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Abstract.

Rice has become an essential part of four pillars of food security, especially in Asia,
where it is produced over large spatial extents and also consumed widely. About 89 % of the
global rice production is targeted and achieved from Asian countries. We downloaded
Sentinel-1 datasets from official website of European Space Agency (ESA) for identification
of rice patterns in the study site. The data was selected in Ground Range Detection (GRD)
format and applied the toolbox in Sentinel Application Platform (SNAP) for further
processing. We applied the orbit file for geometric and radiometric corrections, LEE filter for
removal of spackles, resampling to convert 20%20m* to 10¥10m” pixel size and finally the
Random Forest Classification (RFC) to classify the satellite image. The classification results of
Sentinel image for the year 2018, show that the total area of the study site was 360021 ha,
including 144991 ha as rice area, 130598 as other vegetation, 19339 ha as water body and the
built-up area was estimated as 5693 ha. Kappa statistics resulted the overall accuracy of 85%
which is in strong agreement to ground reality. We observed that the rice area was increased
from 140403 ha in 2017 to 144991 ha in 2018. The main reason of this increase in rice area
was observed as the preference of local farmers to grow rice in comparison to other crops
because the local government was offering high subsidy to rice farmers. Moreover, district
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Nankana-Sahib produces rice of expert quality which is famous throughout the world
therefore, it is considered as cash crop.

Keywords: Sentinel-1, Random Forest Classification, SNAP, GRD, LEE filter.
Introduction.

Rice has become an essential part of four pillars of food security, especially in Asia,
where it is produced over large spatial extents and also consumed widely [1]. About 89 % of
the global rice production is targeted and achieved from Asian countries [2,3] and this target
is anyhow achieved. Climatology and soil suitability are considered important to examine the
sustainable sites for rice cultivation [4,5]. Many countries have initiated the automated
information system to record rice related information e.g., Philippine Rice Information System
(PRIS) was implemented to monitor various types of insects of rice crop.

Geo Global Agriculture Monitoring (Geo GIAM) was setup to reduce diseases in rice
crop by integration of field data with satellite images. Crop reporting system is concise
comprehensive and efficient system which is comprised of crops, soil, weeds, insects and
pathogens which transform nutrients, water and solar energy in to feed, food, fuel and fiber
[6]. Rice is a main crop which can be grown two times in the same field in a year [7]. Rice
cropping patterns are of great importance for researchers, policy makers, land managers and
agricultural planners to monitor the growth index and to collect spatial information about
these patterns [8].

The manual procedures to collect crop related information are time consuming
laborious and expensive. The traditional methods of field data collection have very low
temporal resolution, even one cannot get pixel-based information using these methods
because many areas are inaccessible during field visits [9]. These methods get fail for providing
timely updates with precision for large spatial extents. The availability of multispectral and
hyper-spectral satellite imagery at high temporal resolution, provide pixel-based crop related
information to map crop growth and development over vast landscapes [10].

Rice crop has three phases of growth which include vegetative phase, reproductive
phase and finally the ripening phase. Vegetative phase is subdivided into germination, tillering
and stem elongation. The weight of rice seed often remains between 12-44 mg which depends
upon the variety of rice. First the seed dormancy is broken and the white tip appears from
water/land called germination. It takes about 4-10 days as it depends upon the rice
environmental conditions faced by the rice crop. The next phase starts from leaf emergence,
that take about 8-12 days for the appearance of four leaves. It takes about 100-degree days for
emergence of a leaf [11]. Therefore, a leaf is emerged on 4th day for a rice plant bearing 25°C
(100/25 = 4 days). Tillers are the branches, that emerges after emergence of 4th leaf on the
main culm [12]. Next stages include initiation of panicle primordia, heading /anthesis,
flowering, milky dough and hardening of grains [13].

The reproductive stage is completed within 35 days and the ripening stage takes about
30 days for completion [14]. At ripening stage, irrigation/watering is stopped in the rice fields,
as penalty of water has already been provided in early stages. This scheme of provision of
water is quite different for other crops like wheat, maize or sugarcane etc. The remote sensing
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satellites capture the crop canopy responses in form of solar energy reflected in visible and
microwave ranges [15]. This determine that each crop has unique spectral signature which
varies depending upon the canopy structure, chlorophyll level, and the available water content.

The main objective of this research was to estimate net rice area through microwave
remote sensing using Sentinel-1 imagery. Sentinel-1 imagery is the product of European Space
Agency (ESA) which is difficult to manipulate and need complex algorithms to obtain fruitful
results [16].

Materials and Methods.
Study site.

This research was carried out in Nankana Sahib, Punjab province in Pakistan. The
study site is famous for production of high quality of rice throughout the world. It is a plane
area which is in range of monsoon season therefore, it receives excess of rainfall which is a
good sign for proper growth of rice crop [17]. However, there exist a cemented network of
water channels for provision of water to the rice crop. The spatial extent of the study site is
mapped in Figure 1.
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Figure 1. Study area.
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Various crops planted over vast fields, are difficult to recognize in satellite image,
however, unique spectral signatures are available which are specific for a crop [18]. Optical
sensors provide passive datasets, which have been widely utilized to delineate cropping
patterns on large spatial extents. Gumma et al., 2014 [19] used MODIS 8 days composites
having coarse resolution of 500 m to map rice cropping patterns in Bangladesh. Asilo et al.,
2014 [10], used MODIS NDVI datasets to map cropping patterns in Pangasiran and Ecija

provinces.

Active remote sensing has become a need of the day because of its wider applications,
e.g., Synthetic Aperture Radars (SAR) are capable to record temporal backscatter of various
crops. The signal in microwave range which is reflected back toward the radar antenna is
known as backscatter. Various crop types can be detected by radar signal on the basis of crop
condition, crop type and the growth stage [20]. Rice is a paddy crop which require highly
inundated fields and there is a different behavior of water for microwave signal in comparison
to surrounding features, therefore, rice fields are discriminated easily by their backscatter
profiles [21].

Sentinel-1 is upgraded version of European Space Agency (ESA) in term of large
spatial coverage having high temporal resolution. Sential-1A was launched on April 03, 2014,
having high spatial resolution of 20m with a temporal window of 12days. Sentinel-1-B was
launched to reduce the revisit time of sentinel satellites [22]. Sentinel-1 C band has dual
polarization which is capable to transmit and receive signals in both vertical and horizontal
polarizations. Level-1 SAR data is available in vertical-vertical (VV) horizontal- horizontal
(HH) and in dual polarizations (VV+VH and HH+HV).

Field data about rice fields was collected using Differential Global Positioning System
(DGPS) to demarcate rice plots. The non-rice features e.g., trees, Jowar and bushes were
subtracted to select the rice only.

Methodology.
The complete flow of study is described in Figure 2.
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Figure 2. Flow of study.
Sentinel-1 Pre-Processing.

We downloaded SAR datasets from official website of ESA for identification of
different rice patterns in the study site. This data was selected in Ground Range Detection
(GRD) format and applied the toolbox in Sentinel Application Platform (SNAP) for further
processing.

Application of orbit file.

In the first step of pre-processing, we applied an orbit file which is required to make
geometric and radiometric corrections. The orbit file preserves the accurate information about
position and velocity of the satellite. This is useful to update the orbit state vector in metadata
of SAR images. The geometric corrections are essential to perform comparative study of SAR
images acquired in different modes at different times by different sensors [23].

Spackle filtering.
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There are salt and peppery structures in SAR images which are called spackles. spackles
are created by constructive/destructive interference of microwave signals. Spackles reduces
the image quality which must be removed. We applied a refined LEE filter to get spackles free
SAR image. LEE filter suits best while incorporating the rice crop.

Thermal noise.

Thermal noise is created within SAR images due to microscopic movement of
electrons created by variations in temperature. The circularity of satellite is also responsible
for generation of thermal noise. We used the option of “SAR Thermal Noise Removal” in
Radiometric tools of Radar in SNAP.

Terrain Correction.

The actual topographical variations cause a tilt or distortion in the backscatter.
Therefore, terrain correction is an essential phase of preprocessing to compensate these
distortions. We performed terrain correction in SNAP toolbox.

Resampling.

Resampling is an elegant technique which is used to convert a large pixel size image in
to small sized boxes e.g., Sentinel-1 has a pixel size of 20¥20 m® which was converted to
10*10m* to obtained more efficient classification results. Resampled image takes more
processing time but return more accurate and improved classification results.

Sub-setting.

Sub-setting is essential to extract the area of interest from a large dataset which results
in speedy processing within short duration. The swath width of a sentinel Image is 400Km”
which need penalty of time for data processing, however sub-setting results efficient in short
duration. We used a shapefile of the study site to figure out the exact area of interest.

Selection of Trainee patterns.

Sentinel data has basically two types of polarization, vertical-vertical (VV), vertical
horizontal (VH). These polarizations are effective to discriminate the rice crop in comparison
to other vegetation. We applied VV and VH polarizations to demarcate the rice crop and
selected trainee patterns. These trainee patterns are considered as seeds to apply Random
Forest Classification (RFC). RFC is an algorithm of supervised classification embedded in
SNAP toolbox which consider trainee vectors as input to classify the targeted Sentinel-1 data.

Result and Discussions.

The spackles were removed from the Sentinel-1 data as shown in Figure 3. This figure
is showing that the study area bounded in blue box is dull and fuzzy in comparison to the area
marked within yellow polygon which is showing bright patches with discrete boundaries.
Actually, the area bounded in yellow polygon was spackle free.
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Figure 3. Acquisition of spackle free image by applying LEE filter.

We removed thermal noise from the Sentinel-1 data and mapped the results in the
Figure 4. Two lines are marked in the upper side image within yellow circles which are not in
the lower side image where is free of thermal noise.

Figure 4. A comparison of noisy image with noise free image.

Resampling of Sentinel-1 data was performed using SNAP toolbox and cell size was
reduced to 10%10m” pixel size in comparison to the actual 20¥20m?* as shown in Figure 5. It
was a time-consuming process however it improved the RFC results.
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Figure 5. Conversion of 20*20m” pixel to 10*¥10m”.

We obtained the actual extent of “Area of Interest” for RFC by applying a mask of
the study site in SNAP platform and mapped the results in Figure 6.
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Figure 6. Subsetting of the study site.
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Input training vectors were drawn on Sentinel image to recognize the human
settlements, water body, vegetation and the rice fields. The landuse of the study site was
classified using RFC and mapped the results in Figure 7, which determine that the total area
of the study site was 360021 ha, including 144991 ha as rice area, 130598 as other vegetation,
19339 ha as water body and the built-up area was estimated as 5693 ha.
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Figure 7. Classified map of Nankana Sahib for the year 2018.

To compute overall accuracy, we applied Kappa statistics to the study site. We marked
40 spatial locations in the study site which included 20 locations to demarcate the rice crop,
10 points for overall vegetation and 5 locations for water body and 5 for built-up area. The
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spatial locations of these 40 points were cross matched with their actual locations on the earth.
Some remote locations were recognized through field survey which were not easy to identify
on map/google earth. Overall accuracy was estimated as 85% as follows,

Kappa Coefficient 2018
TS= Total number of Sample
TSC= Total number of corrected Sample

(TS =TCS) — ¥.(col. total = Row total)
(T8)? — ¥ (col. total = Row total)

(40 % 36) — {(20 * 19) + (10 * 11) + (5 * 5) + (5 * 5)}]
T T (40)2_((20+19) + (10+ 1) + (5+5) + (5%5)]

=100

Kappa coefficients(¥) =

100

g o [(1440) — {(380) + (110) + (25) + (25)}] _ 100
~ (1600) — {(380) + (110) + (25) + (25)}

1440 — 540 100
=
1600 — 540
900 100
= *
1060

K = 0.849 * 100 =85%

According to Kappa standards, if the accuracy is greater than 80%, it is considered in
strong agreement to ground reality. If the value of K lies between 40% and 80%, it represents
middle accuracy and if K is less than 40%, it determines poor accuracy. Therefore, our results
were in strong agreement.

We adopted the RFC to Sentinel-1 image acquired for the year 2017, to determine rice
cropping patterns and mapped the classification results in Figure 8,
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Figure 8. Classified map of Nankana Sahib for the year 2017.

The results show that the total area under investigation was 360021 ha, including
140403 ha as rice area, 135386 as other vegetation, 19160 ha as water body and the built-up
area was estimated as 5672 ha.
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For accuracy assessment of classification results, we applied Kappa statistics to the
classified map. We marked 40 points on the classified map at various spatial location e.g., 20
for rice crop, 10 for vegetation and 5 for water body and 5 for built-up areas. The Kappa
coefficient was computed as 81% which is also in strong agreement. The calculation of Kappa
coefficient is as below.

. (TS *xTCS) — Y.(col. total * Row total)
Kappa coefficients(¥) = (T78)2 — Y. (col.total * Row total) * 100

_ [(40%35) — {(20 ¥ 19) + (10 % 12) + (5 ¥ 4) + (5 * 5)}]

(20)2 —{(20-19) + (10 12)+ 5+ D) + (5+5)] 100

_ [(1400) — {(380) + (120) + (20) + (25)}]

= ~(1600) — ((380) + (120) + (20) + (z5)} ~ 100

_ 1400 — 545 + 100
~ 1600 — 545
X 855 100
*
1050

XK =081x100= 81%

We observed that the rice area was increased from 140403 ha in 2017 to 144991 ha in
2018. The main reason of this increase in rice area was observed as the preference of local
farmers to grow rice in comparison to other crops because the local government was offering
high subsidy to rice farmers. Moreover, district Nankana-Sahib produces rice of expert quality
which is famous throughout the world therefore, it is considered as cash crop.

Conclusions

This study is an amalgam of satellite data, field data and the farmer’s opinions, which presents
an elegant picture of rice cultivations in Nankana Sahib. We made an effort to define
parameters for discrimination of rice in comparison to other crops. We used Sentinel-1 data
in this research which is obtained in microwave range of electromagnetic spectrum that record
the field observations in all types of weather conditions e.g., cloudy rainy and others. VV and
VH polarizations are important to discriminate the rice crop from other vegetation, however
multi-polarized data is recommended in future to obtain more appropriate results.
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