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Abstract - This report examines the 

transformative impact of digital currencies on 

central banking systems within the evolving 

global financial landscape. As digital currencies, 

including both cryptocurrencies and Central 

Bank Digital Currencies (CBDCs), continue to 

gain traction, they pose novel challenges and 

opportunities for monetary authorities 

worldwide. This study addresses pivotal aspects 

of this transformation, focusing on the volatility 

of major cryptocurrencies, the predictive 

capacities of advanced machine learning 

techniques, and the detection and forecasting of 

cyclical price patterns in cryptocurrencies. By 

integrating a suite of analytical methods, 

including Fourier transforms, regression 

analysis, and machine learning (specifically 

Random Forest and LSTM networks), the 

research provides nuanced insights into the 

dynamics of cryptocurrency volatility and its 

broader economic implications, aiming to guide 

policymakers and financial regulators. 

 

Introduction: 

In the ever-evolving landscape of the global 

economy, the emergence and rapid adoption of 

digital currencies have heralded a change in 

thinking in the financial sector. Central banks, the 

traditional guardians of monetary stability, find 

themselves at the crossroads of this 

transformative journey. This project, titled 

"Digital Money and Central Banks: Exploring 

Changes for Tomorrow's Economy," seeks to 

comprehensively investigate the multifaceted 

challenges and opportunities posed by digital 

money and its profound implications on central 

banking systems. 

The problem at the heart of this research revolves 

around how central banks can effectively adapt to 

the proliferation of digital currencies while 

upholding their core mandates of maintaining 

monetary policy, ensuring financial stability, and 

exercising regulatory oversight. As 

cryptocurrencies and Central Bank Digital 

Currencies (CBDCs) continue to gain traction, 

central banks are under increasing pressure to 
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navigate this new financial landscape. The issue 

is not merely technical but encompasses complex 

economic, regulatory, and policy dimensions. 

The significance of this research cannot be 

overstated. Central banks play a pivotal role in 

preserving economic stability and influencing the 

trajectory of nations' economies. The way they 

respond to the advent of digital currencies has far-

reaching consequences, shaping the financial 

future of countries and impacting the lives of 

citizens worldwide. Hence, understanding the 

intricate dynamics between digital money and 

central banks is imperative for policymakers, 

financial institutions, and the general populace to 

make informed decisions regarding the direction 

of the economy. 

1. Why is the problem Important? 

This research is crucial because it looks at how 

digital money affects the important job of central 

banks in keeping our economy stable. Digital 

currencies, like central bank digital currencies 

and private cryptocurrencies, bring challenges 

that could disrupt how central banks usually 

control money and interest rates. Figuring out 

how to handle these challenges is important for 

ensuring our financial system stays stable, 

everyone has access to financial services, and 

people trust the decisions made by central banks. 

The findings from this research will not only help 

central banks make better policies but will also 

impact how the global economy works, affecting 

all of us. 

This research is also important because it looks at 

how regular people feel about digital money. As 

central banks try to use digital currencies, it is 

crucial to understand what the public thinks. This 

research explores the factors that influence public 

opinions, making sure that central banks can 

communicate their plans effectively. This is not 

about using digital money; it is about making sure 

people trust these changes and can make 

informed decisions about their finances. 

 

 

2. Research Questions 

● How does the volatility of Bitcoin and 

Ethereum compare across INR, USD, and 

GBP, and what data analytics techniques can 

best capture and explain this volatility?  
● Can machine learning models predict 

price movements of Bitcoin and Ethereum 

based on historical data and major global 

economic events related to CBDC 

announcements? 
● Explore the presence of identifiable 

patterns or cycles in the price movements of 

Bitcoin and Ethereum and predict these using 

advanced machine learning techniques. 

3. Literature Review 

The Literature Survey reveals some interesting 

insights into the intersection of digital money and 

central banking systems. The International 

Monetary Fund (IMF) is leading the exploration 

of this area. One of their pieces, "The Digital 

Money Revolution" by Adrian Mancini Griffoli, 

discusses the potential transformation digital 

currencies could bring to the financial landscape. 

It also emphasizes the importance of regulatory 

oversight in nurturing innovation. The IMF's 

Fintech Note, "How Should Central Banks 

Explore Central Bank Digital Currency," 

provides a deeper understanding of the 

considerations central banks must consider when 

adopting digital currencies. It highlights the 

significant benefits of Central Bank Digital 

Currencies (CBDCs) for monetary policy and 

financial inclusion while acknowledging the 

associated risks. Deloitte's report, "Central Bank 

Digital Currency: No Experience Necessary?" 

offers a detailed analysis of various models of 

CBDC implementation, including retail and 

wholesale CBDCs. It guides understanding of 

different CBDC models and their potential 

impacts on monetary policy, payment systems, 

and the broader financial landscape. The "Annual 

Review of Financial Economics" provides a 

theoretical perspective on digital money and the 

disruptions and adaptations central banks may 

need to consider. It complements the practical 
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insights from other sources. CNBC's coverage of 

"IMF Says Central Bank Digital Currencies Can 

Replace Cash" captures the ongoing discourse 

and highlights the urgency for central banks to 

navigate digital money skillfully. 

In summary, these diverse perspectives highlight 

the pressing need for central banks to navigate 

digital money's changing contours carefully. 

Together, they provide a solid foundation for the 

project, involving data collection, case studies, 

policy analysis, and crafting recommendations. 

The literature survey offers a nuanced lens to 

understand the challenges and opportunities at the 

intersection of digital money and central banking 

systems. 

4. Proposed Approach 

● Data Collection and Analysis: 

Following the literature review, 

quantitative data will be collected on 

various aspects of digital currencies' 

adoption and impact. This data will 

include parameters like adoption rates of 

digital currencies, different policies 

adopted by central banks worldwide, and 

the effects of these policies on their 

respective economies. Advanced 

statistical tools and methodologies will 

be employed to analyze this data, 

providing empirical evidence for the 

research questions. 
● Case Studies: The research will feature 

in-depth case studies of selected central 

banks that have significantly interacted 

with digital currencies. These case 

studies will provide practical insights 

into the strategies and approaches these 

institutions have adopted, the challenges 

they faced, the successes they achieved, 

and the lessons they learned. Each case 

study will be carefully selected to ensure 

a diverse representation of different 

economic contexts and policy 

approaches. 
● Policy Analysis: The research will then 

move into an in-depth policy analysis 

phase, where the findings from the data 

analysis, case studies, and stakeholder 

interviews will be integrated. This phase 

will critically assess the effectiveness, 

strengths, and weaknesses of the policies 

adopted by central banks in response to 

the advent of digital currencies. It will 

explore the broader implications of these 

policies on financial stability, economic 

development, and social equity. 
● Recommendations: The final phase of 

the research will involve formulating 

practical and actionable 

recommendations. These 

recommendations will be based on the 

insights gained throughout the research 

process and will guide how central banks 

can effectively adapt to the proliferation 

of digital currencies. This will include 

strategies for maintaining monetary 

policy, ensuring financial stability, 

exercising regulatory oversight, and 

fostering public trust and understanding. 

The proposed research methodology will adopt 

an integrative approach combining qualitative 

and quantitative methods to dive into the complex 

dynamics between digital currencies and central 

banks. The approach is designed to offer a 

comprehensive and nuanced understanding of the 

subject matter. 

5. Evaluation Methods 

● Data Collection: Collect quantitative data on 

digital currency adoption rates, economic 

indicators, and public perceptions. Incorporate 

case studies of diverse central banks for in-depth 

analysis. 
● Statistical Analysis: Employ descriptive 

statistics, correlation analysis, and regression 

analysis for a comprehensive understanding of the 

data. 
● Visualizations: Create time series plots, 

heatmaps, and bubble charts to visualize temporal 

trends and relationships between variables. 
● Machine Learning Models: Develop predictive 

models for economic indicators, classification 
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models for policy categorization, and sentiment 

analysis models for public opinions. 
● Case Studies: Conduct in-depth case studies on 

selected central banks to provide practical insights 

and validate findings. 
● Policy Analysis: Integrate findings from 

statistical analyses, visualizations, and machine 

learning models into an in-depth policy analysis. 

Assess the effectiveness, strengths, and 

weaknesses of policies adopted by central banks. 
● Recommendations: Formulate practical 

recommendations based on insights gained 

throughout the research process. Provide 

strategies for central banks to adapt to the 

proliferation of digital currencies. 
 

6. Timeline of the Project 

In a rapidly evolving financial landscape, this 3-

month project, "Digital Money and Central 

Banks: Exploring Changes for Tomorrow's 

Economy," will analyze regulations, economic 

impacts, and cybersecurity risks. Our aim is to 

create a clear and practical policy framework for 

central banks to navigate the challenges and 

opportunities of digital currencies. 

Month 1: Project Initiation and Literature 

Review 

  Week 1: Define project scope and objectives. 

  Week 2: Assemble project team roles and 

responsibilities. 

  Week 3: Conduct a preliminary literature 

review to identify key sources. 

  Week 4: Gather relevant materials and 

resources for the literature review. 

Month 2: Research Design and Analysis 

  Week 5: Finalize the research design, 

specifying research questions and methodology. 

  Week 6: Conduct an in-depth literature review, 

extracting key insights and themes. 

  Week 7: Begin evaluating existing regulatory 

frameworks and challenges posed by digital 

currencies. 

  Week 8: Analyze the economic implications of 

digital currencies and consider adjustments to 

monetary policy tools. 

Month 3: Policy Development and Conclusion 

  Week 9: Assess cybersecurity risks associated 

with digital currencies and propose mitigation 

measures. 

  Week 10: Explore the implications of digital 

currencies on public policy and design measures 

for promoting financial inclusion. 

  Week 11: Develop and document a concise 

policy framework for integrating digital 

currencies into central bank policies. 

  Week 12: Finalize the project report, 

summarizing key findings, policy 

recommendations, and next steps. 

7. Milestone 1 - Update 

Preliminary Research: 

Building on the preliminary results derived from 

recent literature on central bank digital currencies 

(CBDCs), let's delve deeper into each aspect to 

provide a more comprehensive understanding: 

1. Analysis of Existing Digital Currency 

Models: 

The paper by E. L. Sidorenko is a comprehensive 

review of Central Bank Digital Currencies 

(CBDCs), examining their potential impact on 

monetary systems globally. It discusses the 

growing interest in CBDCs from central banks 

and international organizations, focusing on the 

need for a structured framework for 

implementing CBDCs without disrupting 

national economies. The paper highlights the 

balance CBDCs offer between the innovation of 

cryptocurrencies and the stability of traditional 

money, providing legal tender status and 

potentially enhancing GDP growth through 
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improved payment systems. However, it also 

addresses concerns such as the risk of banking 

disintermediation, which could undermine credit 

creation and monetary policy. The review 

suggests that the adoption of CBDCs should 

proceed cautiously, with thorough research and 

pilot programs to assess their impact on the 

financial ecosystem.  

2. Stakeholder Perceptions: 

The paper by A. As-Salafiyah, A. S. Rusydiana, 

and I. Ikhwan provides a pioneering sentiment 

analysis of Central Bank Digital Currencies 

(CBDCs) within the Indonesian legal framework, 

utilizing both qualitative methods and 

SentiStrength software to analyze perceptions 

from 50 Scopus-indexed papers. Results 

showcase a primarily neutral sentiment toward 

CBDCs, with positive and negative sentiments 

also represented, underscoring the complex views 

held by academics and professionals. This study 

serves as a crucial resource for regulators, 

practitioners, and academics, offering novel 

insights into the global academic community's 

stance on CBDCs and their potential impact on 

Indonesia's financial system. 

3. Regulatory and Policy Implications: 

The paper by A. Singh, D. John, and A. Jacob is 

a detailed review on Central Bank Digital 

Currencies (CBDCs), focusing on their 

exploration by various central banks and 

international organizations. It discusses the 

benefits of implementing CBDCs, such as 

stability in the volatile cryptocurrency market and 

potential GDP growth through simplified 

payment structures. However, it also highlights 

the risk of banking disintermediation that could 

affect credit creation and monetary policy. The 

paper concludes that while CBDCs offer exciting 

possibilities, their adoption should be approached 

with careful research and pilot programs to 

ensure economic stability. 

4. Technological Challenges: 

The paper by Andi Nugroho, S. Supangkat, and 

A. A. Arman, presented at the 2023 10th 

International Conference on ICT (Information 

and Communications Technology) (Information 

and Communications Technology) for Smart 

Society, addresses the lack of academic 

references in the design of Central Bank Digital 

Currency (CBDC) systems from an IT 

perspective. It emphasizes the necessity for 

further research and development to establish a 

comprehensive framework, methodology, or 

architecture for CBDC system design, 

considering the current variations and trials 

worldwide without adequate performance 

evaluation and verification methods. 

5. Comparative Analysis: 

The comparative study by Náñez Alonso et al. 

(2020) between countries that support and those 

that oppose CBDC implementation reveals a 

divide in perspectives based on economic stature 

and banking system maturity. Smaller economies 

and countries with less developed financial 

systems are more inclined to adopt CBDCs, to 

enhance financial inclusion and modernize their 

payment systems. In contrast, major economies 

remain cautious, prioritizing the stability and 

integrity of their established financial systems. 

This analysis suggests that the adoption of 

CBDCs is not merely a technological or 

economic decision but also a strategic one, 

influenced by a country's specific financial 

system characteristics, policy objectives, and 

global economic positioning. 

These expanded insights into the preliminary 

results highlight the multifaceted nature of CBDC 

implementation, from technological 

infrastructure and regulatory frameworks to 

stakeholder perceptions and international 

comparisons. As CBDCs continue to evolve, 

ongoing research and dialogue among 

policymakers, technologists, and financial 

experts will be essential to navigating the 

complexities and capitalizing on the 

opportunities they present for the future of 

finance. 

In addition to the comprehensive analysis of 

central bank digital currencies (CBDCs) outlined 
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above, it's important to note that our project is 

currently in the phase of filtering datasets from all 

the sources we have gathered. We have not yet 

finalized the dataset to be used for our in-depth 

analysis. This process involves a meticulous 

review of available data to ensure that our 

research is based on the most relevant, accurate, 

and comprehensive information available. This 

step is crucial for ensuring the integrity and 

validity of our findings as we move forward with 

our investigation into the impacts and 

implications of CBDCs for central banks, 

financial systems, and the broader economy.  

The selection of an appropriate dataset will 

enable us to conduct a more targeted analysis of 

the various aspects of CBDC implementation, 

including stakeholder perceptions, regulatory 

challenges, technological hurdles, and 

comparative analyses across different 

jurisdictions. This careful dataset selection 

process is aimed at enriching our understanding 

and providing a solid foundation for the 

subsequent stages of our project. 

8. MileStone 2 - Update 

1. Importing Data 

In our study, "Digital Money and Central Banks: 

Exploring Changes for Tomorrow's Economy," 

we took a deep dive into collecting data from 

March 2021 to March 2024. Our focus was on the 

new wave of money, including both the Central 

Bank Digital Currencies (CBDCs) and well-

known digital currencies like Bitcoin and 

Ethereum. We gathered information in three 

different currencies—Indian Rupees (INR), 

United States Dollars (USD), and British Pounds 

(GBP). This helped us get a broad view of how 

these digital currencies are doing all over the 

world. 

 

We got our data from trusted financial sources 

and directly from the central banks, making sure 

it was all reliable and relevant. To manage this 

data, we used a tool called Python Pandas, known 

for its power in organizing and preparing data for 

analysis. We cleaned up any messy parts of the 

data, filled in gaps where information was 

missing, and arranged everything so we could 

study it closely. This step made sure our data was 

in good shape for looking into how digital money 

is changing the banking world and what that 

means for money policies and financial security 

around the globe. 

 

2. Data Cleaning 

For our project on digital currencies, we had to 

clean up our data to make sure it was ready for 

analysis. All the information we started with was 

in a text format, which isn't ideal for doing 

calculations or understanding dates. So, we 

changed any date information to the datetime 

type, which helps us track when things happened 

more easily. We also changed numbers from text 

into floating point numbers, which are just a 

fancy way of saying numbers that can have 

decimals. 

 

We noticed there were commas and percentage 

signs in our data that could mess up our 

calculations, so we got rid of them. This made 

sure our numbers were clean and ready to be used 

for math stuff. 

 

One tricky part was the "Vol." column, which 

tells us how much of Bitcoin or Ethereum was 

traded. The numbers here were written with 

letters like 'K' for thousand, 'M' for million, and 

'B' for billion. We changed these letters into 

actual zeros to make real numbers out of them. 

For example, 1K became 1,000, and so on. This 

step was important because it let us accurately 

compare how much trading was happening over 

time. 

 

By doing all this, we made sure our data was 

clean and in the right format. Now, we can use it 

to find out interesting things about digital 

currencies and how they're affecting the world of 

money. 

 

3. Data Manipulation 

For the Data Manipulation stage of our project, 

"Digital Money and Central Banks: Exploring 

Changes for Tomorrow's Economy," we worked 

with six separate datasets that detailed the trading 

figures for Bitcoin and Ethereum across three 
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different currencies: INR (Indian Rupees), USD 

(United States Dollars), and GBP (British 

Pounds). Each cryptocurrency's data was initially 

segmented by currency, resulting in three distinct 

datasets for both Bitcoin and Ethereum, reflecting 

their values and trading volumes in these varied 

economic settings. 

 

After the initial cleaning to ensure accuracy and 

consistency across these datasets, our next step 

was to combine them in a way that made our 

analysis more streamlined. We merged the three 

Bitcoin datasets into a single comprehensive 

dataset. Similarly, we did the same for the 

Ethereum datasets. The end result was two 

consolidated datasets, one for Bitcoin and one for 

Ethereum, with each dataset now representing the 

cryptocurrency's value in all three currencies 

(INR, USD, and GBP). 

 

This merging process not only simplified our 

analytical framework but also enabled a more 

cohesive examination of each cryptocurrency's 

performance and impact across different global 

financial landscapes. By restructuring our data in 

this manner, we set the stage for a detailed and 

comparative analysis of Bitcoin and Ethereum, 

paving the way to uncover insights into their roles 

in the evolving dynamics of digital money and 

central banking systems worldwide. 

 

4. Trend Analysis 

Our analysis traced the price patterns of Bitcoin 

and Ethereum from March 2021 through March 

2024, using line graphs to depict changes across 

USD, GBP, and INR. The data portrayed 

Bitcoin's substantial price swings, underscoring 

its volatility, while Ethereum's price trended 

upwards more gradually, suggesting a steady 

accrual of investor trust. The contrast between the 

two cryptocurrencies was stark, with Bitcoin's 

frequent peaks and dips reflecting its sensitivity 

to market sentiment, and Ethereum's more 

consistent ascent hinting at its potential for long-

term stability. 

 
Fig 1 Bitcoin and Ethereum Price Trend 

The graphs not only illustrated the day-to-day 

trading figures but also brought to light how 

global events and shifts in economic climates 

influenced these digital assets. For Bitcoin, 

sharp movements indicated quick reactions to 

market news, whereas Ethereum's gradual rise 

pointed to a growing reliability in the eyes of 

investors. This visual narrative of price action 

across different currencies enriched our 

understanding of the complex dynamics within 

the financial markets, providing a window into 

the evolving significance of cryptocurrencies in 

the broader context of the digital economy. 

 

Fig 2 Ethereum Price Trend 

 
Fig 3 Bitcoin Price Trend 

 

5. Volume Comparison 

The graph offers a comparative view of Ethereum 

and Bitcoin’s price trends and trading volumes 

from mid-2021 to early 2024. With Ethereum in 

green and Bitcoin in red, the line graphs intersect 

with semi-transparent volume bars, making it 

easy to see how trading activity relates to price 

shifts. A logarithmic scale on the volume axis 
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ensures even minor changes are visible, crucial 

for understanding the wide-ranging trading 

volumes in cryptocurrency markets. 

 
Fig 4 Ethereum Volume Graph 

 

This period captures notable market movements, 

highlighted by the peaks in price and 

corresponding surges in volume, often reflecting 

market responses to news or investor sentiment 

changes. This visual tool is invaluable for those 

analyzing market behaviors or making informed 

trading decisions, providing a clear correlation 

between price dynamics and trading volumes. 

The interactive nature of the graph allows for 

detailed scrutiny of particular dates and trends, 

underscoring its utility in financial analysis. 

 
Fig 5 Bitcoin Volume Graph 

 

6. Correlation Analysis 

For Bitcoin, the correlation matrix paints a 

picture of near-perfect alignment in price 

fluctuations across GBP, USD, and INR. This 

reflects a unified global market reaction to 

Bitcoin’s trends, unaffected by currency 

boundaries. With values hovering around 0.99, 

it's clear that geopolitical or economic events 

triggering a price change in one region echo 

almost identically worldwide. This high 

correlation coefficient emphasizes Bitcoin's 

robust global market presence, with price shifts 

reflecting universal sentiment rather than isolated 

regional responses. 

 
Fig 6 Correlation Matrix for Bitcoin in INR, USD and GBP 

 
Ethereum showcases a high correlation in prices 

between the GBP, USD, and INR, indicating a 

strong consistency in its valuation, regardless of 

the fiat currency benchmark. The matrix confirms 

that Ethereum’s price momentum is perceived 

uniformly across different economic landscapes, 

suggesting that investors worldwide react to its 

market stimuli in lockstep. With correlation 

figures steadfastly close to 1, Ethereum’s 

behavior in the market solidifies its standing as a 

globally integrated asset, with its market 

movements echoing concurrently across all 

examined currency markets. 

 
Fig 7 Correlation Matrix for Ethereum in INR, USD and 

GBP 

 
7. Candlestick Insights 

The candlestick charts for Bitcoin and Ethereum 

over the span from mid-2021 to early 2024 reveal 

the volatile yet growth-oriented nature of these 

premier cryptocurrencies. Bitcoin, with its higher 

price range, exhibits significant fluctuations that 

reflect its sensitivity to market sentiments and 

global economic conditions. The length of the 

candlesticks and their shadows indicate the 
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intensity and range of trading within each period, 

showcasing times of uncertainty with long wicks, 

alongside periods of decisive market movement 

with solid bodies. 

Fig 8 Bitcoin Candlestick Analysis 

 

Ethereum's chart, while also marked by volatility, 

displays a more consistent upward trend, hinting 

at its growing adoption and investor confidence 

over time. The candlesticks for Ethereum, 

although depicting a lower price range compared 

to Bitcoin, still mirror the larger cryptocurrency 

market trends with their own series of peaks and 

valleys. Together, these charts serve as a critical 

tool for investors to decipher the complex 

dynamics of cryptocurrency markets, 

encapsulating the tumultuous journey of digital 

assets through rapidly changing economic 

landscapes. 

 
Fig 9 Ethereum Candlestick Analysis 

9. Analytical Research: 

I. How does the volatility of Bitcoin and 

Ethereum compare across INR, USD, and 

GBP, and what data analytics techniques 

can best capture and explain this 

volatility?  

Cryptocurrencies and USA:  

In this analysis, we investigate how Bitcoin and 

Ethereum's volatility relates to US interest and 

inflation rates. We started by gathering daily 

trading data for these cryptocurrencies and the 

US economic data on interest and inflation rates. 

Our data cleaning involved making date formats 

uniform and removing characters that aren't 

numbers to make the data suitable for technical 

analysis. We then combined the cleaned 

cryptocurrency data with the economic data into 

one dataset named usa_economic_data. We 

calculated the 150-day rolling volatility for both 

Bitcoin and Ethereum to smooth out daily price 

fluctuations and focus on longer-term trends. 

This method allows us to analyze how shifts in 

economic conditions, like changes in interest and 

inflation rates, affect cryptocurrency prices. Our 

goal is to offer clear insights into how these 

economic factors impact the financial behavior of 

major cryptocurrencies, helping investors and 

policymakers understand market influences 

better. 

 

● 150-Day Volatility Calculation:  

You calculated the 150-day rolling volatility for 

both Bitcoin and Ethereum to analyze their price 

fluctuations over a more extended period. This 

approach smooths out short-term volatilities and 

provides a clearer picture of the underlying trends 

in market behavior.  

 

● Correlation with Economic 

Indicators:  
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The analysis included examining how Bitcoin 

and Ethereum's volatility in USD correlates with 

macroeconomic indicators such as interest rates 

and inflation. For Bitcoin, the volatility showed 

strong correlations with both interest rates (0.79) 

and inflation rates (0.62). Ethereum demonstrated 

similarly strong correlations with interest rates 

(0.81) and moderate correlation with inflation 

rates (0.62). 

 

● Interpretation of Correlation Results:  

The significant correlation values indicate that as 

interest rates and inflation change, there are 

corresponding impacts on the volatility of both 

cryptocurrencies. This suggests that economic 

conditions play a crucial role in influencing 

investor sentiment and market dynamics for these 

digital assets.  

● Regression Analysis and R² Values:  

Regression models were utilized to quantify the 

relationship between the economic indicators and 

cryptocurrency volatility. The R² values 

obtained—0.6315 for Bitcoin and 0.6609 for 

Ethereum—show that a substantial portion of the 

volatility can be explained by fluctuations in 

interest and inflation rates, highlighting the 

sensitivity of these cryptocurrencies to economic 

changes. 

 

Cryptocurrencies and UK:  

In this analysis, we explore how the volatility of 

Bitcoin and Ethereum correlates with UK 

economic indicators such as interest and inflation 

rates. Initially, we collected daily trading figures 

for these cryptocurrencies along with UK 

economic data on interest and inflation rates. Our 

data cleaning process ensured uniform date 

formats and removed non-numeric characters, 

preparing the data for technical evaluation. 

Subsequently, we merged the processed 

cryptocurrency data with the economic indicators 

into a dataset named uk_economic_data. We 

calculated a 150-day rolling volatility for both 

Bitcoin and Ethereum to minimize the impact of 

daily price fluctuations and highlight broader 

trends. This method enables us to assess how 

variations in UK economic conditions, 

particularly changes in interest and inflation 

rates, influence the prices of these digital 

currencies. Our analysis aims to provide clear 

insights into the economic factors that affect the 

financial behavior of major cryptocurrencies 

within the UK context, aiding investors and 

policymakers in understanding market dynamics 

better.  

 

● 150-Day Volatility Calculation:  

Calculated the 150-day rolling volatility for both 

Bitcoin and Ethereum to assess long-term trends 

and reduce the noise from daily price movements. 
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This method helps in understanding the broader 

market behavior by smoothing out short-term 

volatilities.  

 

● Correlation with Economic 

Indicators:  

Analyzed the correlation between Bitcoin and 

Ethereum's volatility in GBP and UK 

macroeconomic indicators, specifically interest 

and inflation rates.  

1. For Bitcoin, there is a strong 

correlation with interest rates (0.91) 

and a weaker correlation with 

inflation rates (0.13).  

2. Ethereum shows a strong correlation 

with interest rates (0.83) and a 

moderate correlation with inflation 

rates (0.21).  

 
● Interpretation of Correlation Results:  

The significant correlation of both 

cryptocurrencies with interest rates suggests that 

UK monetary policy changes have a substantial 

impact on their volatilities.  

The weaker correlation with inflation rates 

indicates a less direct impact of inflation changes 

on the volatility of these cryptocurrencies.  

 

● Regression Analysis and R² Values:  

Employed regression models to further analyze 

the relationship between these economic 

indicators and cryptocurrency volatility.  

R² values are 0.824 for Bitcoin and 0.714 for 

Ethereum, indicating that a substantial portion of 

their volatility can be explained by the changes in 

interest and inflation rates.  

 

These high R² values underline the strong 

influence of economic conditions on 

cryptocurrency volatility in the GBP market.  

II. Can machine learning models predict price 

movements of Bitcoin and Ethereum based on 

historical data and major global economic 

events related to CBDC announcements? 

In this analysis, we investigated how predictive 

modelling using machine learning can be used to 

forecast price movements of Bitcoin and 

Ethereum based on historical data. We started by 

gathering extensive daily trading data for these 

cryptocurrencies, focusing primarily on price 

movements in USD and GBP.   

Our data cleaning involved standardizing date 

formats and ensuring numerical consistency 

across all datasets. Using this data, we employed 

advanced machine learning techniques, 

specifically Linear Regression and Random 

Forest models, to predict future price 

fluctuations.  

Linear Regression Modelling:  

● Setup:  

Employed Linear Regression to establish a 

baseline for future price predictions using a 

30-day rolling average of prices as the main 

predictive feature.  
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● Performance Analysis:  

Bitcoin USD: Achieved an R² score of 0.913, 

indicating strong predictability with an MSE 

of 13,721,513.74.  

Ethereum USD: Obtained an R² score of 

0.869, with an MSE of 91,914.67.  

● Interpretation of Results:  

The high R² scores indicate a significant 

ability to predict price movements based on 

historical data, affirming the effectiveness of 

Linear Regression in capturing market 

trends.  

 
Random Forest Modelling:  

● Enhanced Feature Inclusion: 

Advanced the model by incorporating trading 

volume and 30-day volatility, in addition to 

the rolling averages.  

● Performance Enhancement:  

Bitcoin USD: Improved the predictive 

accuracy with an R² score of 0.945 and 

reduced MSE to 9,751,803.28.  

Ethereum USD: Increased R² to 0.907 with 

an MSE of 72,238.21.  

● Interpretation of Results:  

The enhancement in performance with 

Random Forest models suggests their 

superior capability in handling the 

complexities of cryptocurrency markets 

compared to simpler models.  

 

III. Explore the presence of identifiable 

patterns or cycles in the price movements of 

Bitcoin and Ethereum and predict these using 

advanced machine learning techniques. 

Methodology  

Data Collection and Preprocessing: To 

facilitate a comprehensive analysis of Bitcoin and 

Ethereum, we collected historical price data that 

captured daily price fluctuations over several 

years. This dataset underwent meticulous 

normalization processes to ensure uniform scale 

and was systematically structured into sequences 

suitable for time-series analysis. These steps were 

crucial to maintain consistency and reliability in 

our subsequent modeling efforts.  

Cyclical Pattern Analysis Using Fourier 

Transforms: We employed Fourier transforms 

to decompose the price data into its fundamental 

frequency components. This analysis was 

instrumental in identifying dominant cycles that 

influence the price movements of Bitcoin and 

Ethereum, providing a quantitative basis for 

further predictive modeling.  

Predictive Modeling with LSTM Networks: To 

capitalize on the cyclical patterns identified, we 

developed Long Short-Term Memory (LSTM) 

models. These models are particularly suited for 

handling sequential data, allowing for effective 

forecasting of future prices based on the 

recognized patterns. The LSTM networks were 

rigorously trained, validated, and tested on our 

prepared datasets, with particular emphasis on 

minimizing prediction errors and enhancing 

responsiveness to market dynamics.  

Results  

The application of Fourier analysis confirmed the 

presence of significant cyclical trends in the price 

data for both cryptocurrencies, characterized by 

regular periodic fluctuations. This discovery 

underpins the predictive models deployed in 

subsequent analyses.  

Model Performance:  

● Bitcoin Model Results: The LSTM 

model for Bitcoin demonstrated its efficacy 

by predicting future prices with a Mean 

Absolute Error (MAE) of 147,428.25 and a 
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Root Mean Squared Error (RMSE) of 

182,745.301.  

● Ethereum Model Results: Similarly, 

the LSTM model for Ethereum achieved an 

MAE of 12,064.561 and an RMSE of 

16,087.13, underscoring the high accuracy 

and reliability of these forecasts.  

 

 

Interactive visualizations created using Plotly 

dynamically represented the predicted versus 

actual prices, illustrating the models' 

effectiveness in capturing price trends and 

fluctuations. These visual tools not only 

enhanced the interpretability of our findings but 

also demonstrated the practical utility of our 

predictive models.  

 

 

10. Future Improvements  

● Enhance Predictive Accuracy: Invest 

in developing more sophisticated 

machine learning models to improve the 

predictive accuracy of cryptocurrency 

price movements, focusing on 

incorporating real-time data and global 

economic indicators. 

● Strengthen Security Measures: 

Implement advanced cybersecurity 

measures, including the adoption of 

quantum-resistant cryptographic 

methods, to enhance the security of 

digital transactions and protect against 

evolving cyber threats. 

● Expand Regulatory Collaboration: 

Foster greater collaboration among 

international regulatory bodies to 

harmonize digital currency regulations, 

ensuring a consistent and secure global 

digital finance environment. 

● Advanced Data Analytics Integration: 

Invest in developing more sophisticated 

machine learning models to improve the 

predictive accuracy of cryptocurrency 

price movements. Focus on 

incorporating real-time data, global 

economic indicators, and sentiment 

analysis from social media and news 

sources to enhance the models' 

responsiveness to market dynamics. 
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● Economic Impact Studies: Conduct 

longitudinal studies to assess the long-

term economic impacts of digital 

currencies on monetary policy, inflation, 

and employment. These studies would 

provide valuable insights for central 

banks in adjusting monetary policies in 

response to the widespread adoption of 

digital currencies. 

 
11. Conclusion  

This comprehensive study has demonstrated 

that digital currencies are significantly 

influenced by traditional economic 

indicators, suggesting that they are not 

isolated from the broader financial system 

but are, in fact, integral components of the 

global economy. The ability of machine 

learning techniques to accurately predict and 

analyze these influences confirms the 

viability of these technologies in enhancing 

economic forecasting and financial market 

analysis. 

As digital currencies continue to evolve and 

become more integrated into mainstream 

financial systems, it is crucial for central 

banks and regulatory authorities to 

understand and anticipate the effects of 

economic policies on these assets. This 

understanding will be pivotal in crafting 

policies that ensure financial stability while 

promoting the advantages of digital 

currencies. 
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