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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.

요  약  정보통신 기술의 발전으로 농업분야에서도 다량의 데이터로부터 가치 있는 정보를 생성하고 그 활용을 위해 빅데이

터 기술을 적용하는 연구가 활발히 진행되고 있다. 농업에서 재배 가능한 작물과 품종은 기온, 강수량, 일조시간 등의 자연환

경의 영향에 따라 결정된다. 본 논문은 마늘의 생육과정과 일별로 측정되는 기상변수를 활용하여 농작물 생산에 영향을 미치

는 기상기후 요인을 도출하고 마늘을 대상으로 단위면적당 생산량 예측(단수) 모형을 도출하였다. 기상변수는 마늘의 생육단

계를 고려하여 빅데이터 분석 기법을 이용하였다. 탐색적 자료 분석과정에서는 통계청, 농촌진흥청, 농촌경제연구원으로부터 

생산량, 도매시장 반입량, 생육 데이터 등 다양한 농산물 생산 데이터를 제공받아 활용하였다. 또한 기상청으로부터 AWS, 

ASOS, 특보현황 등 다양한 기상관측 데이터를 수집하여 활용하였다. 상관관계 분석 과정은 변수선택, 후보모형 도출, 모형 

진단, 시나리오 예측 등을 통해 도출한 모형의 모형 적합도와 생산량 예측력을 비교하여 마늘생산단수예측 모형을 설계하였

다. 수많은 기상요인 변수는 요인분석을 이용하여 차원을 감소시키고 설명변수로 선정하였다. 이 방법을 이용함으로써 회귀

분석에서 발생할 수 있는 다중공선성과 낮은 자유도의 문제를 효과적으로 통제할 수 있었으며 회귀분석의 적합도와 예측력

을 높일 수 있었다.
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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 meteorological factors on the growth and 

production rates for each region and breed are studied 

[4]. Some studies have used weather factors as 

explanation variable for the growth conditions of 

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. 

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 

agricultural production data with climate and 

meteorological observations. For the analysis of 

agricultural production data, statistical office data are 

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 automated monitoring stations, the 

Automated Indicator Monitoring System (ASOS), or 

special weather reports. Definition of the region and 

utilization variables under analysis, equivalisation of 

the time and space resolution of the data, and 

definition of the standardized criteria of the 

meteorological variables are used to calculate the 

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 

repeatedly. All possible regression models are 

calculated using all possible models, which are p 

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. 

Data 

Collection

Information 

Storage 

Management

Information 

Processing 

Analysis

Knowledge 

Visualization

Data 

Preprocessing

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 

not provided with the city or military unit 

meteorological identification information. The data 

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

Table 1. Summary of Data Set 
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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.

 
















    (1)

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)

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

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 

of garlic in Jeju-do is high. Jeollanam-do, 

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

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).

Jeollanam-do

Gyeongsangbuk-do

Jeju-do

Production period

2015201320112009200720052003

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

Garlic

Table 3. Characteristics of Growing Season

Name Period

Sowing / 

Germination

The First Part of September ~ 

The Last Part of October

Leaf 

Elongation

The First Part of November ~ 

The Middle Part of December

Wintering
The Last Part of December ~ 

The Last Part of January

Dividing
The First Part of February ~ 

The Last Part of March

Auxesis
The First Part of April ~ 

The Last Part of 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

1st 2nd 3rd 4th

No

YES

Model Derived

Model Selection

Models Compare 

Model

Scenario

Model Diagnosis

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.

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

Fig. 4. Example of Weather Climate Variables




(3)

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 

is continued by applying Expression 4.

Table 5. Variables of  ‘Month’

  
 
 

(4) 

Fig. 5. Analysis Values and Variables

Table 6. Stepwise Variable Selection of Step 2

Step 3 assumes that there are regional differences in 

the number of times for water-cutting due to the 

edaphic and technical properties, i.e., Adjusted R2, 

Schwark's Bic, and Mallow`s Cps shown in Fig.6 and 

Table 7. In order to apply all the possible regressions, 

a local dummy variable is added.

Fig. 6. Adjusted R2, Schwarz's Bic, Mallow's Cp

Table 7. Variable of Adjusted R2, Schwarz's Bic,

          Mallow's Cp

With only two to three variants, Step 4 removes the 

resulting variables from Step 3. During the final 
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parameter selection process in Table 8, the TAD1 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

(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 

models1 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 

candidate models are represented Expression 5, 

Expression 6, and Expression 7, respectively.


 

 (5)




 (6)




(7)

(3) Model Comparison

In order to compare the performance of the 3 

candidate prediction models, the LOOCV (leave-one-out 

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

(4) Model Diagnosis

The regression diagnosis in Model 3 and the 

diagnostics results for the parameter significance are as 

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.

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.

  


(8)

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 hours in May 2015. S1 is the 

meteorological scenario 1, and it applies the mean 

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 

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.

Fig. 9. Illustration of Comparison between the actual 

water-cutting and the expected value 

Table 10. Garlic Yield Forecasting Error Analysis 

Example in 2015

Region

Real

Water-Cutting

in 2015

Substituted

Observed

Value

S1(%) S2(%) S3(%)

Gyeongsangnam-do 1630 6.6 12.7 15.0 10.7

Jeollanam-do 1307 3.1 11.6 15.7 8.8

Jeju-do 1513 7.1 1.4 5.5 2.5

MAPE 5.6 8.6 12.1 7.4

4. Model Results and Conclusions

The final garlic yield prediction for each region 

employs the function in Expression 9.

 


(9)

RAINDAY 10 is the cumulative rainfall in October, 

so 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 
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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.

  


(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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