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Rice crop monitoring with Sentinel-1 dual polarization SAR data in Miyazaki Japan
OEmal Walil, Masahiro Tasumi?, Hiroki Umeno?, Asep Denih?, Keita Nagato!, Masao Moriyama?

Abstract: This study analyzed the relationship between SAR backscatter coefficients and rice biophysical parameters (plant

height, leaf area index, total dry biomass, and green vegetation cover). We used Sentinel-1 satellite imagery, to investigate the

potential of utilizing SAR satellite observation to monitor rice crop. Rice crop is typically cultivated during rainy seasons, where

land surface monitoring is difficult by optical sensors. The result of this study indicated that SAR backscatter signals seem to

react to the change in crop height in the beginning of cultivation, and then the target of reaction gradually shifted to changes in

vegetation cover. The result also indicated that SAR backscatter observations have potential to monitor all of the investigated

biophysical parameters, especially during the vegetative stages, before the backscatter signals reach to saturate for many

biophysical parameters. VH signal presented better performance than VV signal.
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1. Introduction

A staple food feeding about half of the world
population is rice. Estimates show that upon reaching
to the mid-twenty first century, one of the biggest
challenges is to feed 9 billion people of the world
(Sasaki and Ashikari 2018). Therefore, to address this
challenge, cereal grain production especially
systematic rice monitoring plays an important role for
sustainable development and ecological planning.
Several different types of remote sensing technologies
could be used to measure rice growth parameters such
as leaf area index (LAI), plant height, biomass, canopy
(Chen et al. 2007; Liew et al. 1998). These parameters
could help us better manage the crop development
conditions and ultimately increase rice production. In
comparison to optical sensors, synthetic aperture radar
(SAR) has the capability to capture images at night and
in all weather conditions. Therefore, SAR data is more
suitable and useful in areas that are characterized by
frequent cloud cover and precipitation (Wu et al. 2011;
Torbick et al. 2017).

The interaction mechanism between the radar
waves and vegetation canopy has three components 1)
volume scattering, 2) scattering from the ground made
by vegetation layer, and 3) multiple scattering between
the volume and ground (Bouvet, Le Toan, and Nguyen
Lam-Dao 2009). X and C-bands are suitable to retrieve
canopy biophysical parameters because images
produced from short wavelength of SAR such as X and
C-bands, mainly interacts with the top portion of the
canopy layers (Chakraborty et al. 2005). The
relationship between rice growth parameters and radar
backscattering coefficient was studied by Kurosu et al.
(1995). They used the C-band VV polarization data
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from European Remote Sensing (ERS-1) satellite.
However, few studies were carried out in the past
using C-band SAR data. These studies are mainly
focusing on the relationship between the backscatter
energy from rice field and rice growth parameters. In
all these studies, the SAR data availability is limited in
terms of time series. Sentinel-1 radar platform lunched
by European Space Agency is able to provide timely
and precise high-resolution data (Rucci et al. 2012).

In this study, we introduce the monitoring of rice
growth parameters with multi-temporal Sentinel-1 VH
and VV polarization SAR images. Plant height, LAI,
canopy, and the biomass were acquired in the
fieldwork, and coefficient of determination between
the parameters and the backscattering coefficient
derived from SAR data, was investigated.

2. Materials and Methods

2.1. Study area

The study field is located in Kibana Agricultural
Science Station of the University of Miyazaki, in
Miyazaki prefecture of Japan (Fig. 1). The climate
conditions in Miyazaki is humid subtropical with hot and
humid summers and cool winters. In Miyazaki, the
average annual temperature is 17.1 °C and annual rainfall
is 2,550 mm (Fig. 2). The study area lies at a base
elevation of approximately 21 m above sea level and it is
located at 31°50'14.17" North and 131°23'56.35" East.
Rice is the major staple food in this area. A popular
Japanese rice variety Oryza sativa 'Koshihikari' and
'Hinohikari' are mostly cultivated around this area.
Former variety, which has planted in the study field of
this study, is typically planted in early season (transplants
in late March to early April and harvest in late July), and
the later variety is planted in normal season (transplants
in June and harvest in October).
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Figure 1: Location of study area.
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Figure 2: Annual average temperature and rainfall in
Miyazaki, Japan

Fig. 3 represents the rice development stages in the
study area. The vegetative stage last for about 50 days,
while the reproductive and flowering stages last for 45
and 20 days respectively. The number of days may
change under different weather condition and cultivation

practices.
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Figure 3: Rice crop growth states in Miyazaki, Japan

2.2. Data analysis
Sentinel-1 ground range detected (GRD) data of dual
polarization (VV and VH polarization), acquired with

interferometric wide (IW) mode, were used in this study
to investigate the potential of monitoring rice crop
Ten SAR
preprocessed using ESA’s open source Sentinel-1

biophysical parameters. images were
Toolbox (Nguyen et al. 2016). The process includes
radiometric calibration, terrain flattening and geometric
correction. We resampled the grid orbit data to a 10 m
grid. LAI was measured by sampling the rice crop leaves
in every 12 days. ImagelJ software (Abramoft et al. 2004)
was used to compute LAI values by sampled leaves.
Fractional green canopy cover of rice plant was measured
using Canopeo (Patrignani and Ochsner 2015). Ca nopeo
is a smartphone application, in which, the fractional
green canopy cover is a key variable for canopy
development, light interception, and partitioning of

evapotranspiration.

2.3. Data collection

Ten Sentinel-1B time series images of the study area
were acquired during the entire cultivation season from
April 2018 to July 2018 with dual-polarization (VH/VV)
IW swath mode. The acquired images were used to
analyze the relationship between the biophysical
parameters of rice and the temporal variation of SAR
backscatter at different polarizations. The dates of the
acquired images were; 10 April, 22 April, 4 May, 16 May,
28 May, 9 June, 21 June, 4 July, 15 July and 27 July 2018.
Field survey were conducted almost simultaneously to
the data of image acquisition, to obtain ground-measured
LAI, vegetation cover (percentage), plant height (m) and
oven dried biomass (kg/m?) of rice crop, which
correspond to the satellite SAR observation. Table 1
summarizes the mean values of the field data.

Table 1: Field measurements of rice biophysical
parameters for ten observation dates in 2018.
Obs. Leaf Vegetation Plant Dry
date area cover height biomass
Index (%) (m) (kg/m?)
Apr. 10 0.02 0.18 0.09 0.003
Apr.22  0.03 3.13 0.15 0.005
May 4 0.07 6.38 0.22 0.015
May 16  0.30 17.47 0.29 0.074
May 28  0.73 47.74 0.41 0.187
Jun. 9 1.18 73.59 0.58 0.452
Jun. 21 2.16 81.81 0.73 1.077
Jul. 4 2.17 89.03 0.75 1.722
Jul. 15 2.77 80.24 0.77 2.484
Jul. 27 1.91 31.49 0.78 3.450
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3. Results and discussion

3.1. Temporal changes of rice biophysical parameters
Figure 4 shows measured biophysical parameters of rice
crop (crop height, LAI, green vegetation cover, and total
dry biomass) in the study field. Crop height was
constantly increased for around 72 days (middle of
reproductive stage) after transplant. The green vegetation
cover was gradually increased in the early vegetative
stage, and was rapidly increased during the late
vegetative stages. The vegetation cover stayed in
maximum during the reproductive stage, and then rapidly
dropped in the ripening stage when the plant turned
yellow. The trend of LAI was similar to the green
vegetation cover, with some delays in the timing. The
total dry biomass did not significantly increased during
the vegetative stage, and constantly increased during the
reproductive and the ripening stages.
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Figure 4: Temporal variations of LAI and Vegetation
cover (top) and crop heights and biomass
(bottom), after transplantation.

3.2. Temporal variation of backscatter and rice
biophysical parameters

Fig. 5 shows the temporal variation of VH and VV-bands

backscattering coefficients. The numbers are the

averages of 4 x 7 pixels of the study field. During the

whole life cycle of rice, the total backscattering

coefficient is higher for VV than VH. Both of VH and
VV backscatter coefficients were low during the initial
period of the rice cultivation. During this period,
vegetation cover was kept in low (Fig. 4), and fields are
flooded with water. The backscattering coefficients were
increased during the late vegetative stage, and became
stable after 50 days (VV) or 60 days (VH). This results
agrees with previous studies (Wu et al. 2011; Shao et al.
2001; Chen et al. 2007).
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Figure 5: Temporal variation of radar backscattering

coefficient and rice age after transplantation

The relation between c°VH or ¢’VV and rice growth
parameters are shown in Fig. 6. The relationship obtained
in this study basically agrees with other studies (Wu et al.
2011 and Chakraborty et al. 2005) using RADARSAT-2
and RADARSAT-1 Sl data for plant height and
biomass. However, as a unique attempt of this study, Fig.
6 explains the relationship between ¢°VH or c’VV and
rice growth parameters not by a single function but as a
combination of two linear lines, assuming that two
different types of relationship available during the entire
cultivation period, and the intersections of the two lines
potentially have biophysical meanings. As shown in Fig.
6, two linear lines followed the observation values well.
R-square of the second (i.e. later season’s) regression
lines had small numbers because the slopes were small.
To statistically evaluate the fitness of the lines to the
observation values, root mean squared error might be a
better term than R-square. Discussion on the result shown
in Fig. 6 is made in the next section.

3.3. Discussion for SAR backscattering reactions to
rice biophysical parameters

The two linear relationships between rice biophysical

parameters and the SAR backscattering signals, as

shown in Fig. 6, might have important meaning upon

monitoring rice cultivation via satellite SAR observation.

According to Fig. 6a, the backscatter signal was
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constantly increased as crop height increased, until crop
height reaches to 0.4 (VV) or 0.6 (VH) m. The
backscatter turned to be insensitive to the crop height
after it reached to the threshold height of 0.4 or 0.6 m.
Considering the crop growth stages (Fig. 3) and the
development of crop height (Fig. 4), this result implies
that SAR backscatter can explain rice crop height during
the vegetative stage linearly, but not in the reproductive
and ripening stages, because SAR signal reaches to level
of “saturation” during these later stages of cultivation.

About the LAI (Fig. 6b), backscatter signals
increased until LAI reaches to 0.7 (VV) or 1.2 (VH). Fig.
4 shows that LAI slowly developed until LAI 0.7, and
then started rapidly growing after LAl 0.7. A large
difference of backscatter signals occurs when there is a
small difference in LAI, and vice versa. It implies that
SAR backscatter signals might be reacting biophysical
parameter(s) other than LAI of rice crop. Even if
backscatter signals are not directly changed by LAI, Fig.
6b indicates that backscatter signals have a potential to
explain the small changes in rice crop LAI, when LAI is
less than 0.7 (VV) or 1.2 (VH).

Backscatter signals were very sensitive to the total
biomass (Fig. 6¢), where biomass reaches up to 0.3 (kg/
m?), and then “saturate”. However, Fig. 4 indicates that
biomass started to increase after it exceeded about 0.3

(kg/m?). This implies that SAR was not observing
biomass but observing any other biophysical parameter.

About the green vegetation cover (Fig. 6d); threshold
was at about 50% vegetation cover. The increment of
vegetation cover was small and non-linear in the
beginning of the cultivation (Fig. 4). However, SAR
backscatter signals were linearly increased (Fig. 6). A
possible assumption to explain this result might be that
SAR backscatter signals responded to biophysical
parameters other than vegetation cover in the beginning
of the cultivation season. Not like the previously
discussed other biophysical parameters, VH did not
saturate to vegetation cover. VH was kept increasing as
the vegetation cover increased, although the sensitivity
somewhat degraded after the vegetation cover reached to
50%. VH might be able to monitor the vegetation cover
for the entire cultivation season. As a caution, this study
adopted not “total” but “green” vegetation cover, by
that SAR
backscatter signals are sensitive more to structure than to

convenience in monitoring. Assuming
greenness of vegetation (where, greenness further relates
to chlorophyll and leaf water contents). Moreover,
comparison of backscatter signals with total vegetation
cover (includes yellow leaves) might be more appropriate
term to investigate, which is a future topic of this study.
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Figure 6: Backscattering coefficient as a function of rice (a) plant height, (b), LAI (c) biomass and (d) canopy.
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As a summary of the discussion, we assume that
SAR backscatter signals primarily reacted to crop height
in the vegetative stage, and then reacted more to
vegetation cover in the following stages. In the beginning
of the cultivation season, rice crop grows more to
vertically than horizontally, as confirmed by Fig. 4,
where, only crop height had significant increment from
beginning of the cultivation season. This vertical change
(i.e. height) of plant condition might have affected the
condition of radar reflectance. Once the height reached to
about 0.3 m, horizontal growth of the plant is promoted,
as represented as the rapid growth of LAI and vegetation
cover in Fig. 4. In this period, the primary target of SAR
signal response might have gradually shifted from the
plant height to vegetation cover. VH showed higher
potential than V'V to explain vegetation cover. In addition,
during the beginning of the cultivation season, where
SAR backscatters had linear relationships to the
biophysical parameters, VH tended to have higher
R-square values than VV, implying that VH is superior to
monitor rice biophysical conditions than VV.

4. Conclusions

The objective of this research was to study the
relationship between SAR backscatter coefficients and
rice biophysical parameters using Sentinel-1 satellite
imagery. Results indicated that SAR backscatter signals
seem to react to the change in crop height in the
beginning of cultivation, and then the target of reaction
gradually shifted to changes in vegetation cover.
Because all of investigated biophysical parameters (i.e.
crop height, LAI, total dry biomass, and green vegetation
cover) have specific correlations. SAR backscatter
observations have potential to monitor all of these
parameters, especially during the vegetative stages,
before the backscatter signals reach to saturate for many
biophysical parameters. The result also implied that VH
is superior to monitor rice crop than VV.
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The characteristic of SAR backscatter on various types of land surfaces
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Keita Nagato, Masahiro Tasumi, Masao Moriyama

Abstract : This study investigates the characteristics and the temporal trend of SAR backscatter signals for three types of tennis
court, water surface, forests, and a residential area. VV and VH images by Sentinel 1A was analyzed for these surfaces for the
period of January 4, 2018, to December 6, 2018. Among the investigated surfaces, water surface had the lowest backscatters and
the residential area had the highest. Tennis courts and the forest area had in between the water surface and the residential area.
The trend in the backscattering intensity might be explainable by the difference of surface roughness. Not like the paddy rice
fields investigated in the previous study, no clear temporal trend was observed in this study for all investigated surfaces, probably
because the surfaces observed in this study did not have any significant change in the surface structure throughout a year. The
result found in this study can contribute to the land surface monitoring using SAR technology in future.

Keywords : SAR, backscatter, land surface monitoring, Sentinel 1
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Use of handy-held NIR sensor to estimate water status of leaves and soils
O Hanif Afzali 1, Aya Nishiwaki *

Abstract: The near infrared (NIR) reflectance is expected to provide the rapid, non-destructive and accurate measurements of water
status in the field. A total of 40 reflectance spectra (between 1550 and 1950 nm) from different leaves and soils were measured in the
laboratory with an inexpensive handy-held Spectral Engines NIRONE Sensor S2.0. The result of drying experiment of leaves showed
that there are close relationships between the water percentage of leaves and spectrum parameters. The best calibration model was
derived from NIR absorption parameter with standard. The result of linear regression analysis showed significant effects of spectrum
parameters on water percentage of leaves, and significant interaction between plant species. This result suggested that different
calibration model for water percentage of leaves is needed for each plant species. The results of drying experiment of soils also
indicate that there is close linear relationship between the water percentage of soil and spectrum parameters. The best calibration
model was derived from normalized difference index (NDI) using two band. The result of linear regression analysis showed
significant effects of spectrum parameters on water percentage of soils, and significant interaction between soil types in Japan. This
result suggested that different calibration model for water percentage of soil is needed for each soil type. These results showed that
an inexpensive handy-held NIR sensor can be applied to measure the water status in real time monitoring from living leaf and soil
around living root. These calibration models obtained from this study should provide the rapid, non-destructive and accurate
measurements of water percentage of leaves and soils in the field.

Keywords: calibration model, NDI, near infrared spectroscopy, NIRONE Sensor, water percentage

1. Introduction

The accurate monitoring system of water status in Water amount in the plants is one of the most common
the field is needed to develop an effective irrigation biochemical parameters, which effects efficiency of
plan (Pefiuelas et al. 1993) because the water scarcity photosynthesis and crop productivity (Zhang et al.
is one of the important constraints for sustainable crop 2012).
production, particularly in arid area such as The oven drying method is used to measure the
Afghanistan. Whereas, water availability for water content of materials (O’Kelly 2004). This
agricultural production in most parts of Afghanistan is method can measure very accurate water content but
limited due in part to short seasonal precipitation and this destructive method can’t use for real time
unimproved irrigation channels (Mancosu et al. 2015, monitoring of water content. The non-destructive
Parwani 2018). Since the supply of water is limited, measurement of soil water content by using a probe is
efforts have been made to economize the consumption widely used for real time monitoring with a minimal
of water, especially in regions where the supply is disturbance of soil (Noborio 2001). However, this
critical (Seckler et al. 1998, Dinar & Yaron 1992). For method can’t measure the water content of leaves.
production of horticultural crops in arid and semiarid We thought that the near infrared (NIR) reflectance
region, water shortage is one of the main restrictions is expected to use for real time monitoring of water
(Tesfaye et al. 2011). contents not only soils but also leaves such as

The land evapotranspiration is affected by soil spectroscopy analysis in agriculture fields (Fan et al.
moisture which is a focal procedure in the climate 2010, Gillon et al. 2004).
system and a chine of the water, carbon cycle and The water contents would be estimated by using
energy (Falloon et al. 2011, Garten et al. 2009, the regression models of relationships between
Holsten et al. 2009, Jung et al. 2010, Wan et al. 2007). reflectance of near infrared light and water contents,
The moisture availability in the soil is a pre-requisite but it is known that reflectance of near infrared light
for nutrient movement in the plant (Dobriyal et al. is changed by wavelengths and/or other factors such
2012). Then, the estimation of accurate water content as component of materials not only water (Gillon et al.
of soil is essential to make irrigation planning in the 2004). Then, it would be needed to select adequate
field of agriculture (Pefiuelas et al. 1993). wave length for providing the non-destructive and

accurate measurements of water contents. The water
! University of Mivazaki (11, Gakuen Kibanadai-Nishi, Miyazaki absorption is significantly stronger in the 1500-2500
889-2192, Japan; E-mail: nishiwaki@cc. mivazaki-u. ac. jp) nm region than that in the 900-1300 nm region (Gao
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1996, Zhang et al. 2012). The outstanding absorption monitoring from materials. This device is fully
features of liquid water centered near 970 nm, comparable to the laboratory instruments in a small size
1200nm, 1450nm and 1940nm were used to measure (WxLxH)25x25x 17.5 mm’, light weight (15g) and
the water contents (Curran 1989, Gao 1994, Pu et al. cheap cost around 20003, with bulb life of near five
2003, Li 2006). Some spectroscopy devices were used years (Spectral Engines homepage).
to measure the water content of leaves but it should be NIRONE Sensors work at the near infrared (NIR) across
difficult to measure the water content of soils in the the whole wavelength range from 1100 to 2450 nm, that
field. Because, these devices can’t be used at deep soil can operate only at selected wavelengths (Spectral
layer around living root. Engines homepage). Therefore, we selected the Spectral
Spectral Engines NIRONE Sensor is an Engines NIRONE Sensor S2.0 which wavelength range
inexpensive small NIR spectroscopy device that from 1550 to 1950 nm because this range covered high
would be applied to measure the water status in real water absorption band (Photo 1).

time monitoring from living leaf and soil around
living root, by inserting to soil. These water contents
should be correlated to physiological traits of plants.
There is no study for water contents of leaves and/or
soils by using such types of spectroscopy devices
because this device is developed to use in the factory
(Spectral Engines homepage).

Therefore, the aim of this study is to examine the
spectral absorption property and features as indicators
of water status, and to investigate the feasibility of
rapid and non-destructive measuring of water contents
of leaves and soils by using NIR sensor.

2. Materials and Methods Photo 1: Spectral Engines NIRONE Sensor S2.0.
2.1. Study sites

The first experiment was conducted in the laboratory 2.3. Data collection
of experimental farm of University of Miyazaki Japan Leaves of eggplant (Solanum melongena), cherry
from 17 to 28 May and 02 to 11 August 2018. The study blossom (Prunus speciosa) and Camellia (Camellia
site located at 31°49'45.19" north latitudes and Japonica), were collected from plants, and different soil
131°24'38.77" east longitudes with 35 m elevation types such as Greenhouse soil (light black colored
above sea level. volcanic ash soil), Bora (yellow colored volcanic ash
The study site has approximately 2500 mm mean soil) and Andosol (dark black colored volcanic ash soil)
annual precipitation and humid condition (Weather were prepared from the field of experimental farm of
Spark homepage). University of Miyazaki Japan. Leaves of tomato

The second experiment was conducted from first to (Lycopersicon esculentum Mill). from open field and
8t September 2018 in Badam Bagh Agricultural greenhouse, apple (Malus pumila), cherry (Prunus
Research Station, Kabul Afghanistan. It is located at avium) and apricot (Prunus armeniaca) were collected
34°33'05.30" north latitude, and is 69°07°06.42" east from plants, and different soil types like Compost, Silt
longitude with 1810 m elevation above sea level. Kabul Soil and Loam Soil were prepared from Badam Bagh
has dry climatic condition (Weather Spark homepage). Agricultural Research Station of Kabul Afghanistan.
. All of leaves were healthy and homogeneous in color
2.2. Device for recording data without visible symptoms of damage. In order to

Spectral Engines NIRONE Sensors is designed with minimize water loss during the transfer of the samples
micro electro mechanical system, including two to the laboratory, leaves and soils were immediately
integrated light sources (Spectral Engines homepage). enclosed in a plastic bag after being picked. Then all
This spectral sensor can be adapted and controlled via the leaves and soil samples were placed in opened
PC by using USB communication board that can be plastic bags on a laboratory bench to desiccate slowly
applied to measure the water status in real time (Photo 2). Using handy-held device, the reflectance
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spectra were obtained every day until the leaves and
soils were air-dried (Photo 3). Each sample was
weighted every day by electronic balance. Before the
daily measuring of spectra from the samples, a baseline

spectrum of lamp was recorded with a standard white
board.

Photo 3: Measuring the reflectance spectra (between

1550 and 1950 nm) from soil in the laboratory with an
inexpensive handy-held Spectral Engines NIRONE
Sensor S2.0.

While the measurements were completed, the leaves
and soils were oven dried at 80 °C for 48 h to obtain the
dry mass. The water content (water percentage) was
calculated using equation (1).

Water percentage = (FW-DW)/(FW) x 100 €))
Where FW is fresh weight and DW is dry weight.

The relative NIR values (R-NIR;) were calculated from
reflectance values in each wavelength of sample and white

standard board (sample/standard).

R-NIR, = (NIR, of sample)/ (NIR of standard) (2)

The relative absorption index in the wavelength 1940nm
was calculated from reflectance values of white standard
board and sample (standard/sample).

Standard/NIR 1940 =
(NIR 1949 of standard)/ (NIR 1949 of sample) 3)

The normalized difference index (NDI) was calculated
using the equation
NDI 4. » = (NIR, — NIRp) / (NIR, + NIRp) 4

Where, NIR, and NIR, are reflectance values in the
wavelength at @ nm and b nm, respectively.

NDI650:1940 = (NIR1650-NIR 1940)/(NIR 1650+ NIR 1949)  (5)

Standardized NDI;450:1940 =
(R-NIR 650-R-NIR 1940)/ (R-NIR 1650+R-NIR 1940) (6)

2.4 Data analyses

The statistical analysis was made a linear regression
analysis with an ANCOVA considering the soil types
and/or plant species as categorical variables by using
software R 3.5.1. The model for each variable’s response
was selected by according the highest R? value.

3. Results and discussion
3.1 Spectral absorption features

As shown in Figure 1. and Figure 2., the samples of
both leaves and soils of low water percentage have relative
high reflectance in the region of 1550—-1950 nm, compared
with samples of high water percentage. In another word,
there was negative correlation between water percentage
and relative near infrared reflectance in soil and leaf.

It might be because of simulated increase of light
absorption with water percentage. In addition, it can be
revealed that the near infrared reflectance spectra
especially from 1550-1950 nm wavelength from different
samples, the absorption of light by water percentage of
samples were highest at around 1940 nm and lowest at
around 1650 nm.
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3.3 Relationships between spectrum parameters and
water percentage of soils

0 " Water % The results of drying experiment of soils indicate that
S 0.6 63% the best calibration model was derived from normalized
?; 52% difference index (NDIss0:1940) using two bands. The result
% 0.5 37% of linear regression analysis showed significant effects of
E 26% spectrum parameters on water percentage of soils, but no
E 0.4 16% significant interaction between soil types in Afghanistan

14% (Table 2). This result suggested that same calibration

0.3 0% model for water percentage of soil is needed for any soil

types in Afghanistan.

0.2 However, the result of linear regression analysis
1500 1600 1700 1800 1900 2000

Wave length (nm)C] showed significant effects of spectrum parameters on

water percentage of soils, and significant interaction
between soil types in Japan (Table 2). And, the intercept
Figure 1: Spectral absorbtion features of and slope of each regression line is quietly different
Cherry blossom leaves. [ between two sites (Table 2). This result suggested that
different calibration model for water percentage of soil is
needed for each soil type.
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Figure 2: Spectral absorption features of Andosol. (1

3.2 Relationships between spectrum parameters and
water percentage of leaves

The result of linear regression analysis showed
significant effects of spectrum parameters on water
percentage of leaves (Figure 3). The best calibration
model was derived from NIR absorption parameter with
standard (Standard/NIRj940). The normalized difference
index (NDI6s0:1940) also showed high R? value, but in the
case of high water percentage leaves (over 50 percentage),
this index value did not change by change of water
percentage. It is the problem for estimating water
percentage of living leaves.

The ANCOVA analysis showed significant difference
of regression models between plant species (Table 1). This
result suggested that different calibration model for water
percentage of leaves is needed for each plant species.
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Figure 3: Relationships between spectrum parameters and water percentage of leaves.
Eggplant (+), Camellia (0), Cherry blossom (A).
Table 1: Results of linear regression analysis between spectrum parameters and water percentage of leaves
ANCOVA fest
Spectrum parameters Country R? P Intercept Slope .
among plant species (P)
Afghanistan 0792 <0001 -1038 512796 <001
1/NIRion
Japan 0942 <0001 9.7 483238 <0001
Afghanistan 0787 <0001 -1073 430 <001
Standard/NIR 1010
Japan 0953 <0001 757 383 <0001
Afghanistan 0715 <0001 203 439 <005
NDlisso1910
Japan 0924 <0001 215 4025 <0001
Afghanistan 0715 <0001 -50.7 4463 <005
Standardized NDliese190
Japan 0908 <0001 628 4083 <0001
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Figure 4: Relationships between spectrum parameters and water percentage of soils. Compost (O), Silt (A), Loam (+).

Table 2: Results of linear regression analysis between spectrum parameters and water percentage of soils.

Spectrum parameters Country R? P Interoept Sl ANCOVA st
ope .
among soil types (P)
Afghanistan 0827 <0001 -163 10499.7 0277
I/NIRs0
Japan 0837 <0001 40.1 20256.7 0059
Afghanistan 0825 <0001 -170 88 0285
Standard/NIR 1910
Japan 0831 <0001 286 160 <0001
Afghanistan 0904 <0001 155 1686 0676
NDligsoso
Japan 0834 <0001 395 3615 <0001
Afghanistan 0902 <0001 -115 168.6 0693
Standardized NDliss0.194
Japan 0826 <0001 342 3659 <0001
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4. Conclusions

The result revealed that the absorption of light by water
percentage of samples were highest at around 1940 nm
and lowest at around1650 nm. The result of linear
regression analysis showed significant effects of spectrum
parameters on water percentage of leaves and soils. And
significant interaction between plant species and between
soil types. This result suggested that different calibration
model for water percentage of leaves and soils is needed
for each plant species and each soil type. The best
calibration model was derived from NIR absorption
parameter with standard, and normalized difference index
(NDli6s0:1940) using two bands, for leaves and soils
respectively.

These results showed that an inexpensive handy-held
NIR sensor can be applied to measure the water status in
real time monitoring from living leaf and soil around
living root. And, these calibration models obtained from
this study should provide the rapid, non-destructive and
accurate measurements of water percentage of leaves and
soils in the field.
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Sentinel-1B @ SAR Ef§ % A\ =7 A Z M O RFERHIZ I3 1T 5 B ORS
Crop type classification using Sentinel-1B SAR imagery for large fields in Idaho

OMEEFARAS L+ B L« FRILHERE 2
Hiroki Umeno, Masahiro Tasumi, Masao Moriyama

Abstract : This study investigates the characteristics of SAR VH and VV imagery on center-pivot cropping fields in Idaho, to
investigate the potential usage of SAR backscatter imagery to advanced agricultural monitoring. With the help of NDVI time series
observed by Landsat 8, alfalfa, beans, corn and sugar beet fields were identified in the study area. The time series SAR backscatter
signals by Sentinel-1B had specific characteristics for each agricultural crop field, which implies that the SAR-based crop monitoring
and crop type classification is possible. The result of a test classification using SAR VH and VV had some agreement with NDVI
based crop classification, implies that SAR is potentially useful for crop classification, although better understanding of the
characteristics of SAR backscatter and more investigation in application methods are needed in future.

Keywords : Sentinel-1B, SAR, crop type classification, Agricultural monitoring
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