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Introduction

Bitcoin is a type of cryptocurrency based on decentralization and uses peer-to-peer networking, open source, and blockchain as the underlying technology. Due to the limited supply, anonymity of accounts, lack of supervision by governments, and difficulty in tracing it, Bitcoin has become a popular electronic currency, with a lower transaction fee than that found in the general financial system. The value of Bitcoin has rapidly risen, from one Bitcoin being equivalent to 0.06 U.S. dollars in 2010 to more than 10,000 U.S. dollars in 2020. This growth has greatly exceeded that of other financial investment products. Some economists, including several Nobel Prize winners, describe this phenomenon as a speculative bubble. Moreover, Bitcoin is not seen as a currency but as a speculative commodity [START_REF] Baek | Bitcoins as an investment or speculative vehicle? A first look[END_REF][START_REF] Bouoiyour | What does Bitcoin look like?[END_REF]. [START_REF] Kristoufek | What are the main drivers of the Bitcoin price? Evidence from wavelet coherence analysis[END_REF] stated that the price of Bitcoin will be affected by the following factors: law of supply and demand, transactions, public discussion, and financial hedging tools. Some studies have discussed the informational efficiency of the Bitcoin market. For example, [START_REF] Urquhart | The inefficiency of Bitcoin[END_REF] argued that the Bitcoin market is inefficient. However, as more investors analyze and trade Bitcoin, the Bitcoin market may be moving toward becoming efficient. [START_REF] Nadarajah | On the inefficiency of Bitcoin[END_REF] continued the research of [START_REF] Urquhart | The inefficiency of Bitcoin[END_REF] and converted the Bitcoin rate of return. Their results suggested that the converted Bitcoin rate of return is actually market efficient. [START_REF] Tiwari | Informational efficiency of Bitcoin-An extension[END_REF] reexamined the information efficiency of the Bitcoin market and stated that the Bitcoin market is generally efficient.

The application of heterogeneous agent models (HAMs) to Bitcoin and digital currency is still a new field. [START_REF] Cocco | Modeling and Simulation of the Economics of Mining in the Bitcoin Market[END_REF], [START_REF] Cocco | Using an artificial financial market for studying a cryptocurrency market[END_REF][START_REF] Cocco | An Agent-Based Artificial Market Model for Studying the Bitcoin Trading[END_REF] have designed a HAM model to simulate the Bitcoin mining process and buying and selling (or Bitcoin market) transactions. In this paper, we follow the method of [START_REF] Cheng | Speculative bubbles and crashes: Fundamentalists and positivefeedback trading[END_REF] and estimate the parameters of the cryptocurrency markets. We explore the reasons for the rise in the value of cryptocurrency and seek to understand fundamentalist and chartist trading behavior with regard to cryptocurrency over the years. That is, this study attempts to understand the effect of different types of investors on the value of cryptocurrency in different periods.

The rest of the paper is organized as follows. Section 2 presents the methodology. Section 3 provides the results. Section 4 concludes.

We adopt the model (Case 1) with t-distributed shock terms from [START_REF] Cheng | Speculative bubbles and crashes: Fundamentalists and positivefeedback trading[END_REF] and estimate the key parameters. The model is briefly reviewed in Appendix 1.

We set the window size equal to 500 trading days and the interval between each window equal to 20 trading days. Here fundamentalists' eagerness towards profits ( f α ), positive-feedback traders' funding rate ( c r ), and noise traders' reaction strength (γ ) are the chosen key parameters.

Within the chosen parameters space, we run the simulations and apply the two-sample Kolmogorov-Smirnov test (KS test) and Cramer-von Mises test (CM test) with historical returns as the benchmark for estimating the coefficients of the parameters. Our null hypothesis is that the distribution of asset returns in the simulated data has the same continuous distribution as those for the historical data. We set the confidence interval equal to 95%, and then ran 500 trials. We then chose the set of parameters that minimizes the number of trials that reject the null hypothesis.

Results

We present the results of parameter estimations f α , c r , γ here. We use the Bitcoin adjusted closing price, the Ethereum adjusted closing price, and the Litecoin adjusted closing price from Yahoo! Finance. 1 Figure 1 depicts the estimated f α for Bitcoin. From Cheng and Kim (2017), we know that f α is related to fundamentalists' risk aversion. If f α is larger, fundamentalists are more willing to take risks and the market prices tend toward their fundamental values. We could observe in the figure 1 α is generally low, c r is generally high, and γ is generally high for Ethereum and Litecoin. The low f α tells us that fundamentalists are risk averse to burst bubbles in the Ethereum market and the Litecoin market. In addition, we could also observe that f α is higher in 2017 while Litecoin was rising, in which fundamentalists drive up the prices. The high c r in the Ethereum market and the Litecoin market imply that we could easily observe crashes, and the high γ in the Ethereum market and the Litecoin market show that these two markets are always agitated. In this paper, we investigate cryptocurrency appreciation and estimate the parameters of the cryptocurrency markets. We determine that fundamentalists are more willing to take risks, thus pushing up the prices of Bitcoin from 2017 to 2018, which indicates that the increase in Bitcoin prices may not represent a speculative bubble. Moreover, our results suggest that the cryptocurrency markets are instable and agitated, with crashes easily occurring.

Appendix 1 Model review

In this appendix, we briefly review the model. A single stock market exists that is populated with three types of traders: fundamentalists, positive-feedback traders, and noise traders. All traders in the market are short-sighted and possess beliefs regarding the next period's price for the stock. Fundamentalists believe stock prices will move back to the stock's fundamental values. They form their expected price based on the difference between the fundamental value and the current market price,

1 f t t p p + -,
and they adjust their expected price each period. The fundamentalists' demand for stock f t x and adaptive process 1 f t p + are shown in equations ( 1) and ( 2).
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where f α indicates the eagerness of fundamentalists towards profits, f r is the funding rate fundamentalists face to finance their positions, * p denotes the initial fundamental value of the stock, ν captures the speed at which fundamentalists expect the market price to move back to the fundamental value, and 2,t ε represents the shock terms resulting from changes of policies and rare events.

Positivefeedback traders chase market trends. They form their expected price based on the differences between their previous expected price and the current market price, )
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where c α represents positive-feedback traders' eagerness towards profits, β is the coefficient of the wealth effect, and c r is the funding rate positive-feedback traders pay in financing their positions, µ is the error correction coefficient representing how sensitive positive-feedback traders correct their expected stock price for the next period.

The accumulated noise traders' demand for stock n t

x is as follows:
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where γ is the reaction strength of noise traders to noisy information and 1,t ε comes from the demand for the stock from liquidity traders and traders with biased belief or sentiments; 1,t ε is normally distributed, and 2,t ε varies with different probability distributions.

A market maker exists whose role is collecting orders, announcing execution prices, and executing transactions. The market price each period is determined by the demand for the stock: 
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where ϕ is the intensity of choice to switch strategies, and
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are the cumulative profits realized by fundamentalists and positivefeedback traders, respectively, each period.

  that the appreciation and depreciation of Bitcoin prices in 2013 to 2014 and the rising of Bitcoin prices from 2017 to 2018 were driven by fundamentalists. The rising of Bitcoin prices from 2017 to 2018 especially indicate that fundamentalists believe that one Bitcoin is valued over than 10,000 U.S. dollars. This is in line with the finding by Lee et al.(2020) that technological innovations are also a reason for the sharp rise in Bitcoin prices instead of being caused by speculative behaviors.
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 2 Figure 2 presents the estimated c r . From Cheng and Kim (2017), c r also indicates the stability of the market. If c r is larger, we would observe
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  and adjust their expected price each period. The demand of positive-feedback traders for stock c shown in equations (3) and (4).
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  θ is the market sensitivity corresponding to changes in the demand for stocks, n is the total number of traders in the market, and t κ reflects the population fraction of positive-feedback traders in the market at each period. Noise traders exist in the market with a fixed weight of ξ , and the proportion of fundamentalists in the market equals 1 t
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where