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Abstract

In the aftermath of the global pandemic that started in 2019, there have been many changes in the
import/export and supply/demand process of agricultural products in each country. Amid these changes, the
necessity and importance of each country's food self-sufficiency rate is increasing. There are several conditions
that must accompany efficient agricultural activities, but among them, temperature is by far one of the most
important conditions. For this reason, the need for high-accuracy climate data for stable agricultural activities
is increasing, and various studies on climate prediction are being conducted in Korea, but data that can visually
confirm climate prediction data for farmers are insufficient. Therefore, in this paper, we propose an artificial
intelligence-based temperature prediction algorithm that can predict future temperature information by
collecting and analyzing temperature data of farms in Gyeonggi-do in Korea for the last 10 years. If this
algorithm is used, it is expected that it can be used as an auxiliary data for agricultural activities.
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1. Introduction

As the flow of international logistics has changed due to the COVID-19 pandemic that occurred in 2019,
awareness of food self-sufficiency in each country is increasing. As a result, the importance of agriculture as
a primary industrial field is increasing. In Korea, efforts are being made to expand financial support in the
agricultural sector to ensure a stable food supply, but the actual resettlement rate and the number of farm
households are still low.

Moreover, since Korea belongs to a climate with four distinct seasons and consists of three sides of the sea,
climate change is large and climate prediction is difficult. In this situation, if it is possible to predict the
temperature in the future for the period of agricultural activities, it can be used as auxiliary data for efficient
agricultural activities. Therefore, this paper proposes an artificial intelligence-based temperature prediction
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algorithm that can predict future temperature information by collecting and analyzing temperature data of
farms in Gyeonggi Province in Korea over the past 10 years.

2. Research Scope

According to data from the National Statistical Office in 2019, 169 farms were confirmed nationwide, of
which 31 farms were distributed in Gyeonggi Province. In this paper, agricultural land is used as the Gyeonggi-
do area for data collection. And the standard number of farms are the more than 6,000 farmhouse. In this case,
the target agricultural land is Pyeongtaek-si, Paju-si, Icheon-si, Anseong-si, Hwaseong-si, Yeoju-si, and
Yangpyeong-gun. Paju uses Paju Geumchon data according to the data classification criteria provided.

Table 1 shows the Gyeonggi region where more than 6,000 farm households are distributed as of 2019.

Table 1. Gyeonggi area with more than 6,000 number of farms(2019)

Areas The number of farms
Pyeongtaek-si 8,437
Paju-si 6,790
Icheon-si 6,976
Anseong-si 8,518
Hwaseong-si 11,726
Yeoju-si 6,676
Yanngpyeong-gun 6,483

For temperature data analysis, the temperature data of the target farmland for the last 10 years (2010-2019)
provided by the Korea Meteorological Administration is collected and analyzed. The temperature data is based
on data from March to October, which is the period of sowing and harvesting crops. Table 2 shows the average
temperature data for the last 10 years in the Pyeongtaek area.

Table 2. Average temperature of pyeongtaek-si (2010~2019)

Date Average Date Average
Temperature Temperature
Mar-10 5 Mar-15 5.7
Apr-10 10 Apr-15 12.8
May-10 17.9 May-15 18.3
Jun-10 23.8 Jun-15 22.7
Jul-10 26.8 Jul-15 25.2
Aug-10 27.8 Aug-15 25.7
Sep-10 22.6 Sep-15 21.6
Oct-10 14.7 Oct-15 15.2
Mar-11 4.2 Mar-16 6.6
Apr-11 10.8 Apr-16 13.9
May-11 18.6 May-16 19.1
Jun-11 22.7 Jun-16 23.2

Jul-11 26 Jul-16 25.8
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Aug-11 26.5 Aug-16 27.3
Sep-11 21.8 Sep-16 22.6
Oct-11 14 Oct-16 15.6
Mar-12 4.9 Mar-17 5.7
Apr-12 12 Apr-17 13.5
May-12 19.2 May-17 18.9
Jun-12 23.7 Jun-17 22.5
Jul-12 25.8 Jul-17 26.7
Aug-12 27 Aug-17 25.4
Sep-12 20.3 Sep-17 21

Oct-12 14.2 Oct-17 15.3
Mar-13 4.8 Mar-18 7.9
Apr-13 9.7 Apr-18 12.7
May-13 17.7 May-18 18

Jun-13 23.4 Jun-18 22.5
Jul-13 26 Jul-18 27.2
Aug-13 271 Aug-18 28.2
Sep-13 211 Sep-18 20.8
Oct-13 15.3 Oct-18 12.5
Mar-14 7.3 Mar-19 6.5
Apr-14 13.2 Apr-19 11.8
May-14 18.3 May-19 18.6
Jun-14 22.8 Jun-19 21.9
Jul-14 25.4 Jul-19 25.4
Aug-14 24.2 Aug-19 26.4
Sep-14 21.3 Sep-19 21.9
Oct-14 14.7 Oct-19 15.8

3. Data Analysis and Verification Method

The method used for data analysis in this paper is the time series analysis method. The time series analysis
method is a data analysis method that predicts future data by analyzing it based on a series of past data.

Among various algorithms for time series analysis, this paper analyzes data using the Prophet Library.
Prophet Library is an open source library for time series analysis developed by Facebook and predicts future
data by analyzing seasonality and trend of data. Prophet Library can implement data through Python
programming.

For data validation, the cosine similarity is checked by comparing the predicted data with the actual data
for 2020. The cosine similarity is an algorithm that allows you to check the degree of similarity between two
groups of data. As the cosine result value is closer to 1, it can be said that the data of the two groups have a
strong similarity [1]. Equation (1) shows the formula for cosine similarity.
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A; and B; represent vectors to be compared, respectively.

4. Implementation and Verification of the Algorithm

The algorithm proposed in this paper predicts future data by using a predictive model learned based on the
collected data. The prediction algorithm is implemented in the following development environment. The OS
is Window64bit, the development tool is Pycharm, and the development language is Pythoon 3.7. In addition,
Prophet Library is used for data analysis.

Figure 1 shows a part of the temperature prediction algorithm code proposed in this paper, and Figure 2
shows a graph of the predicted temperature in the Pyeongtaek area. The trend line on the right in Figure 2
shows the predicted temperature for 2020.

Figure 1. Temperature prediction algorithm code
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Figure 2. Temperature forecast graph of pyeongtaek-si

Table 3 shows the temperature data predicted through the proposed algorithm in the Pyeongtack area and
the actual observed temperature data in 2020.

Table 3. Predicted temperature data and actual temperature data (Pyeongtaek-si)

Predicted Temperature Actual Temperature
Mar-2020 6.1 7.2
Apr-2020 12.8 10.7
May-2020 19.1 17.8
Jun-2020 23.7 23.1
Jul-2020 26.5 24.7
Aug-2020 27.2 26.6
Sep-2020 21.5 20.7
Oct-2020 15.2 13.6

The cosine similarity was checked for the predicted temperature and the actual temperature in the
Pyeongtaek area, and a similarity of 0.99 was confirmed.

In addition, the cosine similarity was checked by comparing the predicted data with the actual data for six
agricultural fields to be analyzed, and the following similarity can be confirmed. Table 4 shows the cosine
similarity for the temperature of target farmhouse.
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Table 4. Temperature data cosine similarity by region

Region Cosine Similarity
Pyeongtaek-si 0.99
Paju-si 0.99
Icheon-si 0.99
Anseong-si 0.99
Hwaseong-si 0.99
Yeoju-si 0.99
Yanngpyeong-gun 0.99

5. Conclusions

The algorithm proposed in this paper is an algorithm that predicts future temperature data by collecting and
analyzing temperature data for agricultural land in Gyeonggi Province over the past 10 years (2010-2019).
Through this algorithm, the similarity between the predicted data and the actual data was confirmed, and the
cosine similarity of 0.99 figures was confirmed in all target regions.

This paper implemented an analysis model for some farms in Gyeonggi Province, but if this algorithm is
used, it will be possible to expand and utilize the region as auxiliary data for future temperature analysis as an
artificial intelligence analysis model. In addition, it is expected that the similarity of predicted data may also
increase as the accumulated data increases every year with the raw data collection cycle as one year. Also,
further research to expand the scope of the agricultural land area to be investigated in the future should be
conducted.
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