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Abstract The development of information and communication technology has been carried out actively in the field
of agriculture to generate valuable information from large amounts of data and apply big data technology to utilize
it. Crops and their varieties are determined by the influence of the natural environment such as temperature,
precipitation, and sunshine hours. This paper derives the climatic factors affecting the production of crops using the
garlic growth process and daily meteorological variables. A prediction model was also developed for the production
of garlic per unit area. A big data analysis technique considering the growth stage of garlic was used. In the
exploratory data analysis process, various agricultural production data, such as the production volume, wholesale
market load, and growth data were provided from the National Statistical Office, the Rural Development
Administration, and Korea Rural Economic Institute. Various meteorological data, such as AWS, ASOS, and special
status data, were collected and utilized from the Korea Meteorological Agency. The correlation analysis process was
designed by comparing the prediction power of the models and fitness of models derived from the variable selection,
candidate model derivation, model diagnosis, and scenario prediction. Numerous weather factor variables were selected
as descriptive variables by factor analysis to reduce the dimensions. Using this method, it was possible to effectively
control the multicollinearity and low degree of freedom that can occur in regression analysis and improve the fitness
and predictive power of regression analysis.
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Development of Examination Model of Weather Factors on Garlic Yield Using Big Data Analysis

1. Introduction

The United Nations Framework Convention on
Climate Change (UNFCCC) defines it as a change of
climate that is attributed directly or indirectly to human
activity, altering the composition of the global
atmosphere. Climate change is a major concern in
many areas, including society, economy and the
environment, both at home and abroad. Climate change
affects the production process of individual crops in
agriculture [1]. Application policies are required to
minimize the effects and damage caused by climate
change, and studies need to continue on the crisis
handling [2]. In the case of rice, there is a study to
predict the effects on the water level caused by
meteorological variables during the growth phase and
long-term global warming [3]. For wheat, the effects of
the the growth and
production rates for each region and breed are studied
[4].

explanation variable for the growth conditions of

meteorological factors on

Some studies have used weather factors as

cabbages, pumpkins and cucumber [5].

This paper uses weather factors that affect the garlic
production, a crop that is easy to obtain growth
information and is closely related to ordinary people's
lives. Weather factors include average temperature,
maximum temperature, minimum temperature, wind
speed, precipitation, wind cooling index, daylight
hours, and humidity. Using big data analytics, this
study analyzes various weather factors that affect the
garlic production and final prediction model for garlic
production are proposed through model comparison
method.

In Chapter 2, related studies were reviewed.
Exploratory data analysis techniques were examined.
Factor analysis and regression analysis were applied as
main analysis methods. Chapter 3 analyzes and designs
garlic yield prediction model. Data collection process,
data cleansing and categorizing, data analysis and
visualization are included. Chapter 4 developed a

model to predict garlic yield and derived conclusion.
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2. Related Works

2.1 Exploratory Data Analysis

In statistics, exploratory data analysis (EDA) is an
approach to analyzing data sets to summarize their
main characteristics, often with visual methods. A
statistical model can be used or not, but primarily EDA
is for seeing what the data can tell analyst beyond the
formal modeling or hypothesis testing task.

The ultimate purpose of a exploratory data analysis
is to provide all factors extracted from the data to help
the analyst maximize his or her understanding of the
underlying data structure. It can also determine the
setting of the optimal parameter or test basic
hypothesis by developing simple models after the
detection of characteristics or anomalies by extracting
important variables or hidden structures. It is possible
to create a list and a ranking of the major variables that
estimate the variables based on the statistical
significance tests for each independent variable. The
above sequence of activities can confirm the
uncertainty of the estimate [6].

A descriptive data analysis has been used to analyse
data with and

of

agricultural production data, statistical office data are

agricultural  production climate

meteorological observations. For the analysis

used to analyze the data characteristics and to
determine the analysis goals. The meteorological data
analysis collects a variety of meteorological data from
the KMA's the
Automated Indicator Monitoring System (ASOS), or

automated monitoring  stations,
special weather reports. Definition of the region and
utilization variables under analysis, equivalisation of
the time and space resolution of the data, and
of the of the

meteorological variables are used to calculate the

definition standardized criteria

observed values depending on the characteristics of the

meteorological data or crops.

2.2 Main Analysis Techniques

This section describes the correlation analysis, factor
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analysis, and regression analysis used in this study.
Correlation analysis is used to correlate between
variables through selection of variables, derivation of
candidate models, diagnostics of models, and prediction
of scenarios. This analysis utilizes the selection of
variables in stages and all expected relocations for the
selection of variables. The selection of step by step
variables begins with the model, including all variables.
It then deletes the variables that are not helpful for the
baseline statistics or adds variables that can improve
the baseline statistics between variables that are not
included in the model. The most suitable variable
would be found by adding and removing variables
All

calculated using all possible models, which are p

repeatedly. possible regression models are
independent variables, to estimate all 2 ~ p variables
and to select the optimal model.

Factor analysis is applied to the monthly mean
temperature, average minimum temperature, average
maximum temperature, wind speed, wind speed,
cooling index, daily temperature difference, and the
prediction model of garlic yields from January to
December using rainfall. All of the collected monthly
meteorological factors are determined to be suitable for
the analysis.

Regression analysis is to determine the regression
equation best represents the sample collected to
estimate the parameters, and to analyze the causal
relationship between structures. This method uses the
Minimum Square Method to search for regression
equations that create a minimum square root between
the measured and calculated values using the regression

equation.

3. Design and Analysis of the
Prediction Model of Garlic Yield

This study consists of the steps to prepare data,
create analysis sets, predict models through exploratory
data analysis, and to visualize knowledge. Overview of

these process is described in Fig. 1.
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Fig. 1. Overview of the Process

In addition, we shall explore the data types and
characteristics to utilize the exploratory data analysis
step to select the models to analyze. The models are
then complemented to enhance its performance to

derive the optimal model.

3.1 Data Collection

The Automated Weather System (AWS) is a weather
observation device designed to automatically monitor
what people have done in the past, and it has about
660 AWS units installed throughout the country. ASOS
(Automated Synoptic Observing System) is an
automated meteorological observation device that is
installed at a national meteorological station for the
purpose of making meteorological observations. It is
the city

meteorological identification information. The data

not provided with or military unit

used in this paper is shown in the following Table 1.

Table 1. Summary of Data Set

Source Item Value
AWS-hased
Me‘reorﬂlaeseica} National/Time Unit
g Meteorological 11,200,000
Observation ;
3 Observation
tnformation
AWS-based Daily National/Day Unit
Observation Meteorological 37,300,000
Statistics Ubservation Statistics
AS0OS-based . . N
Meteoro[aeseicai National/Time Unit
g Meteorological §7,700,000
Observation X
3 Breaking News
nformation
National/Day Unft
Breaking News Meteorological 3,472
Breaking News
Mational/Thme Unit
Typhoon Track Meteorological 8,958
Observation
Sum 146,212,430
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3.2 Data Cleansing & Categorizing

It goes through two stages of pre-processing to
obtain the meteorological variables. The first is to
convert the climate observation of Gun-unit values of
automatic weather observation device (AWS) into
Do-unit values using the weighted average of the
growth-area baseline Expression (1). And then, weather
variables use average temperature, lowest temperature,
highest temperature, wind speed, wind cooling index,

temperature range, and river water.

Weighted Avgr= Wi X, + W, X, +....+ W X, )

n*n

Second, the AWS ID and ASOS ID do not match, so
the ASOS ID nearest to the AWS ID is used in order
for matching using the distance weighted calculation
method of Expression (2). The climate values observed
in the Gun-unit of meteorological observation systems
(ASOS) are converted into Do-unit ones. Humidity and

daylight hours are also used as weather variables.

() = 2
Z(x)= Suw, 2)

3.3 Analysis & Visualization

As shown in Table 2, garlic production of the main
producing area, which are Jeollanam-do,
Gyeongsangnam-do, and Jeju-do accounts for 65.5

percent of the nation's garlic production.

Table 2. Production Ratio by Region

A CultivationArea | Production
Region . .
Ratio Ratio
leollanam-do 294% 273%
Gyeongsanghuk-do 22.1% 255%
Jeludo 119% 2.7%
Total 63.4% 655%

In addition, garlic production in Jeollanam-do in
Fig. 2 is almost the same for 14 years, and the
production in Gyeongsangnam-do and Jeju-do showed
a tendency to increase rapidly. The output increase

Gyeongsangnam-do is very clear. The output increase
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of garlic in high.

Gyeongsangnam-do, and Jeju-do are not major source

Jeju-do s Jeollanam-do,
of garlic production and is therefore excluded from this
paper.

Since 2011, the volatility of the water supply has
remained very high, ranging from 17 % to 21 %, and
the volatility of the water supply dropped in 2015. In
2014, the price of garlic declined as the stock of garlic
dropped to 10,000 tons. Since 2007, the number of
water sources in Jeju-do and Gyeongsangnam-do has
skyrocketed, maintaining a high productivity per unit
area. Jeollanam-do recorded its lowest production per
unit area in 2011-2013 since its highest point in 2010,
but production has increased again in the past two

years (Fig. 2).

Jeju-do

Jeollanam-do

2003 2005 2007 2009 2011 2013 2015

Production period

Fig. 2. Analysis of Production Trend per Unit Area of
Garlic

Table 3. Characteristics of Growing Season

Name Period
Sowing / The FirstPartof September ~
Germination The Last Partof October
Leaf The FirstPartof November ~
Elongation The MiddlePartof December
. . The Last Partof December ~
Wintering
The Last Partof January
The FirstPartof February~
Dividing
The Last Partof March
The FirstPartof April ~
Auxesis
The Last Partof June
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Considering the growing season, the meteorological
variables in the sowing and germination stage are
applied (Table 3).

Process for conducting analysis and model
forecasting is described in Fig. 3.
Variables Selection
No
st » 2nd > 3rd — 4th
YES

Model Derived

l

Models Compare

!

Model Selection

}

Model Diagnosis

}

Scenario

Fig. 3. Process of Model Estimation

(1) Selection of Variables

We select variables that may affect the garlic
production and apply them to the model generation.
Examples of weather variables and observation periods
at the beginning stage are shown in Table 4.

Garlic's sowing begins in the early September and
its harvest begins in the early June. The observation
periods of “month” used in the analysis were limited
from September to May. Fig. 4 is examples of weather
climate variables.

Stepwise method is employed for variable selection.
Stepwise regression is a method of fitting regression
models in which the choice of predictive variables is
carried out by an automatic procedure. In each step, a
variable is considered for addition to or subtraction
from the set of explanatory variables based on some

prespecified criterion.
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Step 1 applies Stepwise variable selection to the
reference variable in Expression 3. For each reference
variable in Table 5, one or three major “Month”

variables are selected.

Table 4. Description of Meteorological Climate Variables

Variables Period

Average temperature January, March
Maxirim temperature December, March
Minimumtemperature January
Wind speed September
Precipitation Octoher
Precipitationday November, January
Daylighthours Nevember, june
Wind cooling index March
Daytime difference Getober, lamary
Humidity November, April
Frost Fehruary
Mairm Temperature of day >25°C observations of Monthly | October
Minimum temperature of day > 20°C chservations of Monthly | January
Rainfall Observations of Monthly Over 59mm Getoher
Rainfall Observations of Monthly Over 20mm October
inimum temperature of day < 5°C obsenvations of Monthly February
Maxirrum Terperature of day »15°C observations of Monthly | October, March
Minimum temperature of day < 4°C observations of Monthly March

SUuplSdoll SUuplSdol2 SUupl5dol SUupl5de2
Min. i 6,143 Min. i 0.000 Min. :0,0000 Min, i0.0000 I
1st Qu.:13.415 1st Qu.: 1.000 13t Qu.:0.0000 1st Qu.:0.5804
Median :17.766 Median : 2.081 Median :0.0000 Median :2.6403 |
Mean :17.331 Mean : 3.428 |Mean :0.8744 Mean :3.2375 |
3rd Qu.:20.683 3rd Qu.: 5.021 3rd Qu.:0.7904 3rd Qu.:4.7903
Max. :26.464 Max. :14.232  Max. H3 1 Max. 19,7903 ]

Il ID2 ID3 D4 IDs

Min., :0.0000 Min. :0.0000 Min. :0 Min, :0  Min. 10
1st Qu.:0.0000 1st Qu.:0.0000 1st Qu.:0 1st Qu.:0 1st Qu.:0
Median :0.0000 Median :0.0000 Median :0 Median :0 Median :0
Mean  :0.7722 Mean :0.2900 Mean :0 Mean :0 Mean :0
3rd Qu.:1.3786 3rd Qu.:0.3894 3rd Qu.:0 3rd Qu.:0 3rd Qu.:0
Max. :4.2593 Max. :1.6683 Max. 10 Max. :0  Max. :0

TAMIN_4do3 TAMIN_4do4 TRMIN_ 4do5 R50mm3
Min, : 0.8839 Min. : 0.000 Min. :0.00000 Min. 10,0000
1st Qu.: 7.1395 1st Qu.: 0.000 1st Qu.:0.00000 1st Qu.:0.17
Median :21.8133 Median : 6.905 Median :0.00000 Median :0.
Mean :17.6210 Mean 6.037 Mean :0.15800 Mean :
3rd Qu.:24.5304 3rd Qu.: 9.473 3rd Qu.:0.03313 3rd Qu.:1.41
Max. £28.3052 Max. :14.808  Max. :1.37486 Max.

Fig. 4. Example of Weather Climate Variables

Y= TAD9+ TADI0+ TAD11+ TAD12+ TAD1 +
TAD2+ TAD3+ TADA+ TADs+ TAD6

©)

In step 1, TAD1 and TAD3 are selected.
Step 2 applies the stepwise sequence to the variable

that has the analysis value in Fig.5. Until two or three
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optimal variables are left, the variable selection process Table 6. Stepwise Variable Selection of Step 2

is continued by applying Expression 4. Stepwise Variable Selection
TAD1 o RSOMm10
TAD3 A20mmio
Table 5. Variables of ‘Month’ Thmax12? O RAINDAY COUNT4
- TAmax2 wei3 a
Variable Sep | Oct | Nov Dec | Jan | Feb | Mar Apr | May | Jun Tamint o 555 o
TAD a o w509 o Hii1
TAmax o o RAIN DAYIO O HMA ¢
- TrdwnMsdoz oTR10
TAmin ° Stiupl5doiz DTD1
wSD o SUuplSdo? {0 SU10
T o 101 o FDZ 5]
TAMIN 4da3
TNdwnM5do [
SUup15do o Q
0 o Step 3 assumes that there are regional differences in
d . .
TAMIN Ao ° the number of times for water-cutting due to the
R50mm o . . . . .
edaphic and technical properties, i.e., Adjusted R2,
R20mm o3
1 M ~ . .
e O Schwark's Bic, and Mallow's Cps shown in Fig.6 and
wa ° Table 7. In order to apply all the possible regressions,
ss o a local dummy variable is added.
HM a e}
DTD (&) a
SuU O
FD o

YD= TAD1+ TAmax12+ TAminl+ WS5D9+
RAINDAY10+ SUupl5do3+ ID1+ WCI3+

S5+ HMA+ FID2
G
Df Sum of Sg RSS aIC ; TE PREiis jiic i i
<none> 194021 378.40 H : *ii i
- SUupl5do3 1 12904 206925 379.10 . . o .
+ SUup1Sdo12 1 c112 188908 37928 Fig. 6. Adjusted R2, Schwarz's Bic, Mallow's Cp
+ TAMIN 4do3 1 4173 189848 379.48
- W5DO 1 17086 211107 379.94
. . N
+ TLDZ 1 5008 182012 379,96 Table 7. Variable of Adjusted R2, Schwarz's Bic,
+ R20mm10 1 1948 192072 379.97 Mallow's Cp
+ TZmax3 1 1621 192400 380.05 — -
+ R50mm10 1 805 193216 380.22 AdjR” | bic Gy
+ DTD1 1 606 193415 380.27 ADY G o o
+ DID10 1 82 193438 380.27 TAmaxi2 O 9 g
+ THdwnM5do2 1 452 193568 380.30 TAminl
+ SU10 1 237 193783 380.35 WSDS
+ HM11 1 225 193796 380.35 RAIN DAYIC I's) 0 a
w0 £798S SoInbE SRS, D1 a &) o
- HM4 1 43041 237062 384.8 Wes 5 o p
- TZminl 1 47560 241581 385.61
- RAIN DAY10 1 75379 269399 390.18 555 o o 9
- TAmax132 1 78886 272907 390.73 HMA a o a
- TADL 1 97039 291059 393.43 FD2
- 885 1 105596 299617 394.65
- ID1 1 116747 310768 396.18
- FD2 1 228852 422872 403.12 With only two to three variants, Step 4 removes the
Fig. 5. Analysis Values and Variables resulting variables from Step 3. During the final
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parameter selection process in Table 8, the TADI1 has
a multicollinearity issue with HM 4. WCI 3, TAmax
12, and ID1 were removed due to the high p value.
The final selection variables are RAIN DAY 10, SS5.

Table 8. Process of the Final Variable Selection

AAIll Possible Regressions
(Adding Regional Dummy Variable) | Deleting Variable Selected
Adir® | bic Cp
TAD] o] 8] 8] Multicollinearity
TAmaxi2 4] G 3] pvaiue
TAmint
WSsD9
RAIN_DAY10, O (0] 0] 0]
SUupl5do3
D1 8] 8] o p value
WCi3 c o 0 p value
$S5 [0] [0] 0 [0
HM4 8] 8] o Multicollinearity
FO2

(2) Derivation of Candidate Model

Garlic farming requires at least 20 rainy days after
sowing. Especially garlic produced in warm soil has a
short dormant period and is rather sensitive to the low
temperature. In addition to the finally selected
variables, the inclusion of cold-related variables reduce
significantly the model’s Adjusted R2. The schedule
models] includes the finally selected variables and
DTD1 (January temperature range). The schedule
models2 includes the finally selected variables and
WSD1 (January wind speed). The schedule model s3
includes variables selected in step 4. Consequently the
represented Expression 5,

candidate models are

Expression 6, and Expression 7, respectively.

YD=f(RAINDAY10+ SS5+ %)
(Region Dummy Parameter) + DTDL

YD=f(RAINDAY10+ SS5+ ©6)
(Region Dummy Parameter) + WSD1

YD=f(RAINDAY10+ SS5+ )

(Region Dummy Parameter)

(3) Model Comparison
In order to compare the performance of the 3
candidate prediction models, the LOOCV (leave-one-out
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cross validation) method was employed. The LOOCV
showed that the Model 3 has the lowest estimate of
error rate with 7.3 %. The Model 3 is finally selected.

Table 9. Result of LOOCV

Division Result

Model 1 [1) 0.07797016 0.07790081
Modet 2 [1) 0.07747454 0.07740497
Modet 3 [1] 0.07349335 0.07339579

(4) Model Diagnosis
3 and the

diagnostics results for the parameter significance are as

The regression diagnosis in Model

shown in Fig. 7 and 8. Residuals identifies the bias in
the data as a representation of the difference between
the expected value and the measured value, i.e. the
distribution of the residual value in small fractions. The
Coefficient lists the estimated values, standard errors, t
values, and p values of each row to indicate how much
the slope varies and is of statistical significance.
Multiple R-squared, and Adjustment R-squared are the
coefficient of determination and the coefficient of
determination for adjusting the degree of freedom. As
the coefficient of determination becomes closer to 1,

the model is suitable for the given data.

Call:
Im(formula = ¥D ~ factor(SANJI2) + RAIN DAY1O + 555, data = df3)

Residuals:
Min 10 Median 3Q Max
-196.732 -78.16% 7.368 78.734 241.654
Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 954.9015 120.9823 7.892 0.0000000018 *#%

factor (SANJI2) A3 -191.2247  42.5737 -4.492 0.0000669956

factor (SANJI2) A]F  24.6650  46.2588  1.830 0.07528 .
RATN DAY10 1.2605 0.4920 2.562 0.01462 *
355 1.6793 0.4943  3.397 0.00164 #*
Signif. codes: 0 ‘#%*’ 0,001 “#*7 0,01 ‘# 0.05 ‘.’ 0.1 '’ 1

Residual standard error: 112.3 on 37 degrees of freedom
Multiple R-sguared: 0.6433, Rdjusted R-squared: 0.6047
F-statistic: 16.68 on 4 and 37 DF, p-value: 0.00000006738
Fig. 7. Coefficient Estimation of Multiple Regression
Analysis
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Fig. 8. Beta Weights of Regression diagnostics

(5) Scenario

For the establishment of scenarios in which the
accumulated rainfall in October 2014 and the value of
the daylight hours in May 2015 are made, Expression

8 is used.

Y= f(RAINDA Y10+ (Region Dummy Parameter) (8)
+.555

To predict the case of water-cutting, three scenarios
are made and used. Scenario 1 uses the mean value of
the accumulated precipitation in October 2014 and the
exclusion of the maximum and minimum daylight
hours from 2002 to May 2014. Scenario 2 uses the
accumulated rainfall in October 2014 and the first half
(if the daylight hours are short) daylight hours from
2002 to May 2014. Scenario 3 uses the accumulated
rainfall in October 2014 and the 4th percentile daylight
hours (if the daylight hours are longer) from 2002 to
May 2014.

Fig. 9 shows the illustration of comparison between
the actual water-cutting and the expected value after
assuming the model uses the variables observed in
March 2015 to predict the production of garlic.

Table 10 shows the actual observations made during
the daylight in May 2015. S1 the

meteorological scenario 1, and it applies the mean

hours is
value of the daylight hours excluding maximum and
minimum between May 2001 and May 2013. S2
estimates the first quartile, if the daylight hours are
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short, of the daylight hours between 2001 and May
2014. S3 predicts the 3rd quartile, if the daylight hours
are longer, of the daylight hours between 2001 and
May 2013.

o
g -
5
When the daylight hours are long in May
C\zmA Gyeongnam
o ‘ 2014
g - /J@u
- M
b % .
~ Teonnam
RN
o Ny
g | .
When the daylight hours are short in May
o
g
T T T T T T
0 1 2 3 4 5
Fig. 9. Illustration of Comparison between the actual

water-cutting and the expected value

Table 10. Garlic Yield Forecasting Error Analysis
Example in 2015

Real Substituted
Region Water-Cutting Observed S1(%) S2(%) S3(%)
in2015 Value
Gyeongsangnam-do 1630 6.6 12.7 150 10.7
Jeollanam-do 1307 3.1 116 157 8.8
Jeju-do 1513 7.1 14 55 25
MAPE 5.6 8.6 121 7.4

4. Model Results and Conclusions

The final garlic yield prediction for each region

employs the function in Expression 9.

Y=f(RAINDAY10+ 555+
(Region Dummy Parameter)

€

RAINDAY 10 is the cumulative rainfall in October,
S0 proper precipitation is essential within 20 days after
planting in October, and droughts in autumn do not

have a good effect on growing garlic. SS5 is a



Farsly|&aksl B A9 A5E, 2018

cumulative sunlight in May, and it is greatly influenced
by the hot patches and temperature during the growing
season. Including a coefficient estimate (Fig. 8) for
estimating the garlic production for each region

obtained from the model diagnosis of multiple

regression analysis, it is summarized as a prediction

model of Expression 10.

Y=954.90+1.26* RAIN DAY10+1.67*555—
191.22* Jeonnam + 84.66* Jeju

(10)

This paper analyzed only the meteorological factors
that affect the production of garlic and developed the
prediction model of garlic yields. In future research,
climate variables such as temporary typhoons and hail
should be used later. Further analysis should be made
of pest and farmer technological changes in addition to
climate changes. In future research, it is also necessary
to verify the predicted results of the developed garlic

yield prediction model using actual data.
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