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README and Guidance

Overview

This readme file explains the contents of the replication package and the procedures
necessary to reproduce the calibration and computational results in “To Tokenize, or Not to
Tokenize: The Design Question for a Central Bank Digital Currency”, by Jonathan Chiu, Cyril
Monnet and Oliver Junye Xu. It includes details on the empirical data sources, the data
processing pipeline, and the equilibrium optimization scripts.

Data Availability and Provenance Statements

All data used in this paper is publicly available and non-sensitive. The replication package
includes all raw data files required to reproduce the empirical targets.

Statement about Rights

. [ certify that the author(s) of the manuscript have legitimate access to and
permission to use the data used in this manuscript.

. [ certify that the author(s) of the manuscript have documented permission to
redistribute/publish the data contained within this replication package. Appropriate
permission are documented in the LICENSE.txt file.

Summary of Availability
. All data are publicly available.

e [ Some data cannot be made publicly available.
e [INo data can be made publicly available.

e [ Confidential data used in this paper and not provided as part of the public
replication package will be preserved for __ years after publication, in accordance
with journal policies.

Details on each Data Source

Dataset list

1. Traditional money supply and banking components

Files:
data/fred_money_supply_components.csv


https://social-science-data-editors.github.io/template_README/LICENSE.txt
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Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
e https://fred.stlouisfed.org/series/WDDNS
e https://fred.stlouisfed.org/series/WCURCIR
e https://fred.stlouisfed.org/series/WRBWFRBL
e https://fred.stlouisfed.org/series/DPSACBW027SBOG
e https://fred.stlouisfed.org/series/TLBACBW027NBOG

Description: This file contains a merged monthly dataset of U.S. money supply and
banking variables from FRED. This dataset combines several FRED series into a single file
and forms part of the baseline traditional macroeconomic and banking data used for model
calibration. The series are demand deposits (WDDNS), currency in circulation (WCURCIR),
reserve balances with Federal Reserve Banks (WRBWFRBL), deposits at all commercial
banks (DPSACBWO027SBOG), and total liabilities of all commercial banks
(TLBACBWO027NBOG).

Retrieval procedure: To reconstruct this file, download each underlying FRED series
using the series codes listed above. Each series can be retrieved from its FRED series page
by searching the series code and using the CSV download option. The underlying FRED
series are reported at a weekly frequency, but the available end dates slightly differ across
series. To create the merged dataset, the weekly observations were converted to a common
monthly frequency by using the value from the last reported week of each month. The final
merged monthly dataset covers January 2000 to October 2024 and was saved as
data/fred_money_supply_components.csv.

2. GDP

Files:
data/GDP.csv

Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/GDP

Description: This file contains quarterly U.S. nominal Gross Domestic Product. The series
is reported in billions of dollars at a seasonally adjusted annual rate and has a quarterly
frequency. The original source is the U.S. Bureau of Economic Analysis, and the BEA
account code is A191RC. It forms part of the baseline traditional macroeconomic and
banking data used for model calibration.


https://fred.stlouisfed.org/series/WDDNS
https://fred.stlouisfed.org/series/WCURCIR
https://fred.stlouisfed.org/series/WRBWFRBL
https://fred.stlouisfed.org/series/DPSACBW027SBOG
https://fred.stlouisfed.org/series/TLBACBW027NBOG
https://fred.stlouisfed.org/series/GDP

To Tokenize, or Not to Tokenize: The Design Question for a Central Bank Digital Currency
Jonathan Chiu, Bank of Canada, ORCID: 0000-0002-3276-5927

Cyril Monnet, University of Bern, ORCID: 0000-0001-6376-4129

Oliver Junye Xu, Bank of Canada, ORCID: 0000-0002-2925-0543

Canadian Journal of Economics

June 17, 2026

Retrieval procedure: To reconstruct this file, go to the FRED page for series GDP, titled
“Gross Domestic Product,” and use the CSV download option. The downloaded FRED series
was saved as data/GDP.csv.

3. Three-month treasury bill rate

Files:
data/DGS3MO.csv

Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/DGS3MO

Description: This file contains the market yield on U.S. Treasury securities at 3-month
constant maturity. The series is reported in percent, is not seasonally adjusted, and is
available at daily frequency. The original source is the Board of Governors of the Federal
Reserve System, and the series is part of the H.15 Selected Interest Rates release. It forms
part of the baseline traditional macroeconomic and banking data used for model
calibration.

Retrieval procedure: To reconstruct this file, go to the FRED page for series DGS3MO,
titled “Market Yield on U.S. Treasury Securities at 3-Month Constant Maturity, Quoted on an
Investment Basis,” and use the CSV download option. The downloaded FRED series covers
the period January 3, 2000 to November 5, 2024 and was saved as data/DGS3MO.csv.

4. Treasury and agency securities held by commercial banks

Files:
data/USGSEC.csv

Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/USGSEC

Description: This file contains Treasury and agency securities held by all U.S. commercial
banks. The series is reported in billions of U.S. dollars, is seasonally adjusted, and has a
monthly frequency. The original source is the Board of Governors of the Federal Reserve
System, and the series is from the H.8 Assets and Liabilities of Commercial Banks in the
United States release. It forms part of the baseline traditional macroeconomic and banking
data used for model calibration.

Retrieval procedure: To reconstruct this file, go to the FRED page for series USGSEC, titled
“Treasury and Agency Securities, All Commercial Banks,” and use the CSV download option.
The downloaded FRED series covers the period January 1974 to October 2024 and was
saved as data/USGSEC.csv.

5. Total assets held by commercial banks


https://fred.stlouisfed.org/series/DGS3MO
https://fred.stlouisfed.org/series/USGSEC
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Files:
data/TLAACBWO027SBOG.csv

Source: Federal Reserve Economic Data (FRED), Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/TLAACBW027SBOG

Description: This file contains total assets held by all U.S. commercial banks. The series is
reported in billions of U.S. dollars, is seasonally adjusted, and has a weekly frequency
ending Wednesday. The original source is the Board of Governors of the Federal Reserve
System, and the series is from the H.8 Assets and Liabilities of Commercial Banks in the
United States release. It forms part of the baseline traditional macroeconomic and banking
data used for model calibration.

Retrieval procedure: To reconstruct this file, go to the FRED page for series
TLAACBWO027SBOG, titled “Total Assets, All Commercial Banks,” and use the CSV download
option. The underlying FRED series is reported weekly, but the replication file converts the
data to monthly frequency by taking the value from the last reported week of each month.
The resulting monthly series covers January 1973 to November 2024 and was saved as
data/TLAACBWO027SBOG.csv.

6. Stablecoin reserve data

Files:
data/stablecoin_reserves.xlsx

Status: Not redistributed in this replication package due to licensing restrictions.
Therefore, users must retrieve the data directly from the stablecoin issuers’ official
transparency pages.

Source: Manually compiled from stablecoin issuer reserve, transparency, and attestation
reports published by Tether, Circle, Paxos, and First Digital Labs.

e https://tether.to/en/transparency

e https://www.circle.com/transparency

e https://www.paxos.com/usdp-transparency

e https://www firstdigitallabs.com/transparency

Description: It is a manually compiled workbook containing reserve and liability data for
five fiat-backed stablecoins: USDT, USDC, FDUSD, USDP, and BUSD. The workbook contains
one worksheet for each stablecoin. The report time ranges are February 28, 2021 to
September 30, 2024 for USDT; October 31, 2018 to September 30, 2024 for USDC; May 31,


https://fred.stlouisfed.org/series/TLAACBW027SBOG
https://tether.to/en/transparency
https://www.circle.com/transparency
https://www.paxos.com/usdp-transparency
https://www.firstdigitallabs.com/transparency
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2024 to September 30, 2024 for FDUSD; September 28, 2018 to September 30, 2024 for
USDP; and September 30, 2019 to September 30, 2024 for BUSD.

Each worksheet uses the same structure from columns A to I. Column A contains the report
date. The date column has no column heading; cells A1 and A2 are blank, and report dates
begin in cell A3 and continue downward. Observations are ordered in reverse
chronological order, with the latest report date at the top. Cell range B1:D1 is labelled
Liabilities, and cell range E1:11 is labelled Assets. Row 2 contains the variable names. The
liability-side columns are Token Supply in column B, Token Held in column C, and Token in
Circulation in column D. The asset-side columns are Cash & Bank Deposits in column E,
Treasury Securities in column F, Corporate Bonds in column G, Crypto in column H, and
Total Assets in column I.

The general liability-side formula is:
Token Supply - Token Held = Token in Circulation

This formula can be used interchangeably where one of the three liability-side variables is
not directly reported but can be backed out from the other two. The general asset-side
formula is:

Cash & Bank Deposits + Treasury Securities + Corporate Bonds + Crypto = Total Assets

For USDT, “total gross contractual redemption value related to all digital tokens issued”
corresponds to Token Supply, “amount related to digital tokens held by the companies
issuing Tether tokens but not in its treasury wallet” corresponds to Token Held, and
“digital tokens issued” corresponds to Token in Circulation. Under the Asset Breakdown
section, “Cash & Bank Deposits” corresponds to Cash & Bank Deposits, “U.S. Treasury Bills”
corresponds to Treasury Securities, “Corporate Bonds” corresponds to Corporate Bonds,
and “Bitcoin” corresponds to Crypto. The sum of Cash & Bank Deposits, Treasury Securities,
Corporate Bonds, and Crypto corresponds to Total Assets.

For USDC, for each month, usually there will be two report dates in the report and we
always use the latest date of that month. “The total USDC supply on USDC Approved
Blockchains at the Report Dates” corresponds to Token Supply. The sum of “Tokens
Allowed But Not Issued as reported on USDC Approved Blockchains” and “Access Denied
Tokens as reported on USDC Approved Blockchains” corresponds to Token Held. “USDC in
Circulation” corresponds to Token in Circulation. “Cash held at regulated financial
institutions” corresponds to Cash & Bank Deposits, “Total U.S. Treasury Securities”
corresponds to Treasury Securities, and “Corporate Bonds” corresponds to Corporate
Bonds. No crypto-related reserves found in our extracted time range and thus none in our
manually compiled dataset. The sum of Cash & Bank Deposits, Treasury Securities,
Corporate Bonds, and Crypto corresponds to Total Assets.
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For FDUSD, “FDUSD tokens issued and in circulation” corresponds to both Token Supply
and Token in Circulation, with implied Token Held equal to 0. “Total Fixed Deposits”
corresponds to Cash & Bank Deposits, and “Total U.S. Treasury Bills” corresponds to
Treasury Securities. No crypto-related and corporate bond-related reserves found in our
extracted time range and thus none in our manually compiled dataset. The sum of Cash &
Bank Deposits, Treasury Securities, Corporate Bonds, and Crypto corresponds to Total
Assets.

For USDP, for each month, usually there will be two report dates in the report and we
always use the latest date of that month. “The supply of Pax Dollar tokens (“USDP”) at the
report dates and times” corresponds to Token Supply. “USDP tokens in circulation”
corresponds to Token in Circulation, and Token Held can be backed out using Token Supply
- Token in Circulation. “U.S. Treasury Bonds” corresponds to Treasury Securities, and “Fair
Value of Redemption Assets” corresponds to Total Assets. No crypto-related, corporate
bond-related and Cash & Deposits-related reserves found in our extracted time range and
thus none in our manually compiled dataset.

For BUSD, for each month, usually there will be two report dates in the report and we
always use the latest date of that month. “The supply of BUSD tokens (“BUSD”) at the report
dates and times” corresponds to Token Supply. “BUSD tokens in circulation” corresponds
to Token in Circulation, and Token Held can be backed out using Token Supply - Token in
Circulation. “U.S. Treasury Debt” corresponds to Treasury Securities, and “Fair Value of
Redemption Assets” corresponds to Total Assets. No crypto-related, corporate bond-
related and Cash & Deposits-related reserves found in our extracted time range and thus
none in our manually compiled dataset.

Retrieval procedure: To reconstruct data/stablecoin_reserves.xlsx, retrieve the relevant
historical reserve, transparency, or attestation reports from each issuer’s official
transparency page: Tether for USDT, Circle for USDC, First Digital Labs for FDUSD, and
Paxos for USDP and BUSD. From each report, extract the reported liabilities or tokens in
circulation, total reserve assets, and reserve asset composition where available. Enter the
extracted values into separate worksheets for each stablecoin using the common workbook
structure described above.

7. Dai stablecoin historical data

Files:
data/dai-usd-max.csv

Status: Not redistributed in this replication package due to licensing restrictions.
Therefore, users must retrieve the data directly from CoinGecko.

Source: CoinGecko, Dai historical data.
https://www.coingecko.com/en/coins/dai/historical_data


https://www.coingecko.com/en/coins/dai/historical_data
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Description: This file contains historical market data for Dai, a crypto-collateralized
stablecoin. The data were downloaded from CoinGecko’s Dai historical data page, which
provides daily historical observations for Dai, including market capitalization, trading
volume, and closing price in U.S. dollars. Dai circulating supply can be approximated as
market capitalization divided by price. CoinGecko’s historical data page allows users to
download the data in CSV or XLS format. In the analysis, these metrics are combined with
MakerDAO protocol data to calculate on-chain pledgeability measures.

Retrieval procedure: To retrieve the same data manually, go to the CoinGecko page for
Dai, select the historical data section, set the date range to November 19, 2019 to
November 12, 2024, and download the data as a CSV file. Save the downloaded file as
data/dai-usd-max.csv.

8. SKky (formerly MakerDAO) protocol TVL

Files:
data/makerdao.csv

Source: DefiLlama, Sky (formerly MakerDAO) protocol-level TVL data.
https://defillama.com/protocol/sky

Description: This file contains historical total value locked, or TVL, data for Sky, formerly
MakerDAO. TVL measures the U.S. dollar value of crypto assets deposited in a protocol.
DefiLlama defines TVL as the sum of the value of crypto assets deposited by users into a
protocol for earning rewards or interest. In the analysis, these metrics are combined with
Dai historical data to calculate on-chain pledgeability measures.

Retrieval procedure: At the time the data were collected, the historical TVL series was
downloaded directly from the DefiLlama website using the .csv download button on the
protocol page. Because DefiLlama’s website interface and download options may change
over time, researchers seeking to reconstruct the data can also use DefiLlama’s public API
endpoint for historical protocol TVL data. DefiLlama’s API documentation lists

/protocol /{protocol} as a free endpoint that returns historical TVL data and token/chain
breakdowns for a protocol, with base URL https://api.llama.fi and no authentication
required. To replicate the exact file used in this replication package, retrieve the
Sky/MakerDAO historical TVL observations from January 4, 2019 to October 1, 2024, and
save the resulting file as data/makerdao.csv.

9. Final calibration dataset

File:
data/calibration_df.csv

Source: Generated by code/calibration.py.


https://defillama.com/protocol/sky
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Description: This file is the final processed dataset used for calibration. It combines the
macroeconomic, banking, cryptocurrency, and stablecoin data after frequency alignment,
cleaning, and construction of calibration ratios.

10.Empirical calibration targets

File:
code/values_basic_new.txt

Source: Authors’ creation from data/calibration_df.csv.

Description: This text file contains the nine empirical targets used to calibrate the baseline
theoretical model.

Computational requirements
Software Requirements

e Python: The script was run using Python 3.10.14. Python 3.10 or higher is
recommended.

Required packages:
- pandas 2.2.3
- NumPy 2.2.0

The scripts also use the Python standard-library package os. Because os is included
with Python, no separate installation is required.

e MATLAB: The scripts were run using MATLAB R2023a.

MATLAB version used:
- MATLAB 9.14.0.2206163 (R2023a)

Required MATLAB toolboxes:
- Optimization Toolbox 9.5 (R2023a), required for fmincon and fsolve.
- Statistics and Machine Learning Toolbox 12.5 (R2023a), required for regress.

MATLAB R2023a or higher is recommended. Function availability can be checked
using which fmincon, which fsolve, and which regress. Toolbox versions can be
checked using ver('optim') and ver('stats').
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Memory, Runtime, Storage Requirements
Summary

Approximate time needed to reproduce the analyses on a standard (CURRENT YEAR)
desktop machine:

e [1<10 minutes

. 10-60 minutes
e [1-2hours

e [12-8hours

e [18-24 hours

e [1-3days

e [13-14days

e [1>14days
Approximate storage space needed:
. < 25 MBytes

e [25MB-250MB
e [J250MB-2GB

e [2GB-25GB

e [25GB-250GB
e [>250GB

. L] Not feasible to run on a desktop machine, as described below.
Details

The code was last run on a Windows 11 laptop with a 13th Gen Intel(R) Core(TM) i7-1370P
processor, 32.0 GB of installed RAM, and 477 GB of total storage, of which approximately
302 GB was free at the time of execution. The machine used a 64-bit Windows operating
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system with an x64-based processor and Intel(R) Iris(R) Xe Graphics. All computations
were performed locally on this machine.

Description of programs/code
The code can be replicated by running the following code, step-by-step.
1. Python: Construct calibration dataset

Main file:
code/calibration.py

Purpose:

This script imports and processes the raw macroeconomic, banking, cryptocurrency, and
stablecoin data. It harmonizes dates and frequencies, aggregates stablecoin reserve
information, computes on-chain and off-chain pledgeability measures and produces the
processed calibration dataset used by the model.

Input:
data/fred_money_supply_components.csv
data/GDP.csv

data/DGS3MO.csv

data/USGSEC.csv
data/TLAACBWO027SBOG.csv
data/stablecoin_reserves.xlsx
data/dai-usd-max.csv

data/makerdao.csv

Output:
data/calibration_df.csv
code/values_basic_new.txt

Notes:

This step constructs the empirical calibration targets used in the MATLAB calibration
routine. If the provided file code/values_basic_new.txt is used directly, this step does not
need to be rerun.

2. MATLAB: Calibrate baseline model parameters

Main file:
code/Calibration_no_crypto.m

Purpose:
This script calibrates the baseline model parameters by matching the empirical targets in
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values_basic_new.txt. It uses a grid search and MATLAB’s fmincon routine to minimize the
distance between model-generated moments and empirical calibration targets.

Input:
code/values_basic_new.txt

Output:
code/para.mat

Main file calls:
code/section_4_function.m
code/get_fixed_parameters.m

Notes:

The file get_fixed_parameters.m stores and returns calibrated baseline parameters for use
in the equilibrium solvers. The output para.mat contains the optimized parameter matrix
used in later steps.

3. MATLAB: Baseline/no-CBDC equilibrium

Main file/function:
code/section_4_function.m

Purpose:

This function solves the equilibrium conditions for the baseline model without CBDC. It is
called during the calibration step and provides the baseline equilibrium objects against
which the CBDC regimes are compared.

Input:
Baseline parameter values from Calibration_no_crypto.m or get_fixed_parameters.m.

Output:
Baseline equilibrium allocations, prices, and model moments used in the calibration and
comparison exercises.

Notes:
This file is primarily called by other MATLAB scripts rather than run as a standalone script.

4. MATLAB: Non-tokenized CBDC equilibrium

Main file/function:
code/section_5_function.m

Purpose:
This function solves the equilibrium conditions for the non-tokenized CBDC regime. It uses
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MATLAB'’s fsolve routine to compute the exact equilibrium for a given set of parameters
and CBDC policy values.

Input:
Calibrated parameters from get_fixed_parameters.m or para.mat.

Output:
Equilibrium allocations, prices, balances, and welfare components for the non-tokenized
CBDC regime.

Notes:
This file is called by the comparative statics and welfare scripts.

5. MATLAB: Tokenized CBDC equilibrium

Main file/function:
code/section_6_function.m

Purpose:

This function solves the equilibrium conditions for the tokenized CBDC regime. It uses
MATLAB'’s fsolve routine to compute the exact equilibrium for a given set of parameters,
CBDC return rates, and tokenization efficiency parameters.

Input:
Calibrated parameters from get_fixed_parameters.m or para.mat.

Output:
Equilibrium allocations, prices, balances, and welfare components for the tokenized CBDC
regime.

Notes:
This file is called by the comparative statics and welfare scripts.

6. MATLAB: Comparative statics for non-tokenized CBDC

Main file:
code/section_5_cs.m

Purpose:

This script generates comparative statics for the non-tokenized CBDC regime. It solves the
model over a grid of CBDC return rates and produces plots showing how equilibrium
outcomes change with policy parameters.

Input:
code/get_fixed_parameters.m
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code/section_5_function.m
Calibrated parameters from para.mat, if used.

Output:
Figure 5: Comparative statics with a non-Tokenized CBDC

Main file calls:
code/section_5_function.m

Notes:
The output figures report changes in asset prices, balances, and welfare-related outcomes
under the non-tokenized CBDC regime.

7. MATLAB: Comparative statics for tokenized CBDC

Main file:
code/section_6_cs.m

Purpose:

This script generates comparative statics for the tokenized CBDC regime. It solves the
model over a grid of CBDC return rates and tokenization efficiency parameters and
produces plots showing how equilibrium outcomes change across the parameter grid.

Input:

code/get_fixed_parameters.m
code/section_6_function.m

Calibrated parameters from para.mat, if used.

Output:
Figure 6: Comparative statics with a Tokenized CBDC

Main file calls:
code/section_6_function.m

Notes:
The output figures report changes in asset prices, balances, and welfare-related outcomes
under the tokenized CBDC regime.

8. MATLAB: Welfare analysis

Main file:
code/optimal_Rm_delta_with_varying_ omega.m

Purpose:
This script conducts the main welfare analysis. It computes the optimal CBDC interest rate,
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denoted Rm, and compares social welfare outcomes across non-tokenized and tokenized
CBDC regimes for different values of the parameter omega.

Input:

code/get_fixed_parameters.m
code/section_5_function.m
code/section_6_function.m

Calibrated parameters from para.mat, if used.

Output:
Figure 7: Comparative statics

Main file calls:
code/section_5_function.m
code/section_6_function.m

Notes:

This script iterates through the parameter grid, solves the non-tokenized and tokenized
CBDC equilibria, computes maximum social welfare across the Rm range, and generates the
final multi-panel welfare comparison figure.

Instructions to Replicators
Replicators should preserve the folder structure of the replication package. The root folder
should contain the following items:

- code/

- data/

- figures/

- README

- LICENSE.txt

All code should be run from the root folder of the replication package, i.e., the folder that
contains code/, data/, figures/, README and LICENSE.txt. The scripts use relative paths
that assume this folder structure is unchanged. Data files should be placed in the data/
folder, and MATLAB and Python scripts should remain in the code/ folder. The rights and
licensing status of the data files included in the replication package are documented in
LICENSE.txt.

If the package is moved to a different location on the user’s computer, no code changes
should be necessary as long as the internal folder structure is preserved and the working
directory is set to the root folder of the replication package.
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For MATLAB scripts, first set the MATLAB Current Folder to the root folder of the
replication package and add the code folder to the MATLAB path.

For the Python script, run the script from the root folder of the replication package so that
relative paths to the data/ and figures/ folders resolve correctly.

Data that are not redistributed due to third-party licensing restrictions should be
downloaded following the instructions in the Data Availability and Provenance Statement
and saved in the data/ folder using the exact file names specified in the README.

1. Unzip the replication package and preserve the folder structure described above.

2. Set the working directory to the root folder of the replication package, i.e., the folder
containing code/, data/, figures/, and README.

3. Access the data as detailed under Data Availability and Provenance Statements. Data files
included in the package should remain in the data/ folder. Data files that are not
redistributed because of third-party licensing restrictions should be downloaded directly
from the original sources and saved in the data/ folder using the exact file names specified
in the README.

4. Run the code following steps described under Description of programs/code.

List of tables and programs

Figure # Program Line Number
Figure 5 code/section_5_cs.m ~156

Figure 6 code/section_6_cs.m.do ~347

Figure 7 code/optimal_Rm_delta_with_varying omega.m ~48

Data References

Board of Governors of the Federal Reserve System (US). 2024. All Liabilities, All
Commercial Banks [TLBACBWO027NBOG]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/TLBACBWO027NBOG
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Board of Governors of the Federal Reserve System (US). 2024. Total Assets, All Commercial
Banks [TLAACBWO027SBOG]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/TLAACBW027SBOG

Board of Governors of the Federal Reserve System (US). 2024. Demand Deposits [WDDNS].
FRED, Federal Reserve Bank of St. Louis. https://fred.stlouisfed.org/series/WDDNS

Board of Governors of the Federal Reserve System (US). 2024. Currency in Circulation
[WCURCIR]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/WCURCIR

U.S. Bureau of Economic Analysis. 2024. Gross Domestic Product [GDP]. FRED, Federal
Reserve Bank of St. Louis. https://fred.stlouisfed.org/series/GDP

Board of Governors of the Federal Reserve System (US). 2024. 3-Month Treasury Bill
Secondary Market Rate [DGS3MO]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/DGS3MO

Board of Governors of the Federal Reserve System (US). 2024. Treasury and Agency
Securities, All Commercial Banks [USGSEC]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/USGSEC

Tether International Limited / BDO. 2024. Quarterly Attestation Report. Tether
Transparency Page. https://tether.to/en/transparency

Circle Internet Group, Inc. / Deloitte & Touche LLP. 2024. USDC Reserve Report. Circle
Transparency & Stability. https://www.circle.com/transparency

First Digital Labs (FD121 Limited) / Prescient Assurance. 2024. Monthly Reserve Report.
First Digital Labs Transparency. https://www.firstdigitallabs.com/transparency
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Paxos Trust Company, LLC. 2024. Pax Dollar (USDP) and Binance USD (BUSD) Monthly
Reserve Reports. Paxos Transparency. https://www.paxos.com/usdp-transparency

CoinGecko. 2024. DAI Historical Data. CoinGecko.
https://www.coingecko.com/en/coins/dai/historical_data

DefiLlama. 2024. Sky (formerly MakerDAO) Protocol TVL. DefiLlama.
https://defillama.com/protocol/sky

Board of Governors of the Federal Reserve System (US). 2024. Reserve Balances with
Federal Reserve Banks [WRBWFRBL]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/WRBWFRBL

Board of Governors of the Federal Reserve System (US). 2024. Deposits, All Commercial
Banks [DPSACBW027SBOG]. FRED, Federal Reserve Bank of St. Louis.
https://fred.stlouisfed.org/series/DPSACBW027SBOG

Software References

Python Software Foundation. 2024. Python Language Reference, version 3.10.14.
https://docs.python.org/3.10/reference/

The MathWorks Inc. 2023. MATLAB version 9.14.0.2206163 (R2023a). Natick,
Massachusetts: The MathWorks Inc.

The MathWorks Inc. 2023. Optimization Toolbox version 9.5 (R2023a). Natick,
Massachusetts: The MathWorks Inc.

The MathWorks Inc. 2023. Statistics and Machine Learning Toolbox version 12.5 (R2023a).
Natick, Massachusetts: The MathWorks Inc.
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The pandas development team. 2024. pandas-dev/pandas: Pandas, version 2.2.3. Zenodo.
https://doi.org/10.5281/zenodo.13819579



