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Abstract

In recent years, Bitcoin has garnered increasing public and media attention, as well as investment in this field. This cryptocurrency currently
has the highest market value among existing virtual currencies that can operate in a decentralized manner based on defined incentives. These
incentives include a fixed mining reward for each block and a variable reward resulting from transaction fees in the blockchain network. The
transaction fee in the Bitcoin network is unstable and is determined in real-time. Due to the reduction of the fixed mining reward, the transaction
fees have become the primary source of income for miners. This study examined the long-term and short-term effects of technical and financial
factors on user behavior in determining Bitcoin transaction fees. The autoregressive distributed lag (ARDL) model was used for this analysis.
The dataset spanned from April 10, 2018, to July 24, 2023. The technical factors examined included the average daily block size in bytes,
network difficulty, and daily transaction volume. The financial factors included the average daily value of transactions sent to Bitcoin and the
average daily Bitcoin price in dollars. The results showed that the technical factor of network difficulty had the greatest long-term impact on
transaction processing fees. Additionally, the average daily block size in bytes had a significant long-term impact on transaction fees. However,
the Bitcoin price did not have a significant long-term impact on transaction fees. These findings can help users make more informed decisions
when setting transaction fees. Additionally, the results can assist miners in adopting better strategies to maximize their earnings.
Keywords: Bitcoin, Fee Market, Technical Factors, Financial Factors, Blockchain, Transaction Fee.

Introduction

In 2008, Satoshi Nakamoto introduced Bitcoin as a peer-to-peer electronic cash system. The goal was to address the rising
transaction confirmation costs that limited market participation. Nakamoto proposed a decentralized peer-to-peer network and public
distributed ledger to record all transactions, preventing double-spending without intermediaries. The blockchain database was
specifically designed for financial applications. Miners employ cryptographic hashing to compete and add validated blocks to the
distributed ledger in exchange for block rewards, which occur approximately every 10 minutes. Transaction fees are determined by
senders and miners select which transactions to include. This results in a market-based fee system. Factors like network capacity,
transaction volume, and Bitcoin price fluctuations can influence user behavior in setting fees. As the fixed reward for mining blocks
halves approximately every four years, transaction fees become increasingly critical for miners' revenue. Understanding the
determinants of these fees is essential for users aiming to optimize transaction costs and for miners seeking to maximize their earnings.
This study aimed to fill this knowledge gap by examining the long-run and short-run effects of various technical and financial factors
on Bitcoin transaction fees. The findings provided insights into the dynamics of this decentralized financial system.

Materials & Methods

This study employed an autoregressive distributed lag (ARDL) cointegration model to analyze the relationship between various
Bitcoin factors over time. The ARDL approach allowed examination of both the long-run and short-run relationships between variables
that might be integrated of order zero 1(0) or order one I(1). This modeling technique provided easily interpretable coefficients that
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that might be integrated of order zero 1(0) or order one I(1). This modeling technique provided easily interpretable coefficients that
directly showed the impacts of changes in the independent variables on the dependent variable. Many of the key Bitcoin factors, such
as transaction value, fees paid, and block size, are measured on vastly different scales. For example, transaction values are measured
in Bitcoin, while fees are typically measured as fractions of Bitcoin. To address this, the data were preprocessed by standardizing each
variable to have a mean of zero and a standard deviation of 1 before estimating coefficients in the ARDL model. This helped produce
more valid coefficient estimates of the true lagged predictive relationships between factors over time. The dataset spanned from April
10, 2018, to July 24, 2023. The factors under review included both technical and financial variables: 1) Technical factors (Average
block size in bytes per day, Network difficulty per day, and Daily volume of transactions sent), and 2) Financial factors (Average daily
value of transactions sent to Bitcoin and Average daily Bitcoin price in dollars)

Findings

The study employed an autoregressive distributed lag (ARDL) model to analyze the effects of Bitcoin transaction fees and various
factors over time. Unit root tests were conducted on the variables using the Augmented Dickey-Fuller (ADF) test. Average block size
in bytes per day, network difficulty per day, volume of transactions sent per day, and average daily Bitcoin price in dollars were found
to be non-stationary at level but became stationary after first differencing, indicating they had been integrated of order 1. To validate
the model, serial correlation and heteroskedasticity were tested using the serial correlation test and White test, respectively. The findings
indicated that in the short run, all financial and technical factors - average block size, network difficulty, volume of transactions sent
per day, average value of transactions sent, and average daily Bitcoin price - had an effect on determining transaction fees. Additionally,
the average transaction fee of confirmed transactions from the previous day had the strongest effect on determining the fee in the short
run. Regarding the long-run impact, network difficulty and average block size were found to have a significant effect on transaction
fees, while the Bitcoin price did not show a significant long-run effect. The main conclusions were that in the short term, both technical
and financial factors influenced fees, but only the technical fundamentals of network difficulty and average block size determined the
fee levels in the long term.

Discussion & Conclusion

This study analyzed the factors affecting transaction fees on the Bitcoin network over time. The results showed that in the short
run, both technical and financial factors significantly influenced transaction fees. The two factors with the highest lagged effects on
the model in the short run were the previous day's transaction fee and the volume of transactions sent to the network. In the long run,
the technical factor of network difficulty had the greatest impact on transaction processing fees. Additionally, the average block size
in bytes per day had a significant impact on transaction processing fees. However, the Bitcoin price did not have a significant long-run
effect on transaction fees. The coefficient of Error Correction Model (ECM) was around 6%, indicating a relatively slow adjustment
to long-term equilibrium. These findings provided valuable insights for users aiming to optimize transaction costs and for miners
seeking to develop strategies to maximize their earnings. Understanding these network dynamics can help stakeholders make more
informed decisions in the decentralized financial ecosystem of Bitcoin.
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