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Age and growth are two essential rice biophysics parameters used to determine the health
parameters and production rate. The spatial data of both parameters can utilize remote
sensing technology, which in turn makes use of several vegetation indices to achieve
accurate estimation. However, due to the rapid changes in rice plants' characteristics, it is
essential to study vegetation index utilization using a multitemporal method to improve its
accuracy. Therefore, this research uses a multitemporal Enhanced Vegetation Index (EVI)
to estimate rice's age and growth model. The multitemporal EVI patterns were observed to
estimate the Time Early Planting (TEP) and the maximum EVI value of rice in an area. The
results showed that the maximum EVI value in the rice fields of Demak Regency has a class
range of 0.4 to more than 0.9. The highest value is in the class of 0.80 - 0.85 covering
12023.28 ha, followed by 0.75 - 0.80 at 11834.19 ha. Furthermore, the multitemporal EVI
method on Landsat 8 images was used to estimate the rice age with accuracy or RMSE of
7.7 days. The result also showed that this value is good enough because the RMSE is still

in the same range of paddy growth phases.

1. Introduction

Rice is the essensial food for about half of the world’s
population. It is supply 20 % of the calories consumed worldwide
[1]. Almost 90 % the global rice is produced in Asia, Africa and
America Latin [2]. Most of country in thats region used rice as the
staple food, especiaally in Indonesia. According to Saliem [3],
close to 100% of the Indonesian population consume this product,
thereby making it a staple food, with significant economic
importance. The continuous increase in population leads to a rise
in rice demand, therefore, an essential management strategy, such
as the rice intensification system, to boost production [4].

The intensification and management of rice cultivation are
inseparable from high-tech approaches due to its ability to monitor
biophysical parameters such as the growth phase closely. Detailed
information on the growing phase is needed to evaluate rice
development [5],[6]. Furthermore, the biophysical monitoring of
these parameters is valuable for the growth model and prediction
of'rice production [7], [8]. This growth phase model is also closely
related to rice's age and used to obtain predictable information
related to future harvest time.
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Spatial data is needed to monitor rice growth and age models
for proper distribution and analysis using remote sensing
technology. Several approaches are used to estimate the rice-
growing phase, such as the Vegetation Index value approach, as
stated in a research carried out by [9] and [10]. However, this study
utilizes the Normalized Difference Vegetation Index (NDVI) to
estimate rice growth. NDVI is a method occasionally used to
monitor vegetation growth from space [11], [12]. Furthermore,
various vegetation index techniques were developed to improve
their accuracy and efficiency. Therefore, rice plants with a fast-
changing level of green sensitivity utilized various combinations
of techniques. The multitemporal data technique is one of the
methods that can provide a solution [13]. Generally, indices such
as NDVI show the growth status of green vegetation, therefore
plant monitoring can be realized using remote sensing with time
series or multitemporal data [14].

The utilization of this technique was carried out by [15] to
detect rice biological parameters with NDWI and multitemporal
EVI on Modis imagery, which is good for growth monitoring
because of its daily temporal resolution. However, this method has
a low spatial resolution, therefore it is only intended for regional
plant growth studies. NDVI also affects soil and atmospheric
reflection [16]. This tends to affect rice plants that have
background soil types and diverse vegetation densities. [17]
carried out a research to modify modified NDVI and ensure the
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canopy background and atmospheric noise are minimized to
Enhanced vegetation Index (EVI). Therefore, this study aims to
utilize multitemporal Enhanced vegetation Index (EVI) techniques
on Landsat 8, which has a moderate spatial resolution that is
sufficiently resolved to natural change from local to global scale
[18]. Landsat 8 imagery needs to be assessed to determine its use
in monitoring growth models and estimating the rice age due to its
efficiency, medium spatial resolution, and freedom of usage.
Therefore, this study's results can be used to estimate the growth
model and age of rice in a cheap, efficient, and accurate method.

2. Method
2.1. Description of Study Area

This study was conducted in all rice fields in Demak Regency,
Central Java province, Indonesia. This region is the second-largest
rice producing region in Central Java Province. In 2019, rice fields
were 106 629.56 hectares (ha) with the production of 666 141, 30
Metric Ton (MT) of dry grain [19]. Demak is located adjacent to
the Capital of Central Java Province, making it the major food
supplier to Semarang City. The rice fields in this province have
similar characteristics in terms of shape, function, and varieties.
The paddy has a large plot above 100 m x 100 m, thereby making
it suitable for analysis using pixel-based satellite image data, where
the pixel size of the Landsat image is 30 m x 30 m. The majority
of the Paddy fields in Demak are irrigated and dominated by
Ciherang and Mekongga rice types, with some comprising of IR
64 during the dry season. When the same rice varieties varieties
are planted, it allows for a fairly balanced analysis to estimate its
growth model. The study areas in this study are shown in Figure 1.

A/

P el

Figure 1: Location of Study Area

Paddy in Demak Regency is planted twice a year, namely
season 1 (March - June) and season 2 (September-December). This
study was conducted from March —June 2019, also known as
planting season 1.

2.2. Preparation and Preprocessing Data

Data were obtained from Landsat 8 OLI multi-temporal
acquisition images on March 4, 2019, March 20, 2019, April 5,
2019, April 21, 2019, May 8, 2019, May 24, 2019, June 9, 2019,
and June 25, 2019. Therefore, the acquisition images were
obtained for 4 months with a range of 16 days. Furthermore,
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supporting data was also prepared, using the Indonesian
Topographic Map in Demak Regency for geometric tests and rice
field map for cropping images at a scale of 1: 25,000.

Image preprocessing was carried out to determine the quality
of images from geometric, radiometric, and atmospheric errors. In
this study, Landsat 8 OLI imagery was tested for geometric
accuracy using the image to map method. This test used 20 test
points (Independent Control Points) extracted from Topographic
Map data on a scale of 1: 25,000 and distributed in the study area.
This study's geometric accuracy-test requirements need to meet
Circular Error 90 (CE 90) using a map accuracy of 1: 25,000. This
was followed by determining the geometrical quality and
radiometric calibration process. The result of accuracy test of
geometric has the RMSE 24.9 m. So it meets the requairement of
the map accuracy 1 : 25.000. This research also converted the pixel
value of DN (Digital Number) and image data to the BoA (Bottom
of Atmospheric) reflected value. This was carried out using the
second simulation of a satellite signal in the solar spectrum-vector
(6SV) algorithm. Furthermore, it also utilized the sun's azimuth
angle at the time of image recording. The final image
preprocessing stage was used to carry out the cloud removal by the
BQA (Band Quality Assessment) method before the image is
cropped with the Rice Field Area of Interest in Demak Regency
for effective and efficient processing.

2.3. Growth of Rice Modelling Method

Rice growth models were obtained using multitemporal
vegetation index values at 30 sampling points to obtain a chart
value. The rice growth pattern in the graph is polynomial and
shows the level of the greenness of plants from one time to another.
Healthy plants have a high maximum vegetation index value on
the graph.

This study utilized the EVI (Enhanced Vegetation Index),
which is an improvement from the previous algorithm, known as
NDVI (Normalized Difference Vegetation Index). This Algorithm
is sensitive to the "red" band channel that absorbs the canopy, with
lower optical penetration depth, thereby, enabling it to absorb more
quickly in high biomass areas. EVI is becoming increasingly
sensitive to NIR bands on moderate to high amounts of vegetation
with greater optical depth penetration into the canopy. Therefore,
it is better to describe variations in biophysical canopies' structure
and fails to absorb in areas with high biomass [20], [21].

EVI s derived from the soil-adjusted vegetation index (SAVI)
and atmosphere-resistant vegetation index. It is an optimized
combination of blue, red, and NIR channels, based on Beer's law
of canopy radiation transfer, designed to extract its greenness,
regardless of soil background and atmospheric aerosol variations
[21] as shown in equation 1.

EVI = G * NIR—-RED (1)

(L+NIR+C1 RED+C2 BLUE)

Where L value is a calibration factor of the canopy and soil effect,
G is a scale factor, with the EVI value in the range between -1 to
1. Furthermore, C1 and C2 are the weight of acrosol resistance.
The variable and values of the equation coefficients above are L =
1,C1=6,C2="7.5and G=2.5 [22].
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2.4. Age of Rice Estimation Method

The rice plants' growth profile is determined using the Landsat
8 imagery, which has a multi-temporal 16-day recording time
using the EVI algorithm. The beginning of planting was marked
by an EVI value lower than the harvest time and vacant land. Based
on vegetation index changes, it is used to determine the spatial
distribution of age (HST) and rice growth at a certain time or
period [15].

The early growth phase of rice had EVI values lower than at
harvest time (100-120 days) with vacant land. The Time Early
Planting (TEP) can be spatially estimated when the maximum EVI
is obtained. It can be calculated using the modified equation from
[15], as shown in equation (2).

TEP = T_gy;Max — 3 * () (2)

Where T_gy;Max is the time when the maximum EVI value
is obtained with the unit in Julian date, LP is the planting time for
rice plants, and the period is the temporal resolution of Landsat 8.
When the TEP value is obtained, the age of the rice at the time of
image acquisition is determined by calculating the difference in the
acquisition date with TEP. So the equation modified become
equation 3.

TEP = T_gy;Max — -+ (=2) 3)

Equation 3 was modified the band in EVI and Landsat 8 period
or temporal resolution with the rice planting time in study area is
110 days.

2.5. Limitation of The Study

This research was conducted in a research area characterized
by irrigated rice fields during the dry season. rice varieties in the
study area were homogeneous, most of which planted medium
time planting rice. So that the rice planting time (LP) is assumed
to be homogen, that is 110 days.

3. Result and Discussion
3.1. Growth Model of Rice Result

The development of rice growth models is obtained by
arranging a multitemporal EVI pattern (March 4 2019, March 20
2019, April 5 2019, April 21 2019, May 8 2019, May 24 2019,
June 9 2019, and June 25 2019) to produce its graphical
representation. In this study, 25 sampling points were chosen to
determine the multitemporal EVI pattern in the study area with the
graph shown in figure 2.

Figure 2 shows more than one whole wave (one peak and one
trough) on the multitemporal EVI graph. This is used to illustrate
the model of rice growth patterns in the study area. It also means
that there is more than one planting season in the study area. The
minimum EVI value (trough) indicates that the land was vacant at
that time, and the maximum value indicates that the rice was at the
peak greening phase.

WWww.astesj.com

1

EVI Value

S P S SN SIS SRS GRS G S
AN A A AN N

Time of Acquisition
e POINT 31 e PNt 32 Pont33 PONt 34 s PO N1 35 e POINE 36 s PONE 37 s POt 38
. POTTE 39 s PO A0) s PO T 4] s PONE 42 Pointd3 Point44. Point45 Point46

——Pant47 PO 48 e PO 43 == POINT 50 == POt 51 == PO 52.

PONE 53 == PONT 54

Point35 Point36 Point57 Point58 Point59 Point 60
Figure 2: Graph of multitemporal EVI patterns at sample points

In general, the rice growth pattern shows the EVI value moves
up towards the peak and decreases with the plant turning yellow
when the rice has passed the flowering phase. This is influenced
by rice flowers' effects and continues to decline because the seeds
start maturing while drying the stems. A maximum EVI image is
needed to determine the image with the highest value at each pixel.
It is necessary because the highest pixel values among all
multitemporal images represent the phase with the highest
greenish level at 60-64 days after planting (HST), also known as
the flowering phase. The maximum EVI that has been obtained is
classified into 11 classes with an interval of 0.05, as shown in

Figure 3.
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Figure 3: Maximum EVI classification results in Demak Regency

Figure 3 shows the spatial distribution of EVI max for each rice
field area. This EVI class shows that the higher the value, the
healthier the plants in the rice fields. This classification can be
recapitulated in each class area shown in Table 1 and the graph in
Figure 4.

Table 1 and Figure 4 show each EVI Max class area, which
indicates that the EVI Max rice in Demak Regency in the first
Planting Season of 2019 is the widest at 0.80-0.85 covering
12023.28 ha, followed by 0.75-0.80 ha at 11834 ha. Figure 4 shows
that more than 70% of rice fields in Demak Regency in the planting
season 1 0f 2019 have an EVI Max above 0.70. Based on [16], the
high EVI and NDVI represent the healthy vegetation. Therefore,
the pattern of rice growth in the first planting season is healthy,
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with the greenness of rice (chlorophyll), which is closely related to
crop health.

Table 1: Area of each EVI Max class in Demak Regency rice field

Class of EVI Max Area (ha)
EVIMax 0.4-0.45 961.02
EVIMax 0.45-0.50 1299.42
EVIMax 0.50-0.55 1800.99
EVIMax 0.55-0.60 2617.92
EVIMax 0.60-0.65 3781.71
EVIMax 0.65-0.70 5665.05
EVIMax 0.70-0.75 8542.08
EVIMax 0.75-0.80 11834.19
EVIMax 0.80-0.85 12023.28
EVIMax 0.85-0.90 7320.6
EVIMax > 0.9 2731.32
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Figure 4: Graphic of Area in each EVI Max class of Rice field in Demak
Regency from March — June 2019

3.2. Age Estimation of Rice Result

In this study, the age of rice was calculated using the Time
Early Planting (TEP) estimation approach. This was obtained by
running equation 1 on the EVI Max image, which was previously
extracted from the time when EVI Max occurred on the Julian Date
unit. Age estimation results are obtained from the difference
between the time of acquisition or observation with TEP. The
results of processing Time Early Planting and Age Estimation of
rice in Demak Regency as of July 26, 2019 are shown in Figure 5
and Table 2.

Figure 5 and Table 2 show the results of Time Early Planting
(TEP) and Age Estimation of Rice in Demak Regency on July 26,
2019. The widest TEP and Age Estimation was obtained on March
20, 2019 (Age of 99 Days) covering 8482, 245 Ha, followed by
March 4, 2019 (Age of 115 Days) at 7088, 355 Ha and March 21,
2019 (Age of 67 Days) at 6846, 277 Ha. It shows that the rice field
in Demak Regency on July 26, 2019, was dominated by Ripening's
growing phase. The harvesting time estimation is obtained by
adding the Time Early planting (TEP) with the Long Period (LP).
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It is the planting time for rice in the study area. Most of the rice
varieties in Demak in planting season II were medium rice types
(aged after planting 110 days). So that the harvesting time can be
obtained by adding 110 days to TEP.
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Figure 5: Time Early Planting and Age Estimation as of July 26, 2019

Table 2: Time Early Planting estimation result

Tgi;engifgly Tirr}i:e Harve siltay Area (ha)
Estimation stimation

2018-12-30 2031-11-30 4718.604
2019-01-15 2021-04-21 827.056
2019-01-31 2021-11-16 1020.586
2019-02-16 2030-09-13 4227.501
2019-03-04 2038-07-30 7088.355
2019-03-20 2042-06-09 8482.245
2019-04-05 2029-01-31 3589.963
2019-04-21 2038-01-17 6846.277

Figure 6: Spatial distribution of the validation sample point

3.3. Validation

Validation is used to determine the accuracy of rice's estimated
age with the Time Early Planting (TEP) approach of EVI
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Multitemporal Landsat 8. In this study, this process was carried out
at 25 points distributed in the study area, as shown in Figure 6. This
was carried out by field observations and interviews with farmers
in order to obtain the actual age of rice. The validation was carried
out on July 26, 2019.

The distributed validation test sample points also considered
the representation of each rice age estimation results using the
proportional random sampling technique. It aims to ensure that the
validation is sufficient to meet the existing population. The results
of this validation are shown in Table 3.

Table 3: Validation result of rice age estimation

Sample A.ge of Age of rice Error
Point Rice In Estimation (Days)
Situ

31 48 67 19
32 59 67 8
33 95 99 4
34 96 99 3
35 104 99 5
36 104 99 5
37 97 99 2
38 106 99 7
39 104 115 11
40 117 115 2
41 109 115 6
42 98 99 1
43 104 99 5
44 97 83 14
45 97 83 14
46 95 83 12
47 95 83 12
48 82 83 1
49 87 83 4
50 107 115 8
51 107 115 8
52 107 115 8
53 92 99 7
54 112 115 3
55 112 115 3
56 114 115 1
57 117 115 2
58 112 115 3
59 117 115 2
60 107 115 8

RMSE 7.698

The Root Mean Square Error (RMSE) or the accuracy of the
multitemporal EVI method is obtained to estimate the rice age by
7.698 days. This is sufficient when compared to the Landsat 8
temporal resolution of 16 days. Furthermore, this method is quite
effective for identifying vegetative, reproductive, and ripening
phases. This value is good enough because the RMSE is in the
same range of growth phases of rice. Another study by [23] using
time series MODIS data with the method wavelet and fourier
transform in EVI graphic to estimate phenological age of rice. The
result of this method has the RMSE of 12.1 day. Then [24] also
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used the MODIS time series data to estimate phenological stage.
They used savitky golay transform in EVI multitemporal graphic.
It has RMSE of 10 days. The last study propose by [25] used the
machine learning in one time Landsat 8 imagery to clasification
the growth phases of rice. The result of this study show that SVM
radial data has the overal accuracy 70,5 % in classification of
growth phase of rice. Therefore multitemporal EVI using the TEP
method of Landsat 8 that has a RMSE of 7.698 days, was
appropriate to estimate the age of rice..

4. Conclusion

The following conclusions were made based on the research
analysis:

In conclusion, the multitemporal EVI from Landsat 8 imagery
can describe rice growth models with the ability to provide
information on the number of growing seasons in the study area
and the health level of rice from the maximum EVI value.
Furthermore, more than 70% of rice fields in the Demak Regency
in the planting season 1 of 2019 have an EVI Max above 0.70,
therefore it is in the quite healthy category.

The study also showed that the multitemporal EVI method of
Landsat 8 Imagery can estimate rice age using the Time Early
Planting (TEP) approach. It has an RMSE accuracy of 7.7 days and
sufficient for monitoring the rice age because the RMSE value is
still in the same growth phase range.
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