes is not obvious (the main idea consists in performing a projection
of all data onto a specific space where the separability is higher). To evaluate classification performance,
2/3 of the 236 sample fields were used for training and 1/3 for validation. Fifteen percent of the validation
set corresponds to winter wheat fields, 22% to maize and 63% to grassland fields. Classification accuracy

was assessed using the kappa index (K) and the overall accuracy [35].

4. Results and Discussion

4.1. Analysis of Class Separability

The transformed divergence values between the three land cover classes (winter wheat, maize and
grassland) calculated from the temporal profiles of variables derived from optical and SAR images are
given in Table 3. The variable sets included three optical variables and in terms of SAR variables: three
single polarizations, one combination of polarizations, three polarization ratios and two polarimetric
decomposition parameters. It can be observed that TD values are very high (7'D > 1.9), indicating that
the land cover classes have very good separability for any of the optical and SAR variables. The use of
time series of remotely sensed data allows plant growth to be monitored and winter wheat and maize to

be discriminated from grasslands.

Table 3. Transformed divergence values between the land cover classes for optical and

SAR variables.
L
and Cover Winter Wheat-Maize Winter Wheat-Grassland Maize-Grassland
Variable Set
Optical VARIABLES
NDVI 2.00 1.87 1.99
LAI 2.00 1.99 2.00
fCOVER 2.00 1.97 2.00
SAR VARIABLES
Single polarization
o"HH 1.91 1.99 2.00
a'VV 1.95 2.00 1.98
o"HV 1.98 1.92 1.86
Combination of polarizations
HH, VV, HV 2.00 2.00 2.00
Polarization ratio
HH/VV 2.00 2.00 1.90
HH/HV 1.92 2.00 1.99
VV/HV 2.00 2.00 1.70
Polarimetric decomposition
Freeman—Durden 2.00 2.00 2.00

Cloude—Pottier 2.00 2.00 2.00
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Regarding the TD values obtained with temporal profiles of variables derived from optical images,
the biophysical variables are the most accurate for the discrimination of the three land cover
classes. It is related to the fact that NDVI is sensitive to the soil contribution and to the
atmosphere [36,37]. Moreover, some NDVI differences are caused by sensor-specific relative spectral
response functions [38]. In addition, it was shown that for a vegetation cover rate above 60%, vegetation
indices using the NIR spectral band are insensitive to changes related to vegetation [39,40]. On the
other hand, biophysical parameters have been proven to be very efficient and suitable for vegetation
monitoring [7,10,41,42]. The TD values of LAI are the highest, showing that the temporal evolution
of LAI is indeed informative about vegetation growth, density and land management practices [43,44].
The TD values for fCOVER are slightly lower. Moreover, TD values between winter wheat and grassland
are a bit lower for NDVI temporal profiles than for LAI temporal profiles. Thus, we suggest relying on
LAI series to discriminate grasslands from the two other land cover classes.

Concerning SAR variables, the combination of polarizations (HH, VV, HV, VH) and the two
polarimetric decompositions (Freeman—Durden and Cloude—Pottier) show a TD value of 2.0, which
is consistent with numerous studies showing the interest of radar polarimetric information for land
cover monitoring [18-20]. Moreover, polarimetric information is well correlated with vegetation

status [12—-14,16]. Thus, the classification process was performed using these three variable sets.

4.2. Analysis of Temporal Variables Used for Classification
4.2.1. LAl and HH/VV Variables Extracted from Optical and SAR Data, Respectively

Field temporal profiles of LAI and the HH/VV polarization ratio are illustrated in Figure 2 for the
three land cover classes. LAI provides information on vegetation growth and status, and the HH/VV
polarization ratio indirectly provides information on agricultural practices [17]. Indeed, in C-band,
0¥ HH is generally higher than that of 0° V'V, because of the stronger attenuation of VV backscattering
by vertical stems [13,45,46]. Backscattering coefficients are thus strongly linked to the phenology of the
crop, which influences the scattering mechanisms of the target [12—14]. Thus, numerous studies use a
multitemporal HH/VV ratio for land use and land cover monitoring in agricultural areas [17,47,48].

Figure 2. Field temporal profiles of the LAI variable and HH/V'V polarization ratio.
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Land cover classes show very different profiles based on the agricultural calendar (Figure 3) reflecting
farming practices:

e The LAI profiles for the winter wheat illustrate the growth period from leaf development to
flowering (May (DOY: 141) and June (DOY: 177) images) with LAI values higher than three
followed by harvest after senescence at the end of the summer period (DOY: 245) with values
lower than one. HH/VV ratios show values close to one at the beginning of leaf development
(February (DOY: 33)), which highlights few backscattering variations between HH and VV due to
the low development of winter wheat during this period (specular scattering). On the other hand, at
the flowering stage during the spring period (June (DOY: 166)), values are comprised between 0.5
and 0.8, illustrating high levels of surface roughness explained by the growth of plants (low values
of backscattering coefficient VV due to vegetation growth). At the senescence stage (July (DOY:
190)), the harvest begins and the ratio values increase. In early August (DOY: 214), the decrease
of HH/VV ratio values can be explained by vegetation regrowth, while at the end of August (DOY:
238), the increase of HH/VV ratio values is related to the plowing of winter wheat.

e LAI profiles of maize illustrate bare soil and a sowing period lasting until the end of June (DOY:
177) followed by the growth period from leaf development to ripening until September (DOY:
245). The HH/VV ratio values appear very heterogeneous during the winter period in February
(DOY: 33). At this time period, maize has not yet been sown (sowing in April), and before this
crop, different land use and land cover practices (labor, intercrop, efc.) can be observed associated
with very different scattering mechanisms. In June (DOY: 166), the HH/VV ratio values are high
(between 0.9 and 1.1), showing different dominant scattering mechanisms for each polarization
corresponding to leaf development (maize growth). During stem elongation and flowering in July
(DOY: 190) and August (DOY: 214 and 238), maize HH/V'V ratio values are lower (between 0.8
and one), because of the presence of a high level of vegetation cover during this period (diffuse
scattering).

e LAI profiles of grasslands show several shapes according to farming practices. We can observe
high LAI values during the growth period (from leaf development to flowering), from April to
June, whereas after this time period, LAI values decrease at varying rates according to grassland
management practices. Indeed, three farming practices can be identified within the grassland class:
grazing, mowing and mixed management. A strong decrease in LAI values can be observed after
inflorescence emergence in June (DOY: 177) for mown fields, while LAI values decrease more
slowly for grazed fields. After the end of the summer period, in September (DOY: 245), two
different LAI scenarios are observed for mowed fields according to the ripening stage: some of
them were recently mowed; thus, the LAI values are very low (less than one); and some of them
were not yet mowed and showed very high LAI values (more than five). Grazing occurred during
the growing season after stem elongation. The HH/VV ratio profiles of grassland management
were characterized by high variance for each date, and grazing, mowing and mixed management
in grasslands could not be exactly discriminated.

Temporal profiles allow land cover classes to be discriminated, while values of the considered

variables are similar on some dates. The growth status of different crops can be similar on some time
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periods. Furthermore, some dissimilarities can be observed between values of the three land cover classes
during the month of June (DOY 166 for LAI and 177 for HH/V'V ratio); thus, it appears to be the best
time period when optical and SAR data are combined. LAI values of maize are much smaller than those

of grassland and winter wheat, while the HH/V'V ratio values of winter wheat class are smaller than those

of maize and grassland (Figure 2). Therefore, the three land cover classes can be discriminated using the

combination of LAI and HH/VV ratio values.

Figure 3. Phenology stages and farming practices for the three land cover classes.

Nov Dec  Jan Feb Mar Apr May  Jun Jul.  Aug Sep Oct
Winter wheat <Sowing - Growth , < Harvest
Maize Sowing 3 Growth __ Harvest
D Growth __ Senescence
Grassland - Grazing .
Mowing Grazing
> < >
Mowing Mowing Mowing
>

* Farming practices are in italic

Figure 4. Scatter plot of the field samples of the three land cover classes in a space

comprising the HH/VV polarization ratio and the LAI variable for June 2010 (satellite
images: DOY 166 for the HH/VV ratio and DOY 177 for the LAI variable).
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Figure 4 is the scatter plot of the field samples of the three land cover classes considered in a space

comprising the HH/VV polarization ratio and the LAI variable for June, 2010, the only month during this
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study in which optical and SAR data were acquired. The three land cover classes were well discriminated
by the HH/VV and LAI combination. In June, values for winter wheat class were quite unique in that the
HH/VV polarization ratio values were much smaller than those for the other classes (<0.8, attenuation
of the backscattering coefficient in VV polarization), while LAI values were similar to those of the
grassland class. The maize HH/VV polarization ratio values were generally much higher than those
from the other classes (>0.9, a similar backscattering coefficient for the two polarizations due to bare
soil contribution), but a limited number of grassland fields showed the same HH/VV values. Thus,
by the combination of the June HH/VV ratio and LAI values, maize identification was achieved with
small LAI values (<2) and high HH/VV values (>0.9). Grassland can be discriminated from winter
wheat with HH/VV ratio values comprised between 0.8 and 0.9 (winter wheat HH/VV ratio values
are comprised between 0.5 and 0.8). Grassland can be discriminated from maize with (1) LAI values
comprised between zero and two and HH/VV ratio values comprised between 0.8 and 0.9 or with (2)
LAI values higher than two (maize LAI values are smaller than two and HH/V'V ratio values are higher
than 0.9).

4.2.2. Entropy and Alpha Polarimetric Variables Extracted from SAR Data

[lustrated in Figure 5, winter wheat, maize and grassland field samples were then plotted for each
acquisition date in the data space of the entropy and alpha polarimetric variables, which represent
scattering mechanisms defined by [30]. The Cloude—Pottier representation (/1, «) helps to define the
dominant type of scattering: multiple, volume or surface. Alpha angle (o) values are comprised between
0° and 90°, with 0° indicating dominant smooth scattering, 45° a dominant volume or dipolar scattering
and 90° diffuse scattering (or dihedral). When the entropy variable (/) is equal to zero, only one
scattering dominant mechanism occurs compared to several scattering mechanisms if H = 1. Figure 5
shows a very good separability between the three land cover classes, particularly in June. This figure
also highlights that it is necessary to use multi-temporal data to identify these classes, since depending
on the acquisition date, winter wheat and maize show similarities (DOY: 33, 214 and 238) and, thus,
cannot be discriminated using only these dates (as seen previously with temporal profiles (Figure 4) and
the agricultural calendar (Figure 3)). The temporal variation of radar response has proven to be effective
for land cover monitoring, varying according to vegetation growth to the saturation level. Indeed, as
shown by [13] or [49], saturation can be observed with radar backscattering on sugar cane or rice with a
crop height higher than 50 cm. We can observe this phenomenon on maize and winter wheat fields from
August when maize and winter wheat show similar values (Figure 5). Thus, the use of multi-temporal
data is interesting for crop monitoring. Generally, grasslands show lower entropy values (comprised
between zero and 0.2) than winter wheat and maize classes (H values comprised between 0.6 and 0.9)
that are characterized by different scattering mechanisms (surface, double-bounce, etc.). Moreover,
June and July appear to be the most appropriate time period to distinguish winter wheat from maize.
We observed that winter wheat have higher a values than maize, from 30 to 45 and from 10 to 25,
respectively, which indicates a dominant volume scattering for winter wheat and a smoother surface
scattering contribution for maize in June. According to the diagram of the bi-dimensional classification
based on the entropy (/) and orientation alpha angle («) from [30,50], during these two months, the
dominant scattering mechanisms for winter wheat is the volume with a medium entropy and the dominant
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scattering mechanisms for maize is the surface with a medium entropy [51,52]. Maize fields are just
being sown at this period; thus, bare soil is dominant while winter wheat fields are already growing.
Concerning grasslands, the dominant scattering mechanism is the surface with a very low entropy.
Moreover, according to [30], low values of entropy (H < 0.5) are of less interest and provide fewer
details on the class. Thus, it appears that SAR can be very useful in classifying the three considered land

cover classes of interest.

Figure 5. Scatter plot of the three land cover classes in the space of the entropy (H) and
alpha («) variables derived from Cloude—Pottier decomposition for each SAR acquisition

date.
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4.3. Classification

Tables 4—7 show the confusion matrices of the land cover classifications using optical or SAR
variables. Globally, land cover classes are well separated: classifications using Freeman—Durden
decomposition parameters (Table 6) or Cloude—Pottier decomposition parameters (Table 7) produced
the highest overall accuracy (OA) and kappa values (K) with 97% OA, K = 0.95 and 99% OA,
K = 0.98, respectively. Classifications using the LAI variable (Table 4) show an overall accuracy
of 88% and a kappa value of 0.81. Misclassification errors can be observed between winter wheat
and grassland classes, as previously detailed and illustrated in Figure 6, these two classes showing
similar LAI temporal profiles during the vegetation development stage (Figures 2 and 3). Moreover,
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only four optical images were used in this study, because of cloud cover during the summer period;
thus, some information about vegetation status is missing. Concerning classifications using SAR
variables, the combination of polarizations (Table 5) show an overall accuracy of 96% and a kappa
value of 0.87. We observe an underestimation of 17% of winter wheat in favor of the grassland class
and an underestimation of 2% of grassland in favor of the maize. The classification results using
Freeman—Durden decomposition parameters (Table 6) and Cloude—Pottier decomposition parameters
(Table 7) show some misclassification between winter wheat and maize, while grassland fields are very
well separated.

Tables 8—10 shows the confusion matrices of land cover classifications using the combination of
optical and SAR data. Land cover classes are very well separated (100% accuracy) with the combination
of LAI Freeman—Durden decomposition parameters and LAI Cloude—Pottier decomposition parameters.
The combination of optical and SAR data eliminated misclassification errors. Thus, four optical
images and five SAR images distributed throughout the year are enough to discriminate winter wheat,
maize and grassland. Moreover, the use of polarimetric decomposition, such as Freeman—Durden or
Cloude—Pottier, in addition to LAI, remove possible misclassification errors between land cover classes,
as shown by [12]. Furthermore, polarimetric data, such as Radarsat-2, can be very useful to discriminate
crops in addition to optical data [51].

Table 4. Confusion matrix (in %) for land cover classification using the LAI variable derived

from four optical images.

Winter Wheat Maize Grassland Total

Winter wheat 83 0 14 22
Maize 0 100 0 22
Grassland 17 0 86 56
Total 100 100 100 100

Overall accuracy = 88%, kappa index = 0.81.

Table 5. Confusion matrix (in %) for land cover classification using a combination of
polarizations, HH, VV and HV computed from five SAR images.

Winter Wheat Maize Grassland Total

Winter wheat 83 0 0 13
Maize 0 100 2 23
Grassland 17 0 98 64
Total 100 100 100 100

Overall accuracy = 96%, kappa index = 0.87.
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Table 6. Confusion matrix (in %) for land cover classification using the Freeman—Durden

decomposition parameters computed from five SAR images.

Winter Wheat Maize Grassland Total

Winter wheat 83 0 0 13
Maize 17 100 0 24
Grassland 0 0 100 63
Total 100 100 100 100

Overall accuracy = 97%, kappa index = 0.95.

Table 7. Confusion matrix (in %) for land cover classification using the Cloude—Pottier

decomposition parameters computed from five SAR images.

Winter Wheat Maize Grassland Total

Winter wheat 92 0 0 14
Maize 8 100 0 23
Grassland 0 0 100 63
Total 100 100 100 100

Overall accuracy = 99%, kappa index = 0.98.

Table 8. Confusion matrix (in %) for land cover classification using a combination of optical
and SAR variables: LAI and HH, VV, HV.
Winter Wheat Maize Grassland Total

Winter wheat 92 0 2 15
Maize 0 100 0 22
Grassland 8 0 98 63
Total 100 100 100 100

Overall accuracy = 97%, kappa index = 0.94.

Table 9. Confusion matrix (in %) for land cover classification using a combination of optical

and SAR variables: LAI and Freeman—Durden decomposition parameters.

Winter Wheat Maize Grassland Total

Winter wheat 100 0 0 15
Maize 0 100 0 22
Grassland 0 0 100 63
Total 100 100 100 100

Overall accuracy = 100%, kappa index = 1.
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Table 10. Confusion matrix (in %) for land cover classification using a combination of
optical and SAR variables: LAI and Cloude—Pottier decomposition parameters.

Winter Wheat Maize Grassland Total

Winter wheat 100 0 0 15
Maize 0 100 0 22
Grassland 0 0 100 63
Total 100 100 100 100

Overall accuracy = 100%, kappa index = 1.

Figure 6. Illustration of classification results: extract of the study site of misclassified fields
using the LAI variable or Cloude—Pottier decomposition parameters and well classified fields
using a combination of LAI and Cloude—Pottier decomposition parameters.

Winter wheat Grassland ~ Maize

Well classified — 1

Misclassified

With optical data | 38 frscors
With SAR data v

5. Conclusions

In this study, we have evaluated the ability of optical and/or SAR time series images to discriminate
between grasslands and crops in agricultural areas where cloud cover is very high most of the time.
We showed that among a series of variables derived from multi-temporal images acquired with optical
and SAR sensors, LAI and Freeman—-Durden and Cloude—Pottier polarimetric decompositions were
proven to be the best optical and SAR variables, respectively, to identify grasslands. We also highlight
that (i) the classification accuracy of SAR variables alone is higher than that of optical variables
alone (K: 0.98 compared to 0.81); (ii) classification using Cloude—Pottier decomposition parameters
shows a higher accuracy than that using the combination of polarizations HH, VV and HV and the
Freeman—Durden decomposition parameters (K: 0.98 compared to 0.87 and 0.95, respectively); and
(iii) the combination of the LLAI variable and SAR decomposition parameters (Freeman—Durden and
Cloude—Pottier) allow grassland to be discriminated from cropland with an accuracy of 100%. As a
perspective, this approach could be applied to multi-annual SAR and optical time series to identify

grassland removal and, thus, to monitor grassland inter-annual dynamics and to define their status in
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farming systems. Furthermore, in the context of upcoming sensors Sentinel-1, Sentinel-2 or Venys,
a large amount of satellite images with high spatial and temporal resolutions will be soon available,
offering new perspectives for intra-annual grassland monitoring. Some grassland farming practices, such
as grazing, mowing and fertilizing, as well as their intensity, could be investigated using the synergy of
remotely sensed optical and SAR time series. This method, based on the use of temporal profiles derived
from optical and SAR data, can be extended to other regions to monitor areas with similar characteristics
and same land cover classes, as well as to identify other land cover types. The main requirement
is that time series of satellite images should be acquired during the vegetation growing period.
Moreover, in parallel with image acquisition, field campaigns should be conducted to assess image
classification accuracy.
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