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Abstract 

Seasonal patterns and patterns of food production are linked with each 

other, which contributes to have a significant impact on the economy of a 

country. Seasons and food production patterns are linked with each other. 

Because of this, it is of the utmost importance to establish projections 

about the production of food patterns that are sensitive to variations in the 

climate, which will ultimately result in satisfied customers and successful 

production. Because of this, it is vital to establish trustworthy techniques 

of dairy production forecasting in order to prevent a shortage of dairy 

production in an industry. As a result, the purpose of this study is to 

construct a model that is capable of reliably predicting the price of dairy 

products in relation to changes in the climate. In the course of the research 

for the thesis, Ireland will serve as the case study, and a mix of time series 

and machine learning models will be utilized in order to make price 

predictions. A time series of data relating to dairy production from the year 

1990 to 2019 is extracted and utilized as a data source for dairy products. 

This data source will be used until the year 2019. The work that was 

actually done for the proposed paper makes use of the entire dataset for 

training purposes and makes use of the pricing list for the previous year 

for the testing phase. These are then utilized as variables in order to assess 

product yields as well as product losses. The implementation, on the other 

hand, is based on the principles of time series as well as four machine 

learning algorithms, specifically ARIMA, ARIMA Garch, SEM, and 

SARIMA. In compared to the results of other models, it was shown that 

the SARIMA model produced superior results. In addition, the findings 

were computed on the basis of an assessment matrix that took into account 

the root mean square error. 
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Introduction 

Over the course of many years, researchers have noted that both the agricultural industry and the 

level of civilization achieved by mankind have been steadily advancing over time. The agriculture 

industry is sometimes referred to as the "backbone" of an economy because of its central role in the 

production of goods. According to the data, India is the country that produces the most dairy 

products, and the country supplies its goods to 37 percent of the world's population. It is followed 

by the United States of America and China [1]. However, it is important to note that dairy products 

have evolved into a commodity that must be stocked in every home. Since it was once considered a 

luxurious good that could only be discovered among the most affluent people, its consumption has 
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constantly expanded, and it is today one of the food products that is consumed the most frequently. 

Dairy products include a wide variety of proteins derived from milk, such as milk, cheese, butter, 

raw milk, milk powders, cheddar, and other varieties. These products have attracted the attention of 

government organizations, which may implement regulations in a variety of contexts in order to 

maximize the financial advantage. On the other side, their makers have also been consistently 

increasing the prices on watching the consumption by end customers. This is the case regardless of 

whether or not the price increase is justified. It is anticipated that the consumption of dairy products 

will rise by 10 percent, which will result in an increase in business of 283,000 crore for industrial 

producers [2]. According to the findings of another study, the world's population might reach 9 

billion by the year 2050, which would result in widespread starvation and uncertainty over the 

availability of food [3]. This type of data analysis, which is conducted and surveyed, takes into 

consideration the production of dairy products, which in turn enables businesses to comprehend the 

pattern in the cyclical demand for dairy goods. This results in a rise in revenue for a country as a 

result of an increase in the price of things that are consumed. Therefore, it has been observed by 

forecast experts that consumption, the elements of demand and supply, and the rise in revenue all 

contribute to a substantial share of the economy. This is something that has been observed [4]. As a 

consequence of these factors, there is currently a growing number of threats to the food security that 

is taking place all over the world. It is to be anticipated that the processes and models used in the 

manufacture of food will undergo transformations in the not-too-distant future. This is due to the 

fact that the manufacturing of dairy supply is dependent on the scale of production and demand. In 

addition, policymakers can utilize this data on demand and supply through manufacturers to 

compile their yearly report on food and set prices for it. This data can be used in both of these ways. 

As was indicated before, an increase in the consumption of dairy products leads to an increase in 

the margin profit that producers make, which in turn causes government organizations to change 

their policies, which ultimately leads to an increase in the price of the product. In a situation like 

this, the local people are the ones who bear the brunt of such price changes, which can also 

occasionally put them in a position where they are poor. Also, knowing that milk is a fundamental 

requirement for each household, the cost of purchasing it tends to escalate to an extremely high 

level for them. These contributors also face a seasonal tendency in which their prices go up because 

of their increasing consumption and might go down because of decreased demand as a result of 

climatic changes. This trend occurs every year. These kinds of pricing swings have an impact on the 

overall operating costs and financial expenditures incurred by producers, manufacturers, and 

customers. People who are concerned about the price of dairy products are forced to buy the 

product at a rate that is twice as expensive when the price tends to go up. Sometimes, as a result of 

this, they end up purchasing potentially harmful but more affordable food products at a much-

reduced price. 

The "affecting nature" of price increases on consumers is identified as the primary issue that arises 

from the observations made in the thesis. They have a tendency, as prices rise, to replace the food 

products they buy with normal, low-cost products, which may not only put their health at risk but 

also bring the economy to a standstill. As a result, software developers have come up with two 

solutions to a problem of this nature: the first answer includes having a significant amount of dairy 

production available, and the second solution involves boosting agricultural production in countries 

other than the one in which the software developer resides.  
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Related Works 

In the study described in [5], the authors present an architecture that, when given raw data 

consisting of multivariate labels as input to the system, is capable of making accurate predictions 

regarding food production. This model was able to extract events and clusters were built based on 

the time series. In addition to this, it merged the extracted events and clusters in order to generate 

calculated features, which were then added to the training dataset so that it could be used for 

predicting. The ARIMA model and the KNN method were utilized in the author's implementation of 

this work. All of the inputs that were provided to the model were computed based on the time series 

intervals.  

A times series-based model was developed in the work that was proposed by the authors in [6]. This 

model was used to anticipate livestock production. His work was carried out with the assistance of 

the machine learning technique known as AdaBoost. AdaBoost's primary function is to build a 

single robust classifier that is capable of giving results in a linear form by combining and generating 

predictions from numerous existing classifiers. Because time series were utilized, an ARIMA model 

that was given a span of historical input values, which resulted in substantially improved outcomes, 

was applied. The same authors implemented the work using SVM as a classifier, and they observed 

that the model delivered superior efficiency when compared to the AdaBoost technique. 

Deep learning models like ANN and CNN were utilized in the authors' other piece of research, 

which is referred to as [7], in order to carry out an application of forecasting. This model has the 

potential to forecast an increase in the cost of milk production due to natural variables and 

alterations in the climate. This model's inputs were historical occurrences in which the production 

of milk was influenced by the conditions of the environment at the time. The input consisted of a 

time series spanning the last five years. The aforementioned data was then put to use for the 

purposes of testing and training. The results of the investigation led the researchers to the 

conclusion that the ANN model performed significantly better than the CNN model. 

 

Implementtaion Details 

The development of a model that is able to accurately predict changes in the cost of dairy products 

(butter) in Ireland is the primary objective of the research project that is being carried out. The 

principles of time series, in conjunction with machine learning, are what we propose using as an 

approach in order to successfully execute the model. The first step of the implementation process is 

carried out by means of the ARIMA model. During this phase, the data is retrieved and collected 

from repositories, and it then goes through the phases of training and testing.  

 

A Dataset Used 

The data was obtained from the repository that is maintained by the European Union. This dataset, 

on the other hand, includes the prices of various dairy goods such milk, raw milk, milk powders, 

butter, cheese, and other similar items. The price changes of Irish dairy products are going to be 

analysed, which will then lead to a price prediction for the next three years given that the study 

paper focuses on Irish items. However, in order to meet the requirements of the implementation, the 

model must be trained using the complete dataset. The primary goal of making use of this data is to 

determine whether or not there is a correlation between the changing of the seasons in Ireland and 
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shifts in the cost of dairy products. The purpose of the research paper is depicted in the following 

diagram: 

 

 
Figure 1: Workflow of the proposed system 

 

B Data Pre-Processing 

The process of cleaning up data typically involves removing records from the data that are 

irrelevant and then filtering the remaining records in such a way that the removal of these records 

does not impact the operation of the model as a whole. In a model for time series data, the process 

of cleaning the data occurs for both univariate and multivariate data at the same time. Some 

characteristics, including the nation and the sector code, are consistent across the board in the 

dataset pertaining to Irish dairy products, including those that fall under the category of food 

production. Therefore, such duplicated data must also need to be cleaned up so that it does not have 

an impact on the model's final predicting. This can be accomplished by removing duplicates. 

 

C Feature Engineering 

The concept of learning from past data and then developing and adding fresh data in order to 

enhance the dataset is at the centre of feature engineering. The expanded dataset is eventually put to 

use for the training purpose after it has been further processed. Because of this, it helps to improve 

machine learning algorithms because the features of these algorithms are now dependent on the 

domain knowledge of historical data. As a result, the notion of feature engineering can be utilised 

by the proposed thesis, and then expanded upon, in order to generate data based on climatic 

conditions and temperature. 

 

D Proposed Workflow 

The development of a model that is able to detect and forecast changes in the price of dairy 

products produced in Ireland is the primary objective of this thesis. In order to accomplish this goal, 
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a concept of time series was developed with CV, which could be used to the dataset that was 

collected in this manner. The data collection, which was obtained from the Kaggle repository, 

contains a substantial quantity of information. As a result, these data required some preliminary 

processing and filtering before being sent into the training and testing phase of the project. 

Processing the data turned out to be a significant contribution to the whole operation because 

removing extraneous data led to an increase in the model's degree of precision after being 

processed. Because of this, the data was taken from the dataset that had been obtained and supplied 

into the pre-processing model. The data set consisted of hourly pricing changes that were observed 

in Ireland throughout the time period in question. This information was gathered and inputted with 

consideration given to a certain period of time and on the basis of historical occurrences that took 

place in the past. When this data was finally handed on to the processing phase, the data processor 

was responsible for removing and filtering any data that was deemed to be irrelevant before sending 

it on to the building model. In this section of the programme is where all of the work that has to be 

done will be carried out. An accurate procedure was trained and tested utilising techniques that 

involved cross validation, and the data was split up during those processes. After the data was 

divided into a ratio of 80:20, it was decided that the training phase would receive 80% of the data, 

while the testing phase would receive 20%. During this phase of the model's construction, a correct 

execution of the data took place. In the end, the data that had been learned were input into the 

forecasting module. During this stage, the machine learning algorithms were put to use so that 

predictions could be made. All of the ML forecasting algorithms were implemented by following 

their standard procedures throughout the execution phase. These machine learning algorithms also 

incorporate the ideas of time series and CV into their processes. The architecture of the work that is 

being suggested is shown in the diagram below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Architecture of the proposed system 

 

In order to carry out the implementation, the dataset was acquired from the repository run by the 

European Union. This storage facility held a wide range of dairy products in its inventory. The time 
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period covered by the dataset was from 1990 to 2019, and it includes monthly prices for several 

dairy products. As a result of the fact that the case study for this thesis is carried out on the dataset 

of Ireland, additional price forecasting is carried out on Irish dairy goods. The time series of events 

were provided as input to the model so that it could carry out univariate forecasting after the model 

was built using the time series idea. This allowed the model to perform forecasting with a single 

variable. For the training set, the whole dataset was used, while for the testing set, just the data 

coming from the last columns were used. 

A model goes through the phases of training and testing. During the training phase, a dataset is 

received from a repository, and the machine is taught using that dataset initially. In most cases, the 

testing phase occurs during the later stages of development, during which the accuracy of the model 

is examined. On the other hand, this data is divided into training and testing categories based on its 

temporal nature. The model employs distinct records that are already existing in the dataset 

whenever there is a split that takes place. This dataset might be a sequence of movies or still images 

that are subsequently segmented further during the processing stage. Given that the thesis makes 

use of a time stamp model, the data that is given in as input is historical data, which includes values 

from the past. 

On a time axis, the model is given these historical values to feed off of. As a result, the procedure is 

carried out using a model called a time stamp. However, this data splitting happens in a specific 

order and follows an 80:20 ratio, which means that 80 percent of the data is utilised for training the 

model, while the remaining 20 percent of the data is used to test the model. After the model has 

been put through its paces in the testing phase, the evaluation phase continues. 

 

Results 

Training and testing were the two stages that made up the execution of the model. In order to train 

the time series model, the full dataset was utilised and provided as an input into it. After that, we 

applied some filters to the dataset, and then we used the final columns for testing. During the testing 

phase, the prices of the previous twelve months' worth of butter were utilised, and lastly, forecasting 

was performed for the subsequent three years. 

 

 
Figure 3: A graph displaying predictions of butter prices based on the ARIMA model, with the 

months listed along the x-axis and the price of butter along the y-axis. 
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The actual price values are shown in orange on the graph that was constructed above, and the values 

that were predicted by the model are shown in blue on the graph.  

 

 

 

 

 

 

 

 

 

 

Figure 4: A graph illustrating the ARIMA model. 

 

The price of butter is depicted in the blue line of the graph above, which extends from 1994 to 

2019, while the orange line projects the price for the subsequent three years. 

 

Conclusions 

The implementation of a time series model for the purpose of forecasting the prices of Irish dairy 

products was the primary purpose of the thesis. The ARIMA model and other machine learning 

models were utilised in the execution of the thesis. Obtaining the dataset from the European 

repository and then carrying out the model's training and testing phases using that dataset comprised 

the entirety of the workflow for the model. During the training phase, the entire dataset was used, 

however for the testing phase, just the data from the preceding months were utilised. Following this, 

a time series idea was utilised, and the model was provided with the price data of butter for the 

preceding year's worth of time as an input. 
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