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Abstract  This research was performed in order to improve the goodness of fit of paddy rice production
forecasting using MODIS images and to find out appropriate explanatory variables in the forecasting model. The
aim of this paper is to review the use of satellite images for the survey of paddy rice production in Korea.
Many developed countries, including the United States, Australia, and Japan, have been using satellite images to
produce agricultural statistics such as crop production, cultivated acreage, etc. The survey accuracy of crop
production by using satellite images, however, is not satisfied in practical use. In this paper, we reviewed
several methods to increase the survey accuracy of rice production statistics, gained from satellite images. Rice
was selected for this study because its cultivated area and production amount could be more easily identified
than other crops by using satellite images. The MODIS images were used because they involved more
appropriate images to estimate and analyze rice production. This study estimated yield functions by using the
NDVIs, gained from paddy rice yields and annual average isothermal lines, and the meteorological variables
such as sunshine hours, rainfall, and temperature during ripening stage. As a result of yield function estimation,
the goodness of fit(R-squared) for the models was shown from 0.768 to 0.891. In this study, it is noteworthy
academically and practically that vegetation index(NDVIs) identified by annual average isothermal lines and
meteorological variables are very useful for estimating yield functions.
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1. Introduction

Developed countries, such as the United States, Japan,
etc, have been using satellite images for investigating crop
cultivated area and crop production because a wide range
of area can be easily analyzed within a short time.

In Korea, satellite images have been applied to various
fields since high resolution satellite images, obtained from
Kompsat-2 and Kompsat-3(launched in 2006 and in 2012,
respectively), were provided at affordable prices. So,
demonstration researches using the images have been
recently conducted in the field of agriculture in Korea.

The first attempt, using remote sensing techniques in
agricultural field in Korea, was performed by Rural
Development Administration in the middle of 1990.
Korea National Statistical Office has been implementing a
demonstration project to introduce the remote sensing
techniques into agricultural statistics and setting up
execution plans for mid-long terms. In fisheries industry
from 2004, under the leading of Korea Maritime Institute
and Fisheries Outlook Center, satellite images have been
used for recognizing the quantity of aquaculture farming
facilities and for estimating the aquaculture products. The
feasibility review for the introduction of remote sensing
techniques into agricultural field has been studied by
Korea Rural Economic Institute from 2005 to 2010[7].

In Korea, studies about the estimation of cultivated
areas or production areas by using satellite images have
been fulfilled[2,4,6,7].

investigation of crop production was performed only by

However, it seemed the
Hong et al.[3,5]. Hong et al.[3] performed the regression
analysis with the NDVIs, obtained from MODIS data
about North Korea between 2000 and 2008, and the
quantitative data, presented by Korea National Statistical
Office; as a result, they showed that the R-squared,
meaning the goodness of fit of estimated rice production
in North Korea, was 0.591. Also, in 2012, they performed
the regression analysis with the NDVIs, obtained from
MODIS satellite images of paddy rice area in South
Korea between 2002 and 2010, and the meteorological
data such as sunshine hours, solar radiation, and rainfall
during ripening periods; as a result, they showed that the
R-squared was between 0.70 and 0.82[5].

This study suggests more effective methods for

increasing the goodness of fit of paddy rice production

estimation by using MODIS images in Korea from 2008
to 2009.

This study was revised and supplemented from the
exerption written by B.S. Kim and J.W. Kim in KREI

research report[1].

2. MODIS Images Collection and
NDVIs Calculation

The purpose of this study is to calculate NDVIs of
paddy rice by using MODIS images and to develop a
forecasting model of paddy rice yield through the NDVIs.
The MODIS (Moderate-resolution
-diometer) is a payload scientific instrument launched into
Earth orbit by NASA in 1999 on board the Terra (EOS
AM) Satellite, and in 2002 on board the Aqua (EOS PM)
satellite, and the NDVI(Normalized Difference Vegetation

Imaging Spectrora

Index) is a graphical indicator that can be used to analyze
remote sensing measurements and assess whether the
target being observed contains live green vegetation or
not(Wikipedia). So, MODIS images during August and
September, when the NDVIs of paddy rice are
maximized, were searched and collected Collecting and
analyzing MODIS images and calculating NDVIs were
performed by Sea & River Consultant INC., specialized in
satellite image processing.

A total of ten legible MODIS images were finally
selected for the period from 2008 to 2010, and their cloud
volumes were below 10 percent. This study used three
images in 2008, five in 2009, and two in 2010.

Also, the land use data, provided by the Ministry of
Environment, were used for calculating the cultivated area
that is essential to extraction of vegetation index of paddy
rice. The production data of paddy rice, provided by
Korea National Statistical Office, were employed for
estimating yield functions and for analyzing correlations
between NDVIs and paddy rice yields. Administrative
boundary data were utilized for correcting locations on
MODIS images and for classifying vegetation index by
administrative districts.

The collected MODIS

distorted due to filming location and origination; so,

images are geometrically

relevant correction on the images is necessary. For
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correcting location problems, layers of administrative
district boundaries were summed as one layer and then
applied. The location correction of MODIS images was
performed through the processes such as satellite image

input, GCP collection, and reprocessing.

[Fig. 1] Land Use(left) and the Boundary of Province(right)

Indices about plants growth are necessary for the
estimation of paddy rice production by using MODIS
NDVIs (Normalized

Difference Vegetation Index), widely used for recognizing

images. This study wused the
plants growth through satellite images. The range of
NDVI is between 0 and 1, and the greater in number the
better in growth.
NIR — RED
NDVI = —rs—rr— 1
Vi NIR + RED &
The resulted range of NDVI calculation through
MODIS images were from -1 to 1, but only the range of
between 0 and 1 was used because the objective plant

was paddy rice in this study.

average NDVI for cities and counties was used. This
study did not include any vegetation index which was not
significant due to cloud volume and so on; so, the

satellite images only from 2008 to 2009 were used.

3. Correlation Analysis between Paddy
Rice Yield and NDVI

Prior to specification of a paddy rice yield model, the
correlation analysis between paddy rice yields and NDVIs
was performed. This was fulfilled to develop a yield
function with better goodness of fit and higher forecasting
ability.

The correlation coefficients between paddy rice yields
and NDVIs, obtained from satellite images from May to
September in 2008 and 2009, were measured. The
following cities were not included in the calculation
because their paddy rice area was relatively less than
others. They were Seoul Metropolitan City, Busan
Metropolitan city, Daegu Metropolitan City, Incheon
Metropolitan City, Gwangju Metropolitan City, Daejeon
Metropolican City, Ulsan Metropolitan City, and Jeju
Special Self-Governing Province.

As shown in the Table 1, the range of correlation
coefficients between paddy rice yields and nationwide

NDVIs are from 0.04 to 0.39 or below 0.

[Table 1] Correlation Coefficient bet. Paddy Rice Yild
and NDVI of the Whole Country

[Fig. 2] Data Preprocessing of MODIS Images

In this study, NDVIs of paddy rice area for

administrative boundaries were calculated, and then the

date '08.5.3 '08.8.7 '08.9.7 '09.5.7

Coefficient | -0.0113 0.1527 -0.0716 0.0363

MOI;IS }lillages date '09.8.15 '09.9. 6 / '09.9.10 '09.10.3
> Coefficient | 0.3874 0.3928 -0.0090

The NDVIs for whole country were not available for

estimating a yield model because its correlation
coefficients were very low; so, we alternatively reviewed
the correlation analysis between yields and NDVIs for the
8 provinces as follows: Gyeonggi Province, Gangwon
Province, Chungcheongbuk Province, Chungcheongnam
Province, Jeollabuk Province, Jeollanam Province,
Gyeongsangbuk Province, and Gyeongsangnam Province.
Then, the NDVI for each province was revised, and the

correlation between a local paddy rice yield and a
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corresponding NDVI was reviewed.

As indicated in the Table 2, the resulted coefficients
among provinces were higher than the nationwide but still
low.

The regions with higher correlation coefficients
appeared on isothermal lines; as a result, the correlation
coefficients in this study were reviewed by calculating

NDVIs for each isothermal line.

[Table 2] Correlation Coefficient bet. Paddy Rice Yild
and NDVI by Province

'09.9. 6

099,10 | 9103

date '08.5.3|'08.8.7|'08.9.7 | '09.5.7 | '09.8.15

Gyonggi | -0.418 | 0.100 | -0.121 | 0226 | 0325 | -0.078 | -0.212

Gangwon | 0.411 | 0.030 | 0.085 | -0.370 | 0.103 0.450 -0.270

Chungbuk | -0.482 | -0.303 | -0.285 | -0.406 | -0.550 | -0282 | -0.446

Chungnam | -0.379 | -0.122 | 0.273 | -0.524 | 0.415 -0.345 | -0.461

Chonbuk | 0.034 | 0217 | 0313 |-0.177 | 0.530 | 0.096 | -0.424

Chonnam | 0.225 | 0.176 | 0.153 | 0432 | 0.613 0.502 0.465

Gyongbuk | 0.053 | 0.060 | -0.287 | -0.070 | -0.050 | 0.048 | -0.150

Gyongnam| 0.196 | 0.334 | -0.239 | -0.047 | 0.077 0.040 -0.271

So, the NDVIs

combining the

for corresponding regions were

recalculated by annual average of
isothermal lines and the administrative district boundaries.

Paddy rice area in South Korea was divided in 5
groups by annual average isothermal lines. The group 1 is
characterized by annual average temperature between 13
and 14 degrees Celsius, and it consists of 38 cities and
counties in Jeollanam Province, Gyeongsangnam
Province, and Gyeongsangbuk Province. The group 2 is
characterized by annual average temperature between 12
and 13 degrees Celsius, and it consists of 35 cities and
counties in Gangwon Province, Chungcheongnam
Province, Jeollabuk Province, Jeollanam Province, and
Gyeongsangbuk Province.

The group 3 is characterized by annual average
temperature between 11 and 12 degrees Celsius, and it
consists of 50 cities and counties in Gyeonggi Province,
Chungcheongbuk Province, Chungcheongnam Province,
Jeollabuk Province, and Gyeongsangbuk Province. The
group 4 is characterized by annual average temperature
between 10 and 11 degrees Celsius, and it consists of 11
cities and counties, and it consists of Gyeonggi Province

and Gangwon Province.

Isothermal Line Administrative Section Coalescence

[Fig. 31 Process of using annual average of isothermal
lines

The group 5 is characterized by annual average
temperature below 10 degrees Celsius and consists of 11

cities and counties in Gangwon Province.

[Table 3] Correlation Coefficient bet. Paddy Rice Yild
and NDVI by Isothermal Line(Annual Average)

’08.8.7 | ’08.9.7 ’09.8.15 ’09.9.6 | ’09.9.10
Group 1 0.814 0.778 0.755 0.709 0.732
Group 2 -0.764 | -0.840 0.819 -0.842 0.787
Group 3 0.728 0.798 0.849 0.843 0.761
Group 4 0.764 -0.752 0.681 -0.838 0.929
Group 5 0.821 0.745 0.817 0.893 0.776

Table 3,
coefficients between paddy rice yields and NDVIs, based

As mentioned in the the correlation

on annual average isothermal lines, were shown higher
methods. The

coefficients could be turned out due to the size difference

than the results in other negative
between actual area and sampling area for calculating

vegetation indices.

4. Development to Paddy Rice Yield
Forecasting Model

Based on the examined results so far, paddy rice area
was divided into 5 groups by annual average isothermal
lines, and the yield forecasting model for paddy rice was

developed as follows.
Y= f(NDVI, TEMP, SUNH, RAIN, CLOUD) (2)

Here, Y is the paddy rice yield data, presented by
Korea National Statistical Office, and NDVI is the
average of cities and counties from MODIS images.

SUNH is the cumulative sunshine hours, which are the
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sum of sunshine hours during ripening stage. RAIN is the
amount of cumulative rainfall, meaning the sum of
rainfall during ripening stage. CLOUD is the cloud
volume of MODIS filming zones.

This study applied the data in 2009 to the yield
function, which was the equation 2, and applied to group
1, 2, and 3. The group 4 and 5 were not included due to

the small number of observations.

[Table 4] Estimation Results of Paddy Rice Functions by

Group
date Sept. 6 Sept. 10 Sept. 6
Group 1 2 3
NDVI 0.362%** | 0.286%** | 0.462%**
TEMP 0.003 - -
SUNH - - 0.336***
RAIN -0.008** - -0.007**
CLOUD - - -
Intercept 6.353%*% | 6.411%%*% | 4.695%**
R-squared 0.891 0.873 0.768
Funtional form log-log log-log log-log

NOTE: ***, ** and * are 1%, 5%, and 10% level of significance,
respectively.

As shown in the Table 4, the goodness of fit for the
yield model, ranged from 0.768 to 0.891, was relatively
high. Hong et al. (2012) reported that the R-squared
among paddy rice yields, NDVIs, and sunshine hours, was
0.70 and that the R-squared among paddy rice yields,
NDVIs, and rainfalls, was 0.82. In their researches, the
reason for the high R-squared values might be because
they calculated regional NDVIs on the basis of isothermal
lines, and because they used a log-log functional form.

As mentioned in the estimation results, NDVIs for all
models were significant under 1% level of significance;
thus, the use of satellite images is useful for estimating
yield functions. Also, the meteorological variables such as
sunshine hours and rainfall during the paddy rice ripening
stage were significant under 5% and 10% levels of
significance, respectively. In our research, it was resulted
that the introduction of meteorological variables could
improve the goodness of fit for models. Therefore, in
order to estimate more appropriate yield models, more
accurate vegetation indices and meteorological variables

should be made up.
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5. Conclusion

This study was performed in order to improve the
goodness of fit and predictability for a paddy rice yield
model and to find appropriate explanatory variables.

In this research, NDVIs were calculated from MODIS
images, and the images were provided by the Satellites,
Terra and Aqua, during 2008 and 2010. Also, the
meteorological variables, such as sunshine hours, rainfall,
and temperature during ripening stage, were collected and
applied.

According to the correlation analysis between paddy
rice yields and NDVIs, the resulted coefficients for
NDVIs on the basis of annual average isothermal lines
were shown higher than the results for NDVIs based on
nationwide scale or provinces.

This study estimated yield functions by using the
NDVIs, gained from paddy rice yields and annual average
isothermal lines, and the meteorological variables such as
sunshine hours, rainfall, and temperature during ripening
stage. The images, filmed on September 6th and 10th in
2009, were selected for NDVI calculation.

As a result of yield function estimation, the goodness
of fit for the models was shown from 0.768 to 0.891,
which was higher than the results given by Hong et al. in
2009.

In this study, it is noteworthy academically and
practically that vegetation index(NDVIs) identified by
annual average isothermal lines and meteorological
variables are very useful for estimating yield functions.
Also, establishment of more accurate vegetation index and
meteorological variables is necessary for more appropriate
yield functions.

It is expected that the accuracy of NDVIs and
goodness of fit of the paddy rice yield model will be
from KOMPSAT-3(Korea

Multi-purpose Satellite-3) or other radar satellite images

improved if the images

are applied.
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