
 
 

 

Article history: 
Received 13 January 2026 
Revised 20 May 2026 
Accepted 25 May 2026 
Published online 01 October 2026 

Journal of Resource Management and 
Decision Engineering 

 
Volume 5, Issue 5, pp 1-13 

 

 

 

 

 

 

 

Modeling the Dynamics of Cryptocurrency Market Volatility Using a 

System Dynamics Approach 

 

Mahshid. Sabeti1 , Hamid Reza. Mollaei1* , Ali. Raeispour Rajabali2 , Zahra. Firoozi3 , Mohsen. Zayandehroodi2  

 
1 Department of Industrial Management, Ke.C., Islamic Azad University, Kerman, Iran 

2 Department of Economics, Ke.C., Islamic Azad University, Kerman , Iran 
3 Department of Industrial Engineering, Ke.C., Islamic Azad University, Kerman, Iran 

 

* Corresponding author email address: hrmollaei@iau.ac.ir 

 

A r t i c l e  I n f o  A B S T R A C T  

Article type: 

Original Research 

 

How to cite this article: 

Sabeti, M., Mollaei, H. R., Raeispour 

Rajabali, A., Firoozi, Z., & 

Zayandehroodi, M. (2026). Modeling the 

Dynamics of Cryptocurrency Market 

Volatility Using a System Dynamics 

Approach. Journal of Resource 

Management and Decision Engineering, 

5(5), 1-13.  

https://doi.org/10.61838/kman.jrmde.332 

 

 
© 2026 the authors. Published by KMAN 

Publication Inc. (KMANPUB). This is an 

open access article under the terms of the 

Creative Commons Attribution-

NonCommercial 4.0 International (CC 

BY-NC 4.0) License. 

The present study aimed to analyze the factors affecting cryptocurrency market volatility 

and to explain the mechanisms underlying the formation of such fluctuations using a 

system dynamics approach. In terms of objective, this research is applied, and in terms 

of methodology, it is a descriptive–analytical study based on modeling and simulation. 

The data used in this study included historical cryptocurrency market information such 

as price, trading volume, market capitalization, hash rate, and circulating supply, which 

were collected from sources including CoinMarketCap and Blockchain.com. In addition, 

macroeconomic variables such as interest rates, the S&P 500 index, and gold prices were 

employed to examine the effects of the broader economic environment. The statistical 

population consisted of all active cryptocurrencies in the global market, from which 

Bitcoin and Ethereum were selected as the primary samples using purposive sampling. 

In this study, causal relationships among the key variables were first identified through 

causal loop diagrams, and subsequently, the quantitative structure of the model was 

implemented in the Vensim DSS software environment through stock-and-flow 

diagrams. After formulating the mathematical equations and calibrating the parameters 

based on historical data, the model was simulated for the period from 2018 to 2024 and 

evaluated using various validation tests, including behavior reproduction, sensitivity 

analysis, and extreme condition tests. The results of the data analysis indicated that 

factors such as capital inflow, investor confidence, trading volume, mining rate, and 

macroeconomic conditions have significant effects on cryptocurrency price volatility. 

Furthermore, the simulation results of future scenarios demonstrated that if the trend of 

institutional adoption and relative economic stability continues, the cryptocurrency 

market may experience an upward trajectory accompanied by considerable volatility in 

the coming years. Overall, the findings of this study indicate that cryptocurrency market 

volatility results from the complex interaction of economic, technical, and behavioral 

factors, and that the system dynamics approach can provide an appropriate tool for 

understanding these interactions and predicting future market behavior. The findings of 

this research may be useful for investors, market analysts, and financial policymakers in 

improving their understanding of cryptocurrency market dynamics and managing the 

associated risks. 
Keywords: Cryptocurrency, Bitcoin, Ethereum, Price Volatility, System Dynamics, 

Modeling and Simulation. 
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1. Introduction 

ver the past decade, cryptocurrencies have evolved 

from a marginal technological innovation into one of 

the most influential and controversial phenomena in global 

financial markets. The emergence of decentralized digital 

assets such as Bitcoin and Ethereum has transformed 

traditional perceptions of money, financial intermediation, 

investment diversification, and digital transactions. The 

rapid expansion of cryptocurrency adoption among 

individual investors, institutional participants, multinational 

corporations, and even governmental organizations has 

significantly increased the economic importance of digital 

asset markets. At the same time, the cryptocurrency 

ecosystem has become characterized by extreme price 

volatility, speculative behavior, rapid capital movements, 

and complex interdependencies among market participants 

and digital assets (Engku Muhammad Tajuddin Bin Engku 

& Wan Nur Izzah Binti Wan Muhamad, 2023; Kumah & 

Odei‐Mensah, 2021; Murugappan et al., 2023). These 

characteristics have created both substantial opportunities 

and significant risks for investors, policymakers, regulators, 

and financial analysts. 

Among the most distinctive features of cryptocurrency 

markets is their extraordinary volatility compared with 

traditional financial assets such as equities, bonds, 

commodities, and fiat currencies. Cryptocurrency prices 

frequently experience dramatic upward and downward 

fluctuations within very short periods, often driven by 

technological developments, investor sentiment, 

macroeconomic uncertainty, regulatory announcements, and 

speculative trading activities. Bitcoin, as the dominant 

cryptocurrency, has repeatedly demonstrated sharp price 

increases followed by severe market corrections, creating 

cycles of boom and bust that differ substantially from 

conventional financial market dynamics (Cheikh et al., 

2020; P. & P., 2024; Wulandari, 2022). Such volatility has 

raised important questions regarding market efficiency, asset 

valuation, systemic risk transmission, and the sustainability 

of cryptocurrency-based financial systems. 

The increasing integration of cryptocurrencies into global 

investment portfolios has intensified academic interest in 

understanding the determinants and mechanisms of 

cryptocurrency market volatility. Recent studies suggest that 

cryptocurrency volatility cannot be explained solely through 

traditional financial theories based on supply and demand 

equilibrium. Instead, cryptocurrency markets exhibit 

nonlinear, adaptive, and feedback-driven dynamics 

influenced by economic, technical, behavioral, and 

informational variables. Factors such as investor sentiment, 

market attention, social media influence, blockchain 

network activity, mining profitability, liquidity flows, and 

macroeconomic conditions interact simultaneously and 

continuously, producing highly dynamic market behavior 

(AlNemer et al., 2021; Bhatnagar et al., 2023; Raza et al., 

2022). Consequently, conventional linear econometric 

approaches often face limitations in capturing the structural 

complexity and evolving interactions within cryptocurrency 

ecosystems. 

A growing body of literature has investigated volatility 

spillovers and interconnectedness among cryptocurrencies 

and other financial markets. Studies have shown that Bitcoin 

exerts substantial influence over alternative cryptocurrencies 

and often acts as the primary transmitter of shocks across 

digital asset markets. Research by Smales demonstrated the 

dominant role of Bitcoin in explaining overall 

cryptocurrency returns and market behavior (Smales, 2020). 

Similarly, Demir et al. identified asymmetric relationships 

between Bitcoin and altcoins, emphasizing the nonlinear 

nature of cryptocurrency interactions (Demir et al., 2021). 

Other studies have highlighted the existence of volatility 

spillovers among major cryptocurrencies during periods of 

financial instability and market stress (Katsiampa et al., 

2021; Sinlapates & Chancharat, 2023). These findings 

indicate that cryptocurrency markets function as 

interconnected systems rather than isolated digital assets. 

The COVID-19 pandemic represented a major turning 

point in cryptocurrency market behavior and intensified 

scholarly interest in understanding digital asset dynamics. 

During the pandemic period, cryptocurrencies experienced 

unprecedented levels of volatility, speculative trading, and 

institutional adoption. Expansionary monetary policies 

implemented by central banks injected substantial liquidity 

into global financial systems, part of which flowed into 

cryptocurrency markets. Simultaneously, pandemic-related 

uncertainty increased investor interest in alternative and 

decentralized assets (Kumah & Baafi, 2024; Shahzad et al., 

2021; Zarifhonarvar, 2022). Research has shown that the 

pandemic significantly strengthened volatility spillovers and 

interdependencies among cryptocurrencies, while also 

amplifying investor sensitivity to external shocks and 

macroeconomic news (Aliu & Nuhiu, 2025; Daruwala, 

2024). The pandemic period therefore revealed the adaptive 

and highly reactive nature of cryptocurrency markets under 

conditions of global uncertainty. 

O 

https://journals.kmanpub.com/index.php/jppr/index
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In addition to macroeconomic conditions, behavioral and 

psychological factors have emerged as major determinants 

of cryptocurrency market volatility. Unlike traditional 

financial markets, cryptocurrency trading is strongly 

influenced by investor sentiment, speculative expectations, 

fear of missing out (FOMO), and media attention. Social 

media platforms, online forums, Google search trends, and 

digital news environments play critical roles in shaping 

market sentiment and influencing trading behavior. 

Research has demonstrated that public attention and online 

search intensity significantly affect cryptocurrency price 

movements and volatility patterns (AlNemer et al., 2021; 

Raza et al., 2022). Balcılar and Özdemir further argued that 

fear-driven speculative behavior and pump-and-dump 

dynamics contribute substantially to risk transmission across 

cryptocurrency markets (Balcılar & Özdemir, 2023). Such 

findings indicate that cryptocurrency markets are deeply 

embedded within collective behavioral processes and 

information diffusion mechanisms. 

Technical characteristics related to blockchain 

infrastructure and mining processes also contribute 

significantly to cryptocurrency price dynamics. Variables 

such as hash rate, mining difficulty, transaction activity, and 

network security influence investor confidence and 

perceptions regarding the sustainability of digital assets. The 

Bitcoin halving mechanism, which periodically reduces 

mining rewards and new supply generation, has been 

identified as a critical factor affecting long-term price 

behavior and market expectations (Mahdy, 2021). Similarly, 

blockchain-related information has increasingly been 

incorporated into predictive models and trading strategies 

due to its capacity to reflect underlying market activity and 

investor engagement (Avordeh et al., 2025). These findings 

highlight the importance of integrating technological and 

network-related variables into cryptocurrency market 

analysis. 

Another important dimension of cryptocurrency market 

research concerns the role of cryptocurrencies within 

portfolio management and investment diversification 

strategies. Several studies have investigated whether 

cryptocurrencies function as safe-haven assets, hedging 

instruments, or speculative investment vehicles. Research 

findings remain mixed. Some studies suggest that Bitcoin 

exhibits characteristics similar to digital gold during periods 

of financial instability, while others argue that 

cryptocurrencies remain highly speculative and vulnerable 

to market contagion effects (Chopra et al., 2023; Guo, 2023). 

Schellinger emphasized the potential role of optimized 

cryptocurrency portfolios in enhancing investment returns, 

although such portfolios remain associated with elevated 

risk levels (Schellinger, 2020). Ichsani and Mahendra also 

found that cryptocurrencies present high-return 

opportunities accompanied by substantial volatility exposure 

(Ichsani & Mahendra, 2022). These debates illustrate the 

continuing uncertainty surrounding the financial identity and 

economic function of cryptocurrencies. 

The rapid development of decentralized finance (DeFi), 

non-fungible tokens (NFTs), stablecoins, and digital asset 

derivatives has further increased the structural complexity of 

cryptocurrency ecosystems. Modern cryptocurrency markets 

now consist of interconnected financial products, 

decentralized applications, and blockchain-based economic 

activities that extend far beyond simple digital currency 

transactions. This structural expansion has intensified 

market interdependencies and created new channels for 

volatility transmission and systemic risk propagation 

(Chopra et al., 2023; Sünbül, 2024). Consequently, 

understanding cryptocurrency market behavior increasingly 

requires analytical frameworks capable of modeling 

feedback loops, adaptive interactions, and nonlinear 

dynamics across multiple interconnected variables. 

Artificial intelligence and machine learning approaches 

have recently gained considerable attention in 

cryptocurrency market forecasting and analysis. Advanced 

computational models have demonstrated significant 

predictive capabilities in identifying market trends, volatility 

regimes, and trading opportunities (Amirzadeh et al., 2022; 

Rahim et al., 2021). Hybrid machine learning models 

integrating stochastic volatility estimation and blockchain-

related information have also shown promising results in 

high-frequency cryptocurrency trading environments 

(Avordeh et al., 2025). Furthermore, causal modeling 

techniques based on Bayesian networks and probabilistic 

learning have been proposed to better capture the structural 

dependencies underlying cryptocurrency price movements 

(Amirzadeh et al., 2023). Despite these methodological 

advancements, many artificial intelligence approaches 

function as “black-box” systems and provide limited insight 

into the underlying causal and feedback structures driving 

market dynamics. 

The literature also indicates significant relationships 

between cryptocurrency markets and traditional financial 

systems. Studies have identified volatility spillovers 

between cryptocurrencies, equity markets, foreign exchange 

markets, and commodity prices (Ibikunle & Akutson, 2022; 

Melawati & Gunarsih, 2023). Sharma et al. demonstrated 

https://journals.kmanpub.com/index.php/jppr/index
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that cryptocurrency volatility intensified during the post-

COVID period relative to equity and commodity markets 

(Sharma et al., 2022). Similarly, Yaya et al. emphasized the 

persistence of volatility within cryptocurrency markets 

across both pre-crash and post-crash periods (Yaya et al., 

2020). Such findings suggest that cryptocurrencies 

increasingly participate in broader global financial networks 

and may contribute to cross-market risk transmission under 

conditions of economic stress. 

Despite the extensive and growing body of 

cryptocurrency literature, several important research gaps 

remain unresolved. First, many existing studies rely 

primarily on linear econometric techniques such as GARCH, 

VAR, ARDL, and correlation-based models that may 

inadequately capture the adaptive and nonlinear nature of 

cryptocurrency systems (Cheikh et al., 2020; María de la et 

al., 2020). Second, although machine learning approaches 

improve predictive accuracy, they often fail to explain the 

structural and causal relationships underlying market 

behavior (Amirzadeh et al., 2022). Third, most empirical 

studies focus on isolated relationships between selected 

variables rather than examining the integrated interaction 

among technical, economic, behavioral, and macroeconomic 

dimensions simultaneously. Finally, relatively limited 

attention has been devoted to applying system-oriented 

approaches capable of modeling feedback structures, 

endogenous interactions, and dynamic adaptation processes 

within cryptocurrency ecosystems. 

System dynamics provides a potentially powerful 

framework for addressing these limitations because it 

enables the modeling of nonlinear relationships, feedback 

loops, delayed effects, and adaptive market behavior within 

complex systems. Cryptocurrency markets exhibit many 

characteristics associated with dynamic systems, including 

reinforcing and balancing feedback mechanisms, investor-

driven behavioral adaptation, technological evolution, and 

recursive interactions between prices, expectations, and 

market participation. By integrating economic, technical, 

and behavioral variables into a unified simulation 

framework, system dynamics can facilitate deeper 

understanding of the structural mechanisms driving 

cryptocurrency volatility and enable the exploration of 

alternative future scenarios under different market 

conditions. 

Therefore, the aim of the present study is to model and 

analyze the dynamics of cryptocurrency market volatility 

using a system dynamics approach in order to identify the 

complex interactions among economic, technical, and 

behavioral factors influencing Bitcoin and Ethereum market 

fluctuations. 

2. Methods and Materials 

This study was conducted using an applied research 

design with a descriptive–analytical approach based on 

system dynamics modeling and simulation. The primary 

objective of the research was to identify and analyze the 

dynamic factors influencing cryptocurrency market 

volatility and to explain the behavioral mechanisms 

underlying price fluctuations in digital asset markets. The 

study population consisted of all active cryptocurrencies 

operating within the global cryptocurrency market. Using 

purposive sampling, Bitcoin and Ethereum were selected as 

the principal case studies due to their dominant market 

capitalization, extensive trading volume, high liquidity, and 

significant influence on the overall cryptocurrency 

ecosystem. The research process was carried out in Tehran, 

Iran, during the period from January 2025 to February 2026. 

The analytical framework of the study relied on historical 

market data obtained from international cryptocurrency 

databases and financial information platforms. A total of 

2,556 daily observations related to Bitcoin and Ethereum 

market behavior from January 2018 to December 2024 were 

collected and analyzed. Inclusion criteria for the data 

included continuity of historical records, availability of 

complete information regarding price and market indicators, 

and consistency of data across all selected periods. Data with 

missing values, inconsistent reporting intervals, or abnormal 

structural gaps were excluded from the analysis. The study 

employed a system dynamics methodology because of its 

ability to capture nonlinear interactions, feedback structures, 

delays, and complex adaptive behaviors within financial 

systems characterized by uncertainty and volatility. 

The data collection process involved the extraction of 

historical cryptocurrency market indicators from reputable 

international databases including CoinMarketCap and 

Blockchain.com. The variables used in the modeling process 

included daily closing price, trading volume, market 

capitalization, circulating supply, hash rate, mining 

difficulty, and investor market sentiment indicators. In 

addition, several macroeconomic variables were 

incorporated into the model to examine the influence of the 

external economic environment on cryptocurrency 

volatility. These variables included the United States interest 

rate, the S&P 500 stock market index, inflation trends, and 

gold prices. To increase the reliability of the dataset, cross-

https://journals.kmanpub.com/index.php/jppr/index
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validation of market information was performed using 

multiple financial data repositories. The conceptual structure 

of the model was initially developed through an extensive 

review of theoretical and empirical studies related to 

cryptocurrency volatility, financial market dynamics, and 

system dynamics modeling. Subsequently, causal 

relationships among the key variables were identified and 

represented through causal loop diagrams consisting of 

reinforcing and balancing feedback loops. After identifying 

the feedback structures, stock-and-flow diagrams were 

developed to quantitatively represent the accumulation 

processes, capital flows, market reactions, and behavioral 

interactions affecting cryptocurrency price volatility. The 

mathematical relationships among variables were 

formulated based on historical behavioral patterns, prior 

empirical evidence, and dynamic interaction mechanisms 

observed within cryptocurrency markets. The quantitative 

model was implemented using Vensim DSS software, which 

is widely employed for system dynamics simulation and 

policy analysis. 

Data analysis was performed using a combination of 

statistical analysis techniques and system dynamics 

simulation procedures. Initially, descriptive statistical 

methods were used to summarize the historical behavior of 

the selected variables and identify major volatility patterns 

within the cryptocurrency market. Following this stage, the 

system dynamics model was calibrated using historical time-

series data from 2018 to 2024 in order to align the simulated 

behavior with observed market dynamics. Model validation 

was conducted using several standard system dynamics 

validation procedures, including behavior reproduction tests, 

sensitivity analysis, dimensional consistency assessment, 

and extreme condition testing. The behavior reproduction 

test was used to evaluate the extent to which the simulated 

model could replicate actual historical fluctuations in 

cryptocurrency prices and market indicators. Sensitivity 

analysis was conducted to determine the degree to which 

changes in key parameters such as investor confidence, 

capital inflow, trading volume, and mining profitability 

affected market volatility outcomes. Extreme condition tests 

were also applied to examine the structural stability of the 

model under abnormal market circumstances such as severe 

price crashes, rapid growth phases, and sudden 

macroeconomic shocks. After validation of the model 

structure and behavior, multiple future simulation scenarios 

were designed and executed to investigate potential 

trajectories of cryptocurrency market volatility under 

different economic and institutional conditions. These 

scenarios included changes in institutional adoption rates, 

macroeconomic stability, investor sentiment, and mining 

profitability conditions. The results of the simulations were 

analyzed to identify dominant dynamic patterns, critical 

leverage points, and potential future behaviors of the 

cryptocurrency market system. 

3. Findings and Results 

The statistical sample of the present study consisted of 84 

monthly observations collected from the cryptocurrency 

market over the period from January 2018 to December 

2024. The dataset included historical market and blockchain-

related indicators associated with Bitcoin and Ethereum as 

the dominant cryptocurrencies within the global digital asset 

market. Descriptive examination of the data demonstrated 

substantial fluctuations in cryptocurrency prices, trading 

activity, and market capitalization throughout the study 

period. The highest levels of volatility were observed during 

the market expansion cycle of 2020–2021 and the 

subsequent market correction in 2022. Furthermore, the 

analysis of macroeconomic indicators indicated that changes 

in global monetary conditions, particularly interest rate 

adjustments and shifts in investor risk appetite, were 

significantly associated with cryptocurrency market 

behavior. The monthly observations provided a 

comprehensive representation of different market 

conditions, including bullish periods, bearish corrections, 

institutional adoption phases, and periods characterized by 

heightened uncertainty and market stress. Overall, the 

dataset exhibited sufficient temporal variation and 

behavioral diversity to support the system dynamics 

modeling and simulation procedures employed in this study. 

  

https://journals.kmanpub.com/index.php/jppr/index
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Table 1 

Descriptive Statistics of the Main Research Variables During 2018–2024 

Variable Observations Mean Median Standard Deviation Minimum Maximum 

Bitcoin Price (USD) 84 32,456.50 29,187.33 18,543.21 3,485.47 73,750.21 

Trading Volume (Billion USD) 84 45.23 32.15 38.90 5.12 212.45 

Market Capitalization (Trillion USD) 84 0.62 0.56 0.35 0.06 1.44 

Hash Rate (EH/s) 84 145.23 120.45 98.76 25.34 350.67 

Circulating Supply (Million BTC) 84 19.01 19.12 0.45 17.18 19.65 

Net Capital Inflow (Billion USD) 84 0.85 0.62 2.10 -4.23 8.91 

Investor Confidence Index 84 52.10 54.50 18.30 15.20 88.70 

Investment Attractiveness Index 84 0.42 0.41 0.18 0.12 0.79 

Crypto Volatility Index (Crypto_VIX) 84 65.20 63.00 22.50 28.00 125.00 

Gold Price (USD/Ounce) 84 1,812.34 1,795.60 220.18 1,284.90 2,450.75 

S&P 500 Index 84 3,845.67 3,901.22 650.12 2,237.40 5,112.34 

US 10-Year Interest Rate (%) 84 2.85 2.65 1.45 0.52 4.98 

 

The descriptive statistics presented in Table 1 indicate 

that the cryptocurrency market experienced substantial 

instability and variability during the study period. Bitcoin 

price exhibited a high standard deviation relative to its mean 

value, reflecting the extreme volatility that characterizes 

digital asset markets. Trading volume and market 

capitalization also demonstrated remarkable dispersion, 

suggesting the presence of rapid shifts in liquidity and 

investor participation over time. The hash rate variable 

showed a significant upward trend and high variability, 

indicating substantial growth in mining activity and network 

security during the observation period. In addition, the 

Investor Confidence Index displayed wide fluctuations, 

reflecting changes in market sentiment associated with 

macroeconomic conditions, institutional adoption, 

regulatory developments, and major market events. The 

Crypto Volatility Index also reported elevated values 

throughout the period, confirming the persistent uncertainty 

and speculative behavior within cryptocurrency markets. 

Overall, the descriptive statistics demonstrate that the 

cryptocurrency market during 2018–2024 was characterized 

by dynamic structural changes, large-scale capital 

movements, and substantial behavioral fluctuations among 

investors. 

Table 2 

Pearson Correlation Matrix Among the Main Research Variables 

Variables Bitcoin Price Market Capitalization Trading Volume Investor Confidence Net Capital Inflow Hash Rate 

Bitcoin Price 1.000 0.998** 0.874** 0.756** 0.692** 0.912** 

Market Capitalization 0.998** 1.000 0.869** 0.748** 0.685** 0.910** 

Trading Volume 0.874** 0.869** 1.000 0.812** 0.721** 0.801** 

Investor Confidence 0.756** 0.748** 0.812** 1.000 0.645** 0.702** 

Net Capital Inflow 0.692** 0.685** 0.721** 0.645** 1.000 0.634** 

Hash Rate 0.912** 0.910** 0.801** 0.702** 0.634** 1.000 

 

The results presented in Table 2 reveal strong positive and 

statistically significant relationships among the major 

market variables. The strongest correlation was observed 

between Bitcoin price and market capitalization (r = 0.998), 

which is theoretically expected because market 

capitalization directly depends on asset price and circulating 

supply. Furthermore, Bitcoin price exhibited a very strong 

positive correlation with hash rate (r = 0.912), indicating that 

increases in network computational power and mining 

activity were associated with higher market valuations. 

Trading volume also showed strong positive relationships 

with investor confidence and market capitalization, 

suggesting that higher liquidity and transaction activity tend 

to reinforce positive market sentiment and price 

appreciation. Net capital inflow demonstrated a moderate-

to-strong positive relationship with Bitcoin price and 

investor confidence, confirming the important role of 

institutional and retail capital movements in driving 

cryptocurrency market behavior. Overall, the correlation 

analysis supports the existence of interconnected feedback 

mechanisms among technical, financial, and behavioral 

variables within the cryptocurrency ecosystem. 

https://journals.kmanpub.com/index.php/jppr/index
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Table 3 

Annual Trend Analysis of Bitcoin Price and Market Capitalization (2018–2024) 

Year Mean Bitcoin Price 
(USD) 

Standard 
Deviation 

Mean Market Capitalization (Trillion 
USD) 

Maximum Market Capitalization (Trillion 
USD) 

2018 8,542.31 3,245.12 0.15 0.23 

2019 9,874.22 3,987.45 0.18 0.25 

2020 18,456.33 5,123.76 0.34 0.55 

2021 46,789.11 15,432.11 0.89 1.28 

2022 25,432.45 8,765.34 0.48 0.65 

2023 31,234.56 7,654.32 0.60 0.82 

2024 47,890.10 12,345.67 0.92 1.44 

The annual trend analysis presented in Table 3 

demonstrates the cyclical and highly volatile nature of the 

cryptocurrency market. During 2018 and 2019, the market 

experienced relatively low price levels following the 

collapse of the 2017 speculative bubble. However, 

beginning in 2020, the market entered a significant 

expansion phase characterized by rapid increases in price, 

market capitalization, and investor participation. The 

strongest growth was observed in 2021, when the average 

Bitcoin price exceeded USD 46,000 and market 

capitalization approached USD 1.3 trillion. This expansion 

coincided with increased institutional adoption, 

accommodative monetary policies, and growing public 

interest in cryptocurrencies. In 2022, the market experienced 

a severe correction associated with rising global interest 

rates, inflation concerns, and major cryptocurrency industry 

failures such as the collapse of Terra/LUNA and FTX. 

Nevertheless, the market gradually recovered during 2023 

and 2024, supported by expectations regarding institutional 

investment products such as Bitcoin exchange-traded funds 

(ETFs). The results indicate that cryptocurrency market 

dynamics are strongly influenced by both endogenous 

market feedback mechanisms and exogenous 

macroeconomic conditions. 

Figure 1 

Historical Trend of Bitcoin Price, Market Capitalization, and Trading Volume During 2018–2024 

 

 

https://journals.kmanpub.com/index.php/jppr/index
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The historical trend illustrated in Figure 1 demonstrates 

the existence of multiple boom-and-bust cycles within the 

cryptocurrency market. The figure shows that the sharp 

upward trajectory observed during 2020 and 2021 was 

accompanied by simultaneous increases in trading volume 

and market capitalization, reflecting strong positive 

reinforcement among liquidity, investor confidence, and 

speculative demand. Conversely, the market contraction 

during 2022 was characterized by simultaneous declines in 

all three indicators, suggesting the presence of negative 

feedback loops triggered by adverse macroeconomic 

conditions and declining investor confidence. The recovery 

phase observed during 2023 and 2024 indicates that 

institutional adoption and renewed capital inflows 

contributed significantly to restoring positive market 

momentum. Overall, the visual trend analysis confirms that 

cryptocurrency market behavior follows nonlinear and 

feedback-driven dynamics that are highly sensitive to 

changes in market sentiment, liquidity conditions, and 

macroeconomic expectations.  

Table 4 

Baseline Simulation Results for Bitcoin Price and Market Capitalization Forecasts (2025–2030) 

Year Predicted Mean Bitcoin Price 

(USD) 

Standard 

Deviation 

Predicted Mean Market Capitalization 

(Trillion USD) 

Maximum Market Capitalization 

(Trillion USD) 

2025 68,450 12,340 1.35 1.58 

2026 72,110 14,560 1.42 1.67 

2027 85,230 18,990 1.68 2.01 

2028 95,500 22,450 1.88 2.25 

2029 112,340 28,780 2.21 2.65 

2030 125,000 32,100 2.46 2.98 

Figure 2 

System Dynamics Simulation of Cryptocurrency Market Volatility Under Alternative Future Scenarios (2025–2030) 

 

 

The simulation results presented in Table 4 indicate that, 

under the baseline scenario, the cryptocurrency market is 

expected to maintain a long-term upward trajectory between 

2025 and 2030. The model predicts that Bitcoin price may 

https://journals.kmanpub.com/index.php/jppr/index
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increase from approximately USD 68,450 in 2025 to nearly 

USD 125,000 by 2030. Similarly, market capitalization is 

expected to approach USD 3 trillion by the end of the 

simulation horizon. Despite this positive trend, the 

increasing standard deviation values indicate that substantial 

volatility is expected to persist throughout the forecast 

period. The simulation suggests that reduced supply growth 

following Bitcoin halving events, combined with increasing 

institutional participation and growing global adoption, may 

generate sustained upward pressure on prices. At the same 

time, market fluctuations remain highly sensitive to changes 

in investor confidence, macroeconomic instability, and 

regulatory developments. Therefore, the findings imply that 

future cryptocurrency market growth is likely to occur 

alongside continued periods of significant uncertainty and 

price instability.  

4. Discussion and Conclusion 

The present study aimed to analyze and model the 

dynamics of cryptocurrency market volatility using a system 

dynamics approach by integrating economic, technical, 

behavioral, and macroeconomic variables into a unified 

simulation framework. The findings demonstrated that 

cryptocurrency market volatility is not generated by a single 

isolated factor, but rather emerges from the complex 

interaction of reinforcing and balancing feedback 

mechanisms operating simultaneously within the market 

structure. The results indicated that variables such as 

investor confidence, trading volume, capital inflows, hash 

rate, macroeconomic conditions, and market sentiment 

significantly influenced cryptocurrency price fluctuations 

over the period from 2018 to 2024. Furthermore, the 

simulation outcomes suggested that the cryptocurrency 

market is likely to continue experiencing upward growth 

trends accompanied by substantial volatility during the 

forecast horizon from 2025 to 2030. These findings support 

the argument that cryptocurrency markets behave as 

nonlinear adaptive systems characterized by dynamic 

interactions, endogenous feedback structures, and 

continuous behavioral adjustment. 

One of the most important findings of the study was the 

existence of strong positive relationships between Bitcoin 

price, market capitalization, trading volume, and hash rate. 

The results showed that increases in mining activity and 

network computational power were closely associated with 

higher cryptocurrency valuations. This finding confirms the 

importance of blockchain-related technical variables in 

shaping investor perceptions and market dynamics. The 

observed relationship between hash rate and market price 

aligns with previous studies suggesting that network security 

and mining profitability contribute significantly to 

cryptocurrency valuation mechanisms (Guo, 2023; Mahdy, 

2021). Similarly, the findings are consistent with the 

argument that technological infrastructure and blockchain 

activity function as signals of market strength and long-term 

sustainability within digital asset ecosystems (Avordeh et 

al., 2025). The results therefore reinforce the view that 

cryptocurrency markets differ fundamentally from 

traditional financial systems because technical and 

computational factors directly influence market confidence 

and asset valuation. 

The findings also revealed that investor confidence and 

net capital inflows exerted substantial effects on 

cryptocurrency price behavior. The positive relationship 

between investor sentiment and market performance 

indicates that behavioral and psychological mechanisms 

play a central role in cryptocurrency volatility formation. 

This result supports earlier research demonstrating that 

cryptocurrency markets are highly sensitive to public 

sentiment, speculative expectations, and media-driven 

narratives (AlNemer et al., 2021; Raza et al., 2022). The 

strong influence of investor confidence observed in the 

present study may be explained by the decentralized and 

relatively immature structure of cryptocurrency markets, 

where informational asymmetries and speculative trading 

behavior remain highly prevalent. The findings further align 

with studies emphasizing the importance of fear of missing 

out (FOMO), herd behavior, and speculative contagion in 

generating rapid price movements across digital asset 

markets (Balcılar & Özdemir, 2023; Bhatnagar et al., 2023). 

Therefore, the cryptocurrency market appears to be deeply 

influenced by collective behavioral processes and social 

expectations rather than purely fundamental economic 

indicators. 

Another important finding of the study concerned the 

existence of significant volatility spillovers and 

interconnectedness among cryptocurrency-related variables. 

The correlation analysis and dynamic simulations 

demonstrated that shocks affecting one component of the 

market rapidly propagated throughout the broader 

cryptocurrency ecosystem. This result is consistent with 

studies examining connectedness and contagion effects 

within cryptocurrency markets (Daruwala, 2024; Sinlapates 

& Chancharat, 2023). The findings also support research 

indicating that Bitcoin functions as the dominant transmitter 

https://journals.kmanpub.com/index.php/jppr/index
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of shocks and volatility across digital asset markets (Demir 

et al., 2021; Smales, 2020). The strong interconnectedness 

identified in the present study suggests that cryptocurrency 

markets operate as integrated networks rather than 

independent asset systems. Consequently, market instability 

in one segment of the ecosystem can generate cascading 

effects throughout the broader digital financial environment. 

The study further demonstrated that macroeconomic 

conditions significantly influence cryptocurrency volatility 

dynamics. Variables such as interest rates, global liquidity 

conditions, and broader financial market performance 

affected both investor confidence and capital flows into 

cryptocurrency markets. The simulation results showed that 

periods of expansionary monetary policy and increased 

market liquidity were associated with rapid cryptocurrency 

growth, whereas rising interest rates and tightening 

monetary conditions contributed to market contractions and 

increased volatility. These findings are consistent with 

previous studies highlighting the growing integration 

between cryptocurrency markets and traditional financial 

systems (Ibikunle & Akutson, 2022; Sharma et al., 2022). 

The results also align with the argument that 

cryptocurrencies increasingly respond to global 

macroeconomic conditions and investor risk preferences 

similarly to other speculative financial assets (Aliu & Nuhiu, 

2025; Kumah & Baafi, 2024). Therefore, despite their 

decentralized nature, cryptocurrencies cannot be considered 

entirely independent from broader economic and financial 

structures. 

The results related to historical market trends also 

provided important insights into cryptocurrency market 

behavior during periods of crisis and recovery. The study 

identified substantial market expansion during the COVID-

19 pandemic, followed by severe corrections during the 

tightening monetary cycle of 2022. The observed increase in 

volatility during periods of uncertainty supports previous 

findings regarding the sensitivity of cryptocurrency markets 

to external shocks and systemic instability (Shahzad et al., 

2021; Zarifhonarvar, 2022). In particular, the findings 

confirm that the pandemic intensified speculative behavior, 

accelerated institutional participation, and strengthened 

volatility spillovers across digital asset markets (Katsiampa 

et al., 2021). The subsequent correction period demonstrated 

that cryptocurrency markets remain highly vulnerable to 

macroeconomic tightening, regulatory uncertainty, and 

confidence crises associated with major industry failures 

such as Terra/LUNA and FTX. These observations reinforce 

the adaptive and cyclical nature of cryptocurrency markets 

within dynamic economic environments. 

The simulation scenarios developed in the present study 

further demonstrated that the cryptocurrency market may 

continue experiencing long-term growth despite persistent 

volatility. Under the baseline scenario, Bitcoin price and 

market capitalization were projected to increase 

substantially between 2025 and 2030. However, the 

simulations also indicated that volatility would remain 

elevated relative to traditional financial assets. This finding 

is consistent with previous studies suggesting that 

cryptocurrency markets are gradually maturing while still 

retaining highly speculative characteristics (Ecer et al., 

2022; Ichsani & Mahendra, 2022). The predicted reduction 

in volatility intensity over time may reflect increasing 

institutional participation, improved market infrastructure, 

broader regulatory clarity, and expanding adoption among 

financial institutions. Nevertheless, the persistence of 

substantial volatility suggests that cryptocurrencies are 

unlikely to achieve complete stabilization in the near future. 

The findings also support previous literature regarding 

the nonlinear and asymmetric behavior of cryptocurrency 

markets. The simulation results demonstrated that positive 

and negative shocks do not produce symmetrical market 

responses. Positive market sentiment and institutional 

adoption generated reinforcing feedback loops that 

accelerated price growth and capital inflows, whereas 

negative news events and regulatory uncertainty triggered 

amplified market contractions and volatility escalation. 

These findings are consistent with nonlinear autoregressive 

and asymmetric volatility studies emphasizing regime-

dependent market behavior within cryptocurrency 

ecosystems (Cheikh et al., 2020; María de la et al., 2020). 

The observed asymmetry further confirms that 

cryptocurrency markets cannot be adequately understood 

using purely linear analytical frameworks. 

An important contribution of the present study lies in the 

application of the system dynamics approach to 

cryptocurrency market analysis. Unlike traditional 

econometric or machine learning models, system dynamics 

enabled the simultaneous examination of feedback 

structures, adaptive interactions, delayed effects, and 

nonlinear causal relationships among multiple market 

variables. The use of causal loop diagrams and stock-and-

flow structures provided deeper understanding of how 

investor behavior, liquidity movements, mining activity, and 

macroeconomic conditions collectively shape 

cryptocurrency market dynamics over time. This 

https://journals.kmanpub.com/index.php/jppr/index
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methodological approach addresses limitations identified in 

earlier research that relied primarily on static or predictive 

models without adequately capturing structural market 

interactions (Amirzadeh et al., 2022; Amirzadeh et al., 

2023). Consequently, the present study contributes to the 

growing literature advocating system-oriented approaches 

for analyzing complex financial systems characterized by 

uncertainty and rapid adaptation. 

The findings additionally support the argument that 

cryptocurrencies increasingly function as components of 

broader global financial ecosystems rather than isolated 

technological innovations. The relationships observed 

between cryptocurrency variables and traditional financial 

indicators such as the S&P 500 index and interest rates 

suggest growing integration between digital asset markets 

and conventional financial structures. This observation 

aligns with studies investigating cryptocurrencies as 

portfolio diversification instruments, speculative assets, and 

alternative investment vehicles (Chopra et al., 2023; 

Schellinger, 2020). However, the persistent volatility and 

strong speculative characteristics identified in the present 

study indicate that cryptocurrencies still exhibit substantial 

risk exposure relative to traditional financial assets. 

Despite the valuable insights generated by this study, 

several limitations should be acknowledged. First, the study 

focused primarily on Bitcoin and Ethereum as representative 

cryptocurrencies, which may limit the generalizability of the 

findings to smaller or emerging digital assets. Second, 

although the system dynamics model incorporated a wide 

range of economic, technical, and behavioral variables, some 

potentially influential factors such as geopolitical 

developments, social media sentiment analytics, and 

decentralized finance ecosystem variables were not 

explicitly included in the model structure. Third, the 

simulation scenarios relied on assumptions regarding future 

macroeconomic conditions and institutional adoption 

patterns, which may change significantly over time due to 

unforeseen economic or regulatory events. Finally, the study 

utilized monthly historical data, and therefore short-term 

intraday volatility dynamics were not fully captured within 

the modeling process. 

Future research could extend the present study in several 

important directions. Researchers may incorporate 

additional cryptocurrencies, decentralized finance 

platforms, NFTs, stablecoins, and blockchain-based 

financial products into broader dynamic ecosystem models. 

Future studies could also integrate social media sentiment 

analysis, artificial intelligence-based behavioral indicators, 

and high-frequency blockchain transaction data to improve 

model precision and predictive capabilities. Comparative 

analyses between developed and emerging cryptocurrency 

markets may further enhance understanding of regional 

differences in market behavior and volatility transmission. 

In addition, combining system dynamics approaches with 

machine learning and network analysis techniques may 

provide more comprehensive frameworks for modeling 

adaptive cryptocurrency ecosystems under conditions of 

uncertainty and technological evolution. 

The findings of the present study have several practical 

implications for investors, market analysts, financial 

institutions, and policymakers. Investors should recognize 

that cryptocurrency markets are driven not only by 

fundamental economic variables but also by complex 

behavioral and technical feedback mechanisms that may 

amplify both gains and losses. Risk management strategies 

should therefore incorporate dynamic monitoring of investor 

sentiment, liquidity flows, macroeconomic conditions, and 

blockchain-related indicators. Financial institutions and 

portfolio managers may benefit from integrating system-

oriented analytical tools into cryptocurrency investment 

decision-making processes. Policymakers and regulatory 

authorities should also consider the interconnected and 

adaptive nature of cryptocurrency ecosystems when 

designing regulatory frameworks intended to reduce 

systemic risk and enhance market stability. Finally, the 

application of system dynamics modeling may assist 

analysts and decision-makers in evaluating alternative future 

scenarios and anticipating the potential consequences of 

regulatory, technological, or macroeconomic shocks within 

cryptocurrency markets. 
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