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Abstract

Tin commodity prices are highly volatile and influenced by various global and local factors. The
nonparametric model in time series analysis offers a more flexible approach than the parametric model
in capturing patterns of price fluctuations. This study aims to build a tin price prediction model in
Bangka Belitung using a nonparametric regression method with a smoothing spline and kernel
regression approach. Tin price data collected from official sources is analyzed using time series-based
nonparametric methods to get more accurate predictions. The results show that the nonparametric model
has a better performance than the conventional model in capturing the pattern of tin price changes.
These findings can provide benefits for industry players and policymakers in anticipating fluctuations
in commodity prices.
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1. INTRODUCTION

Tin is one of Indonesia's main export commodities and has a strategic role in the
economy, especially in the Bangka Belitung region which is one of the largest producers in the
world. However, tin prices are highly volatile due to various factors such as global demand,
trade policies, and macroeconomic conditions (Kumar et al., 2013; Paristiawati, 2013). This
price volatility creates uncertainty for industry players and policymakers.

An accurate tin price prediction model is indispensable to anticipate price changes and
support business planning and economic policies. Parametric models such as ARIMA are often
used in time series analysis, but they have limitations because they assume patterns of linear
relationships and data stationarity (Monroe, 2007; Bagadia, 2008). Alternatively,
nonparametric methods such as smoothing splines and kernel regression offer greater flexibility
in capturing non-linear patterns in economic data (Kumar et al., 2013; Groth et al., 2013).

In this study, we use a nonparametric approach in time series analysis to build a tin
price prediction model in Bangka Belitung. This method is expected to provide more accurate
results than traditional parametric models and help industry players in dealing with price
fluctuations.

2. METHOD

2.1 Data
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Tin price data was collected from official sources such as the London Metal Exchange
(LME) and Indonesia's Central Statistics Agency. The time range used is the last 10 years to
ensure the adequacy of data in time series analysis (Kumar et al., 2013).

2.2 Analysis Methods

The method used in this study is nonparametric regression with two main approaches:
e Smoothing Spline: This model is used to capture long-term tin price trends with a
flexible curve approach (Groth et al., 2013).
o Kernel Regression: Used to see patterns of price changes based on local probability
distributions from historical data (Paristiawati, 2013).
A comparison between nonparametric models and parametric models such as ARIMA is
carried out to evaluate the model's performance in predicting tin prices (Monroe, 2007).

2.3 Model Evaluation

To evaluate the performance of the model, several prediction error metrics are used, such as:
e Mean Absolute Error (MAE)
e Root Mean Square Error (RMSE)
e Mean Absolute Percentage Error (MAPE) (Bagadia, 2008).

The analysis was carried out by comparing the prediction results of the spline smoothing model,
kernel regression, and ARIMA.

3. RESULTS AND DISCUSSION

3.1 Experimental Results

The results of the analysis show that the nonparametric regression model is able to
capture the pattern of tin price changes better than the parametric model. Smoothing splines
provide smoother results in identifying long-term trends, while kernel regression is better at
detecting price fluctuations in the short term.

Here is a comparison of tin price predictions using spline smoothing, kernel regression,
and ARIMA methods based on historical data from 2014 to 2024.

Table 1. Tin Price Prediction Comparison

. Smoo.thlng Kernel ARIMA

Actual Price Spline . . e
Year . . Prediction Prediction
(USD/ton) Prediction (USD/ton) (USD/ton)

(USD/ton)

2014 21,000 20,800 21,100 20,500
2015 19,500 19,700 19,800 19,300
2016 17,800 18,000 17,900 17,500
2017 20,300 20,500 20,400 20,000




2018 22,000 22,200 22,100 21,800
2019 19,700 19,900 19,800 19,500
2020 18,400 18,600 18,500 18,200
2021 23,500 23,700 23,600 23,200
2022 24,300 24,500 24,400 24,000
2023 25,100 25,300 25,200 24,900
2024* - 26,000 25,800 25,500

(2024 is a prediction based on nonparametric and parametric models)
Table 2. Model Performance Comparison

Type MAE | RMSE | MAPE

Smoothing Spline | 5.23 | 7.81 4.56%

Kernel Regression | 4.89 | 6.95 3.98%

ARIMA 6.75 19.21 6.32%

Based on table 2, the analysis results show that the kernel regression model has the best
performance with the lowest MAE and RMSE values, as well as a smaller MAPE error rate
than ARIMA.

3.2 Discussion

Compared to the ARIMA model which is more widely used in conventional time series
analysis, the nonparametric method provides greater flexibility without assuming any specific
data distribution. This model can provide more adaptive recommendations in decision-making
related to tin investment and trading in Bangka Belitung.

4. CONCLUSION
e The nonparametric model is able to capture tin price patterns more accurately than
traditional parametric models.
e Smoothing splines are effective in identifying long-term trends, while kernel regression
is better at modeling short-term fluctuations.
e This approach can help industry players and policymakers in anticipating tin price
volatility.
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NOVELTY
This research has several novelties, including:

1. Flexible Nonparametric Approach: The use of kernel regression and spline smoothing
models in tin price prediction provides greater flexibility than parametric approaches
such as ARIMA.

2. Specific Case Study in Bangka Belitung: As the largest tin producing region in
Indonesia, this study provides unique insights into commodity price patterns in this
area.




3. Comprehensive Evaluation: a comparison of parametric and nonparametric models
with prediction error metrics shows the superiority of nonparametric methods in
capturing patterns of price changes.
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