Template README and Guidance

Overview

The code in this replication package constructs the analysis file using proprietary data from the
Bank of Canada using Stata, Matlab, and Mathematica. The code produces all figures and tables
in “Market Power and Capital Constraints”, by Milena Wittwer and Jason Allen.

Data Availability and Provenance Statements

We combine various proprietary data sources, as described in section 3. The easiest way to gain
access to this data is via the Bank of Canada, which has memorandums of understanding with
the (external) data providers, including CanDeal and IIROC. Canadian citizens can request access
via the FSRC: https://www.bankofcanada.ca/research/financial-system-research-centre. This
would entail working with an economist at the Bank of Canada. The coinvestigators should write
a 2 to 4-page proposal outlining the research question and policy relevance to the Bank of
Canada. The proposal is evaluated by senior economists in the financial markets department and
the economic and financial research department. Successful investigators will then need to sign
a nondisclosure agreement. Once signed, the investigators are provided a secured laptop from
which they can access the data. Non-Canadians need to follow a similar path in terms of the
proposal and working with Bank of Canada economists. The main difference with Canadians is
that non-Canadians cannot directly access the data. All of the deanonymized data work is done
inside the bank by the bank coauthor. We would provide reasonable assistance to requests for
clarification and replication.

Statement about Rights

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

e [1certify 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

e [ All data are publicly available.

e [l Some data cannot be made publicly available.
e [1No 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 5 years after publication, in accordance with journal policies.



Details on each Data Source

The data is provided by the Bank of Canada on a confidential basis. Consult Data Availability
and Provenance Statements, above, to learn on how to access it.

Dataset list
1. Auction data: auction_data_072022.dta
e List of variables with descriptions: see auction_data_variables.xlIsx (stored in folder
/code)
e Source: Bank of Canada
e Proprietary--not provided

2. Secondary market data: slope_secondary_V4.dta
e List of variables with description: see secondary_market_data_variables.xlsx (stored
in folder /code)
e Source: Bank of Canada
e Proprietary--not provided

3. Implied volatility indices: 2019_OBXBAX_IV.xIsx
e Includes the date and the implied volatility index, “Average OBX IV”
e Source: Bank of Canada
e Provided in folder: /public-data

4. Balance sheet information:
e H4_allbanks_milena.dta
o There is a date variable plus the two variables plotted in Figure 2A:
a_securities_long and |_securities_short. These are the net long and net
short government of Canada bond positions for Canada’s 6 largest banks.
Data is proprietary and comes from the banking regulator. The regulatory
form is known as the collateral and pledging report (H4).
o Source: Bank of Canada
o Proprietary--not provided
e bank_capital_data.dta
o This .dta file has a date variable (qdate), and three quantities that measure
average excess capital holdings for three different regulatory capital
constraints: (i) Total risk-weighted capital (deviation_total), (ii) Tier 1
capital (deviation_tier1), and (iii) Common equity Tier 1 capital
(deviation_cet1).
o Source: Bank of Canada
o Provided in folder: /public-data

5. Aggregate data on debt issuance:
e goc_debt victoria_bills.dta



o Variables: date (qdate), Total all sectors, bill (all_bill), Non-financial
private corporations, bill (nfincorp_priv_bill), Non-financial
government business enterprises, bill (nfincorp_gov_bill), Financial
corporations, bill (fincorp_bill), Total monetary authorities,
bill (total_mon_bill), Total chartered banks and quasi-banks,
bill (bank_quasi_bill), Insurance and pension funds, bill (inspen_bill),
Trusteed pension plans, bill (pens_bill), Total other private financial
institutions, bill (otherpfin_bill), Mutual funds, bill (mutual_bill),
Financial government business enterprises, bill (fingov_bill), General
governments, bill (g_bill), Non-residents, bill (nonres_bill)

o Source: Canadian national accounts
o Provided in folder: /public-data

Computational requirements

Software Requirements

o Stata (code was run with version 18.0, April 2022)

o Matlab (code was run with version 2022a)

o Mathematica (code was run with version 13.2)

Portions of the code use bash scripting, which may require Linux.

Controlled Randomness

Some estimation code uses random numbers, always provided by pseudorandom
number generators. The deterministic seed is provided in the code.

e L[] Random seed is set at line 59 of program main_value_estimates.m

e [1No Pseudo random generator is used in the analysis described here.

Memory, Runtime, Storage Requirements

INSTRUCTIONS: Memory and compute-time requirements may also be relevant or
even critical. Some example text follows. It may be useful to break this out by
Table/Figure/section of processing. For instance, some estimation routines might run
for weeks, but data prep and creating figures might only take a few minutes. You
should also describe how much storage is required in addition to the space visible in
the typical repository, for instance, because data will be unzipped, data downloaded,
or temporary files written.

Summary

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



[1 <10 minutes
1 10-60 minutes
[11-2 hours

1 2-8 hours

1 8-24 hours

£ 1-3 days
[13-14 days

1> 14 days

Approximate storage space needed:

[ < 25 MBytes

] 25 MB - 250 MB

] 250 MB -2 GB

[J2GB-25GB

[ 25 GB - 250 GB

J>250GB

1 Not feasible to run on a desktop machine, as described below.

Details

The code was run on the Bank of Canada’s server: 66 compute nodes with 36 CPU cores
each (2376 cores total), mix of 128 GB, 256 GB, 384 GB and 1 TB RAM nodes.

Description of programs/code
The code can be replicated by running the following code, step-by-step.

1) STATA: Basic summary statistics

Main file:

summary_stats.do
input: raw auction data (auction_data_072022.dta)
output: summary statistics, including information for Table 1, and some information
used in the text, plus:
o Appendix Table 1 to show that bids are close to linear
o Appendix Figure 5 on changing quantities over time
o Figure 2b on the time series of the LR when run by Jason

2) STATA: Prepare raw data for Matlab value estimation

Main file:

matla_input_data.do (also used in Allen, Hortacscu, Richert, and Wittwer: Entry and exit
in Treasury auctions)
input: raw auction data (auction_data_072022.dta)



e output: data that is used in the value estimation in matlab and the following regression
analysis
o auctions_for_matlab_3_0_clean —this is the only relevant file (bonds)
o auctions_for_matlab_2_0_clean —this is for bills — not used

3) Matlab: Value estimation

We estimate values for dealers following Allen, Hortacsu, Richert, and Wittwer (2024).

Main file:
e main_value_estimates.m: value estimates and bootstrapped values for dealers and
customers
o input: auctions_for_matlab_3_0_clean.csv
o output:

= mvnsi.mat: value estimates and bootstrapped values for bonds, where i
runs from 1-10
= moreformilena.mat: bidding functions, and inverted bidding functions

The main file calls:
e dataread_pd.m: reads in data and formats it right
e prepare_data.m: makes the rows in the right spots
e files to implement the resampling procedure described in detail in Allen, Hortacsu,
Richert, and Wittwer: Entry and exit in Treasury auctions
o simul_address_closebid_gwa.m
o simul_address_only_comp.m
o resampling_idx_only_comp_corrs_pm.m
o pricedist_simul_clean_only_comp_ng.m
e getboostrapdraws_cust_b: does the bootstrapping
e margdiscr_clean_nog_inflated_prtrap: backs out dealer values from the equilibrium
condition on dealer bids

Cleaning file
e cleaning.m: converts the price estimates and bootstrapped values to yields-to-maturity
and trim outliers (max bid in auction + 1,000/months of maturity (roughly 10 bps).
e input:
o mvnsi.mat, fori=1-10
o moreformilena.mat
o auctions_for_matlab_2_0_clean and auctions_for_matlab_3_0_clean
e output: regression_input_new_trimmed_"markup’_"auctiontype’.mat for markup=1000,
auctiontype =1,2 for bills and bonds

4) STATA: Prepare main regression

Main file:



data_pricedisperson.do: file needs to be run for some of the different specifications
before re-estimating the main regression to obtain shadow cost estimates and risk-
aversion for all the different specifications that we show in the robustness Appendix
Table A2.
input:

o data on secondary market trades (slope_secondary_V4.dta)

o the auction data (auctions_for_matlab_2_0_clean and

auctions_for_matlab_3_0_clean)

o information on the implied volatility index (2019_OBXBAX_IV.xlsx)

output: pricedispersion_'Ndays'_"WI'_"noretab'.csv

5) Matlab: Main regression using value estimates

Main file:

valueregression_clean.m: runs the main regression of values on quantities*volatility
separately for each maturity for different model specifications (most of these
specifications can be chosen in the header of the matlab file. For some specification
(when changing the volatility measure) the STATA do-file data_pricedispersion.do needs
to be run first, before running the matlab file.
input:

o regression_input_new_trimmed_"markup’_"auctiontype’.mat

o pricedispersion_'Ndays'_"WI'_"noretab'.csv

o data onimplied volatility: 2019_OBXBAX_IV.xlsx
output:

o valuedata_new_trimmed_2_"Ndays'_"WI'_"noretab'.csv

o regression_output_all_term_"pool’_‘auctiontype’_'Ndays’_"WI’_'noretab’_‘shar

4

e’_"usingyields’_"Nsteps’_‘shadowcost_ti’_policy.mat

o Figure 5 (risk aversion estimates)

o Figure 6a (Shadow cost estimates)

o Information for Appendix Table A2 with the mean and median of estimates for
all model specifications (running the file will produce the table input for one
model-specification, depending on what was chosen in data_pricedispersion.do
and the header of the Matlab file

File for appendix:

coeff_tests_pooled.m: conducts a statistical test to check whether the median slope
coefficients of value curves are statistically different during and outside the exemption.
Input:

o valuedata_new_trimmed_2_"Ndays'_"WI'_"noretab'.csv
output:



o Appendix Figure A4 which shows the median difference in slope coefficients
during and outside of the exemption period.

6) STATA: Visualize some of the results from main regression

Main file:
e matlab_output_analysis.do
e input: valuedata_new_trimmed_2_"Ndays'_"WI'_'noretab'.csv
e output:
o Figure 3 about return volatility
o Figure 4 about the slope coefficients using bids and values
o Figure 7 on shading

7) Matlab: Counterfactual analysis

Preparation file 1:

e estimate_price_distr.m: Since we do not store the distribution of winning quantities for
all bidders and all auctions in the main estimation routine that estimates our values—
the cell is too large—we separately re-estimate this distribution, using the same code as
we use to estimate values.

e Input: auctions_for_matlab_3_0_clean.csv

e The files that are needed to estimate the distribution on winning quantities are:

o dataread_pd.m, prepare_data.m

o simul_address_only_comp.m

o simul_address_closedbid_qwA.m

o resampling_idx_only_comp_corrs_pm.m,

o pricedist_simul_clean_only_comp_ng.m
e Output: gdp_data.mat

Preparation file 2:
e main_gdp_distribution.m: estimates the xi and sigma_i parameters of the GDP
distribution for winning quantities which are used in the back of the envelop calculation
e input:
o auctions_for_matlab_3_0_clean.csv
o mvnsl.mat - mvns10.mat
o moreformilena.mat
o gdp_data.mat
e output: gdp_parameters.mat

Main file:
e price_impact_decomp.m: conducts the counterfactual calculations
e input:

o valuedata_new_trimmed_2_"Ndays'_"WI'_"noretab'.csv



o gdp_parameters.mat
o regression_output_all_term_“pool’_‘auctiontype’ ‘Ndays’ "WI'_"noretab’ ‘shar
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e output:

e’ ‘usingyields’ "Nsteps’ ‘shadowcost_ti’_policy.mat

o Figure 6b on the distribution of eta,

o Figure 8 about the price impact decomposition, and

o Figure 9 showing the change in price impact when eliminating constraints in

absolute terms.

8) STATA Figure 2A and Appendix Figurees Al and A6
e figure_2A.do, using H4_allbanks_milena.dta
e figure_Al.do, using goc_debt_victoria_bills.dta
e figure_A6.do, using bank_capital_data.dta

9) Mathematica

We rely on two Mathematica notebooks in the theory part of the paper (no data here):

e AppendixFigure2_Pricelmpact.nb
o Appendix Figure A2
e Proof_Proposition4and5_TradeSetting.nb

o Algebra for the proofs of Proposition 4 and 5 (trade-setting)

o Appendix Figure A3

Instructions to Replicators

Access the proprietary data as detailed under Data Availability and Provenance Statements.
Downloaded code and public data from openICPSR provided. Run the code following steps 1)-9)
described under Description of programs/code

List of tables and programs
Figure #

Figure 1a
Figure 1b
Figure 2a
Figure 2b
Figure 3a
Figure 3b
Figure 4

Figure 5

Program

LaTeX (part of the text)
LaTeX (part of the text)
figure_2A.do
summary_stats.do
matlab_output_analysis.do
matlab_output_analysis.do
matlab_output_analysis.do

valueregression_clean.m

Line Number

45

216
173
176
236
624



Figure # Program Line Number

Figure 6a valueregression_clean.m 650
Figure 6b price_impact_decomp.m 660
Figure 7a matlab_output_analysis.do 256
Figure 7b matlab_output_analysis.do 266
Figure 8a price_impact_decomp.m 136
Figure 8b price_impact_decomp.m 136
Figure 9 price_impact_decomp.m 181
Appendix Figure Al figure_Al.do 102
Appendix Figure A2 AppendixFigure2_Pricelmpact.nb —
Appendix Figure A3 Proof_Proposition4and5_TradeSetting.nb —
Appendix Figure A4 coeff_tests_pooled.m 285
Appendix Figure A5 summary_stats.do 104
Appendix Figure A6 figure_A6.do 20
Table # Program Line Number
Table 1 LaTeX (created in text) —
Appendix Table Al summary_stats.do 143
Appendix Table A2 data_pricedisperson.do —
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