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ARTICLE INFORMATION ABSTRACT

Accurate weather forecasting is crucial for various sectors, including agriculture,
transportation, and disaster management. The weather data used includes variables
such as humidity, temperature, and wind speed collected from weather stations across
North Sumatra. The Random Forest method is an ensemble algorithm based on
decision trees known for its ability to handle overfitting and provide accurate results.
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KEYWORDS On the other hand, XGBoost is a boosting technique that improves model

performance through iterative learning, correcting errors made by previous models.
Machine Learning Research results show that both methods have their respective advantages in terms
Weather Prediction of accuracy and prediction speed. The Random Forest method yields a Root Mean

Squared Error (RMSE) of 0.753732 and a Coefficient of Determination (R?) of
0.736315. In contrast, XGBoost shows a slightly lower RMSE of 0.737818 and a
higher R? of 0.747332. It is concluded that XGBoost performs slightly better in
minimizing prediction errors (RMSE) and improving model fit to the data (R?)
compared to Random Forest.
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INTRODUCTION

Weather is a combination of several components such as temperature pressure, the amount of water volume in clouds,
wind speed and wind direction, air pressure, and air humidity. One of the things that people all over the world really need
is weather forecasting so as not to interfere with their planned activities [1,2,3].

Weather prediction is the prediction of atmospheric conditions of a place using science and technology [4,5,6]. Machine
learning methods can be used in weather prediction to study complex patterns and relationships between various weather
variables, such as temperature, humidity, time, wind speed and region [7,8,9].

Researchers often use machine learning for classification or prediction cases. Machine learning is the application of
computers and mathematical algorithms to use learning from data to make predictions in the future. Machine learning is
also used to analyze and predict weather conditions accurately [10,11]. Machine learning is divided into two approaches,
namely supervised learning and unsupervised learning. Both methods aim to produce an understanding of the data
generated by programmed artificial intelligence. One approach to the Supervised learning method is classification, which
is a technique for grouping data based on previously trained data [12,13,14]. Supervised learning algorithms consist of
random forest, XGBoost, logistic regression, support vector machine, decision tree, adaboost, naive bayes, and K-nearest
neighbor [15,16,17]. This study discusses the comparison between the random forest method and XGBoost.
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Based on the description of previous research, this study will discuss weather classification and predict the weather in
2024 in North Sumatra using random forest and XGBoost. What is different from previous research is that the study only
focuses on two methods, namely random forest and XGBoost, while previous research used several methods. Then this
study adds the results of weather predictions in North Sumatra in 2024.

METHOD

Random Forest

Random forest is a collection of several (decision trees) or decision trees used to make predictions by breaking data into
several categories based on certain characteristics and using certain value comparisons to make decisions [18,19]. The
random forest algorithm has several parameters that can be set including the number of decision trees to be created, the
criteria for measuring the distance between each node and the maximum limit of the depth of the decision tree [20,21].

XGBoost

XGBoost builds a regression tree structure using a more regular model, which allows for better performance and the
ability to reduce model complexity to avoid overfitting. The final XGBoost prediction result is the sum of the prediction
results from each regression tree. Data with imbalanced classes, algorithms based on decision trees are less effective
[22,23].

Analysis Design

The aim is to produce a more accurate comparison accuracy of the random forest and XGBoost methods on weather that
suits user needs, therefore, researchers use a flowchart diagram to describe the comparison flow of these methods to
provide an overview of the comparison process from one method to another using the python programming language to
make it easier to understand and easy to understand. Below is a comparison flow of the random forest and XGBoost
methods to determine which method is more accurate on weather in the form of a flowchart:

Pre-Processing

Data

Descriptive

Analvsis

Training and Testing
Data Sharing

Data Processing Data
Using Random Processing
Forest Method Using the XG

Comparing

Test Results

Conclusion and
Suggestions

Figure 1. Research Flow
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The explanation of the analysis design in the flowchart above is as follows:

1. The first process carried out by the Literature Study is to find references about the research problem. References
that can be obtained from previous research journals, books related to research problems and information obtained
from articles on the internet

2. The second process carried out is entering data into the program that will be used to carry out the data analysis
process.

3. The third process carried out is Data Pre-Processing, the aim is to divide numerical data and categorical data.

4. The fourth process carried out is Descriptive Analysis, the aim is to see how the data will be used.

5. The fifth process carried out is dividing training data and testing data with 80% training data and 20% testing data
from the total data

6. The sixth process carried out is data processing using the random forest and xgboost methods in order to prove a
more accurate method for weather using variable data taken from BMKG previously, using the help of the
programming language python.

7. The seventh process carried out is to compare the results of the two Random Forest and XGBoost methods

8. Then interpret the best method obtained.

9. The next process determines conclusions and suggestions. Conclusions will be taken from the whole of this study
and then provide suggestions for further research.

RESULTS AND DISCUSSION

Weather Chart in North Sumatra

Temperatur, Kelembapan, dan Kecepatan Angin di Sumatera Utara
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Figure 2. Weather Chart in North Sumatra
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Figure 2. shows a graph of weather data in North Sumatra consisting of three parts, namely temperature, humidity, and
wind speed measured from April 1, 2021 to March 31, 2024. The following is a detailed explanation of each graph:

I.

Temperature (0C)

This graph shows the daily temperature changes in North Sumatra. Temperatures fluctuate between 24 oC and 33
oC with a general trend showing an increase in temperature during the observation period. The early months have
lower temperatures and tend to increase until the middle of the year before decreasing slightly towards the end of
the period.

Humidity (%)

This graph shows the daily humidity percentage in North Sumatra. Humidity ranges from 57% to 97% with most
data being around 70% to 90%. Humidity is relatively stable throughout the observation period, although there are
some significant fluctuations on certain days.

Wind speed (km/h)

This graph shows the daily wind speed in North Sumatra. Wind speeds are mostly 1 and 2 km/h, but there are some
days with no wind and some even increase sharply to 4 or 5 km/h. This shows that the weather conditions are
generally calm, but there are some days with significant strong winds.

Pre-Processing Data

Pre-processing data is done by dividing the data, namely training and testing with a ratio of 80:20 from the many data. So
that 876 training data and 220 testing data are obtained.

Split Data

Split data is used to divide the dataset into subsets of training data and test data. In this test, test size = 0.2 means 20% of
the total data will be used as test data, and the rest (80%) will be used as training data and random_state = 42 is used to
set the random seed as seen in Figure 3.

X_train, X_test, y_train, y test = train_test_split(X, y, test_size=0.2, random_state=42)
panjang_X_train = len(X_train)

print(f'Panjang X_train: {panjang X train}')

panjang_X_test = len(X_test)

print(f'Panjang X_test: {panjang_X_test}')

Figure 3. Training and Testing Data Sharing

Random Forest and XGBoost Modeling
Before modeling, you must determine the length of x_train and x_text from the entire data. Where the length of x_train
=876 and x_text 220. After the number of training and testing is determined, the next step is to build the Random Forest

and XGBoost models as seen in Figures 4. and 5.

model = RandomForestRegressor(n_estimators=100, random state=42)
model.fit(X_train, y train)
y_pred = model.predict(X_test)

Figure 4. Random Forest Model

mode] = xgh. XGBRegressor(obective ='reg:squarederrar-, n_estinatorsz100, leamning rate=0.1, nax depth=3, randon state=t2)
model. fit(X train, y_train)
y_pred = odel. predict(X test)

Figure 5. XGBoost Model

Data Analysis with Random Forest Method

Random forest is a machine learning technique that can be used for classification and regression tasks. Based on the initial
research objective of predicting future weather, random forest regression was carried out where the predictor variables
(X) were humidity and wind speed and the response variable (Y) was temperature.

The following is a comparison of some predicted results and actual data:
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Table 1. Actual Data and Predictions of Random Forest Method

No Actual Prediction Difference
1. 28.6 28.278718 -0,321282
2. 31.0 30.923164 -0,076836
3. 27.4 27.273671 -0,126329
4. 28.7 29.616175 0,916175
5 31.0 30.465685 -0,534315
216. 30.0 29.445380 -0,55462
217. 29.3 29.296954 -0,003046
218. 31.0 31.401435 0,401435
219. 27.9 28.471565 0,571565
220. 30.2 30.888383 0,688383

ISSN 3062-8504 (ONLINE)

Table 1. shows that the predicted value is quite close to the actual value indicating that the model has quite good
performance. The difference between the actual and predicted values is used to measure the accuracy of the prediction
model used. The model evaluation is carried out by determining the Root Mean Squared Error (RMSE) and Coefficient

of Determination (R2) values.

Prediction Data Results Graph with Actual
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Figure 6. Prediction Results with Actual Random Forest Method
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Figure 6. shows that the graph has a relationship between the predicted and actual values of a prediction model. The
dashed black line represents the y=x line which indicates the perfection of the prediction if all the points are exactly on
it. Most of the blue points are scattered around this line, indicating that the prediction model is quite accurate although
not perfect.

The denser distribution of points around the middle value on the x-axis (around 28-30) indicates that most of the actual
and predicted values fall within that range. There is a clear trend that the model predictions increase as the actual values
increase indicating that the model is able to capture the trend of the data well despite some variations. Overall, the model
is quite good at predicting the actual values, but there is still room for improvement to reduce the deviation and improve
the prediction accuracy.

Data Analysis with XGBoost Method

XGBoost (Extreme Gradient Boosting) is one of the most popular and powerful machine learning methods, especially for
regression and classification problems. This method is part of the gradient boosting family that combines several weak
learners to form a strong learner.

The following is a comparison of predictions and actual data.

Table 2. Actual Data and Predictions of XGBoost Method

No Actual Prediction Difference
1. 28.6 28.240177 -0,359823
2. 31.0 30.840273 -0,159727
3. 27.4 27.326345 -0,073655
4. 28.7 29.536985 0,836985
5. 31.0 30.482248 -0,517752

216. 30.0 29.336044 -0,663956
217. 293 29.149357 -0,150643
218. 31.0 31.102798 0,102798
219. 27.9 28.497131 0,597131
220. 30.2 31.048227 0,848227

Table 2. overall shows that this prediction model works quite well with most of them being close to the actual values.
These values can be used to evaluate the performance of the model using metrics such as Root Mean Squared Error
(RMSE) and Coefficient of Determination (R?).
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Figure 7. Prediction Results with Actual XGBoost Method

Figure 7. shows a comparison plot between predicted and actual values. Each blue dot on the graph represents a pair of
predicted and actual values. The black dotted line is the reference line where the predicted values are equal to the actual
values. Most of the data points are spread around the reference line indicating that the prediction model has a good trend
although there is some scatter around the line. Overall, the resulting pattern shows a strong positive correlation between
predicted and actual values.

CONCLUSION

The conclusion of this study is: The random forest method produces a Root Mean Squared Error (RMSE) value of
0.753732 and a Coefficient of Determination (R2) of 0.736315. On the other hand, XGBoost shows a slightly lower
RMSE value 0of 0.737818 and a higher R2 reaching 0.747332. The smaller (closer to 0) the RMSE value, the more accurate
the prediction results are, while the larger (closer to +o0) the worse the prediction results are, and if the R2 value is closer
to -0, the worse the prediction results are, while the R2 value is closer to 1, the more accurate the prediction results are.
It is concluded that XGBoost has slightly better performance in terms of minimizing prediction errors (RMSE) and
improving model fit to data (R2) compared to random forest. Although the difference is not significant, these results
indicate that XGBoost is more suitable for obtaining more accurate predictions and in accordance with actual data. Seeing
the results of the predicted values with the XGBoost method is closer to the actual value than the random forest method.
So XGBoost has better performance in capturing complex data patterns and variations. Below is a graph of the results of
the predicted data with the actual XGBoost method.
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