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Abstract - In this study, I focus on the options of Bitcoin, one of the most widely-known cryptocurrencies, and discuss the 

prediction method of its price dynamics. This paper derives the volatility of Bitcoin price by analyzing the Bitcoin price in 
three different temporal domains. Based on this, the Black-Scholes model is used to calculate and analyze the price of the 
Bitcoin options. I find that the complex temporal dynamics of Bitcoin options is jointly determined by the market price of 
Bitcoin, volatility, the risk-free interest rate, and the strike price either in a positive or negative manner. The predictive 
modeling with Black-Scholes model is successful in terms of reproducing historical and predicting future prices of Bitcoin 
options. This study offers a deeper understanding of cryptocurrency market with significant implications on controlling 
factors, and also provides a new tool to predictively modeling this complex system. 
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I. INTRODUCTION 

 

Blockchain technology-based cryptocurrency has 

been gaining public interests in the recent decade and 

plays a more and more important role in our financial 

system. One of the most significant contributions of 

cryptocurrency is to decentralize the management and 

transaction of monetary assets, which ensure secure 
and fast online trading between buyers and sellers 

without relying on any third-party authorities (e.g., 

commercial banks). Bitcoin is the most representative 

and widely known cryptocurrency nowadays. It was 

initially invented by Nakamoto Satoshi in 2008 and 

innovatively resolved the “verification risk” in online 

transactions through blockchain technology. The 

distributed nature of Bitcoin ledger throughout the 

internet ensures that forged transactions and books 

are impossible and settlement process of online 

trading is riskless. In 2017, Bitcoin began trading on 
the Chicago Board Options Exchange (CBOE) with a 

total amount of 21 million in the form of peer-to-peer 

(P2P) exchange. The low transaction cost and 

exclusive ownership make it be increasingly applied 

to cross-border trade and exchange. In terms of 

remittances and online shopping, the application in 

the financial sector has also received increasing 

attention. Therefore, the transaction price of Bitcoin 

and its derivatives (e.g., options) are critically 

important and has been receiving more and more 

attention. It is especially important to study the 

pricing models of the transaction price of Bitcoin and 
its derivatives. 

 

Although the potential superiority and advantages of 

the blockchain technology-based cryptocurrency over 

the traditional monetary asset is obvious, existing 

efforts on understanding and predicting the price 

dynamics of cryptocurrency is still limited. For 

instance, Shah et al., 2014 [1] applied a simple 

Bayesian based regression model to predict the 

variations in Bitcoin price. They found that the 

transaction return rate can reach roughly 90% in less 

than two months and thus the trading strategy based 

on this model was quite successful. In addition to the 

simple regression model, more advanced machine 

learning technologies were also discussed in the 

published literature. For example, support vector 

machine [2] and artificial neural network [3] have 
been applied to modeling the high-frequency time 

series of Bitcoin price and proven to have relatively 

high accuracy and reliable predictions. However, few 

studies investigate the derivative of cryptocurrency 

(e.g., options). In order to fill such scientific and 

technological knowledge gap, in this study, I aim to 

analyze the Bitcoin options time series together with 

Bitcoin prices and others. 

 

This study has two objectives. First, we aim to 

investigate and summarize the statistical properties of 
Bitcoin prices, which can be used to develop 

sophisticated stochastic processes to model the 

underlying dynamic such as jump-diffusion processes 

and Levy processes. Second, we investigate the 

feasibility of using the Black-Scholes model to price 

Bitcoin option with the real-world datasets, which 

innovatively extends the applications of the Black-

Scholes model on alternative or digital assets. 

 

II. METHODOLOGY 

 

1. Data 
 

A dataset of Bitcoins is gathered from a website 

Kaggle1. Three time periods without sharp rise and 

fall are selected to maximize time series stability. 

Table 1 summarizes the selected time series data. Log 

return of the prices and the mean, standard deviation 

and variance of log return are calculated. Time series 

plot of Bitcoin close price; time series and density of 

log return are shown in the Figure 2-1. 
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 From To Mean STD* Variance 

dataset1 Jun 11, 2018 Nov 07, 2018 -3.765×10-4 2.647×10-2 -3.392×10-1 

dataset2 May 22, 2016 Oct 18, 2016 2.504×10-3 2.865×10-2 -1.113×10-1 

dataset3 Jun 22, 2014 Nov 18, 2014 -3.176×10-3 3.012×10-2 4.307×10-1 
*STD: standard deviation. 

Table 1. Datasets and analytical data 

 

 
Figure 2-1 (a) Bitcoin close price in dataset 1; (b) log return in dataset 1; (c) density plot of log return in dataset 1; (d) Bitcoin close 

price in dataset 2; (e) log return in dataset 2; (f) density plot of log return in dataset 2; (g) Bitcoin close price in dataset 3; (h) log 

return in dataset 3; (i) density plot of log return in dataset 3 

 

As all density plots of log return shown above are bell shaped, we can assume the log return of Bitcoin price is 

normally distributed, and satisfy the conditions in the Black-Scholes model. 

 

2. Experiments 

Black-Scholes model has been widely used 

(established in 1973 by Fischer Black and Myron 

Scholes) [4] to provide price evaluation for emerging 
derivative of traditional financial markets, including 

stocks, bonds, currencies, and commodities. This 

section introduces its mathematical formula and the 

associated parameters. The formula in Black-Scholes 

model that can be used to calculate the price of 

Bitcoin call options is 

 

 ( ) exp ( ) ( )t tc P h K r T t h                            

(1) 

 

in which ℎ+ and ℎ− cam be calculated as 

 
1
 Source: https://www.kaggle.com/adityasakare/bitcoin-dataset 
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(2) 

 

where, 𝐶𝑡  represents the price of call option, 𝑟 

represents the risk-free interest rate, K represents the 

strike price of a call option, 𝑇 − 𝑡  represents the 

expiration date of a call option, 𝑃𝑡  represents the 

current price of Bitcoin, 𝜎 represents the volatility of 

Bitcoin price, and 𝛷(𝑥)  represents the cumulative 

distribution function of the standard normal random 

variable evaluated 𝑥. 

 

There is one unknown parameter 𝜎 that exists in the 
Black-Scholes formula. We have a method to 
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estimate its value. Suppose we have a dataset of 

Bitcoin price during a time interval with length Δ 
measured by year), and close prices denoted by 

{𝑃0 ,𝑃1 ,… ,𝑃𝑛 }. Calculate the log return as described 

in Appendix A, and denote as {𝑟1 , 𝑟2 ,… , 𝑟𝑛 }  for 

𝑡 = 1,2,…𝑛. 

 

Let 𝑟  and 𝑠𝑟  be the sample mean and standard 

deviation of 𝑟𝑖 , that is 
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(3) 
 

Since 𝑟  and 𝑠𝑟  are consistent estimates of the mean 

and standard deviation of 𝑟𝑖 , we have  𝑠𝑟 → 𝜎𝑟  as 

𝑛 → ∞. Thus, we can estimate the value of 𝜎 by 

 

ˆ rs
 

                                                                 (4) 
 

Though the datasets used in the experiments have 𝑛 

equals to 150 so that error may exist, it is still a 

proper value for 𝜎   when it is considered as a 

controlled variable. 

 

III. RESULTS AND DISCUSSION 

 

This paper investigates the pricing model of Bitcoin 

options based on the Black-Scholes model (1973) [4]. 

We analyze if the Bitcoin price follows the statistical 

properties or assumptions of the Black-Scholes model 

to ensure its evolution over time can be modeled by 

the underlying stochastic process geometric 

Brownian motion, which was proposed by Paul 

Samuelson in 1965 [5]. We follow the conventional 

mathematical finance settings and introduce the 

Black-Scholes model and its derivation. In the 
experiments, we implement it in Python 3.7 and 

examine it with the real Bitcoin price over three 

different time periods. In our experiments, the interest 

rate of the 3-year government bond of the People's 

Bank of China is used as the risk-free annual interest 

rate. Our results show that using the Black-Scholes 

model to price Bitcoin option is appropriate. The 

effects of the option pricing parameters on the option 

price are also examined. For the call option, the 

option price has a positive relationship with the 

current market price of Bitcoin, its volatility, and the 
risk-free interest rate; while it has a negative 

relationship with the strike price. These results can be 

instructive to Bitcoin investors who want to trader 

Bitcoin and call options. 

 

For dataset 1, 2, and 3, 𝑐𝑡 − 𝑃𝑡  curves are shown 

below as Figure 3-1 (a), (b), and (c), respectively. 
 

 
 

Figure 3-1 Effects of current Bitcoin price on value of call 

option 

 

In Figure 3-1, parameters in Eq.(1) are set as the 

following: (a) 𝐾 = 6680  𝑇 − 𝑡 = 0.25  𝑟 = 0.06 

𝜎 = 4.143 × 10−2 ; (b) 𝐾 = 613  𝑇 − 𝑡 = 0.25 

𝑟 = 0.06  𝜎 = 4.484 × 10−2 ; (3) 𝐾 = 482  𝑇 − 𝑡 =
0.25 𝑟 = 0.06 𝜎 = 4.714 × 10−2. 
 

In Figure 3-1, the 𝑐𝑡 − 𝑃𝑡  curves shown above starts 

around zero, and 𝑐𝑡  constantly increases as 𝑃𝑡  

increases. The curve’s change rate is small at first and 

increases to its maximum at some point near the 

value of 𝐾. After this point, 𝑐𝑡  increases at a nearly 

constant. Thus, 𝑐𝑡  is positively related to 𝑙𝑛(𝑃𝑡) . 

Additionally, when 𝑃𝑡 → 0 , 𝑐𝑡 → 0 ; and when 

𝑃𝑡 → ∞, 𝑐𝑡 → ∞. 

 

For dataset 1, 2, and 3, 𝑐𝑡 −𝐾  curves are shown 

below as Figure 3-2 (a), (b), and (c), respectively. 

 

In Figure 3-2, parameters in Eq.(1) are set as the 

following: (a) 𝑃𝑡 = 6680  𝑇 − 𝑡 = 0.25  𝑟 = 0.06 

𝜎 = 4.143 × 10−2 ; (b) 𝑃𝑡 = 613  𝑇 − 𝑡 = 0.25 

𝑟 = 0.06  𝜎 = 4.484 × 10−2 ; (3) 𝑃𝑡 = 482  𝑇 − 𝑡 =
0.25 𝑟 = 0.06 𝜎 = 4.714 × 10−2. 

 

In Figure 3-2, the 𝑐𝑡 −𝐾  curves shown above start 

around the value of 𝑃𝑡 , and 𝑐𝑡  constantly decreases as 

𝐾  increases. Their change rates are constant at the 

beginning and decrease to nearly zero at the point 

around the value of 𝐾. Thus, 𝑐𝑡  is negatively related 

to 𝑙𝑛(𝐾) . In particular, when 𝐾 → 0 , 𝑐𝑡 → 𝑃𝑡 ; and 

when 𝐾 → ∞, 𝑐𝑡 → 0. 
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Figure 3-2 Effects of strike price on value of call option 

 

For dataset 1, 2, and 3, 𝑐𝑡 − (𝑇 − 𝑡) curves are shown 

below as Figure 3-3 (a), (b), and (c), respectively. 

 

 
 

Figure 3-3 Effects of time to expiration on value of call option 

 

In Figure 3-3, parameters in Eq.(1) needed for 

equation (3.7) are set as the following: (a) 𝑃𝑡 = 6680 

𝐾 = 6000,6680,7300  𝑟 = 0.06  𝜎 = 4.143 × 10−2 ; 

(b) 𝑃𝑡 = 613  𝐾 = 500,613,720  𝑟 = 0.06  𝜎 =
4.484 × 10−2 ; (3) 𝑃𝑡 = 482  𝐾 = 400,482,570 

𝑟 = 0.06 𝜎 = 4.714 × 10−2. 
 

In Figure 3-3, in the 𝑐𝑡 −  𝑇 − 𝑡  curves shown 

above, 𝑐𝑡  constantly increases as 𝑇 − 𝑡 increases. For 

curves that satisfy 𝐾 > 𝑃𝑡 , their change rates are 
close to zero at the beginning, remain constant until 

they increase to other constant values at some point, 

and remain constant. For curves that satisfy 𝐾 = 𝑃𝑡 , 
their change rates reach maximum at the beginning, 

decrease to other constant values right after the 

beginning, and remain constant. For curves that 

satisfy 𝐾 > 𝑃𝑡 , their change rates are close to zero at 
the beginning, remain constant until the decrease to 

other constant values at some point, and remain 

constant. 

 

Some transformation can be done on the equations to 

calculate parameter ℎ+and ℎ−: 
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Thus, if 𝑃𝑡 ≤ 𝐾, then when  𝑇 − 𝑡 → 0, 𝑐𝑡 → 0. If  

𝑃𝑡 > 𝐾, then when 𝑇 − 𝑡 → 0, 𝑐𝑡 → 𝑃𝑡 −𝐾. 

 

For dataset 1, 2, and 3, 𝑐𝑡 − 𝜎  curves are shown 

below as Figure 3-4 (a), (b), and (c), respectively. 

 

 
 

Figure 3-4 Effects of volatility on value of call option 

 

In Figure 3-4, parameters in Eq.(1) are set as the 

following: (a) 𝑃𝑡 = 6680  𝐾 = 6000,6680,7300 

𝑟 = 0.06  𝑇 − 𝑡 = 0.25 ; (b) 𝑃𝑡 = 613  𝐾 =
500,613,720  𝑟 = 0.06  𝑇 − 𝑡 = 0.25 ; (3) 𝑃𝑡 = 482 

𝐾 = 400,482,570 𝑟 = 0.06 𝑇 − 𝑡 = 0.25. 
 

In Figure 3-4, in the 𝑐𝑡 − 𝜎 curves shown above, 𝑐𝑡  
constantly increases as 𝜎 increases. For curves with 

different size relations between 𝐾 and 𝑃𝑡 , they start at 

a different initial value, and this value increases as 𝐾 

increases. For all curves above, their change rates 

were close to zero at first, and increases to other 

constant values at some point after the beginning. 
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If we rewrite ℎ+ and ℎ− in as 
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we have: when 𝑙𝑛  
𝑃𝑡

𝐾
 + 𝑟 𝑇 − 𝑡 < 0 , 𝑐𝑡 → 0  as 

𝜎 → 0 ; when 𝑙𝑛  
𝑃𝑡

𝐾
 + 𝑟 𝑇 − 𝑡 ≥ 0 , 𝑐𝑡 → 𝑃𝑡 −

𝐾𝑒−𝑟 𝑇−𝑡  as 𝜎 → 0  and 𝑐𝑡 → 𝑃𝑡  as 𝜎 → ∞ . This 
explains the changes in the curve. 

 

For dataset 1, 2, and 3, 𝑐𝑡 − 𝑟  curves are shown 

below as Figure 3-5 (a), (b), and (c), respectively. 

 

 
Figure 3-5 Effects of interest rate on value of call option 

 

In Figure 3-5, parameters in Eq.(1) are set as the 

following: (a) 𝑃𝑡 = 6680  𝐾 = 6000,6680,7300 

𝜎 = 4.143 × 10−2  𝑇 − 𝑡 = 0.25 ; (b) 𝑃𝑡 = 613 

𝐾 = 500,613,720 𝜎 = 4.484 × 10−2  𝑇 − 𝑡 = 0.25 ; 

(3) 𝑃𝑡 = 482  𝐾 = 400,482,570  𝜎 = 4.714 × 10−2 

𝑇 − 𝑡 = 0.25. 

 

In Figure 3-5, in the 𝑐𝑡 − 𝜎 curves shown above, 𝑐𝑡  
constantly increases as 𝜎 increases. For curves with 

different size relations between 𝐾 and 𝑃𝑡 , they start at 

a different initial value, and this value increases as 𝐾  

increases. For all curves above, their change rates 

were constant at first, and increases to other constant 

values at some point after the beginning. From curves 

above, we find that 𝑐𝑡 → 𝑃𝑡  as 𝑟 → ∞. 

 

The 3D plots shown below as Figure 3-6 illustrates 

joint relationship between call values with current 

Bitcoin price and volatility. 

 

Plot (a): 𝑃𝑡 = 6680 𝜎 = 4.143 × 10−2 𝑇 − 𝑡 = 0.25. 

Plot (b): 𝑃𝑡 = 613 𝑟 = 0.06 𝑇 − 𝑡 = 0.25. 

Plot (c): 𝑃𝑡 = 482 𝜎 = 4.714 × 10−2 𝑇 − 𝑡 = 0.25 

 

 
 

Figure 3-6(a) 

 

 
 

Figure 3-6(b) 

 

 
Figure 3-6(c) 
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IV. CONCLUSION 

 
In this paper, statistical properties of Bitcoin prices 

were investigated and the results could potentially 

benefit our understanding of the underlying dynamics 

of the Bitcoin price. Besides, this paper proved that 

the Black-Scholes model was successful to price 

Bitcoin option with real-world datasets. We conclude 

that the current market price of Bitcoin, its volatility, 

and the risk-free interest rate affect the price of 

Bitcoin options positively, while its strike price 

negatively affects the price of options. This study 

offers a new tool to predictively modeling Bitcoin 

options and provides useful insight for Bitcoin 
investors when trading Bitcoin and its call options. 

There are several directions which can be further 

investigated. For example, we can further discuss 

using jump-diffusion or Levy process as the 

underlying dynamics. The put-call parity properties 

can also allow use to calculate the price of the 

European put Bitcoin option. Finally, different exotic 

options with various payoff functions can be 

investigated. 
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