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Abstract

This paper develops a New Keynesian Preferred Habitat model with repo assets
to account for financial and macroeconomic observations during the Global Financial
Crisis (GFC) and the Covid-19 pandemic. The model features market segmentation,
financial frictions, and quality preference. I show that there was a flight-to-liquidity
demand for short-term Treasuries which causes endogenous convenience yields during
the GFC and a flight-from-safety supply for long-term Treasuries which causes en-
dogenous inconvenience yields during Covid-19. I then use the model to study the
passthrough of monetary policies to asset prices and macroeconomic variables. The
model equilibrium yields three key findings. Firstly, the excess return in the Treasury
cash market involves risk premia and (in)convenience premia, while the excess return
in the repo market includes only (in)convenience premia. Secondly, financial frictions
attenuate the passthrough of conventional policy while strengthening that of QE and
QT. Lastly, the efficacy of monetary policies is contingent upon the relative importance
of the repo borrowing channel compared to the cash borrowing channel. These findings
contribute to a deeper understanding of the monetary policy transmission mechanisms
in the post-GFC era.
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1 Introduction

In the two most recent recessions—the GFC and the Covid-19 pandemic—central banks
employed various policy tools to mitigate the potential worsening of economic conditions.
Following aggressive rate cuts, the zero lower bound constraint compelled monetary author-
ities to adopt unconventional tools such as Quantitative Easing (QE) and forward guidance,
aiming to boost output and inflation by lowering market rates, particularly for longer tenors.
Empirical evidence has shown that QFE has significant and persistent effects, whereas forward
guidance appears to be less effective in practice.

The New Keynesian model has served as a baseline for studying monetary policies to
stablize the financial markets and the macroeconomy. Over the past decades, the evolving
New Keynesian literature has made significant progress in modeling the non-neutral effects
of unconventional policies such as QE and forward guidance E] Additionally, spurred by
the financial market turmoil during the GFC, recent research has focused on extending the
basic New Keynesian framework to incorporate financial frictions (for example, (Christiano,
Motto and Rostagno (2014); |Guerrieri and Lorenzoni (2017)). These works share a key
feature: the (occasionally) binding borrowing constraint. During economic distress, the
borrower’s net worth shrinks sharply, leading to limited credit flows and spiking interest
rates. Consequently, output and price levels decline. This line of research has effectively
explained many observations during the GFC, such as the concurrence of higher financing
costs and lower net worth among financial intermediaries.

In this paper, I first present empirical observations indicating differing financial market
activities during the GFC and the Covid-19 pandemic. I focus on two important financial
markets that are both considered deep and safe: the Treasury cash and repo markets. I
show that (1) although the term structure of the Treasury yield steepened in both periods,
the GFC witnessed a decrease in yields for all maturities, whereas the Covid-19 pandemic
saw an increase in long-term yields; (2) the Treasury-OIS spread was negative during the
GFC but positive during Covid-19; (3) the repo-short rate spread dropped during the GFC
but increased during Covid-19; and (4) primary dealers were reducing their net reverse repo
positions during the GFC but expanding them during Covid-19. These observations cannot
be fully explained by the current New Keynesian literature with financial frictions, which

suggests that a recession should always be accompanied by spiking interest rates. These

IFor example, Sims, Wu and Zhang| (2023) introduce a leverage constraint to allow government purchase
of long-term bond to relax financial institution’s leverage constraint and thus decrease the interest rate.
Angeletos and Lian| (2018]) rely on the lack of common knowledge to conger the forward guidance puzzle.



empirical findings prompt a reevaluation of the causes of financial market turmoil and their
relationships to real economic activities during these two recessions.

I then propose a New Keynesian model with rich financial markets. Specifically, I
model the Treasury bond and repo markets featuring market segmentation, limited risk-
bearing capacity, and quality value of holding Treasuries. There are four key departures
from the benchmark New Keynesian model. First, the market segmentation introduced by
habitat investors allows demand and supply factors to have non-neutral effects. Second,
arbitrageurs mitigate market segmentation by trading across different products; however,
this trade is subject to costs, resulting in only a partial mitigation and causing deviations
of market rates from the policy short rate. Third, as households invest in saving products
indexed by various rates, the aggregate nominal rate becomes a function of the Treasury
yields and repo rates, differing from the policy rate. This results in an imperfect mapping
from the policy rate to market rates. Fourth, households receive extra utility from holding
savings due to quality preferences, which allows for the concurrence of lower market rates
and declining real economic activities.

The model equilibrium generates interesting insights. The time-varying excess return
of Treasury cash investments encompasses two components: the risk premium and the
(in)convenience premium. The former results from risk-averse arbitrageurs, while the lat-
ter arises from the non-pecuniary holding benefits (or costs) of Treasuries. Conversely, the
time-varying excess return of Treasury repo investments encompasses just one component:
the (in)convenience premium. Repo cash lenders use Treasuries as collateral but do not own
the securities. Therefore, they are not directly exposed to the risk factors impacting bond
prices, and their first-order conditions do not reflect the risk prices.

I show that the model can account for observations during the GFC and Covid-19.
The changes in private habitat investors’ net demand for Treasuries cause endogenous
(in)convenience yields which explain the discrepancies in key financial market variables.
During the GFC, there was a significant net demand shock for short-term Treasuries, lead-
ing to a decrease in short-term yields and a steepening of the Treasury yield curve. This surge
in demand generated net convenience yields in both the Treasury cash and repo markets,
as holding Treasuries enabled dealers to avoid costs associated with meeting the heightened
market demand. The increased demand for Treasuries among private habitat investors also
triggered a quality preference among households, enhancing the marginal benefit of saving.
As a result, households did not increase consumption despite lower interest rates, which led

to simultaneous drops in output and inflation along with declining interest rates. In contrast,



during the Covid-19 period, the market experienced significant selling pressure for long-term
Treasuries, causing an increase in long-term yields and a steepening of the yield curve. This
excess supply created net inconvenience yields in the Treasury cash and repo markets, as
dealers faced higher costs associated with expanding their balance sheets to absorb the addi-
tional supply. The resulting higher market rates made saving more attractive, discouraging
aggregate consumption.

After calibrating the model to match key financial and macroeconomic moments, I
use it to explore monetary policy implications. I show that market imperfections hinder
the transmission of conventional expansionary policies. In a purely segmented economy
without arbitrageurs, all bond supply is absorbed by habitat investors, disconnecting bond
yields and repo rates from the short rate, rendering conventional policy ineffective. Allowing
arbitrageurs to participate in the market alleviates this disconnection, as they link products
through carry trades. However, when arbitrageurs are risk-averse or face non-pecuniary
cost, these carry trades are imperfect, only partially overcoming market segmentation. In
this scenario, conventional policy leads to under-reactions in asset prices and macro variables.
Removing risk aversion and non-pecuniary cost allows for a perfect overcoming of market
segmentation, enabling conventional expansion to achieve perfect transmission, as predicted
by the Expectations Hypothesis. The model does not exhibit the forward guidance puzzle.
Based on the calibration, forward guidance generates minimal responses in asset prices and
macroeconomic variables compared to conventional expansion.

On the other hand, the effectiveness of QE increases with market imperfections. In
the absence of market imperfections, investors are indifferent to different products, and any
demand or supply shocks are smoothed out, so QE does not affect asset prices or macroe-
conomic variables. Financial frictions, such as risk aversion and non-pecuniary cost, create
the conditions necessary for QE to have an impact. The additional demand from the cen-
tral bank alleviates the risk exposure of private investors and reduces their balance sheet
size, leading to a decrease in required excess returns. In the most frictional case, where no
arbitrageurs are present, asset prices are determined solely by supply and demand for each
product, and QE achieves its greatest effects. Additionally, the magnitude of the QE shock
depends on the targeted maturity. Longer-term bond prices are more sensitive to demand
factors than to short rates, so purchasing long-term bonds helps to offload more risk from
private investors. Thus, the efficiency of QE increases with the targeted maturity.

I then use the model to examine how the benchmark rate reform affects the passthrough

of monetary policies. 1 define the yield regime and repo regime as scenarios where the



aggregated nominal rate is indexed solely by bond yields or repo rates, respectively. The
passthrough of a conventional expansion achieves larger responses in asset prices and macroe-
conomic variables in the repo regime compared to the yield regime. Conversely, the impact of
QE on boosting the economy is weakened in the repo regime. More interestingly, the forward
guidance, which is stimulative in an yield economy, surprisingly becomes counterproductive
in the repo economy. Since the short rate is transmitted to the economy more efficiently in
the repo regime, the central bank can adopt a less aggressive stance to achieve a zero output
gap in the long run. Consequently, the optimal long-run policy rate target is lower in the
repo regime.

This paper contributes to the literature in several important ways. Primarily, it ad-
dresses the shortcomings of current New Keynesian models in capturing the dynamics of
financial markets during periods of turmoil, which significantly impact macroeconomic vari-
ables. By integrating a detailed financial sector, the model adeptly captures the pivotal role
of market frictions in shaping the divergent dynamics of Treasury cash and repo markets.
This framework uniquely facilitates the examination of both conventional and unconventional
monetary policies across different institutional contexts, pre- and post-GFC.

Moreover, this paper explores the potential impacts of the ongoing transition in the
benchmark interest rate. The important ongoing transition from LIBOR to SOFR in the
U.S. has raised a demand to better understand connections between repo rates and other
financial and economic variables. Policymakers need to be alerted about the potential new
transmission mechanisms to better operate policy tools; Market participants need to be
aware of these new mechanisms to be more prepared for market reactions. The existing
literature provides limited insights into these mechanisms, whereas this study offers a robust
framework to analyze such transitions, considering the intricate interactions between the
financial sector and the broader economy.

Methodologically, by incorporating repo assets into the New Keynesian Preferred Habi-
tat framework, this work introduces a layer of complexity to general equilibrium modeling.
It extends the models by [Vayanos and Vila (2021) and Ray| (2019) through a generalized
numerical method that accommodates these new features.

I focus on preferred habitat as the mechanism for short rate and demand/supply fac-
tors to affect asset prices, aligning with works such as Vayanos and Vila| (2021)), |Greenwood
and Vayanos (2014), and He, Nagel and Song| (2022). These papers emphasize the role
of arbitrageurs’ carry trades in partly overcoming the market segmentation introduced by

habitat investors, allowing both short rate and demand/supply factor to be impactful. By



integrating macroeconomic dynamics, this paper extends the preferred habitat literature,
introducing interactions between financial markets and the broader economy. It shares sim-
ilarities with (2019) and Ray and Kamdar]| (2024). Yet this paper introduces a quality

preference channel with a similar flavor as recent works such as Bodenstein et al.|(2023) and

Kekre and Lenel| (2024). Because the marginal quality value is connected to private demand

factor, this channel capture the real effect of flight-to-quality activities prevalent during
economic distresses. The general equilibrium of this model can be described as a financial

market-accommodated monetary policy rule, or vice versa, a monetary policy-consistent fi-

nancial market optimization, in the similar spirit to|Gallmeyer, Hollifield and Zin| (2005) and
\Gallmeyer et al.| (2007)).

This work is also related to a group of papers investigating how the benchmark rate

reform affects the broader economy. For example, |Jermann| (2019) and |Cooperman et al.|
(2023)) both show that the new indexing regime - SOFR regime - can exacerbate the negative

funding cost shock, since the SOFR is a risk-free rate and does not reflect banks’ financing

cost. This paper, however, studies the monetary policy implications of such a reform. I
utilize frictions on the Treasury cash and repo market (e.g., the scarcity premium as in
d’Amico, Fan and Kitsul (2018); Arrata et al.| (2020); |Corradin and Maddaloni (2020), and
the regulatory cost as in Dufhie (2018); |Cochran et al.| (2023))) for an imperfect mapping

from short rate to bond yields and repo rates ﬂ In equilibrium, the power of the monetary
policies depends on the relative importance of the indexing rates.

The rest of the paper is organized as follows. outlines the institutional back-
ground for the Treasury cash and repo markets and their behaviors during the GFC and
Covid-19. introduces the theoretical model, with the general equilibrium explained

in [Section 4} [Section 5| uses the model to explain observations during the two recent reces-

sions. presents the empirical methodology and data used to calibrate the model.
In I evaluate the model’s performance by replicating key results from the litera-
ture. An analysis of the shock transmission mechanisms is included in [Section 8| [Section 9|

presents policy analysis and concludes the paper.

2Imperfect competition, not directly captured by my model, is also a well documented friction on the
market. See|Huber (2023) and Eisenschmidt, Ma and Zhang| (2024) for examples




2 Institutional Background

In this section, I first outline the features of the Treasury cash and repo markets, focusing on
the various types of frictions related to demand and supply factors that lead to convenience
and inconvenience yields. I then discuss market performance during the 2008 GFC and the

Covid-19 pandemic.

2.1 Treasury Cash Market

US Treasuries have been a cornerstone of premier safe assets globally for several decades.
As of June 2024, the total outstanding Treasuries held by the public reached $27 trillionf}
The US Treasury market features a deep and broad secondary cash market, with daily
trading volumes exceeding $884 billion as of June 2024 [ Approximately 70% of this trading
volume is concentrated in on-the-run securities—those most recently auctioned within a given
tenor—while the remaining 30% involves off-the-run securities, which include all previously
issued securities (He, Nagel and Song (2022)).

Broker-dealers play crucial roles in both the primary and secondary markets for US
Treasuries. Specifically, primary dealers are expected to submit bids for all issuance auctions
at reasonable prices ] Additionally, broker-dealers are key participants in the Treasury
secondary cash market. Figure[I]|summarizes the main components of the Treasury secondary
cash market. In the Dealer-To-Client venue, dealers act as market makers, transacting
with a variety of end-investors. In the Dealer-To-Dealer venue, dealers trade directly with
each other. In the Interdealer-Broker venue, dealers trade anonymously with each other,
with end-investors such as hedge funds, and with Principal Trading Firms, primarily on
electronic platforms (Harkrader and Weitz (2020)). Notably, dealers are active in all three
main segments of the secondary market, trading with clients, principal trading firms, and
other broker-dealers. According to calculations by the New York Fed, the Treasury cash
market trading volume is roughly split between the interdealer brokers and dealer-to-client
sectors, with minimal dealer-to-dealer volume.

US Treasuries, particularly those with short tenors, have been studied to reflect conve-
nience yields in the cash market due to their safety and liquidity (Bansal, Coleman and Lund-
blad (2010)); Krishnamurthy and Vissing-Jorgensen| (2012); Nagel| (2016); |Adrian, Crump and

SData source: |https://fiscaldata.treasury.gov/datasets/monthly-statement-public-debt /summary-of-
treasury-securities-outstanding,

*Data source: https://www.sifma.org/resources/research/us-treasury-securities-statistics,.

°See https://www.newyorkfed.org/markets/primarydealers.
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Figure 1: Structure of the Treasury secondary cash market.

Source: Brain et al “Unlocking the Treasury Market through TRACE,” Federal
Reserve Bank of New York Liberty Street Economics (blog), September 28, — 2018,
http://libertystreeteconomics.newyorkfed.org/2018/09 /unlocking-the-treasury-market-through-trace.html.

(2019)). The literature suggests that the high liquidity and safety of Treasuries drive
up their price and consequently drive down their yield relative to assets that do not share
these attributes to the same extent. The yield spread between two assets with identical
attributes, except for differing liquidity or safety, is considered the liquidity or safety pre-

mium. Such premia are sensitive to demand and supply factors due to incomplete markets

(Acharya and Laarits| (2023))). For instance, heightened market demand for safe assets can

prompt broker-dealers to increase short selling to meet this demand. If short selling incurs

significant costs (e.g., Banerjee and Graveline| (2013)), holding safe assets like Treasuries can

offer non-pecuniary benefits by mitigating potential costs associated with short selling.
Despite the widely accepted convenience value of holding Treasuries, the post-GFC reg-
ulatory reforms imposed on financial institutions may increase the holding cost of Treasuries.
Among these regulations, the most relevant is the Supplementary Leverage Ratio (SLR). US
regulators proposed the SLR in 2012 and finalized the rule for the "enhanced” SLR in April
2014, with final implementations mostly completed by January 2018. As a non-risk-weighted
capital regulation, the SLR requires US globally systemically important Bank Holding Com-

panies (BHCs) to maintain capital equal to or greater than 5% of their total assets, regardless



of the risk composition of those assets. Dufhe (2018) argues that “the SLR increases the
‘rental cost’ for space on a bank’s balance sheet.” Given the lack of regulatory differentiation
of asset risk, a same-size balance sheet expansion will incur higher balance sheet costs if the

bank expands its holdings of safer assets, as risky assets typically come with higher returns

il

2.2 Treasury Repo Market

In addition to selling them outright in the Treasury cash market, investors often use Trea-
suries as collateral to borrow cash on a short-term basis, particularly in the repurchase
agreement (repo) market. A repo is a transaction in which one party sells an asset to an-
other party with a promise to repurchase the asset later. The difference between the sale
and repurchase price specified in a repo contract reflects the implied interest rate. For ex-
ample, if a firm sells $9 million in Treasuries today and agrees to repurchase them for $9.09
million in a year, the implied interest rate is 1 percent. The securities serve as collateral
to protect the cash investor against the risk that the collateral provider cannot repurchase
the securities at the later date. The US Treasury repo market is crucial because it is a key
source of short-term funding for securities dealers and some of their clients. As of the end of
2021, the average daily outstanding US Treasury repo was $1.7 trillion, with over 70% being
overnight repos and less than 30% term repos [[|[f] .

Figure 2| describes the main players and their relations in the U.S. Treasury repo market.
This market comprises two segments, differentiated by their settlement processes: triparty
repo and bilateral repo. In a triparty repo, a third party, typically a clearing bank, is in-
volved. The clearing bank provides back-office support to both parties in the trade, including
settling the repo on its books and ensuring that the terms of the agreement are met. In con-
trast, in a bilateral repo, each counterparty’s custodian bank is responsible for clearing and
settling the trade. The US Treasury repo market is roughly split between these two seg-
ments (Copeland et al. (2014); Baklanova et al. (2019)). Furthermore, within the triparty

6An implicit assumption here is the SLR is binding. For most of the period since the start of 2018
when the SLR was implemented, most of the big six U.S. BHCs maintained SLRs well above the 5 percent
minimum level. However, the SLRs have trended down since 2021, approaching the 5 percent minimum
level. See|Cochran et al.| (2023]) for more details.

"Data  source: https: //www.sifma.org/wp-content /uploads/2022 /02 /SIFMA-Research-US-Repo-
Markets-Chart-Book-2022.pdf.

8For comparison, in 2018, the average amount of outstanding securities lending arrangements against
cash was around $700 billion. The size of the commercial paper market, a source of unsecured short-term
funding for firms, was around $1 trillion. See Baklanova et al.| (2019)) for more details.
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Figure 2: Structure of the Treasury repo market.

Source:  Baklanova et al. “Reference Guide to U.S. Repo and Securities Lending Mar-
kets,” Federal Reserve Bank of New York Staff Reports, no. 740 September 2015,
https://www.newyorkfed.org/medialibrary /media/research/staff_reports/sr740.pdf.

repo market, a special general collateral financing repo service (GCF Repo) allows securities
dealers registered with the Fixed Income Clearing Corporation (FICC) as netting members
to trade repos among themselves. Thus, the GCF repo primarily functions as an inter-dealer
market. Hereafter, I refer to non-GCF triparty repo simply as triparty repo. Triparty repo
typically involves transactions with "general collateral,” where the cash investor agrees to
accept any securities within a specified asset class. In contrast, bilateral repos usually require
specific securities, identified at the CUSIP level, to be agreed upon at the time of the trade.

As in the cash Treasury market, broker-dealers are also key intermediaries in the repo
market, facilitating transactions between cash lenders (securities borrowers) and cash bor-
rowers (securities lenders). Since triparty repo features "general collateral,” cash lenders
often use this platform to securely invest cash. The most important cash lenders in the
triparty repo market are Money Market Funds (MMFs). As of September 30, 2020, the
Financial Accounts of the United States show that MMFs accounted for close to 22% of

total repo assets (Baklanova, Kuznits and Tatumetal (2021)). Broker-dealers are the main

securities borrowers in the triparty repo market, sourcing cash from conservative cash in-
vestors such as MMFs. Unlike the triparty sector, the bilateral repo allows for the specific

designation of securities when negotiating the terms of trade. Thus, the bilateral sector is
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heavily used by securities borrowers who seek specific types of assets. Common reasons to
borrow specific securities include covering short sales, remedying failures to deliver securities
to settle a transaction, or covering a hedge of a position. Firms managing large portfolios
of securities, such as pension funds, central banks, or insurance companies, are the main
providers of specified collateral securities. Hedge funds, a type of riskier investor, engage
in both cash borrowing and securities borrowing in the bilateral repo market. First, hedge
funds use bilateral repo intensively to obtain leverage to finance their Treasury cash posi-
tions, with funds transmitted by dealers from the triparty market (Baklanova, Copeland and
McCaughrin| (2015)); He, Nagel and Song] (2022))). Second, hedge funds also use the bilateral
market to borrow securities to cover short sales or hedge positions.

U.S. Treasury repos are considered very low risk, as the transactions are collateralized
by U.S. Treasuries. Consequently, investors often regard the U.S. Treasury repo rate as
an almost risk-free rate. However, in practice, demand and supply factors can cause the
Treasury repo rate to deviate somewhat from the risk-free rate. During periods of financial
market tension, the shortage of safe and liquid assets often bestows Treasuries with a scarcity
premium in the repo market (Jordan and Jordan| (1997);|d’Amico, Fan and Kitsul (2018))).
This is particularly true in the bilateral repo sector, where securities borrowers seek specific
securities. Due to high demand and low availability, Treasury lenders can use their securities
to borrow cash at lower rates in the repo market. The rate spread between contracts with
identical terms but different collateral is considered the scarcity premium. This phenomenon
can be seen as a spillover of the liquidity/safety premium that Treasuries enjoy in the cash
market (Duffie (1996)); Jordan and Jordan| (1997); ld’Amico, Fan and Kitsul| (2018)).

The SLR affects broker-dealers’ intermediary activities not only in the Treasury cash
market but also in the repo market. Like Treasury cash investments, Treasury repos are
also characterized by very low risk but are subject to the same 5% capital requirement.
Compared to riskier assets, the balance sheet expansion of Treasury repos implies a wealth
transfer from the intermediary to the creditor. The interest payment must be large enough
to offset this wealth transfer, resulting in a higher repo rate.

The Treasury cash and repo markets are crucial financial markets globally. Private
participants heavily rely on these markets for low-cost financing of cash and securities. Ad-
ditionally, both markets play significant roles in the implementation of monetary policy by
authorities. The efficient functioning of these markets is essential for supporting financial
stability and price discovery. In the remainder of this section, I analyze the performance of

the Treasury cash and repo markets during the recent recessions. The aim is to provide em-
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pirical evidence on the differing causes of financial market turmoil during these periods. This
evidence motivates the development of a general equilibrium model designed to simultane-
ously account for the varying financial market observations and the declining macroeconomic

variables observed during these recessions.

2.3 Observations during GFC

The 2008 GFC was triggered by turmoil in the financial markets. During this period of
economic distress, the subprime mortgage crisis led to diminished confidence in risky assets
and a heightened preference for safe and liquid assets, such as U.S. Treasuries, resulting
in what is known as a flight-to-liquidity and flight-to-safety (Longstaft (2002); |Goldreich,
Hanke and Nath! (2005); Beber, Brandt and Kavajecz| (2009)). Consequently, it is reasonable
to expect a convenience yield on both direct and repo holdings of Treasuries. Additionally,
since the SLR was not in place during this time, the inconvenience cost associated with
holding Treasuries was relatively subtle.

Figure (3| illustrates key financial and macroeconomic variables around two significant
events during the early stages of the GFC: the Bear Stearns liquidation on July 31, 2007,
and the Lehman Brothers bankruptcy on September 15, 2008. The Treasury yields are daily
series of constant maturity Treasury (CMT) yields sourced from FRED. The Repo wedge is a
monthly series representing the spread between the GCF repo rate and the Effective Federal
Funds Rate (EFFR); GCF data is obtained from DTCC, while EFFR data is from FRED.
OIS rates are daily series downloaded from Bloomberg. Primary dealers’ repo positions are
reported weekly and summarized from the Fed Board FR2004 database. The output gap is
calculated as the difference between real GDP and potential GDP, both of which are sourced
from FRED. The PCE price index is a monthly series taken from FRED.

The Treasury cash market experienced declining yields across most tenors, with larger
decreases observed in longer maturities (see Panel A). The 3-month Treasury yield dropped
by more than one percentage point after each event, while the declines in the 5-year and
10-year Treasury yields were relatively smaller. This expansion in the term structure is
consistent with the flight-to-liquidity theory. To isolate the (in)convenience yield, I use
the Overnight Index Swap (OIS) rate, which reflects the interest rate of a contract with
cash flows similar to those of Treasuries. The OIS is a fully collateralized interest rate swap
contract that exchanges a constant cash flow for a floating payment indexed to the geometric
average of the daily effective federal funds rate. The spread between Treasury yields and

the OIS for the same maturity provides insight into the extra benefit or cost associated
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with holding Treasuries ﬂ A negative Treasury-OIS spread indicates a convenience yield,
where an increase in Treasury prices and a decrease in yields suggest that Treasuries offer
additional value. Panel C shows that the Treasury-OIS spread was predominantly negative,
indicating a convenience yield of holding Treasuries. This finding aligns with the flight-to-
safety theory, as Treasuries, issued by the US federal government, feature very low credit
risk. The term structure of the spread steepened following the two events, with the spread
for short maturities decreasing more significantly than that for longer maturities. This
reflects a flight-to-liquidity effect, where short-term Treasuries appreciated more than their
longer-term counterparts.

The flight-to-liquidity and flight-to-safety premia also influenced the Treasury repo mar-
ket. The ideal context to study the (in)convenience yield in the Treasury repo market would
be the bilateral repo sector, where securities borrowers seek specific types of assets. However,
due to data limitations, the bilateral repo rate for the studied period is unavailable. Instead,
I use the spread between the GCF repo rate and the Effective Federal Funds Rate (EFFR)
as a proxy for the (in)convenience yield in the repo market. The GCF repo market is an
inter-dealer platform where smaller dealers obtain financing from larger dealers and then
lend to cash borrowers, such as hedge funds, in the bilateral market. The EFFR, on the
other hand, can be considered a risk-free rate. Thus, the GCF repo-EFFR spread measures
the (in)convenience value for dealers holding Treasuries indirectly through the repo market
E. Panel B shows that the repo wedge dropped sharply after the two events, indicating a
decrease in the collateralized borrowing cost for dealers. This drop suggests that, following
the event shocks, the market placed a higher value on the safety and liquidity of Treasury
securities, providing Treasury holders with greater advantages when using their assets to
finance cash in the repo market.

The increased demand for Treasuries due to economic distress was met by dealers
through the repo market. I define the net repo holding of Treasury securities by primary
dealers as the net reverse repo, which is calculated as reverse repos minus repos E Panel

D shows that primary dealers reduced their net repo Treasury holdings by more than $50

9 Anther commonly used measure is the Treasury-LIBOR spread. I do not use this measure as OIS is
available for more tenors, so the matching with Treasuries is better.

10A concern here is, EFFR is an uncollateralized rate while GCF repo rate is a collaterized rate. Al-
ternatively I can take the GCF-triparty repo spread as the (in)convenience yield in the repo market, since
triparty repo market involves a large number of cash-rich investors such as MMFs. However, during GFC,
the Treasuries faced high extra demand due to their safety and liquidity. In this case, the triparty rate itself
may contain liquidity and safety premia. Therefore I do not use this spread.

1T follow New York Fed to define repo as security out and reverse repo as security in from the stand point
of dealers.
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billion in response to the Bear Stearns liquidation and the Lehman Brothers bankruptcy.
This reduction is consistent with market equilibrium under conditions of flight-to-liquidity
and flight-to-safety: as the market experienced heightened demand for Treasuries from pri-
vate participants, brokers reduced their holdings to meet this additional demand, with the
adjustment occurring predominantly through the Treasury repo market.

Lastly, Panels E and F illustrate the behavior of the output gap and inflation rate
during the early stages of the GFC. Both variables declined consistently during the market
turmoil, reflecting typical recessionary trends. The output gap fell sharply, reaching a low of
-4% by mid-2009, while the U.S. economy largely experienced deflation during this period.
In the next subsection, I will demonstrate that despite both recessions showing declines in
the output gap and inflation, the financial market behaviors during the Covid-19 recession

differed significantly from those observed during the GFC.

2.4 Observations during Covid-19

In March 2020, the financial markets experienced one of the most dramatic upheavals in
history H Figure [4| depicts key financial and macroeconomic variables from this period
H. Between March 9 and March 23, the 3-month Treasury yield rose by more than half
a percentage point, while the 10-year Treasury yield fell by over half a percentage point.
This led to a widening of the 10-year minus 3-month Treasury yield spread by more than
one percentage point (see Panel A). Unlike the GFC, where most Treasury maturities saw
price appreciation as investors sought safety, the mid- and long-term Treasuries depreciated
during the Covid-19 period. This suggests that the market perceived a reduced value in
long-term Treasuries despite their inherent safety features.

I use the Treasury-OIS spread to gauge the (in)convenience yield in the Treasury cash
market. In contrast to the GFC, the spread was positive for most maturities during the
Covid-19 pandemic (see Panel C). A positive Treasury-OIS spread indicates that holding
Treasuries incurred a net non-pecuniary cost, suggesting a net inconvenience yield in the
Treasury cash market. This outcome is consistent with the implementation of the SLR
during this period, which introduced additional balance sheet costs for holding safe assets like

Treasuries [} Moreover, the rise in the 10-year Treasury-OIS spread during this time signals

12Eisenbach and Phelan| (2023) document the Treasury market distress; See Baker et al.[(2020) and Mazur,
Dang and Vegal (2021)) for the stock market crash.

LS All variables are defined in the same way as for the GFC analysis expect otherwise explained.

MKlingler and Sundaresan| (2023) find empirical evidence of diminishing Treasury convenience yields after
GFC and identify the balance sheet constraint as a key reason.
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a higher inconvenience associated with long-term Treasuries. This finding is particularly
surprising given that economic distress typically drives down the Treasury-OIS spread for
safe assets during recessions.

The Treasury repo market also experienced significant fluctuations during this period.
To measure the (in)convenience yield in the Treasury repo market, I follow He, Nagel and
Song| (2022)) and use the GCF-triparty repo spread. The triparty repo rate is used as a
benchmark because it represents a collateralized market where cash-rich investors can lend
cash with minimal risk, providing a more suitable comparison with the GCF repo rate.
During the Covid-19 pandemic, the ample Treasury supply minimized concerns about the
triparty repo rate reflecting a scarcity premium. As shown in Panel B, the repo wedge spiked
by more than half a percentage point during this brief period. Complementing this, Panel D
examines the changes in primary dealers’ net reverse repo holdings, which surged by roughly
$120 billion between March 9 and March 23. These observations contrast sharply with those
during the GFC. The large increase in net reverse repo positions indicates substantial selling
pressure on Treasuries, compelling primary dealers to absorb the excess supply through the
repo market.

Finally, Panels E and F depict the output gap and inflation during the Covid-19 period.
The output gap plummeted to its lowest level of -10% in the first half of 2020, while the
inflation rate remained positive. The sharp drop in GDP was largely due to lockdowns
imposed by major economies in response to the spreading virus. Despite the significant
decline in actual GDP, potential GDP was not substantially affected, leading to a pronounced
reduction in the output gap.

This section analyzes the Treasury cash and repo markets, highlighting their behavior
during the two recent recessions. The evidence shows distinct patterns in these markets for
the GFC and the Covid-19 pandemic, suggesting that different financial shocks triggered
each recession despite similar macroeconomic patterns. In the next section, I introduce a
modified Preferred-Habitat New Keynesian model with a detailed representation of financial

markets to explain these observations during the two recessions.

3 The Model

I now develop a New Keynesian Preferred Habitat model integrated with a repo market to
explain the observations from the GFC and Covid-19 documented in the previous section.

This model also provides novel insights into the implications of monetary policies by ac-
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counting for various financial frictions. It builds upon the framework established by |[Ray
(2019), which incorporates the entire term structure of Treasury yields into the aggregate
borrowing cost. In his model, financial market disruptions cause long-term rates to deviate
from the short rate, leading to equilibrium dynamics that differ from those predicted by a
standard New Keynesian model.

Although the macroeconomic dynamics in this model are represented as a linearized
equilibrium system, it is important to understand the underlying foundations. Figure 5
summarizes the key agents and their interactions within the model’s framework. The model
introduces innovative elements, such as incorporating a Treasury repo market in line with |[He,
Nagel and Song| (2022) and allowing for the (in)convenience (dis)utility of holding Treasuries
for households. The government’s Treasury supply is absorbed through the holdings of
habitat investors and arbitrageurs. In equilibrium, Treasury prices (yields) are determined
by the balance between bond supply and demand.

Arbitrageurs are further divided into dealers and hedge funds, integrating the Treasury
repo market, where market clearing determines equilibrium Treasury repo rates. Households
engage in saving and borrowing through bundles of savings products indexed to Treasury
yields and repo rates, ensuring that any shifts in market rates are transmitted to the macroe-
conomic side. Innovatively, the model introduces a convenience component in households’
marginal utility of saving. During economic distress, the marginal convenience utility for

households to save increases, which encourages saving and discourages consumption.

3.1 Macroeconomic Dynamics

The macroeconomic framework of this model follows the approach of Werning| (2011)), where
the equilibrium dynamics are captured by a three-equation New Keynesian system in con-

tinuous time. The first equation is the IS curve, expressed as:
dl't = gil (ft +wy —m — 7:) dta (1)

where x; represents the output gap—the logarithmic difference between actual output and
the potential output that would exist under flexible prices. 7; denotes the inflation rate, and
r is the natural borrowing rate, corresponding to a zero output gap in a scenario of perfect

1

price flexibility and no financial frictions. The term ¢~" is the elasticity of intertemporal

substitution [l

1—c71

15For example, in the CRRA utility function, u(c) = <

1—¢ °
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Figure 5: Overview of agents and flows in the model.

There are two key innovations in this IS curve. First, following (2019)), the model
assumes that the nominal borrowing cost in the economy deviates from the policy rate.
Instead, the overall borrowing cost is governed by 7, the aggregate nominal rate, which is a

combination of the term structures for bond yields and repo rates:

T = ! 0 (7)i(7)dT + ' n®(T)R,(7)dr, (2)
) )

where i;(7) represents the bond yield with maturity 7 at time ¢ and R;(7) the repo rate. The
weight functions n°(7) and nf(7) determine the relative importance of bond yields and repo
rates in shaping the overall borrowing cost. provides the micro foundation for
the aggregate nominal rate 7. Specifically, when households have heterogeneous access to
capital markets and a “head of households” sets transfers to equalize wealth across house-
holds, the equilibrium aggregate nominal rate takes the form of equation . Expressing
the aggregate nominal rate in this manner enables the model to capture aspects of invest-
ment and savings decisions that simpler models typically overlook. For example, in reality,
durable consumption and housing are primarily influenced by long-term rates. Moreover, the

wholesale secured funding market, such as the repo market, plays a crucial role in shaping
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the aggregate borrowing cost in the economy.

What’s more, w; denotes the marginal quality value for households to invest in saving
products, with a larger @, increasing the marginal benefit of saving. The quality value brings
non-pecuniary benefit for households to save, similar to Bodenstein et al.| (2023) and Kekre
and Lenel| (2024)). I model this marginal quality value in relation to the exogenous private

habitat demand shifter §; using the following linear relationship:

Wy = wﬁta (3)

where w < 0 is a negative constant. Equation states that when there is an exogenous
demand shock from private habitat investors (3; < 0), the marginal quality value of investing
in saving products rises. This effect is particularly pronounced during periods of financial
distress, when heightened uncertainties make safe assets like U.S. Treasuries more attractive
due to their inherent safety and liquidity. Conversely, in the case of an exogenous supply
shock (5; > 0), the marginal quality value decreases as Treasuries become more abundant
in the market. This innovation introduces a second channel, beyond the traditional interest
rate channel, through which the demand and supply factors can impact the real economy.
Specifically, during periods of economic distress, private investors typically increase their
demand for safe assets. According to the traditional interest rate channel, this heightened
demand raises Treasury prices and lowers yields, which would generally stimulate aggregate
consumption. However, in this model, a second mechanism is at play. As demand for safe
assets rises, households place greater value on the quality of these assets. This increased
valuation leads to a rise in savings and a reduction in consumption, contrasting with the
usual stimulative effect predicted by the interest rate channel. Thus, while higher demand for
Treasuries lowers yields and might normally boost consumption, the model suggests that the
enhanced focus on asset quality during distress periods can actually dampen consumption.

The Phillips curve in this economy is given by
dmy = (xm — oxy) dt, (4)

where x controls the discount rate and 0 measures the stickiness of price. A smaller ¢
indicates greater price stickiness. As § — oo, the economy approaches a state of perfectly
flexible prices. This forward-looking Phillips curve states that the inflation is proportional
to the present value of future output gaps. The parameter x adjusts the rate at which past

inflation affects current inflation, while ¢ reflects how the output gap impacts inflation.
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Finally, the policy rate is governed by the Taylor rule:
drt = _wr (rt - (bﬂﬂ-t - ¢x$t - 7“*) dt =+ Or dBr,t7 (5)

where 1, controls the mean-reversion rate of the policy rate, ¢, and ¢, are the weights
assigned to inflation and output targets, r* is the target rate that maintains a zero output
gap in the steady state economy, and dB,; is the policy uncertainty term with volatility

governed by o,. The macroeconomic dynamics in this model are fully characterized by

equations —.

3.2 Term Structures Determination

The term structures for bonds and repo assets are determined according to a Preferred
Habitat model that incorporates repo assets. There are two risk factors in this economy:

the short rate and the private habitat demand shifter. The processes governing these risk
factors are specified as follows:

==L - e

where 7, is the short rate and 3; is the demand shifter. dB,; and dBg; are Brownian

Or 0 Br,t

Bg

d

9

e

motions associated with these risk factors. Collecting the two risk factors into a vector s, |

can rewrite the processes in vector format as:
dSt = —F<St — Sss)dt + ZdBt (6)

Equation @ generates uncertainties into the model, with the long-run means of r, and
B¢ being 7% and (%%, respectively. In the baseline specification, I assume (% = 0. Since
I' is non-diagonal, the drift terms of r; and ; are correlated. This correlation arises as an
equilibrium result, influenced by the feedback mechanism of the Taylor rule. Specifically,
when the demand factor affects bond prices, aggregate consumption adjusts according to
the IS curve. Consequently, the Taylor rule requires the short rate to adjust in response to

stabilize the economy.

21



3.2.1 Habitat Agents

There are agents demanding Treasuries as habitat investors in the market. Habitat agents
with maturity preference 7 hold only bonds with maturity 7 and no other maturities E] In
reality, these agents can be pension funds and insurance companies who typically hold bonds
with maturities that match their liabilities. Additionally, central banks also act as habitat
investors, aligning with the observation that their asset purchases or sales often focus on
particular products and maturities.

In this section, I consider only habitat demand from private agents and postpone mod-
eling habitat demand from the central bank to later sections. The aggregate demand from

private habitat investors is given by:
Hy(1) = —a(r)logPi(7) — 6(7)p. (7)

This demand depends on bond prices P,(7) and an exogenous demand shifter 5;. Note that
the one-dimensional demand shock S; can achieve heterogeneous effect on maturities by the
location function (7). In the default specification, 8, > 0 for all maturities, although this can
be adjusted if needed. The flexibility of §(7) allows for the analysis of non-standard demand
shocks such as operation twist, where the short maturities are sold and long maturities
are purchased. In this setup, a negative [3; represents a demand shock, while a positive 3,
represents a supply shock. The parameter a(7) > 0 fensures that habitat investors decrease
their demand if bond prices rise, reflecting a typical inverse relationship between price and

demand.

3.2.2 Arbitrageurs

To incorporate the Treasury repo market, I build on the framework of [He, Nagel and Song
(2022) by distinguishing between hedge funds and dealers. Hedge funds use repo transactions
to finance their bond purchases, borrowing from dealers in the repo marketE]. I assume there

is a representative hedge fund whose optimization problem is formulated as follows:

16Vayanos and Vilal (2021) provide a micro optimization foundation for this specification.

17“Tedge funds typically finance their cash Treasury holdings with repo, with the vast majority of hedge
fund repo borrowing taking place in the bilateral repo market...Hedge fund repo borrowing doubled over the
two years preceding the pandemic...reaching $1.2 trillions..”” See [Banegas, Monin and Petrasek| (2021)) for
hedge funds’ repo holdings.
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s.t.
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repo demand

dP,(T)
Py(7)

trading profit

— Ry(T)dt)dr. (8)

The hedge fund maximizes expected trading profits while minimizing risk. The trading
profit is defined as the difference between the bond’s return and the repo rate, reflecting the
cost of financing bonds through repo borrowing. The parameter p, controls the risk-bearing
capacity of hedge funds, influencing its optimization problem.

On the other side of the repo market, dealers play a dual role: they provide secured
funding to hedge funds and directly hold the remaining bonds on the market. Both their
direct holdings and repo operations are financed through the risk-free market. For this setup,

I assume a representative dealer whose optimization problem is formulated as follows:

1
X)) B [awe] - 2p4 Var, [dW]

s.t.

T dP,
AW — Wer,d, = / X(r) ( Ptm Crdt— A(m)dt dr
0 o t(T) ——
direct holdings “=————— -  non-pecuniary cost
excess return

T
+ / QHr) (Ri(r)—ri— A7) )dtdr. 9)
0 —— N—— N——
repo supply repo wedge non-pecuniary cost

Note that the representative dealer shares the same maximization objective as the rep-
resentative hedge fund except the risk aversion. Dealers hold bonds in two formats: the
direct holdings and the indirect holdings through repo. This approach aligns with observed
dealer behaviors in the Treasury markets, particularly during periods of market stress, such
as the pandemic. During the first quarter of 2020, for instance, significant adjustments
in government bond holdings by various investors were largely absorbed by broker-dealers,
with a substantial portion accommodated through repo financing. As detailed by [He, Nagel
and Song] (2022), broker-dealers temporarily absorbed $400 billion through repo financing,
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illustrating their critical intermediary role in the market. [

A non-pecuniary cost (or benefit, if negative) is incorporated for both direct and repo
holdings of bonds to represent the “inconvenience yield”—the wedge between the total yield
and the pecuniary yield. Treasuries are typically associated with significant convenience
yields before the GFC due to their safety and liquidity features (Longstaff (2002); |[Krishna-
murthy and Vissing-Jorgensen| (2012)); Nagel (2016)). During financial distress, the demand
for safe assets like Treasuries surges, making them highly desirable due to their lower trans-
action costs and higher ease of sale. Holding Treasuries provides a buffer against negative
funding shocks, and for dealers, having Treasuries on their balance sheets reduces the costs
associated with asset financing for short-selling. This convenience yield often extends to
the Treasury repo market because of the collateral’s scarcity. Conversely, in the post-crisis
period, U.S. Treasury yields have frequently exceeded other risk-free benchmark rates (Du,
Im and Schreger| (2018)); Klingler and Sundaresan| (2019); |J Jermann| (2020); Augustin et al.
(2021))). Research suggests that this disparity results from dealers’ balance sheet constraints,
particularly those imposed by the Supplementary Leverage Ratio (SLR) requirement under
Basel III regulations. The SLR mandates that bank holding companies maintain capital
equal to or greater than 5% of their total assets, irrespective of the asset risk profile. Since
the SLR does not differentiate between risky assets (e.g., unsecured loans) and safe assets
(e.g., Treasury securities and repos backed by Treasuries), it effectively imposes additional
holding costs on safe assets. This is because risky assets typically offer higher returns than
safe assets, making the opportunity cost of holding safe assets higher. In the following dis-
cussion, I follow |[He, Nagel and Song| (2022) to show that the same functional format for
A¢(T) can capture the mechanisms for both pre-and post-GFC periods.

For the post-GFC era, due to the SLR, dealers incur a balance sheet cost when increasing
their Treasury holdings, either directly or through repo cash lending. Assuming a linear

structure for the marginal holding cost, I define this cost as follows:

A(7) = ABy(7), where (10)
By(r) = Xu(7) + Q{(7). (11)

18«During the first quarter of 2020, foreign investors sold about $270 billion worth of Treasuries; mutual
funds sold around $240 billion; hedge funds sold more than $30 billion...Much of this supply was temporarily
accommodated by broker-dealers, partly through somewhat higher direct holdings (about $50 billion), but
also indirectly through a massive expansion of $400 billion in repo financing... ” See He, Nagel and Song
(2022) for details.
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Here, A;(7)represents the marginal non-pecuniary cost of holding Treasuries, which increases
proportionally with the size of the dealer’s balance sheet By(7). This balance sheet size is
the sum of the dealer’s direct holdings of bonds X;(7) and their repo supply Q%(7). This
linear structure simplifies the solution for financial market equilibria and allows for affine
bond prices. It aligns with empirical evidence indicating that balance sheet size impacts
non-pecuniary costs. For instance, Klingler and Sundaresan| (2023) document a well-fitted
linear relationship between the Treasury yield-OIS spread and the relative size of holdings.
Similar linear relationships are also observed in Moskowitz et al.| (2024]).

The pre-GFC era is documented with significant convenience yield of holding Treasuries.
From equation @, the marginal non-pecuniary benefit is represented by —A;(7). To relate
this marginal benefit to the asset positions, a reasonable assumption is that the marginal

benefit is proportional to the uncovered repo security lending position:

—A(1) = M=Q{(r) = Xi(7)), (12)

where —Q,;(7) represents the quantity of net repo security lending for Treasuries with ma-
turity 7. implies that when dealers need to deliver a large amount of securities that cannot
be fully covered by their direct holdings, the non-pecuniary benefit of holding Treasuries
increases. This is because, in the presence of high demand for Treasuries, dealers are willing
to pay a premium to hold these assets for their safety and liquidity features and to avoid
failures in security delivery. Essentially, equation aligns with the structure of equation
(10), meaning that the same specification for A;(7) can be applied to both pre- and post-
GFC scenarios. In the pre-GFC context, the marginal benefit reflects the convenience yield
associated with holding Treasuries during periods of high demand, whereas in the post-GFC

context, it reflects the balance sheet constraints imposed by regulatory requirements.

4 General Equilibrium

This section outlines the general equilibrium of the model in a structured manner. I will
start by defining the equilibrium conditions in the financial markets, specifically focusing on
the Treasury cash and repo markets. Following this, I will incorporate the macroeconomic
dynamics to complete the discussion of the economy’s general equilibrium. To facilitate
a clearer understanding, I will conclude with a simple case study that illustrates how the

general equilibrium is determined.
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4.1 Financial Markets Equilibrium

I follow the literature to normalize the aggregate bond supply for each tenor 7 to be zero.

The financial market equilibrium is defined in the following way:

DEFINITION 1. (Financial Markets Equilibrium) The financial markets equilibrium
is a collection of quantities {QM(7)} by hedge fund, {Q%(7), X (1)} by dealer, {H,(T)} by
habitat investor, and prices { P,(T), Ri(7)}, such that

1. The representative hedge fund solves its optimization problem.
2. The representative dealer solves its optimization problem.

3. Both Treasury cash and Repo market clear for all maturities, i.e.,

Qf (1) = Qf(1) = Qu(7), (13)
Hy(1) + Xi(7) + Qu(1) = 0. (14)

To solve for the financial markets equilibrium, I rely on the structure of bond prices,
leveraging results from the literature, particularly the affine structure established by Vayanos
and Vilal (2021)

Pi(71) = exp[ — (A(T)'st + O(T))}, (15)

where A(7) = [A,(7) Ag(7)] is a two-dimensional vector capturing the sensitivities of the
bond price to the state variables. C(7) is a scalar function of maturity 7. Using Ito’s Lemma,

the instantaneous return on Treasury is derived as

dPy(7)
Bi(7)

= uy(7)dt — A(7)"2dB;, (16)
where p;(7) is the instantaneous expected return, which can be expressed as:
1
() = A(1) 80+ C' (1) + A(T)'T (s — r%%€) + §A(7)’EZ’A(7). (17)

The remaining term in the instantaneous return A(7)'XdB; captures the bond’s exposure

to risk. Replacing the instantaneous return in the representative hedge fund’s problem
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, its FOC can be derived as

T) = T 1 7)' 38y ' "(7)A(T)dT
)= ) A [ @] {0

risk premium

The hedge fund’s optimization problem requires balancing the expected return against
the financing cost and risk premium. The left-hand side of equation gives the marginal
benefit of shifting one unit of wealth from the short rate r; to the Treasury bond with
maturity 7, while the right-hand side gives the marginal cost as a sum of financing cost
and risk premium. The financing cost arises because hedge fund finances its bond holdings
through the repo market, incurring interest costs. Second, the risk premium reflects the
additional cost due to the bond’s exposure to uncertainties (captured by A(7)'¥dB; ) and
the hedge fund’s risk aversion.

With the same replacing process, I can write the representative dealer’s FOC with

respect to direct holdings as

financing cost

w(r) =T+ M) A VTXt(T)A(T)dT]. (19)
—— Pd 0

non-pecuniary cost

risk premium

The left-hand side of equation ([{19)) represents the expected return from holding an additional
unit of the Treasury bond. This return is influenced by the bond’s price sensitivity to the
underlying risk factors and the overall state of the economy. The right-hand side represents
the total cost of holding the bond, broken down into three components. The financing cost
r¢ is the cost the dealer incurs for financing the purchase of the bond. It reflects the return
the dealer could earn on an alternative risk-free investment. The non-pecuniary cost Ay(7)
arises from regulatory constraints or other factors that make holding larger quantities of
bonds more costly. Finally, the risk premium compensates the dealer for the uncertainty in
bond prices due to exposure to market risks.

In addition to direct holdings, dealers also choose the quantity of repo assets Q¢(7). The
FOC with respect to repo assets yields the expression Ry(7) — r; — Ay(7), which represents
the difference between the repo wedge and the non-pecuniary cost. For an inner solution,

where the dealer holds both direct and repo assets, these two terms must be equivalent:

Ri(1) —ry = Ay(7). (20)
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The left-hand side R(7) — r; reflects the cost of financing through the repo market relative
to a risk-free alternative. The repo wedge represents the cost for the hedge fund to finance
bond holdings through the repo market. It also measures the the additional return required
by the dealer to justify holding bonds through the repo market instead of directly. The right-
hand side A;(7) captures the cost or benefit associated with directly holding Treasuries. It
could represent regulatory costs, liquidity premiums, or other market frictions. If the repo
wedge is greater than the non-pecuniary cost, financing through the repo market is more
expensive than holding bonds directly. In this case, the dealer would prefer to hold all bonds
directly. On the other hand, if the repo wedge is less than the non-pecuniary cost, the repo
financing is cheaper than holding bonds directly. In this case, the dealer would prefer to hold
all bonds indirectly through repo. An inner solution occurs when the repo wedge equals the
non-pecuniary cost. In this case, the dealer holds a balanced portfolio of direct and repo
assets, as neither option is more expensive on the margin.

Equation provides insight into the relationship between the repo wedge and the
sign of B;(7), which is defined as the total bond position held by the dealer. When B(7) >
0, market clearing implies that the habitat holding is smaller than arbitrageurs’ holding
Hi(7) < 0 < By(1). This indicates that Treasuries are abundant in the market. Since there
is an oversupply of Treasuries, the dealer faces a higher cost to absorb these bonds. As a
result, the dealer compensates for this by charging a higher repo rate than the risk-free rate,
leading to a positive repo wedge. In contrast, when H;(7) > 0 > By(7), the Treasuries are
scarce in the market. In this situation, dealers are under pressure to obtain more Treasuries
to meet the high demand from habitat investors. This urgency causes the dealer to accept
a repo rate that is lower than the risk-free rate. Consequently, the repo wedge becomes
negative [

Imposing equation on equation , I find that the FOCs for the dealer and the
hedge fund only differ in risk aversion. Recall that the total balance sheet size B;(7) is a

sum of the direct holding X;() and the repo holding Q;(7), equations (1)), (13), and
imply that

Hi(1) = —By(1). (21)

19Quch observation is also called “scarcity premium” in the repo market. See for example, |[d’Amico, Fan
and Kitsul (2018]) and |Arrata et al.| (2020) for empirical evidence.
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The optimal risk sharing quantities are

Pd

RN (22)
Qu(r) = L (7). (23)

In equilibrium, whether dealer or hedge fund holds a larger amount of bonds depends on
their risk-bearing capacities. The entity with a lower risk aversion will take a larger position.

To understand the equilibrium in financial markets, I substitute the quantities in the

dealer’s FOC using equations , , and :

1
Ph + Pd

wi (1) — 1 + ANHy(1) = —A(7)

net expected excess return

9634 l / ' Ht<T)A(7)dT] . (24)

0

risk price

Equation differs from the standard preferred-habitat literature as the portfolio adjust-
ment induces non-pecuniary cost. In equilibrium, the expected excess return of holding one
more unit of maturity 7 net of the non-pecuniary cost is equal to the risk premium that
compensates arbitrageurs for bearing the short rate risk and the demand risk. The portfo-
lio risk exposure increases by the covariance between the portfolio’s risk factor sensitivity
J Hy(T)A(T)dr and the additional position’s risk factor sensitivity A(7). Increasing bond
position for maturity 7 can expose arbitrageurs to higher risk in two ways. First, a larger
aggregate holding holding makes investors more sensitive to volatility in unit prices, which
is the external margin of the marginal cost (f; H,(17)A(7)dr). The internal margin comes
from the relative adjustment of positions across different maturities. If a portfolio adjusts to
hold more bonds with maturities that are particularly sensitive to risk factors, the internal
margin increases the portfolio’s overall risk. However, when factor sensitivity A(7) is con-
stant across maturities, this internal margin vanishes, leaving only the external margin to
impact the risk.

This model ensures an arbitrage-free equilibrium, as can bee seen from equation (24)).
The net expected excess return p;(7) — r; + AH;(7) for any maturity is characterized by the
product of that maturity’s factor sensitivity and a common factor price for short rate and
demand factor. In other words, the net expected excess return per unit of factor sensitivity is
uniform across all assets (maturities). This uniformity prevents the possibility of constructing
arbitrage portfolios, which would otherwise exploit discrepancies in returns across different

maturities. The risk price involves equilibrium terms H;(7) and A(7). In equation (24),
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[ can express the instantaneous expected return p;(7) and the habitat demand H;(7) as
functions of the risk factors. Collecting terms with related to the risk factors result in a

two-equation ODE system to solve for A(7 and a scalar equation to solve for C'(7). The

detailed derivations for the affine coefficients A(7) and C(7)are provided in [Appendix B1|
Given A(7) and C(7), the bond yields are derived as

() = —j_logPt(T)

— LAy + o), (25)

T

and the equilibrium repo rates are derived as

Ay
= )\[a(r)logPt(T) + 9(7)64 + 7
MO(m)8: = a(r) (A(r) s + C (7)) | + 7. (26)

4.2 General Equilibrium

DEFINITION 2. (General Equilibrium) The general equilibrium is a pair of financial

intermediary efficiency A and policy persistence Kk, such that

1. Given policy persistence k., financial markets (Treasry cash market, Treasury repo

market) equilibrium results in a financial intermediary efficiency equal to A

2. Given the financial intermediary efficiency fl, the macroeconomy equilibrium results in

a policy persistence equal to kK.

With the asset prices solved from financial markets equilibrium, I now revisit the macroe-
conomic dynamics. First, I can rewrite the effective nominal rate as a linear function of state

variables
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where

A = /0 71_ ' T)dr +/ )\ (1)y — Oé(T)A(T)I) + EI} dr, (28)
o= ;n‘( T)dr — A / )O(r)dr. (29)

The financial markets’ equilibrium, influenced by the persistence of policy k., feeds into
the determination of the financial intermediary efficiency A. This means that the stability
and predictability of monetary policy impact how efficiently intermediaries can function in
the markets. Conversely, the efficiency of financial intermediaries A influences the broader
macroeconomic equilibrium, which in turn determines the level of policy persistence k.
This reflects the feedback loop where the functioning of financial markets and intermediaries
affects the overall economy, which then guides central bank policy.

It follows that the IS curve in general equilibrium is expressed as
dr; = g_l(fl’st +C+w—m— T)dt. (30)

The other two macroeconomic equations, the Phillips curve and the Taylor rule, remain
unchanged. The macroeconomic dynamics in general equilibrium are fully characterized
by equations (4)), (5]), and (B0). These three equations form a system that describes the
behavior of the economy with two state variables r; and ;, and two jump variables z; and 7.

The rational expectation general equilibrium is summarized by the following four-equation

system:
Tt ¢r 0 _¢r¢z _¢r¢7r Ty o o, 0
0 0 0 s 0 B,

d By _ X /fAﬁ By _ B dt + op d 't
T — A, Y Ag+w@) 0 g1 T % 0 0| |Bss
Tt O 0 6 —X Tt Tss 0 0 \73:_/

! S
0 * ]2
(31)

The solution to this system is derived from the eigenvalues and eigenvectors of the
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dynamic matrix T:

d e _ —F( el 7%
5 8] |p
:Q< | ) (33)

| 8] s
where I' and € are derived from eigenvalues and eigenvectors of Y P°l The derivation is

included in [Appendix B2l In general equilibrium, the transition matrix I' is an upper-

triangular since the short rate will respond to the economic results caused by demand shocks.

)dt +SdB,, (32)

T

~+

Vs

~

The difficulty of solving this system arises from the fact that in this model, the dynamic
matrix T is an equilibrium objective. To see this point, note that A, and /Alg are both
endogenous terms and must be solved from the asset pricing side. The general equilibrium
A must ensure that T in equation 1} coincides with that in equation @
provides a description of the solution algorithm for the general equilibrium. The process
involves ensuring that the dynamic matrix T correctly reflects both the macroeconomic and
financial market dynamics. The solution algorithm typically involves iterating between the
asset pricing side (solving for A) and the macroeconomic side (solving for I' and ) until
consistency is achieved.

The general equilibrium of this model can be described as a financial market-accommodated
monetary policy rule, or vice versa, a monetary policy-consistent financial market optimiza-
tion, in the similar spirit to|Gallmeyer, Hollifield and Zin| (2005)) and |Gallmeyer et al. (2007)).
When the central bank adjusts the short rate, the transmission to market rates is not per-
fect. The extent of this passthrough depends on the efficiency of financial intermediaries
in adjusting their portfolios. On the other hand, when financial intermediaries optimize
their portfolio choices, they take into account the impact of their behavior on the short rate
passthrough to the real economy, which in turn influences future short rate movements.

To grasp the concept of general equilibrium in this model, it is essential to explore
the relationship between the bond price sensitivity A and policy persistence k, across both
the macroeconomic and financial markets equilibrium. In the macroeconomic equilibrium,
this relationship is positive. When A increases, it indicates that bond prices become more
sensitive to risk factors. A higher A makes the short-term interest rate more effective in

influencing economic output through the Euler equation, which links interest rates to con-

20A stable solution requires that Y has two positive eigenvalues and two negative eigenvalues. [Ray] (2019)
provides a complex discussion about determinacy of this system.
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sumption decisions. As a result, monetary policy becomes more potent in stimulating the
economy, leading to a faster reversion of the policy rate to its mean. This means that k.., the
speed at which the policy rate reverts to its mean, is larger when Ais larger. In contrast,
the financial markets equilibrium suggests a negative relationship between A and k,. Arbi-
trageurs profit by exploiting changes in risk factors, such as interest rate fluctuations. When
k, is larger, it implies that short rate shocks are more transitory, meaning that such shocks
quickly dissipate and return to their mean. The opportunities for arbitrageurs to profit
from carry trades (strategies that exploit differences between short rate and other rates)
diminish. As a result, arbitrageurs engage in fewer portfolio adjustments, which weakens
the connection between bond prices and risk factors. Consequently, A is smaller when &, is
larger.

The general equilibrium is achieved when there is a pair of A and k, that satisfies of both
macroeconomic and financial markets equilibrium. The macroeconomic consistency states
that in general equilibrium, the Taylor rule must be compatible with the dynamics of financial
markets. This means that monetary policy should evolve in a manner consistent with the
optimal portfolio decisions of investors, reflecting their expectations about the economy and
interest rates. On the other hand, arbitrageurs must internalize the effects of their portfolio
adjustments on the broader macroeconomy. Their actions influence bond prices, which in
turn affect the short rate and broader economic conditions. In general equilibrium, bond

prices and the resulting short rate dynamics must align with what arbitrageurs expect.

4.3 A Simple Case

In this section, I present a simplified version of the model where analytic solutions for the
affine coefficients are attainable. This simplified case provides insight into how the general

equilibrium is determined and highlights the effects of key model innovations. All proofs and
derivations are in [Appendix Al The assumptions made to simplify the model are:

1. Price is fully rigid so that there is no inflation, i.e., m = 0.
2. The habitat demand is price inelastic, i.e., a(T) =0 for all T.
3. There is no demand risk, i.e., short rate is the only state variable.

4. The aggregate nominal interest rate has only a yield component, with uniform weight

across the maturities, i.e., n'(t) =n' = 1/T and nf(7) = 0.
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In this simplified case, we derive a closed-form solution for A,(7). While C(7) can
potentially be solved in closed form if the loading function of the demand shifter is specified
with certain formats, it is not central to the analysis here. Therefore, we abstract from

solving C'(7) in this discussion.

LEMMA 1. (Affine coefficient, simple case). In the simple case, given k,, the affine

coefficient A,(T) can be expressed as:

Without inflation, the linearized macroeconomic system simplifies to:

T — wT' ) _wT(bx :
—¢ 1A, 0
where
A 1 T1—e "7
oLy, 31
T Jo Ky T T (34)

Equation 1) shows that A, and k, are negatively correlated. When x, = 0 (i.e., the
short rate shocks are permanent), A, = 1. This represents a scenario where the aggregate
interest rate perfectly reflects the short rate, indicating perfect monetary policy transmission.
As k, > 0, indicating that the short rate shock reverts to its long-run average, A, becomes
smaller than 1. This means that long-term yields and the aggregate nominal interest rate
under-react to short-term rate changes. In other words, with a higher k, , the short rate
shocks are more transitory, leading to less pronounced changes in the expected future short
rate and, consequently, a less responsive aggregate nominal interest rate. The negative
correlation between A, and &, reflects the diminished effect of monetary policy on long-term
yields when the policy rate changes are more transient. As k, increases, the term structure
of Treasury yields becomes less responsive to short-term rate movements, thereby affecting

the overall transmission of monetary policy to the aggregate nominal rate.

LEMMA 2. (Macroeconomic equilibrium solution, simple case). Given Ar, the solution
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of the macroeconomic equilibrium is

dry = —k,(ry — r°%)dt + 0,d B4,

xp = wy(ry — r),

where
/{r(/{r - ¢7‘) 1
T A, (35)
W = 1/}7“ — Ry
R

From equation , flr and k, are positively related once k, exceeds 1,/2. When
monetary policy is effective (high flr), a conventional expansion (such as a decrease in the
short rate) has a powerful impact on output. This effectiveness causes the policy to be
in place for a shorter duration because the output responds strongly, prompting a quicker
adjustment of the policy rate to stabilize the economy. This mechanism can be easily seen
from the Taylor rule . According to the Taylor rule, if an expansionary policy significantly
boosts output, there is a concern of overheating. This concern leads to a prompt response
by increasing the short rate to stabilize the economy, which in turn decreases the policy

persistence (i.e., k, increases). Thus, a higher k, corresponds to a higher A, in equilibrium.

LEMMA 3. (General equilibrium, simple case). The general equilibrium is a pair of
A, and k, that satisfies both equations and .

Equation characterizes a negative relation between A, and k, when the financial
markets are in equilibrium. Conversely, equation (35| characterizes a positive relation be-
tween A, and k, when the macroeconomy is in equilibrium. The general equilibrium is
obtained when both the financial markets and the macroeconomy are in equilibrium. The
different signs in the correlations ensure the existence of a pair of A, and &, that defines the
general equilibrium as shown by figure [f] Red dashed line summarizes the positive relation
in the macroeconomic equilibrium and blue solid line the negative relation in the financial
market equilibrium. The general equilibrium is found at the intersection of these two curves,
represented by the black cross. This intersection defines the unique pair (flr,m) where both

the financial market and the macroeconomic systems are simultaneously in equilibrium.
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Figure 6: General Equilibrium in the Simple Case.

Note: Parameters are set as follows: ¢ =1, ¥, = 0.1, ¢, = 0.5.

4.3.1 Extension 1 - Balance Sheet Cost

In this extension of the simple model, I introduce a balance sheet cost associated with holding
assets, which modifies the equilibrium dynamics. The main assumptions for this extension

are:
1. Constant price elasticity of habitat demand: a(7) = 1.
2. Balance sheet cost: A > 0.

The inclusion of a balance sheet cost introduces positive non-pecuniary cost (A > 0)
that affects the excess return on Treasury investments. This means that even without risk
aversion or demand risk, bond prices deviate from the expectations hypothesis purely due
to the balance sheet cost channel, which operates through the elastic habitat demand. To
maintain analytical tractability, I assume the bond price elasticity «(7) is consistent across

all maturities.

LEMMA 4. (Affine coefficient, simple case extension 1). In extension 1, given k,, the
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affine coefficient A,.(T) is

1 — e—()\—&-m)T

AT‘(T) = ()\ + K;r)

The linearized macroeconomic system is same as in the simple case:

T _ ?ﬂ; A _¢r¢z ’
—¢ A, 0
where
T1— )\—Hw)ﬂ'd
A== / ST (36)

Equation shows that the relationship between A, and k, remains negative even
with the introduction of the balance sheet cost. However, the presence of \ lowers the
intermediary efficiency A, for any maturity compared to the basic simple case. This reduction
occurs because the balance sheet cost makes carry trades more expensive, diminishing the
responsiveness of bond prices to short rate changes. Despite the introduction of A, the
macroeconomic equilibrium continues to be summarized by the same equations as in the
basic simple case. The negative correlation between A, and k, in the financial market
equilibrium and the positive correlation in the macroeconomic equilibrium still ensure the
existence of a general equilibrium. The general equilibrium in this extended model will be
characterized by a lower x, compared to the basic case. The reasoning is that the balance
sheet cost reduces intermediary efficiency, making the short rate less effective in stimulating
output. Consequently, the central bank needs to maintain policy changes for a longer period,
leading to a smaller general equilibrium value of k,. Figure [7] illustrates the impact of the
balance sheet cost on the general equilibrium. The graph shows the modified relationships
between A, and k, under the new assumptions, highlighting how the balance sheet cost

lowers the equilibrium value of flr and k.

4.3.2 Extension 2 - Dealers’ Market Power

In this extension, I explore a scenario where dealers benefit from economies of scale by
expanding their holdings of Treasuries, in contrast to the balance sheet cost introduced in

Extension 1. The key assumptions for this extension are:
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Figure 7: General Equilibrium in Extension 1.

Note: Parameters are set as follows: ¢ =1, ¥, = 0.1, ¢, = 0.5.

1. Constant price elasticity of habitat demand: «a(7) = 1.
2. Dealers achieve economies of scale by expanding holdings: A < 0.

In this setup, the non-pecuniary value of holding Treasuries (A < 0)effectively reduces
the required excess return for investors. Holding Treasuries brings market power benefit to
investors. This reflects the market power benefit that dealers gain by holding Treasuries,
which is in addition to any pecuniary profit. The assumption of constant price elasticity is

retained to keep the derivation of the affine coefficient tractable.

LEMMA 5. (Affine coefficient, simple case extension 2). In extension 2, given K, the
affine coefficient A, (T) is the same as in Lemma 3. What’s more, the intermediary efficiency

A is also the same as in equation (@

Lemma 5 reveals that the solution for the affine coefficient A,(7) remains unchanged
from Extension 1. The macroeconomic equilibrium is also identical to that in Extension
1. Consequently, the general equilibrium solution can be directly applied from the previous
extension. However, this similarity in solutions does not imply that the equilibrium variables

are the same as in Extension 1. In this extension, Atakes a negative value, which influences
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Figure 8: General Equilibrium in Extension 2.

Note: Parameters are set as follows: ¢ =1, ¥, = 0.1, ¢, = 0.5.

the model in a specific way. Since A, (7) is inversely related to A, a negative A increases A, (T)
across all maturities. This is because arbitrageurs, who now gain market power benefits in
addition to pecuniary profits from carry trades, are more effective in transmitting changes in
the short rate to bond prices. As a result, when the financial intermediary is more efficient,
a given short rate drop has a larger impact on boosting output. Consequently, the policy
shock does not need to be sustained for as long, allowing it to revert back to its mean level
more quickly. Figure |8 compares the general equilibrium in the basic simple case with the
case where A\ = —0.1. The figure illustrates how the enhanced intermediary efficiency (larger

A,) due to dealers’ market power shifts the general equilibrium, leading to a faster reversion

of the policy rate (larger k).

4.3.3 Extension 3 - Repo Importance

In this final exercise, I relax the assumption regarding the composition of the aggregate

nominal rate 7:

1. The aggregate nominal interest rate 7, now has both yield and repo components. The

relative weight is governed by the parameter 1, i.e., n'(7) = 1= and nf(r) = Z.

39



The weights of bond yields and repo rates sum to 1. Which component is with more
influence on the aggregate nominal rate is determined by the parameter n. When n <
0.5, bond yields are more important than repo rates in determining the aggregate nominal
rate. Oppositely, when n > 0.5, repo rates become more important than bond yields.
Since bond yields and repo rates have different compositions of excess returns, they also
respond differently to short rate shocks. Therefore, the efficiency of financial intermediaries,

represented by A, depends on the relative importance of these two rates.

LEMMA 6. (Affine coefficient, simple case extension 3). In extension 3, given K, the
affine coefficient A,.(T) is the same as in Lemma 3. However, the intermediary efficiency A,

is now given by:

N A
A, = / dr + 1. 37
T Jo Ky T TN ( )

The macroeconomic equilibrium in this extension is the same as in extension 1. In

equation , the term % is always less than 1 for any 7, leading to the inequality

T 1_2;:“ dr < T. Therefore, [ 1_2;:TTdT/T < 1, implying that A, is increasing in 7.
Letting eta = 0.5, figure @ illustrates how both A, and r, increase relative to the basic
simple case. This outcome can be understood as follows. Repo rates are typically more
sensitive to changes in the short rate compared to bond yields. Thus, when a higher portion
of lending contracts is indexed by repo rates (n is larger), the short rate achieves better
passthrough to the aggregate nominal rate. With improved passthrough, the short rate
policy is more effective at boosting output. Consequently, the policy can revert to its mean

level more quickly, resulting in a higher equilibrium value of k.

5 Explanations for GFC and Covid-19 Observations

In this section, I illustrate how the model can explain the differentiated observations seen
during the Global Financial Crisis (GFC) and the COVID-19 pandemic. During the GFC,
the financial system experienced a significant net demand shock for short-term Treasuries.
In contrast, the COVID-19 pandemic brought about a net supply shock for long-term Trea-
suries. The model captures the distinct dynamics in Treasury markets during these two

crises, driven by different types of shocks.
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Figure 9: General Equilibrium in Extension 3.

Note: Parameters are set as follows: ¢ =1, ¥, = 0.1, ¢, = 0.5.

5.1 Flight-to-Liquidity in GFC

I posit that there was a pronounced flight-to-liquidity, particularly evident in the surge in
demand for Treasury bonds, especially those with shorter maturities E This phenomenon
can be explained by the behavior of habitat investors in response to the changing risk envi-
ronment during the crisis. The collapse of major financial institutions, such as Bear Stearns
and Lehman Brothers, amplified investors’ concerns about asset safety and liquidity. In
response, there was a strong preference for assets that were not only safe but also highly
liquid, like short-term Treasuries.

The increased demand for these safe assets is represented by a negative value of the
private habitat demand shifter (5; < 0). In the context of the model, this increased demand
for Treasuries created an endogenous non-pecuniary value. For dealers, holding Treasuries
during this period provided a convenience yield, as it allowed them to avoid the potential
costs associated with short selling, such as reputation loss and regulatory penalties. This
convenience benefit made it attractive for dealers to hold Treasuries despite the low pecuniary

returns.

2IHe, Nagel and Song| (2022) documents “a large increase (by about $350 billion) in foreign investors’
holdings of long- term Treasuries since July 31, 2007
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Figure [10| plots model-implied IRFs to an exogenous demand shock for short-term Trea-
suries. In this exercise, I replace the Taylor rule with a simple Ornstein-Uhlenbeck process
for the short rate process with the mean-reversion speed k, and volatility o,. This process is
more suitable for the short observation windows, as shown in figure |3, during which the cen-
tral bank did not have time to adjust the short rate. Most of the term-structure parameter
values are taken from [Vayanos and Vila| (2021). The parameter A is set to 0.1, indicating a
10% marginal non-pecuniary benefit for holding Treasuries, which reflects the market con-
ditions during the crisis where holding Treasuries provided additional safety and liquidity.
The demand shock is assumed to be 40% of the Treasuries held by dealers, aligning with
empirical observations during the GFC, documented in figure [3

Panel A plots the instantaneous response in the Treasury yield curve. The repo wedge,
defined as the spread between the repo rate and the short rate, is depicted by panel B. In
this model, dealers lend cash to hedge funds at the repo rate and finance lending at the
short rate. Therefore, the repo-short rate spread measures the (in)convenience yield in the
Treasury repo market. Panel C shows the Treasury-OIS spread, calculated as the difference
between Treasury yields and OIS rates, reflecting the additional premium investors were
willing to pay for holding Treasuries over risk-free contracts. To derive the Treasury-OIS
spread, I first construct the OIS rates which are the returns of investing in contracts with
the same cash flows as for Treasuries but do not involve the ownership of the securities.
Specifically, the shadow price of the OIS contract is defined as the equilibrium bond price
with A =0, i.e.,

PP (1) = exp(A2"8 (1) + AG'S (1) B, + CO'4 (7)),

where A9T5(7), AQ5(7), and C9'5(7) are affine coefficients with A = 0. It follows that the
OIS rate is equal to

iP5 (1) = —j_logPtOIS(T).
Panel D shows dealers’ aggregate balance sheet size, the sum of the direct and repo holding
of Treasuries. Finally, panel E and F depict responses in output gap and inflation rate,
respectively.

The model predicts that an increase in demand leads to a rise in their prices, which
in turn causes a decline in their yields. Since the demand shock is concentrated at the

short end of the maturity spectrum, the yields for short-term Treasuries drop significantly.
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Figure 10: Model-implied responses to a demand shock concentrated at short maturity.

Note: The demand shock is 40% of Treasuries held by dealers. Parameters are set as follows: k.53 = 0,
kr = 0.125; 0, = 0.0146; kg = 0.17; 05 = 0.0146; a(7) = 5.21 * exp(—0.297 % 7), O(7) = 15 * exp(—0.297 % 7),

p=T7,A=0.17(r)=1/30, n%(r) =0, x = 0.04, § = 0.01, and @ = —0.3.
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he long end of the yield curve remains mostly unaffected because the demand shock does
not target these maturities. The difference between long-term and short-term yields (term
spread) increases, reflecting a steeper yield curve shown in panel A. With higher demand for
short-term Treasuries, these securities become more valuable as collateral in the repo market.
The repo rates, particularly for short-term Treasuries, decrease because the increased demand
lowers the cost of borrowing against these securities. This is captured by the larger responses
in repo rates with short-term underlying Treasuries in panel B.

Dealers respond to the demand shock by increasing the supply of Treasuries through
direct sales or by lending them via repo agreements. As dealers provide more Treasuries,
the amount of naked short selling increases, raising the marginal cost of such activities. The
heightened scarcity of Treasuries and the increased scale of short selling amplify the non-
pecuniary value of holding Treasuries, especially due to their liquidity and safety benefits.
The convenience yield, represented by the negative Treasury-OIS spread @, becomes more
pronounced. This can be seen from panel C, with the spread reflecting the non-pecuniary
value of Treasuries, making their yields lower compared to OIS rates.

Based on the previous analysis, the demand shock causes a decrease in the Treasury
yields and repo rates. The drop in Treasury yields and repo rates leads to a lower aggregate
nominal rate, which typically discourages saving and encourages spending. In a standard
model, lower interest rates would boost output and inflation by stimulating consumption.
However, the model incorporates a second channel - the quality preference - that increases
households’ marginal utility of holding savings products. If the quality preference channel is
strong enough, it can lead to a decline in macroeconomic variables (output and inflation),

even in the face of lower borrowing costs, as in panel E and F.

5.2 Flight-From-Safety in Covid-19

Unlike the GFC, where a flight-to-liquidity led to lower yields and a negative Treasury-OIS
spread, the COVID-19 period saw higher Treasury yields, higher repo wedges, and positive
Treasury-OIS spreads, signaling a shift in market dynamics and investor preferences. I posit
that there was a large supply shock to long-term Treasuries resulted in rising long-term
yields.

The increased supply is represented by a positive value of the private habitat demand

22The non-pecuniary value pushes Treasury price to be higher than the OIS shadow price and yield to be
lower than the OIS rate. That being said, the convenience yield is represented by a negative Treasury-OIS
spread.
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shifter (8; > 0). In the context of the model, this increased demand for Treasuries created an
endogenous non-pecuniary cost. For dealers, holding Treasuries during this period involved
an inconvenience yield, as the higher supply of long-term Treasuries forced dealers to expand
their balance sheets, which incurred a higher balance sheet cost. Thus, higher excess returns
are required to compensate the extra balance sheet cost.

I use the model to general IRFs to a supply shock as shown in figure [I1} The increase
in supply predominantly targets long-term Treasuries. The presented variables in figure
are constructed in the same way as for the GFC. Most of the parameter values remain
unchanged, with the exception of the demand shock location function 6(7) shifting from
short to long end concentrated. The non-pecuniary cost parameter A still takes the value of
0.1, but the interpretation is different. Specifically, A = 0.1 implies a 10% marginal balance
sheet cost when dealers expands the Treasury holdings to absorb the extra supply in the
market. The size of the supply shock is about 75% of total Treasuries held by dealers to
match the dynamics of primary dealers’ repo holdings documented in figure [4]

Similar to the GFC, the yield curve steepens, but this time, the steepening is due to
a different mechanism. The increase in supply predominantly targets long-term Treasuries.
The influx of long-term Treasuries drives down their prices, leading to a significant increase
in their yields. Conversely, the short end of the yield curve remains relatively unchanged
due to stable short-term Treasury supply. The rise in long-term yields relative to short-term
yields increases the term spread, causing the yield curve to steepen. Panel A depicts this
result. The increased supply of long-term Treasuries reduces their scarcity, which diminishes
the privilege of using these securities as collateral in the repo market. Consequently, the
borrowing cost (repo rate) for long-term Treasuries rises. Although the supply shock mainly
targets long maturities, short maturity bond prices also drop (see panel A). lower short-term
Treasury prices increase habitat demand, which reduces the available collateral in the repo
market, thereby lowering the repo rate. That explains the different signs of the responses in
the repo rates, depicted by panel B.

Panel C replicates the dynamics in Treasury-OIS spread during Covid-19. The higher
supply of long-term Treasuries forces dealers to expand their balance sheets, which incurs a
higher non-pecuniary cost (interpreted as a balance sheet cost). This makes holding Trea-
suries less convenient, leading to a more positive Treasury-OIS spread (indicating an in-
convenience yield. For short-term Treasuries, the lower prices increase habitat demand,
which reduces the dealers’ holdings and alleviates the balance sheet pressure. This causes

the Treasury-OIS spread to become more negative for short maturities. Such mechanism is
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Figure 11: Model-implied instantaneous responses to a drop in habitat demand concentrated
at long maturity.

Note: The demand shock is 75% of Treasuries held by dealers. Parameters are set as follows: kg

= 07
kr = 0.125; 0, = 0.0146; kg = 0.17; 03 = 0.0146; (1) = 5.21%exp(—0.2977), 0(T) = 51 xnormpdf (15, 3.5),
p="T,A=0.17(r)=1/30, n%(r) =0, x = 0.04, § = 0.01, and @ = —0.3.
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strong for short maturities and weak for long maturities ] therefore only the short end of
the Treasury-OIS spread exhibits a negative response.

The last two panels E and F provide the responses in output gap and inflation rate.
The increase in bond yields and repo rates translates to higher overall borrowing costs for
households, which typically reduces consumption. On the other hand, the extra supply of
Treasuries diminishes the quality preference for saving products, thus reducing the marginal
utility of saving and potentially encouraging consumption. In this scenario, the dominant
effect is the first channel - higher borrowing costs - which leads to a decrease in output and
inflation. This reflects typical recessionary dynamics where economic activity contracts in

response to increased financial frictions.

6 Calibration

In this section, I explain the methods used to calibrate the model’s parameters, ensuring that
the model accurately reflects observed economic behavior. The parameters are grouped into
three categories: those affecting the aggregate borrowing rate, macroeconomic dynamics, and
term structures. Table [I| summarizes the calibration results, where each parameter’s value
is chosen to match specific empirical moments or targets. The parameters (1) and n?(7)
determine the relative importance of bond yields and repo rates in the overall borrowing cost.
The macroeconomic dynamics parameters consist of: the preference parameters, namely the
discount factor and the intertemporal substitution elasticity (y and ¢~!); price rigidity 4;
Taylor rule inertia (%)@; and the short rate volatility (¢,.). The term structure parameters

consist of: the demand factor location function (6(7)); the habitat demand price elasticity

1
Phtpd

shock inertia (x3); the marginal non-pecuniary cost (\), and the safety preference w.

(a(7)); arbitrageurs aggregate risk aversion ( ); demand shock volatility (og); demand

6.1 Yield and Repo Weights

The weighting functions n’(7) and n’(7) are critical in determining the relative significance of
bond yields and repo rates in calculating the overall borrowing cost. To estimate n*(7), I align

it with the average maturity distribution of Treasury securities held by the public between

23This can be seen from the functional format of a(7). It is a decreasing function in 7.

24In fact, Taylor rule also involves the output and inflation weight parameters ¢, and ¢,. Later I discuss
the under-identification of these two parameters and that they do not affect key equilibrium objectives in
this model.
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Table 1: Calibration Results.

Parameter Value Description Target

Aggregate Borrowing Rate

n'(T) figure 4 Bond yield weight Treasury maturity distribution
n®(r) figure 4 Repo rate weight MMF repo collateral maturity dist
Macroeconomic Dynamics

X 0.04 Discount factor Long-run interest rate

¢t 1 Intertemporal subs elasticity Balanced growth

4] 0.1354 Price rigidity CEE(2005) IRF of m; to r,

Uy 0.2236 Short rate policy inertia CEE (2005) IRF of z; to ry

oy 0.0218 Short rate risk volatility Var(ry)

Term Structures

0(7) figure 5 Demand factor location LSAP1 targets

a(T) 52170297 Habitat demand elasticity Vayanos & Vila (2021)

p= phipd 6 Risk aversion FFR 2-year yield inst. response

op 0.027 Demand shock volatility LSAP1 10-year yield inst. response
Kg 0.22 Demand shock inertia LSAP1 10-year yield response half-life
A 0.55 Marginal non-pecuniary cost LSAP1 avg. repo rate inst. response
w -0.36 Quality preference Var(z)/Var(r)

Note: Parameters in the macro dynamics and term structures groups are calibrated jointly within each
group. The parameters are listed alongside the target which is most sensitive to the given parameter.

1985 and 2007. This period was characterized by low financial risk and minimal market
friction, making it ideal for calibrating macroeconomic parameters under such assumptions.
The data is sourced from the CRSP U.S. Treasury database, which provides comprehensive
details on bond characteristics, including issue dates, maturity dates, face values, market
prices, and coupon rates. Using monthly data, I apply Gaussian kernel density estimation to
derive the maturity distribution of Treasuries. The resulting distribution, shown in Figure
[12] highlights that the maturity structure of public-held Treasuries is skewed toward shorter
maturities, with the highest density around 2-year bonds. A smaller peak is observed around
8-9 years, indicating some preference for mid- to long-term bonds, though long maturities
occupy a smaller portion of the market.

Similarly, T estimate nf(7) by matching the average maturity structure of Treasury

securities used as collateral in repos by Money Market Funds (MMFs) E] Data for estimating

25¢The role of MMFs as cash investors in repos has increased over the last 20 years. As of September
30, 2020, the Financial Accounts of the United States show that MMFs accounted for close to 22% of the
total repo assets” See [Baklanova, Kuznits and Tatumetal (2021]) for a comprehensive analysis of MMFs
participation on repo market.
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Figure 12: Estimation of bond yield weights n*(7).

Note: The curve represents the average density of the remaining maturity for all treasury securities out-
standing during the period of 1985-2006.

n®(7) comes from the N-MFP database@, which is publicly available and provides detailed
information on repo collateral, including asset types, face values, market prices, and maturity
details. I use quarterly data from 2011 to 2018 to exclude distortions from the pandemic
period. The Gaussian density estimation, as shown in Figure (13| reveals a more dispersed
maturity distribution for repos than for bond yields. The density peaks are around 5-year
and 26-year maturities, indicating a broader range of maturities used as collateral in repo

transactions by MMFs.

6.2 Macroeconomic Parameters

To streamline the calibration of macroeconomic variables, I temporarily disable the term

. . . . . . . . . o 1 o 5
structure dynamics. This simplification involves assuming no risk aversion (p = prrrk O)
and setting the non-pecuniary value to zero (A = 0), with the short rate as the sole risk
factor (S; = ;). Additionally, considering that the repo weight was calibrated using post-

GFC data, I assume that the aggregate nominal rate depends solely on bond yields (nf(7) =

26 Another non-public source: Federal Reserve Liquidity Monitoring Report (FR 2052) has daily data
about BHCs’ repo positions by collateral class and maturity.

27 replace phipd with p hereafter.
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Figure 13: Estimation of repo rate weights n’f(7).

Note: The curve represents the average density of the remaining maturity for treasury securities used as
collateral in a repo transaction by MMFs during the period of 2011-2018.

0). These assumptions remove the complexities associated with term structure parameters,
thus facilitating a more straightforward calibration of the macroeconomic parameters. The
discount factor y is set to 0.04 to match the long-run interest rate. The intertemporal

lis set to 1 to maintain a balanced growth path, reflecting standard

substitution elasticity ¢~
economic assumptions.
The taylor rule paramters for inflation (¢,) and output (¢,) enter the Taylor rule as

products ¥, ¢, and ¥,¢,. This can be easily seen by rewriting the Taylor rule as follows:
dr, = _(¢th + YrOr e + Urpry + ¢TT*)dt + oy dB?“ﬂf‘

In this simplified model with a single risk factor, macroeconomic variables become linear
functions of the short rate r;: xy = wy(ry — 7°°) and m = wy,(ry — r*). Here, w,, and
wy Tepresent contemporaneous responses of output and inflation to the short rate shock.
The mean-reverting speed of the short rate, accounting for feedback from macroeconomic

performance, is given by:

Ry = ¢T(1 + ¢7rw7r7" + gbxwxr)-

20



Given this, only one of the parameters ., ¢,, or ¢, can be uniquely identified, as any values
leading to the same «, will be indistinguishable from the output observables. For calibration,
I choose 7, = 3 and 7, = 2 to satisfy the condition for a unique solution.

To calibrate the remaining macroeconomic parameters, I use a joint moments-matching
approach, relying on IRFs from |Christiano, Eichenbaum and Evans (2005). Specifically,
I consider the instantaneous responses in the output gap and inflation rate to a conven-
tional monetary policy shock, where a 1% decrease in the policy rate is associated with
approximately a 0.8% reduction in the output gap and a 0.15% decline in the inflation rate.
Additionally, T use the variance of the 3-month Treasury yield, calculated as 3.5013, as a

target moment in the calibration process. The detailed steps for this calibration, along with

sensitivity analyses, are provided in [Appendix C1]

6.3 Term Structure Parameters

The final group of parameters consists of five scalar values and two functions that define
the term structure. I begin by adopting the functional form for the habitat demand price
elasticity, «(7), as proposed by [Vayanos and Vilal (2021). This specification suggests that
habitat demand elasticity decreases with bond maturity. For the demand factor location,
0(7), I assume it follows the density function of a truncated normal distribution. The mean
and standard deviation of this distribution are estimated to align with the maturity distri-
bution of Treasury purchases under the first Large-Scale Asset Purchase program (LSAP1)
between March 18 and October 31, 2009. Data from |D’Amico and King| (2013) inform this
calibration. The resulting estimated demand location function, 6(7), is depicted in Figure
114} which shows a concentration of purchases targeting maturities of 7-8 years.

Given the weighting functions, macroeconomic parameters, habitat demand elasticity,
and the demand factor location, I proceed to calibrate the remaining term structure param-
eters, except for the safety preference w. In the baseline specification, I continue to assume
that the aggregate nominal rate depends solely on bond yields (nf{(7) = 0). The four term
structure parameters - p, og, K3, and A - are chosen simultaneously to match the observed
responses of yields and repo rates to conventional monetary policy and LSAP1 shocks. Since
LSAP1 is a government purchasing program, [ assume it does not alter household valuations
of saving products, so w = 0. The optimal parameter values are obtained by minimizing
the sum of squared errors between model-generated and actual data moments.
provides a sensitivity analysis for these four term structure parameters. Below, I outline

the key calibration targets used in this exercise.
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Figure 14: Estimation of demand factor location.

Note: Truncated normal distribution fitting of the share of maturity purchased during the LSAP1 between
March 18 and October 31, 2009.

First, |[Swanson| (2021) estimates the yield curve’s response to FFR shocks using data
from 1991-2019. When FFR drops by 8.46 bps, the 6-month yield drops by 4.4 bps, 2-year
yield drops by 3.88 bps, 5-year yield drops by 2.26 bps, and 10-year yield drops by 1.11 bps.
Second, using the the Gurkaynak, Sack and Wright| (2007)) data, I document that the LSAP1
shock causes a 50 bps instantaneous drop in the 10-year yield, consistent with the moment

used in (2019) Third, [Thrig et al| (2012) estimate that during LSAP1, the half-life of
the 10-year yield response is approximately 2 years after the shock.

The last target is the response in average overnight repo rate to the LSAP1 shock.
\D’Amico and King| (2013)) report that during LSAP1, around $300 billion in Treasury secu-
rities were purchased, with 71% being off-the-run securities. d’Amico, Fan and Kitsul (2018))
further detail that during 2009/3-2012/12, the ratio of Fed purchasing to selling was 46:1 for
on-the-run and 1.82:1 for off-the-run securities. Moreover, Fed purchases of $0.29 billion in

on-the-run securities decreased the repo rate by 0.224 bps, while purchases of $0.24 billion in
off-the-run securities decreased the repo rate by 0.085 bps. Based on these data, I calculate
that during 2009/3-2012/12, Fed net purchased $85 billion in on-the-run securities and $96
billion in off-the-run securities, resulting in a 65 bps drop in the repo rate for on-the-run
securities and a 34 bps drop for off-the-run securities. The average response in the repo rate
to the LSAP1 shock is thus approximately 48 bps.
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The final parameter to be calibrated is the marginal safety preference, w, which mea-
sures the sensitivity of consumption growth to private demand shocks through changes in
households’ preferences for safe saving products. I calibrate w to match the ratio of output
gap variance to short rate variance using data from 1985-2007. During this period, the vari-
ance of the 3-month Treasury yield was approximately 3.5, and the variance of the output
gap was about 1.5, resulting in a ratio of 0.43. The calibration of w concludes the parame-
terization of the model. In the next section, I will conduct several exercises to evaluate the

model’s performance in replicating key results from the literature.

7 Model Performance

This section evaluates the model’s performance by replicating key results from the litera-
ture. First, I demonstrate that the model can replicate the positive relationship between
risk premia and the slope of the term structure, a well-documented empirical finding origi-
nating with Fama and Bliss| (1987). Next, I examine the model’s implications for the repo
market by studying repo specialness, as investigated by [Jordan and Jordan/ (1997). Finally,
I evaluate the macroeconomic implications by comparing the model’s performance with the

four-equation New Keynesian model developed by Sims, Wu and Zhang] (2023)).

7.1 Excess Return Predictability

Fama and Bliss| (1987) examine the predictability of risk premia by running the following

regression:

1 (PH_AT(T — AT)

—1lo
s Pi(7)

= ) = (AT = amn(r) + ben(r) (7 = A7) = (A) + v ).

(38)

In equation , the dependent variable is the excess return from holding a bond of
maturity 7 over a period of Ar. This is defined as the average return during the holding
period minus the spot rate for the same length of time. The independent variable is the
slope of the term structure, defined as the forward rate between maturities 7 — A7 and 7
minus the spot rate for maturity A7. Fama and Bliss (1987) finds that the coefficient bpp(7)
is greater than 1 for most maturities, and its magnitude increases with 7.

To replicate the Fama-Bliss regression, I follow these steps: First, using the calibrated

state variable transition matrix I' and volatility matrix >, I simulate short rate and demand
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factor according to equation . Second, with the simulated short rate and demand factor,
I simulate bond prices and yields using equations and . Third, I compute forward

rates for various maturities using the formula:

fi(r = AT, 7) = i(AT(T)Tt + Ag(7) B + C(7) — [Ap(T — AT)ry + Ap(T — AT) By + C (T — AT)] )

Forth, I calculate the excess holding returns for various maturities using;:

1
= (Ar(P)re+ Ag(T)Bi + C(7) = [Ar(T = AT)resar + Ag(r — AT)Briar + C(T = A7)]).
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Figure 15: Estimated Fama-Bliss coefficient.

Note: Results are based on 500 simulations. The blue rectangles are histograms of the estimated 500
coeflicients and the red line represents the mean.

With the simulated dependent and independent variables, I estimate the Fama-Bliss re-
gression using equation . The sequences are simulated 500 times, and the estimated

coefficients are reported based on these 500 simulations. The minimum maturity A7 is set
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to 11 days and the time step is 1 day.

The estimation results are presented in Figure [I5] Each panel represents a selected
maturity, with the blue rectangles indicating the histograms of the estimated 500 coefficients
and the red line showing the mean. The model performs well in generating a positive premia-
slope relationship for most maturities. Generally, the estimated coefficient increases with
maturity, except for the 20-year maturity. The magnitude of the coefficient is slightly below

1 for shorter maturities and greater than 1 for most mid- to long-term maturities.

7.2 Repo Specialness

Jordan and Jordan| (1997) provide empirical evidence that repo specialness spills over into

the cash market. They estimate the relationship using the following regression:

log (P?Zﬁzj')) = ay (1) + byy(1)Special, (1) + c;5(T)OT R(7) + €(7),
where the dependent variable is the specialness premium in the cash market, defined as
the log difference between the observed bond price P,(7) and the potential reference price
pref (1), which would prevail without specialness. On the right hand side, Special,(7) = 1
indicates that bond 7 is special (i.e., its special repo rate is below the general collateral
rate), and OT R;(7) = 1 indicates that bond 7 is on-the-run. |Jordan and Jordan| (1997) find
that b;; > 0, meaning that repo market specialness results in a higher specialness premium
in the cash market. In my model, I do not distinguish between on-the-run and off-the-run
bonds, so constructing OT R;(7) is not feasible. What’s more, Additionally, instead of using
a dummy variable for specialness, I replace Special,(7) with the repo premium r, — Ry(7),

forming the following updated regression:

R(r) = — T (T
log (Pg"ef(r)> =ayy(1) + byg(7)(r — Ri(7)) + €(7). (39)

I replicate the Jordan-Jordan regression in the following steps. First, I simulate short
rate and demand factor using equation . Second, with the simulated short rate and
demand factor, I simulate bond prices and repo rates using equations and . Third,
the reference prices are calculated under the assumption A\ = 0, reflecting a frictionless repo

market where the repo rate equals the short rate:
log(P(7)) = —(An(7)"re + Ap(1)"* B + C (7)),
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Figure 16: Estimated Jordan-Jordan coefficient.

Note: Results are based on 500 simulations. The blue rectangles are histograms of the estimated 500
coeflicients and the red line represents the mean.

where A,(7)¢, As(7)", and C(7)"% are reference affine coefficients with A = 0. With all
necessary variables simulated, I regress the cash market price premium on the repo premium
across different maturities using equation (39). The minimum maturity and time step are
consistent with those used in the Fama-Bliss replication. I run 500 simulations to estimate
the coefficients.

The estimation results are presented in Figure Each panel shows the histogram
of the 500 estimated coefficients b;;(7) across different maturities, with the blue rectangles
representing the distribution and the red line indicating the mean value. The results indicate
that the model generally produces a positive relationship between repo specialness and cash
market premiums for most maturities, consistent with the empirical findings of
. However, the exception is the 20-year maturity, where the coefficient is

negative, suggesting a weaker or reversed relationship at this longer horizon.
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7.3 Comparison with Four-Equation New Keynesian Model

Sims, Wu and Zhang| (2023) introduce a four-equation New Keynesian model to analyze
unconventional monetary policy, particularly focusing on the impact of QE. Their model
incorporates a leverage constraint for financial intermediaries, which affects their long-term
bond holdings and, consequently, the term structure of interest rates. A positive QE shock
relaxes this leverage constraint, leading to a decrease in long-term rates relative to short-term
rates.

To compare their model with mine, I first rewrite the |Sims, Wu and Zhang| (2023))
model in continuous time in [Appendix DI] The IS and Phillips curves from their model are

represented as follows:

dey =a(ry —bxqge, +cxxy —dxm —r*)dt — b= d(qey), (40)
dmy = (e x qe; — cx xy — (1 — d)my)dt. (41)

In this specification, ge; represents the QE shock, which affects the long-term interest rate
by relaxing the leverage constraint on financial intermediaries. This relaxation has direct
implications for the marginal benefit of saving, which is evident in the IS curve . The
Phillips curve includes an additional wage channel, where the wealth transfer due to
QE affects the real economy by altering labor market dynamics and wages @

In contrast, my model features an IS curve with an additional term related to the term
premia of bond yields and repo rates. The effect of a QE shock in my model can be evaluated
by letting 3; denote the demand shock from the government. Since this demand shift does
not stem from private investors, it does not affect household quality preferences. Hence, it
is reasonable to assume that @ = 0 when using 3; as a QE shock. In my model, QE effects
are captured through market segmentation and reduced excess returns due to targeted bond
purchases.

Without the QE shock, [Sims, Wu and Zhang| (2023) model reduces to a standard three-
equation New Keynesian framework. This is not the case in my model. In my model, the
short rate risk is priced endogenously based on financial intermediary’s portfolio optimization

subject to various frictions. Thus, even without QE shocks, my model deviates from the

28Gpecifically, there are two types of households: Parents save in short-term bonds and transfer wealth
to children; Children consume and issue long-term bonds. When a QE shock happens, the long term rate
decreases relative to short term rate, implying a wealth transfer from parents to children. Since parents
supply labor to firms, the wealth effect says that parents consume less, which puts a downward pressure on
wage.
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Figure 17: IRFs of recalibrated versions of Sims et al. (2023).

standard three-equation specification. The standard model is recovered in my setup when
p =0, A=0, and k, = 0, in which scenario both bond yields and repo rates are equivalent
to short rate.

To analyze the comparative performance, I recalibrate the [Sims, Wu and Zhang (2023)
model with and without the wage channel. I then compare the IRFs of my model to these
recalibrated versions. The detailed recalibration steps are provided in Appendices and
, respectively. Figure [17] shows the IRFs for both the |Sims, Wu and Zhang| (2023]) model
and my model. All models produce similar responses in the output gap to a short rate shock.
A 0.5% decrease in the short rate leads to an approximate 0.3% increase in the output gap.
My model generates smaller responses in the inflation rate compared to Sims, Wu and Zhang
(2023)). The effectiveness of QE in stimulating the macroeconomy is notably different across
models. the wage channel significantly amplifies the effectiveness of QE, leading to more
substantial increases in the output gap and inflation. The QE shock in |Sims, Wu and Zhang
(2023) without the wage channel is comparable to the QE effect in my model. A 19%
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purchase of outstanding Treasuries results in an increase in the output gap of approximately

0.1% and inflation by about 0.07% in both models.

8 Baseline Results

8.1 Transmission of Short Rate Shock

In a fully segmented economy, where all bond supply is absorbed by habitat investors
(Hi (1) = 0), [Vayanos and Vila| (2021) demonstrate that bond yields y;(7) become discon-
nected from the short rate. Applying zero habitat demand to equation results in a zero
Repo spread, and repo rates are equal to the short rate. This extreme case of segmentation
equilibrium leads to zero short rate passthrough to bond yields and perfect passthrough to
repo rates.

When arbitrageurs are present, however, the short rate is transmitted into bond yields
through carry trades. To analyze the transmission mechanisms more thoroughly, I use the

concept of instantaneous forward rates:

) = 2D gy, v A1+ ). (12)
When the short rate drops, arbitrageurs shift wealth from short rates to bonds, raising bond
prices and lowering forward rates. Similar to Vayanos and Vilal (2021) and Ray| (2019), the
carry trades in this model involve costs that hinder the passthrough of short rate shocks.
These costs include risk cost and non-pecuniary cost. The risk cost is influenced by factors
such as risk aversion p, short rate volatility o,, and habitat demand price elasticity (7).
This paper also introduces a non-pecuniary cost, potentially reflecting balance sheet cost or
short selling cost. The magnitude of this non-pecuniary cost is an increasing function of the
parameter \.

The transmission of the short rate to overnight repo rates involves only the non-
pecuniary cost, with no associated risk cost. In this model, the two risk factors influence the
system by affecting bond prices. When hedge funds borrow cash in the repo market using
bonds as collateral, they do not face binding borrowing constraints, and all repo contracts are

assumed to be free of default risk [?] Thus, price fluctuations in bond prices do not directly

29If hedge funds face binding borrowing constraint, then a lower short rate increase bond price, which
relaxed the borrowing constraint and strengthens the passthrough to repo rate. Likewise, if repo contracts
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affect arbitrageurs’ first-order conditions for repo choices. Repos in this model are risk-free,
with the only friction involved being the costly holding due to balance sheet constraints.

Figure 18] illustrates the frictions involved in short rate transmission to instantaneous
forward rates fi(7), bond yields i;(7), and repo rates R(7). The transmission is perfect
when there is zero risk aversion (p = 0) or inelastic habitat demand of price for all maturities
(a(7) = 0), along with zero non-pecuniary cost (A = 0). For the instantaneous forward rate
and bond yields, the Expectations Hypothesis (EH) holds, as they are equal to the expected
future short rate (Panel A and B, blue dashed lines). The reasons for the perfect passthrough
differ in these two cases. When risk aversion is zero, arbitrageurs are indifferent to the risks
associated with carry trades, making the transmission frictionless. In the second case, when
habitat demand is completely price inelastic, arbitrageurs can impact bond prices without
engaging in carry trades, corresponding to infinitely price-sensitive arbitrageurs.

The introduction of risk aversion and habitat demand price elasticity breaks the EH.
As shown by the red dashed line in Panel A of Figure [I§] the instantaneous forward rate
underreacts to the short rate compared to the expected future short rate due to the risk
costs incurred by risk-averse arbitrageurs conducting carry trades. Unlike forward rates or
bond yields, the transmission to repo rates remains perfect in this scenario (Panel C, red
dashed line). Dealers do not bear the risk of price fluctuations in the underlying collateral
of repo contracts, so the short rate still maps one-to-one with repo rates.

Finally, the non-pecuniary cost further impedes transmission to forward rates (Panels
A and B, green dotted lines). Adjusting the balance sheet now incurs additional costs for
arbitrageurs, reducing the profitability of carry trades. Repo rates now respond less than
one-to-one to the short rate, as indicated by the green dotted line in Panel C of Figure
[18 Interestingly, in my model, because carry trades expose arbitrageurs to both risk and
non-pecuniary costs, short rate transmission can be less than one-to-one even without risk
aversion. When «(7) > 0, arbitrageurs increase bond holdings to benefit from the yield
spread, expanding the balance sheet. If financial intermediaries face additional non-pecuniary
costs (A > 0), the net expected excess return diminishes, discouraging carry trades and
hindering transmission to forward rates. The non-pecuniary cost also spills over into the
Treasury repo market, requiring repo rates to compensate dealers for the higher lending
costs.

Figure shows the IRFs for the aggregate nominal rate (Panel A), the output gap

have default possibility, a higher bond price helps increase the amount of asset recovered, which also improves
the passthrough.

60



-0.5

pct

pct

Panel A: r(1pct |) — fi(7)

T
o
*
R4
4
H -
4
U
el
o
: | | 1 | |
0 5 10 15 20 25 30
maturity (years)
Panel B: r;(1pct ) — i(7)
¢‘—_---_----'—-'—---
&"’
— ¢ -
K4
4
4
/
s
J | | 1 | |
0 5 10 15 20 25 30
maturity (years)

Panel C: r(1pct |) — Ri(7)
T e e o e e e
0 5 10 15 20 25 30

maturity (years)
== p=0,A=0 (Exp. Hypo.) p =6,X=0.55 (This Paper)
— = p=0,A=0(V&V, 2021; Ray, 2019) = H,(7) =0 (Segmentation)

Figure 18: Transmission of short rate shock to asset prices.

Note: Parameters are set as calibrated. The short rate shock is a 1 percentage drop. Panel A shows the
change in the instantaneous forward rate. Panel B shows the change in the bond yields. Panel C shows the

change in the repo rates.
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Figure 19: Transmission of short rate shock to macro variables.
Note: Parameters are set as calibrated. The short rate shock is a 1 percentage drop. Panel A shows the

change in the aggregate nominal rate. Panel B shows the change in the output gap. Panel C shows the
change in the inflation rate.
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(Panel B), and the inflation rate (Panel C) in response to the same 1% drop in the short
rate. Quantitatively, the calibrated level of risk aversion (p = 6) does not significantly
alter the instantaneous responses of the aggregate nominal rate, output gap, or inflation
rate to a short rate shock. A 1% drop in the short rate increases the output gap by 0.4%
and the inflation rate by 0.15%. The calibrated marginal non-pecuniary cost A = 0.55
significantly hinders the transmission of the short rate to macroeconomic variables. With
the non-pecuniary cost in place, the same 1% drop in short rate now boosts the output gap
by 0.2% and the inflation rate by 0.125%.

8.2 Transmission of Private Demand Shock

While financial frictions hinder the transmission of short rate shocks to asset prices and
macroeconomic variables, they enhance the transmission of demand shocks. When the Ex-
pectations Hypothesis holds, forward rates are disconnected from the demand factor and
depend solely on expected future short rates. Consequently, demand shocks have no effect
in the absence of financial frictions, as shown by the blue dashed line in figure [20]

Financial frictions allow the demand factor to influence asset prices. In the case of a
positive shock, the net demand of habitat investors increases. The increased habitat demand
reduces arbitrageurs’ bond holdings, lowering the marginal cost of investing in the portfolio.
Arbitrageurs now require less compensation to hold bonds. When portfolio adjustments
induce only risk costs, the demand shock affects asset prices purely by reducing the risk
prices associated with the short rate and the demand factor. Since the risk price is consistent
across all maturities, the demand shock has a broad effect, causing forward rates to drop
across different maturities.

The introduction of non-pecuniary costs adds a local dimension to the demand shock’s
effects. The demand shock can target specific maturities, and the most targeted maturity
benefits the most from reductions in non-pecuniary costs as the demand shock reduces ar-
bitrageurs’ holdings of those maturities. This is evident from the shape of the forward rate
curve (Panel A, green dotted line). In the baseline calibration, the demand shock is concen-
trated around the 7.5-year maturity. The largest savings in non-pecuniary costs occur for
mid-maturities, explaining the hump in the forward rate curve response. Additionally, the
very long end of the forward rate curve also experiences a significant drop, but for different
reasons than the mid-maturities. Specifically, the bond price sensitivity to the demand factor
relative to the short rate increases with maturity. Although long-term bonds do not benefit

from savings in non-pecuniary costs, they do benefit from reduced risk costs, explaining the
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Figure 20: Transmission of demand shock to asset prices.
Note: Parameters are set as calibrated. The demand shock is a 10sd drop (125% central bank balances sheet

expansion). Panel A shows the change in the instantaneous forward rate. Panel B shows the change in the
bond yields. Panel C shows the change in the repo rates.
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substantial drop at the long end of the forward rate curve.

The demand shock also affects repo rates when the non-pecuniary cost is accounted for.
Since repo investors are not directly exposed to bond price risks, the repo spread reflects only
the non-pecuniary cost. The repo curve’s response is shaped by the maturity distribution
of the calibrated baseline demand shock, with the largest response occurring at the mid
maturities.

It is important to distinguish the different roles played by risk aversion (p) and the
marginal non-pecuniary cost (A). In equation (24)), p is multiplied by the risk factor volatil-
ity and the aggregate porfolio’s sensitivity to risk factors, neither of which depends on ma-
turity. On the other hand, A is multiplied by the habitat demand function, which varies
by maturities. Intuitively, p governs the slope, while A governs the curvature of the yield
curve response. This distinction is particularly relevant in the case of a demand shock, as
it shifts aggregate habitat demand H;(7) both directly through the location function 6(7)
and indirectly through changes in bond price. In contrast, short rate shocks affect aggregate
demand only indirectly via bond prices. Panel B of Figure 20| confirms this analysis, with
the red line acting as a "drag” on the blue line and the green line adding a tilt.”

The best transmission occurs when financial markets are completely segmented, meaning
there are no arbitrageurs trading across products. This is consistent with |Vayanos and Vila
(2021)), who show that in a segmented economy, the price for any maturity is disconnected
from the short rate and depends only on the demand shifter for that specific maturity. In
the absence of arbitrageurs, a demand shock would cause bond prices to rise significantly,
discouraging habitat investors from shifting their holdings. The extent to which bond prices
rise depends on habitat investors’ price elasticity for that specific maturity «(7).

The findings extend to macroeconomic variables, where the private demand shock gen-
erates quantitatively different responses. In the baseline calibration, the aggregate nominal
rate depends only on bond yields. The same demand shock causes larger drops in yields
when financial frictions are present, leading to more substantial growth in the output gap
and inflation. Figure presents the IRFs for the aggregate nominal rate (Panel A), the
output gap (Panel B), and the inflation rate (Panel C) in response to a 10 standard devia-
tion decrease in the demand factor. The positive demand shock simultaneously encourages
consumption by reducing market rates and discourages consumption by increasing safety
preferences. Financial frictions enhance the stimulus, with non-pecuniary cost alone ac-
counting for a 0.05% increase in the output gap and a 0.013% increase in the inflation rate,

based on the calibration. Risk aversion introduces an additional 0.05% increase in the output
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Figure 21: Transmission of demand shock to macro variables.
Note: Parameters are set as calibrated. The demand shock is a 10sd drop (125% central bank balances sheet
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output gap. Panel C shows the change in the inflation rate.
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gap and a 0.012% increase in the inflation rate.

9 Policy Analysis

In the baseline model, the Taylor rule serves as an endogenous conventional monetary policy.
From the previous section, I find that the efficacy of conventional monetary policy decreases
as financial frictions increase. Moreover, the same change in the short-term interest rate can
have different effects on bond yields and repo rates. In this section, I modify the baseline
model to study two alternative monetary policies: forward guidance and QE. Additionally,

I compare how these monetary policies behave before and after the benchmark rate reform.

9.1 Forward Guidance

Consider an unanticipated drop in the long-term mean of the short rate r* at time zero,
which reverts deterministicaly to zeros at the rate k7. To compute the effect, I denote a

third state variable dr; = —k7r;. The habitat demand now becomes

Hy (1) = —a(7)logP.(T) + 6(7) 5,

where logP,(7) = —[A,(T)ry + Ap(T) 5 + Az(7)7]. Collecting the three state variables into a

vector:

T Kr  Kpg  Kpp T r¥ —r o, 0 0 B,
d|{B|=—10 kg O ( Bl — 55 )dt + 10 o5 0|d|Bg.|,
ft 0 0 Ry ft 0 0 0 0 Bf,t

which simplifies to:
ds; = —I'(s; — s°°) + XdB;.

To solve for affine coefficients, first denote ¥(7) = {0 0(7) O}/ as a 3x1 vector, € =
0 01
/
[1 0 O} as a 3x1 vector, and £ = |0 0 0| as a 3x3 matrix . Then dealer’s or hedge
000

fund’s FOC can be rewritten as:
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Esy
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Pd + Pn

A= | [ [00)8, —alr) (A()'s + C() ] Alr)ar |

H(T) st
Collecting all terms relevant to s;, I have:

1

A(T)+ T'A[) = B + Ma(n)A(r) = ()] = ———

l /OT [9(r) - a(T)A(T)}A(T)’dT] SYA(7).

The system describing the conditions for A, (7) and Az(7) remains the same as in the baseline
model, without the third state variable 7(7). The affine coeflicient A7(7) satisfies:

AL(T) + krAR(T) — K Ap(T) + Xa(T) Ar(T)

1 [AT(T)m?( /OT —a(T) A (T) AL (T) dT)

 patpn

+Aﬁ<7)a§< /0 ' —a(T)AF@)Aﬁ(T)dT)]. (43)

Since the bond price is Py(7) = exp(—A,(7)r: — Ag(T) 8 — As(7)7 — C(7)) in the three-state
variable case, the marginal effect of this shock on bond yield is Az(7)/7, where Az is solved

from equation . The general equilibrium linear system becomes:

r U, 0 0 —de —Uoe| [m]|  [r o, 0
By 0 Kg 0 0 0 By 5% 0 o3
d|r| =— 0 0 K5 0 0 ( | — |75 )dt +10 0]|d
Ty —§71/Alr —§71(/A1,3 + w) —§71Af 0 ¢! Ty x®° 0 O
T 0 0 0 0 —X " Tss 0 O
—_——
' S
0x 1

where A; = [T Ln' (1) As(7)dT + S () [ — )\a(T)A,:(T)HdT. The general equilibrium solu-




tion is

Ss

T T T
d|p| = —F( G| — | 5% )dt—i—SdBt,
7t | T 7%
ro Tt 7%
B = Q( Be| — | B >7
_Trt_ Ft FSS

where the transition matrix I' now is 3x3 and the output matrix €2 now is 2x3, both of
which involve elements as functions of the eigenvalues and eigenvectors of Y. The solution
algorithm is the same as in the baseline case.

Figure compares the impact of a conventional short rate expansion with that of
forward guidance on bond yields and the repo rate. In the case of forward guidance, the
future path of the short rate is altered without immediate changes to the current short rate.
When there is an expansionary shock, 7, > 0 and the long run short rate r** — r; drops.
Arbitrageurs’ expected short rate in the future decreases, so they engage in carry trades of
selling short rate and buying bonds, pushing bond prices to higher levels and bond yields to
lower levels. This reduction in the expected future short rate leads arbitrageurs to engage
in carry trades - selling short rates and purchasing bonds. These actions drive bond prices
higher and yields lower. However, due to the risks and non-pecuniary costs associated with
carry trades, the transmission is not perfect. In this sense, forward guidance achieves a
similar outcome to a short rate shock.

However, unlike short rate, which has the most substantial impact on short maturities,
forward guidance produces a hump-shaped response across the yield curve. After an expan-
sionary forward guidance shock, the anticipated future short rate declines, while the current
short rate remains unchanged. Therefore, at the very short end of the yield curve, the net
benefit of holding bonds is unaffected by forward guidance. Quantitatively, the effect of
forward guidance is significantly smaller than that of a standard short rate drop, with the
largest response in the yield curve being below 0.1%. At the long end of the yield curve,
both policies exhibit limited influence on long-term bond yields, but forward guidance is
particularly weak, even causing a slight upward shift in long-term yields.

Surprisingly, forward guidance leads to an increase in repo rates. This occurs because
forward guidance does not alter the current short rate, so its transmission to repo rates oper-

ates solely through the bond price channel. Higher bond prices reduce the habitat holdings,
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Figure 22: Transmission of short rate and forward guidance to asset prices.

Note: Parameters are set as calibrated. Both short rate shock and forward guidance shock refer to a 1
percentage decrease and are subject to the same speed of mean-reverting.

forcing arbitrageurs to absorb more supply, thereby raising their non-pecuniary costs. Con-
sequently, an expansionary forward guidance shock can actually result in higher repo rates.
Specifically, a 1% forward guidance shock raises the average repo rate by approximately
0.05%.

Figure [23] illustrates that the impact of a forward guidance shock is primarily governed
by the mean-reversion speed parameter k-. A faster mean-reversion implies a shorter-lived

shock, leading to a smaller effect on the expected future short rate and, consequently, a
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Figure 23: Impact of mean-reverting speed on forward guidance effectiveness.

Note: Parameters are set as calibrated.

reduced profitability from carry trades. Therefore, a larger k; diminishes the impact on

interest rates and macroeconomic variables. Quantitatively, increasing the half-life of the

forward guidance shock from 0.46 year (k7 = 1.5) to 1.49 year (k7 = 0.5) enhances the

immediate effect on the output gap by 0.03% and the inflation rate by 0.005%. Interest-

ingly, forward guidance moves bond yields and repo rates in opposite directions. In terms of

macroeconomic impact, an expansionary forward guidance shock, similar to a conventional

short rate drop, boosts the output gap and inflation in the baseline yield economy. However,

in a repo-driven economy, this same forward guidance shock can induce a recession. There-

fore, in an economy where borrowing is predominantly at the overnight repo rate, forward

guidance may be counterproductive, as it fails to lower overall interest rates and instead
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exacerbates financial frictiond®]

9.2 QE on Various Maturities

Consider an unanticipated change Afy(7) in the intercept of preferred-habitat demand at
time zero that reverts deterministically to zero at the rate xy. To compute the effect, I

denote a third state variable df, = —kg0;. The habitat demand now becomes:

Hy(1) = —a(7)logP,(T) + AbBo(T)0; + 0(T) 4,

where logP(1) = —[A,(T)r: + Ag(T) 5 + Ag(7)0:]. Collecting the three state variables into
a vector:
T Kr Krg Kpg Ty rss or 0 0 B,
d 5t =—10 Rpg 0 ( ﬂt - 685 )dt 4+ (0 0p 0 d Bﬁ,t s
0, 0 0 kg 0, 63 0 0 0 By

which simplifies to:
St = —F<St — Sss) + EdBt

To solve for affine coefficients, first denote J(7) = [O 0(7) Aeo(T)}/ as a 3x1 vector,

€ = {1 0 0}/ as a 3x1 vector selecting the first element. Then I can rewrite dealer’s or
hedge fund’s FOC as:

A'(T)' sy + C' (1) + A(T)'T (s — r%%€) + ;A(T)/ZE/A(T) — \7’; (44)

—A[AO(T)Qt +0(7) B —a(T) (A(T)/St + C(T))]

H(T) st

B 1
Pd+ Pn

A(T)sy /0 ' | Ao(7)6; + 0(7) B, —a(7) (A(7) s, + C (7)) | A(r)dr | (45)

19(7’)/875

30This result is not plotted in figure [23| but can easily be speculated from figure
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Collecting all terms relevant to s; gives:

1

A(T)+T'A(T) = e+ Ma(M)A(r) = 9()] = ———

[ATb%ﬂ——auyﬂTﬂA@yszyA@y
(46)

Note that the system still describes the same conditions for A, (7) and Ag(7) as in the
case without the third state variable §(7). The affine coefficient Ay(7) satisfies:

Ap(r) + kg Ag(7) + A7) Ag(T) — Abo(7))
= ! [AT(T)U?<AT (AQO(T) — Oz(T)Ag(T))Ar(T)dT>

Pd + Ph

-|-A/3(T)crgf < /OT (AQO(T) — a(T)Ag(T)>A5(T>dT>1 ) (47)

Given that the bond price is P,(7) = exp(—A,(7)r: — Ap(7) 5t — Ap(7)0, — C(7) in the three-
state variable case, the marginal effect of this shock on bond yield is Ag(7)/7, where Ag(7) is
solved from equation (7). The QE shock 6, is a demand shock similar to the private habitat
demand shock fB;, but it refers to the central bank’s balance sheet policy. Consequently,
QE shock 6; does not affect households’ safety preferences. The general equilibrium linear

system in this case becomes:

T vr 0 0 —hde —tuba| [r| [r o 0

B, 0 K 0 0 0 B, Bss 0 | 1
dlo,|=—] 0 0 Ko 0 0 ( o, — | 6% )dt+ 0 0|d B”

Ty —¢MA, Y As+w) —c'Ay 0 ¢! Ty 5 0 0 ot

Uy’ 0 0 0 0 —X e s 0 0

! S
O*IQ

where 4y = o 2ni(1)Ag(T)dr+fo 0T (T) [A(AQO(T)—Q(T)AQ(T)ﬂdT. The general equilibrium
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solution is:

Ss

Tt Tt T
d | :-r( 8| — | g+ )dt+SdBt,

_Qt_ 0, 05*

_ - Ty 7SS

T

t =Q( Br| = |87 )
T
L " et 955

where the transition matrix I' now is 3x3 and the output matrix €2 now is 2x3, both involving
elements as functions of the eigenvalues and eigenvectors of T. The solution algorithm is the
same as in the baseline case.

QE operates by reducing the marginal cost of arbitrageurs’ portfolio investments. Since
different bond maturities (tenors) have varying sensitivities to demand risk, QE shocks of the
same magnitude can generate different effects depending on which maturities are targeted.
Moreover, the inclusion of non-pecuniary costs adds another layer of specificity to QE effects,
as maturities that are more directly targeted by QE enjoy greater reductions in these costs.

Figure shows the effects of QE targeting different maturities. The short-end QE
concentrates on 3-year maturities, mid-end QE on 15-year maturities, and long-end QE on 27-
year maturities. In the baseline model, the importance of demand risk relative to short rate
risk increases with maturity. As a result, targeting longer maturities achieves more significant
effects on bond yields. Compared to bond yields, the responses in repo rates are more
localized. Repo rates do not include risk premia, so their responses to QE are shaped solely
by changes in non-pecuniary costs. More targeted maturities see larger drops in repo rates,
whereas less targeted maturities may experience smaller declines or even reverse responses
due to indirect effects. This reversal in repo rate responses at shorter maturities when QE
targets the mid or long end is particularly notable. Although these shorter maturities benefit
weakly from the shock, their high elasticity in habitat demand means that the indirect effects
(i.e., increased bond prices leading to reduced habitat holdings) can become strong enough
to reverse the sign of repo rate responses. In terms of macroeconomic outcomes, because
long-end QE produces larger drops in bond yields, it has a more substantial impact on the
output gap and inflation. Quantitatively, long-end QE improves the output gap by 1% and
the inflation rate by 0.25% compared to short-end QE.

Next, I examine QE effects when the central bank operates under a fixed budget con-

straint. When conducting asset purchases, the central bank has a specific amount of re-
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Figure 24: Impact of targeting maturity on QE effectiveness.

Note: Parameters are set as calibrated. Size of the QE shock is 10 standard deviations of the demand factor

(27%) in all cases.

sources to allocate, and the price of Treasuries also influences the aggregate effect of QE.
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Panel A: Budget-Equivalent Demand Shock Location
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Figure 25: Impact of targeting maturity on budget-equivalent QE effectiveness.
Note: Parameters are set as calibrated. Size of the QE shock is chosen to have the same cost as for a 10

standard deviation (27%) purchase of short end. Bands are 90% confidence intervals.

Typically, long-term bonds are cheaper due to their higher risk, meaning that a fixed budget
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can purchase a larger quantity of long-term bonds compared to short-term ones.

Figure replicates the analysis under the condition that all purchasing schemes are
budget-equivalent, specifically at a cost equivalent to a 27% purchase of the short-end scheme.
However, because the two state variables, the short rate r; and the private demand factor 3,
are stochastic, the budget-equivalent purchasing scales are uncertain. Simulating the state
variables 100 times, I calculate the budget-equivalent purchasing scales and aggregate effects
for each scenario. Then the bands in figure [25| represent the 90% confidence interval based
on these simulations. When constrained by the same budget, long-end QE outperforms even
more due to the lower price of long-term Treasuries. Specifically, budget-equivalent long-end
QE results in a 3% greater response in the output gap and a 0.55% larger increase in the

inflation rate compared to short-end QE.

9.3 Benchmark Rate Reform

In this section, I explore the performance of monetary policies in two distinct scenarios:
the “yield economy” and the “repo economy.” The yield economy is characterized by the
aggregate nominal interest rate depending solely on bond yields, i.e., n%(7) = 0, while the
repo economy is defined by the aggregate nominal interest rate depending solely on repo
rates, i.e., n'(T) = 0.

These scenarios are intended to reflect different indexing schemes before and after the
U.S. benchmark rate reform from LIBOR to SOFR. Although the Treasury yield and LIBOR
are derived from different mechanisms, they closely track each other historically, as shown
in Figure Therefore, using the Treasury yield as a proxy for LIBOR is reasonable,

particularly when focusing on dynamics rather than absolute levels.

9.3.1 Monetary Policy Transmission

To understand how monetary policies transmit under these two regimes, I first examine the
IRFs of macroeconomic variables following a conventional expansionary shock, as depicted
in figure 271 The blue solid line represents the yield economy, and the green dashed line
represents the repo economy. The short rate shock affects bond yields through both the risk
cost and non-pecuniary cost, while its transmission to repo rates is hindered only by the
non-pecuniary cost. Thus, repo rates are expected to respond more sharply to changes in
the short rate, as reflected in the different magnitudes of the average response in the yield

curve (panel B) and repo rates (panel C).
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Figure 26: 3-month LIBOR and Treasury yield.

In the repo regime, the conventional expansionary shock has a more significant impact
on the aggregate nominal rate due to the direct indexing of savings products by repo rates.
This lower interest rate discourages saving, thereby boosting consumption and output, which,
in turn, drives up inflation. Comparing the effects of a 1% conventional expansionary shock
across the two regimes, the repo regime exhibits 0.4% higher consumption growth and 0.08%
higher inflation than the yield regime.

Next, I explore the differential effects of a forward guidance shock across the two regimes,
as shown in Figure 28 The results are surprising: while an expansionary forward guidance
shock (a decrease in long run short rate r**) stimulates the yield economy, it causes a recession
in the repo economy. This counterintuitive result arises from the indirect bond price channel.
The forward guidance shock lowers bond yields across most maturities but raises repo rates.
The increase in repo rates is due to the higher non-pecuniary cost as arbitrageurs take on
more holdings due to the discouragement of habitat investors from higher bond prices. As
calibrated, a 1% drop in the long-run short rate increases the output gap by 0.035% and the
inflation rate by 0.0045% in the yield economy. In contrast, in the repo economy, the same
shock reduces the output gap by 0.075% and the inflation rate by 0.005%.

Finally, I compare the effects of a QE shock across the two regimes, illustrated in Figure
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Figure 27: Transmission of short rate shock to macro variables.
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Note: Parameters are set as calibrated. The short rate shock is a 1 percentage drop. Panel A shows the
change in the aggregate nominal rate. Panel B shows the change in the output gap. Panel C shows the
change in the inflation rate.
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Figure 28: Transmission of forward guidance shock to macro variables.
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Note: Parameters are set as calibrated. The forward guidance shock is a 1 percentage drop in the long run
short rate. Panel A shows the change in the aggregate nominal rate. Panel B shows the change in the output
gap. Panel C shows the change in the inflation rate. The mean-reverting speed of the forward guidance
shock is the same as for the short rate shock.
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290 When repo rates index households’ savings products, the QE’s effectiveness in stimulating
the macroeconomy is diminished. From Figure [24] it is evident that QE has a more ”global”
impact on bond yields, producing larger yield drops across longer maturities, regardless of
the QE’s originating tenor. However, the same QE shock has more "localized” effects on
repo rates, with limited or even reversed impacts on non-targeted tenors. As a result, QE
is more effective in influencing overall borrowing costs in the yield economy, especially when
the shock originates from mid- to long-end maturities. The precise magnitude of QE’s effects
depends on the targeted maturities. In the baseline calibration, where the QE shock is set
to match the maturity targets during LSAP1, the impact of a QE purchase sized at 27% of
outstanding Treasuries is 0.14% smaller on the output gap and 0.09% smaller on inflation in

the repo economy compared to the yield economy.

9.3.2 Optimal Long-Run Policy Rate Target

In the standard New Keynesian model, the aggregate nominal rate 7; is equivalent to the
policy rate r;. The optimal long-run policy rate should be set as equal to the natural interest

rate r* = r. To see this is the case, first, consider the steady-state version of the IS curve:
dz® = ¢! (7% — 7°° — 7) dt,

the steady-state aggregate nominal rate 7°° must be equal to the natural rate 7, i.e., 7*° = 7.

Next, consider the steady-state version of the Taylor rule:

d,r,SS — _wr (TSS _ ¢7F7TSS _ gz51"1,88 _ T,*) dt,

S =7r* In a

the steady-state policy rate r** must be equal to the policy target r*, i.e., r
natural economy, without financial frictions, bond yields and repo rates for all maturities
are identical to the short rate. Thus, the steady-state aggregate nominal rate 7°° is equal to
the steady-state short rate r*%, i.e., 7% = r**. Consequently, the following equivalence holds:

7SS

7 =% =r*=r.

However, financial frictions deviate the aggregate nominal rate from the short rate. De-
noting the yield and repo economies by subscripts y and r, respectively, the IS curve implies
that the steady-state aggregate nominal rate is still equal to the natural rate. However, the

steady-state short rate now differs from the steady-state aggregate nominal rate. To find the
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Figure 29: Transmission of QE shock to macro variables.

Yield economy ====== Repo economy ‘

Note: Parameters are set as calibrated. The QE shock is 10 standard deviations of the demand factor (27%).
Panel A shows the change in the aggregate nominal rate. Panel B shows the change in the output gap. Panel
C shows the change in the inflation rate.
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optimal long-term policy target r*, I first derive:

PSSt — pRr

I can further express the aggregate rate 7°° in the yield and repo economy, respectively, as:

758Y — A%’f’ss’y + C’y7

7;58,7" — A:TSS,T _"_ C’I"

where

Since the demand factor is assumed to be zero in the steady states, the optimal long-run
policy target that ensures a zero output gap is independent of the affine coefficient of the
demand factor Az. Given that the steady-state aggregate nominal rates in both regimes,
%Y and 7°%", are equal to the natural rate 7, the optimal long-run policy target in the two

regimes can be derived as:

rov = (r = CY) /Ay,
T = (7 — C") AL

I compute the numerical values of the optimal long-run policy target in the yield economy
r*¥ and in the repo economy r*" in figure (30, The natural interest rate, which corresponds
to the prevailing rate 7 when the potential GDP equals the true GDP, is set to 1%. Panel
A plots the optimal rates as functions of the risk aversion p. In the yield economy, because
risk aversion hinders the transmission of the short rate, the central bank needs to set a

more aggressive policy target to achieve a zero output gap in the long run. This explains
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Figure 30: Optimal long-run policy rate target in yield and repo economy.

Note: Parameters are set as calibrated. The natural interest rate 7 is 1%.

the upward slope of the blue solid line. In contrast, since excess returns on repo rates do
not include a risk component, the efficiency of conventional policy in the repo economy is
less sensitive to risk aversion. Consequently, the green dashed line remains nearly flat with
respect to p. Panel B depicts the optimal rates as functions of the marginal non-pecuniary
cost A. Similarly, non-pecuniary costs impede the transmission of the short rate to bond
yields, necessitating a higher policy target when the marginal non-pecuniary cost is high.
Notably, the required optimal rate in the yield economy is generally higher than in the repo
economy. This is because the short rate’s impact on macroeconomic variables is weaker in

the yield economy, prompting the central bank to adopt a more ambitious policy target.

10 Conclusion
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Appendix A: The Simple Case

Proof of LEMMA 1.

The only risk in this simple economy is the short rate:
dry = =k, (ry — r°%)dt + 0,dB,.;.
It follows that the equilibrium bond prices are
Pi(r) = exp[ — (A,,(T)rt - O(T))]

Using Ito’s Lemma, the instantaneous return is

dP()
Py()

= (7)dt — A, (T)0,dB,,
where

wi(7) = AL(T)re + C'(7) + Ap(T)ky (1y — 1%°) + ;AT(T)ZO'E.

In this simple case, the FOC for hedge funds is
(1) =1 =0
Collecting terms related to ry, I have
Al (1) + A (1)K, — 1 =0.

The solution is

Proof of LEMMA 2.
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The equilibrium system is given by

77Z}r A _¢7‘¢JJ:| ( [Tt] N [TSS:| >dt+
—¢ 1A, 0 T %

T

The general equilibrium solution is

re = —kp(ry — 7°%)dt + 0,d B, 4

xy = 2% + wy(ry — ™),

where k, is a positive eigenvalue of T. For this simple matrix T, its eigenvalue can be found

by solving for x, in the following equation:

_I{‘T<¢’r’ - Kr) - 1/}7‘¢$§_2A7‘ =0
y K;T(K;T - ¢r)
&A= g

Denoting f(c) = c(c — h,) — ydps24,, then T have f0) = f(¢b,) = = dps 2A,. When
A, >0, f0) = f(¥,) < 0. The function f(c) = 0 has two roots with one being positive and
the other one being negative. The mean reverting coefficient k, takes the value of the only

positive eigenvalue.

_Kr

The eigenvector associated with the positive eigenvalue is ¢ = C;AT } = [ m ] . For
421

the simple case, the dynamics of the output gap x; is fully characterized by

1A,

Wy = Q12/Q11 = —

_gil /{r(/{r - Jr)
Br o Urdes!
wr — Rr
Urdy
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Appendix B: Solution of the Generic Model

B.1 Equilibrium Affine Coefficients

Substituting () using equation (17), H;(7) using equation (7)), and P,(7) using equation

(15)), I can rewrite equation as

A1) sy + C' (1) + A(T)'T (s — r*%¢) + ;A(T)/ZE/A(T) — \rf/—)\ [9(7’)\5}/—&(7) (A(T)/St + C(T))]

€' s¢ ' st

! A(r)'8x l/ﬂT {Q(T)y'st —a(r) (A(T)/St + C’(T))}A(T)dT] :

© patopn

where € = [1 0" and v = [0 1] are vectors selecting r; and S, respectively from the risk factor

vector s;. Collecting terms related to s;, I have

/ / 1 T / !/
AU%HEMﬂ—e+AbUMﬁ)—Wﬂﬂ:nm+m{4[ﬂﬂv—MﬂAhﬁMﬂdJEZAﬁy
(B.1)
Then the remaining terms consist of the following equation
<7@)—rwA@yre+;A@yzyA@q+Aa@xxTy:—pdipﬁA@yzz{ATa@xpruﬂdﬂ.
(B.2)

Equation is a two-dimensional vector equation that can be used to pin down A(7).
With A(7) solved, I can use equation to find C(7). Then the term structures for
bond yields and repo rates are given as functions of bond prices. Unfortunately, these two
equations do not have analytic solutions except in soe simple cases. The general form has

to be solved numerically.

B.2 Rational Expectations Linear System

Let Y; = [x4, yi]' be the vector of all variables where x; is the vector of state variables and y,

is the vector of jump variables. Y; follows the process

dY; = —Y(Y; — Y**)dt + [, 0]'dB,. (B.3)
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The eigen-decomposition of T is

T=QAQ™",

where A is the diagonal matrix with eigenvalues on the diagonal and @) is the eigenvector

matrix with eigenvectors on the columns. I can divide the two matrices into blocks:

_ Q:m: Q:py
o o &

As 0
0 A,

where the partition corresponds to the state and jump vectors. If T is full-ranked and the

number of negative eigenvalues is the same as that of the state variables, then the solution

to equation (B.3)) is equation and with

xxT )

Q= Qme;zl-

B.3 Solution Algorithm

The key general equilibrium objective is the transition matrix for the state variables I,
which is pinned down by the coincidence between the macroeconomic and the term structure
sides of the model. The solution algorithm can be summarized as a root-finding problem

involving two layers of numerical computation.
1. Given value of T', do the following.

(a) Numerically solve for the Affine coefficients A,(T) and Ap(T) according to as-
set pricing equations , which is a system of ordinary differential equations

involving integrals.

i. Treat the intergral terms as given, solve for A,(T) and Ag(T).
i. Update the integral terms with the solution of A.(T) and Ag(T).

11. Repeat step i until the solution converges.

(b) Using the Affine coefficients calculated in step (a), compute the aggregate coeffi-
cients A, and flg according to the system of equations (@

(c) Using the aggregate coefficients calculated in step (b), construct the parameter
matriz for the rational expectation system Y according to equation .
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(d) Recalculate the transition matriz from the macroeconomic side of the model ac-
cording to equation (B.4]). Denote this recalculated transition matriz as T*(T').

2. The general equilibrium is defined as a root finding problem of T' such that F(T') =
r—1r+T)=0.

Appendix C: Calibration

C.1 Macroeconomic Parameters

After simplification and partial parameterization, the coefficient matrix is given by:

wr _1/}7‘¢$ _¢r¢w
T=|-A, 0 1
0 0 —0.04

The characteristic polynomial of this matrix is
1T — M| = (¢br — A)[A0.04 + X) — 6] + 1, A, (0.04 + N) + 1,5 A0 = 0. (C.1)

There must be an eigenvalue that is equal to «,, the short rate reverting speed in the general

equilibrium. Therefore, equation (C.1]) must satisfy
(1hr — k) [0 (0.04 + 1) — 6] + Upp Ap(0.04 + K,) + Uy And = 0. (C.2)

The eigenvector associated with that eigenvalue is defined as a three-dimensional vector

v = [v1, V9, v3]" such that

Ur — Kp =y — O U1
_Ar —Ry 1 Vo | = 0
0 1) —0.04 — Kk, | |v3
(wr - "fr>U1 - ¢T¢$U2 - ¢r¢wv3 =0
= flwl + K9 —v3 =0

dve — (0.04 4+ K )vs =0
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From the last equation, I can derive that

V3 B )
vy 0.04+ K, (C.3)

From the second equation, I can derive that

A

V2 Ar

6
Y1 Goags, — Br

Recall that the output matrix is a function of elements in v. From equation (B.5)), I can

map that
A,
War = V2/v1 = cov(w,T) = —5—,
0.04tr,
) A,
Wrr = U3/V1 = cov(m,r) = ( )(— ).
004 -+ Ry m — Ry
I can further derive
cov(m,r) J (C.4)
cov(z,r)  0.04+ K, '
A,
= cov(x,r) = ool : (C.5)
e

cov(z,r)

Note that A, is a function of x,. Only one unknown &, is in equation 1} from which I
can numerically find the value of k.. Once &, is found, I can use equation (C.4)) to find

cov(m,r)

5= (0.04+ r,) (C.6)

cov(x,r)’
Replacing ¢ in equation ((C.2)) using equation ((C.6)), what I am left with is

Ky

B 1- ¢:pwzr - ¢7Tw71'7“ ‘

Uy
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Finally, the volatility of short rate o, can be identified using var(r):

2
Oy

var(r) = 5% o

= 0, = \/2K,var(r).

C.2 Term Structure Parameters
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Figure 31: Sensitivity analysis for term-structure parameters.

Note: Parameters are set at optimal values except the one being tested in each panel.
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Appendix D: Sims et al. (2023)

D.1 Discrete to Continuous-Time
The discrete-time IS and Phillips curves in Sims et al. (2023) are

1—2z .
xy =g — T (Tt —Emppq — 7 ) -z (thetJrl - qet) )

zZYo

T =YCr — qer + PEmi41.

1—=z2

Let xlf/fl:ft ~ %, then the IS the Phillips curves become

1-— d
dv, = : (rt o 7Tt> dt — zdqey,
o dt

(1= 6] s 2o
dﬂ't = ( 6 T — F:Et ‘l— (1—2)6q8t> dt

Substituting dm;/dt in the IS curve using the Phillips curve, the IS curve becomes

1—2 1 YS zyo
dry = — = oMt Sy — —————qe; | dt — zdge;.
Ty - (rt r BWH— th (1—z)ﬁqet> zagey

Adding the same Taylor rule and QE process,

drt = _wront - ¢xxt - (bﬂ'ﬂ-t) + UrdBr,tu
dqet = —figqetdt + O'ﬁdBﬁ’t,

I can further rewrite IS curve as

1—=z 1 0%s o
dx; = —rf— = —Tp— | /= — dt — dBg;.
Ty 5 (rt T ﬂﬁt + 3 Ty <(1 — 2)5 zm;) qet> zo0gabg ¢
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Collecting terms in matrix form, I have

Tt r 0 _1/}r¢ac _¢r¢7r Ty ree o 0
d By o 0 kg 0 By B dt 0 op d

T - _1-z 1—z ( 290 ) _1-z9¢ 1—21 o ss T 0 =b

¢ - o \(1-2)B B o B o B L v
Faldl 1
Tt O _(1—77@[3 % 1-— B Tt Tss O 0
T

(D.1)

D.2 Recalibrate the Model

In the following analysis, I present a method to recalibrate the model with and without the
1—z b — Yo s
o ?

(-2)p — 8 €= 5
then the coefficient matrix in equation (D.1)) can be simplified as

wage channel for QE to affect the inflation rate. Let a =
d—

zy0

(1-2)8

1
B €

'lvbr 0 _wr‘@sx _wr¢7r
T_ 0 kg 0 0

—a ab —ac ad

0 —e c 1—d

!/
Given the coefficient matrix T, let v = [vl v2 v3 wv4| denote the eigenvector for eigen-
/
value k, and let u = [ul u2 u3 u4} denote the eigenvector for eigenvalue rz. Since
there are two state variables and two jump variables, I divide the eigenvalue and egenvector

matrices as follows

_KT
A.’L’x
A= e _ 7
A3 Ayy
A4
_ vl ul g31 qn
V2 U2 Q32 Qa2 Que Quy
Q= |q(k:) q(rp) @ @| = = :
v3 U3 @33 Q3 Quz Quy
L vd ud g4 Qu
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Then the solution of the four-equation system is

I'= meAxQ;xla

where

Ky vl wul v3 u3
Ax:c = aQ:c:L‘ = 7ny = .
K3 v2 u2 vd ud
To facilitate a better understanding of the system solution, below I do the computation

explicitly.

o 1 u2 —ul
T plu2 —v2ul | —p2 vl

1 203 — udv2 uw3dvl — v3ul
L 0=0,0 = w203 — u3v2 udvl —v3u |
viu2 —v2ul (vdu2 — udv2 wudvl — vdul
1 kvl ulk u2 —ul
¢ @ viu2 —v2ul LQ;@T u2/£5] [—02 vl }
B 1 krvlu2 —ulkgv2 ulkgvl — k,vlul
viu2 — v2ul |v2k,u2 — u2kav2 u2kzvl — v2kul |

Since f; is determined exogenously, v2 = 0. The solutions reduce to

0 1 [u203 w3vl —v3ul w3/l ulovdul
Coolu2 |vdu2 wdvl —vdul| v4/vl % 7
re 1 [roolu2 ulkgul — kpvlul| |k, w3 (ks — k)
viu2 0 u2kgvl 0 K3

I pick k3 = 0.2 to match a 0.8 AR(1) coefficient in the discrete model. &, is calibrated to
be 0.46 to match a 1.5-quarter half life of the conventional monetary policy shock. Here
are other moments collected from Sims et al. (2023): W, =-0.7; Wy,=-1.35; wys/w;z=>5.86;

wap/wrp=1.82. The following relations hold
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Wy = v3/v1, (D.2)

Wy = v4/01, (D.3)

udvl — v3ul o oul
W = CUIB/WTB@(K/B — KJT)7 (D4)

udvl — v3ul

2/ Wng = —————————, D.5
g /s udvl — vdul (D-5)
v1? + 032 +vd? =1, (D.6)
ul® + u2? + ud? + ud® = 1. (D.7)

Taking x, and kg as given, there are six equations defining seven unknowns
v= vl 0 v3 U4]/, U = {ul u2 u3d u4}/. I can randomly give the value for one un-
known then derive the other six unknowns using the equations above. In the exercise,
instead I impose another normalization condition @,z = 0.01 to achieve the exact identifica-

tion of the eigenvectors.

Solving the eigenvectors v and u using (D.2HD.7]), now I can back out the coefficient values.

Because v and u are eigenvectors of T, the following relations must hold

(6 — )UT = 6,03 — Prppvd = 0, (D.8)

(4 — gl — 6y 03 — ooy = 0, (D.9)

—ax vl +abxv2 — (ac+ K,) *v3 4+ ad * vd =0, (D.10)
—axul 4+ abx*u2 — (ac + rkg) * u3 + ad x ud = 0, (D.11)
—e*xv2+cxv3+ (1 —d—kK,)*xvd =0, (D.12)
—exu2+cxud+ (1 —d—rg)*ud = 0. (D.13)

From equations (D.8) and (D.9)), the three Taylor rule coefficients v, ¢,, and ¢, are under-

identified. For simplicity, I assume 1, = 0.2 then use these two equations to calculate the

other two coefficients.

_ kgxul xvd — Ky x vl xud

vr ul * v4 — vl *ud ’
Uy — k) * vl
¢w=( ) .
Uy x v4
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Furthermore, recall that v2 = 0 since the QE is exogenous. From equations (D.10]) and
(D.12),

ac* v3 = ad x vd — ax vl — K, * V3,

cxv3 = (K, +d— 1)v4,

Ky * U3

=a= )
“ v4 — K, * v4d — vl

Now I am left with three restrictions but four parameters. For simplicity, [ assume d =
1/0.995, then from equation (D.12)),

c=(kr +d—1)vd/v3.
From equation (D.13]),
e=cxud/u2+ (1 —d— kg) * ud/u2.

From equation (D.11)),

b_a*u1+(ac+ﬁ6)*u3+ad*u4
B a* u2 '

D.3 Recalibrate a Version without Wage Channel

To calibrate a version of the model without the wage channel, let e = 0. Notice that in
this case, there is no direct effect from the QE on inflation, u3 = u4 = 0. To compute
the eigenvectors satisfying the targeted moments, I impose the condition u3 = u4 = 0 on
equation (|D.4))

—v3

PRl Wap/Wrp(Kp — Kr),

which is equal to —w,,. Therefore, the moment w,s/w,s cannot be matched in this special

case. Likewise, imposing the condition u3 = u4 = 0 on equation (|D.5|

v3

Wap/Wap = o’

which is equal to Wy, /wy,. Therefore, the moment wis/wys cannot be matched in this special

case as well. The eigenvectors are computed based on the system (D.2} [D.3| |D.6} and |D.7))
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along with the normalization @,3 = 0.01.
To back out the coefficients, imposing u3 = u4 = 0 on equation , I have

wr = /ig.

Assuming ¢, = 0, I can use equation to calculate ¢,. Likewise, assuming d = 1,/0.995,

I can use equation (D.12)) to calculate c¢. Furthermore, from equations (D.10) and (D.12]),

Ky ¥ 03

a:U4—KJT*U4—U1.

Imposing u3 = u4 = 0 on equation (D.11)), T have

b=ul/u2.

Appendix E: Micro Foundations for IS Curve

E.1 Overview

I this sector, I lay out a continuous-time New-Keynesian model, in the same spirit of [Ray

and Kamdar| (2024), that results in aggregate nominal interest rate in the format of equation
(]

o Government: supplys government bonds aggregated to 0.

o Central bank: sets policy rate using Taylor Rule.

« Private habitat investors: demand bonds for specific maturities.

 Financial intermediaries (Arbitrageurs):

— demand bonds as arbitrageurs;
— take savings as given, repay promised interests, transfer the gains/losses to HHs;

— dealers provide repo cash in exchange of repo bonds to hedge funds.
« Households:

— consume final goods, provide labor to intermediate firms;
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— save at differentiated interest rates;

— receives profits and price adjustment costs from intermediate firms, and gains/losses

from financial intermediaries.
e Firms:

— Final goods producer aggregates intermediate goods to final goods.

— Monopolistically competitive intermediate goods producers demand labor and set

price with adjustment cost to maximize profits.

E.2 Households

Continuum of HHs differentiated by access to saving markets j. There is a mass h(j) for
each type of HH and the aggregate mass foJ h(j)dj = 1. HH j chooses consumption, labor,
and saving to maximize expected life-time utility subject to budget constraint. Each type of
HHs is differentiated by the interest rate to which they have access to i;(j). HHs own firms
and arbitrageurs and receive the equal transfer from the sum of firm profits, price adjustment
costs, and arbitrageurs’ gains/losses d7;. I assume that households value the quality of safe
saving products, reflected by the w;k;(j) term in the utility function, with w, interpreted as

the time-varying marginal quality value.

0o N1+
max (,)/ e Pt <log () — M + wtkt(j)> dt,
7)Jo

ct(5),me(5),ke 1+ ¢
s.t.
dki(j) = (1()ke(3) + Winy(§) — Pice(5))dt + dT;. (E.1)

Current-value Hamiltonian:

ny(j)'¢

W + @ik (5) + Ne(7) @ () ke () + Wine(§) — Pec(5)) + dT3/dt

H(c(7), ki(7), Ae(f)) = log ¢, (j) —
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FOCs:

where m;

dAégj) = pA(7) = Ald)ie(9) — Aeld)
d\(5)/dt — (7
W = p —i(j) — @,

1/er(3) = M(5) P

de(j)/dt _d)\(j)/dt P jdt

— iw(j) + @ — p — e,

ct(J) Ae(7) B

ne(7)” = M (j)Wa,
= c(j)m(j)? = Wi/ P,

is the inflation rate.

E.3 Habitat Investors

Private habitat investors demand the following aggregate amount of bonds:

Hy(1) = —a(7)logPy(1) — 0(7) B4

E.4 Arbitrageurs

Arbitrageurs pool households savings and manage the fund through trading on the bond

cash and repo markets. Arbitrageurs are risk-averse, they take as given the household sav-

ings and make decisions about optimal portfolio. The trading profits are used to payback

the promised interests to households. Then the net gains/losses are equally transferred to

households.

Hedge fund’s problem:

g;&(x:{) E, [thh} — 22}1 Var, {thh} )

s.t.

T
AW — Whrdt = / O"(r) (
0 N——

repo demand

dP,(T)
Py(7)

trading profit
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Dealer’s problem:

1
x50 Bn ] - o ]

s.t.

d d " dPy(T)
AW — Wirdt = Xe() | — rdt — Ny (7)dt)dr
0 ~—— Pt (7—) ———
direct holdings ~——~~——— B/S cost

excess return

T
+ / QUr) (Ri(r) —ri— A(r) )dtdr. (E.5)
0 —_—— —— N——
repo supply repo wedge B/S cost

In equilibrium, the cost of direct and repo holdings must be equivalent. Thus, Ri(7) =
r + Ay(7). Dealer and hedge fund face the same problem except for risk-bearing capacity.

The optimal portfolio is

= — pd T .
Xi(1) = pd;‘tht( ), (E.6)

—__n 7). )
Qi(T) = pd+tht< ) (E.7)

Embedding equations (E.6) and (E.7) into equations (E.4) and (E.5), I get arbitrageurs’

aggregate bedget constraint:

AWy — Wyridt = — /T Ht(7)<dpt(7')

; B(r) — Ry(7)dt)dr,

which indicates that the distribution of funds between dealer and hedge fund does not
affect the aggregate trading profits. The arbitrageurs make promised interest payment
17 h(5)ie(5)ke(j)dj from its wealth growth dK, and then transfer the remaining part equally
to households.

E.5 Final Goods Producer

A competitive final goods producer aggregates a continuum of intermediate inputs denoted
by k € [0,1] to produce final goods.

Y, = </01 yt(k‘)tldk) o
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Taking the final goods Y; as given, the producer chooses ingredients to minimize cost

1
min/ v (k)pe(k)dk.
ye(k) JO
FOC:
. pe(k) -
) = (50 v,
where

= ([ i)™

is the aggregate price index which forms the inflation rate.

E.6 Intermediate Goods Producers

A continuum of monopolistically competitive intermediate goods producers k € [0, 1]. As-

suming quadratic price adjustment cost, the period profit for producer k is

pe(K)ye(k) — Wing(k) — Z (W) PY,.

Assuming linear productivity of labor (k) = Aini(k), the intermediate goods producers’

problem becomes

min [~ Qt{mk) (ptus))eyt W (ptuc))eyt ! (W) ptyt}dt, (£3)
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where Q, is the aggregate stochastic discount factor satisfying
ol [ ([ Ea)as)
ol [ ([ 0= 1)~ wntisar)as |
_exp</0t (p— .- /IH is(j)h(j)dj)dSﬂ

= ea?p</1H i(j)h(j)dj + wt)

= exp (Et + wt>

Qi = :ea:p( /O t —pdé’):
oy —

e

Current-value Hamiltonian:

H(dpt(k?>/dt7 pt(k)a At(k))

() (00 () (1)

dpi(k)/dt P,
pe(k)  pi(k)

d\(k)/dt = (i + @) A (k) — [(1 —€)(

A(k) = 6

Yi,

pu(k)
P,

2
W, pi(k) _61Yt+9<dpt(l€)/dt> Pl

)_en—i_ept(k)( P ) Ay pt(k) pt(k)

Focusing on symmetric equilibrium p,(k) = p; = P;, the FOCs become
)\t(k) = Qﬂ-t}/t
=dN\(k)/dt = OmdY,/dt + 0Y,dm,/dt,

A\ (K)Jdt = (G, + @)\ (k) — [(1 v e Ly enfy}

Pt At
dY,/dt ~ 1—¢ eW; 1
=T )t/i +d7rt/dt:(zt+wt)7rt— |:Q+¢9P;14t+7rt2]
~ dY;/dt e—1 e Wil
:ﬂ't(Zt +wt — Ty — }t/{ ) = 0 <€ — ]_?:Z — 1) ‘I— d'ﬂ't/dt (Eg)

107



E.7 Aggregation

For tractability, I assume a “head of HH” sets transfers such that in equilibrium, wealth is
equalized across HHs: k(1) = K;. Aggregating the individual budget constraint (E.1f), I

have
dK, = (1, K; + W,N, — P,Cy)dt + dTy,

where 4; = [y i;(j)h(j)dj. Therefore, the aggregation can be represented by a representative

HH who borrows at the rate 7;. The representative HH’s Euler equation, from equation

ED. i

dC,/dt -
t

The representative HH’s labor-consumption tradeoff is

C.N} = W,/P,. (E.11)
Final goods market clearing condition is

Cy =Y, = AN, (E.12)

In the following analysis, I derive the natural economy. The standard NK model assumes
the economy is in its natural state when the price can adjust flexibly. In this model, besides
the price stickiness, there are three other sources of frictions: the risk of conducting carry
trades, the non-pecuniary cost of holding assets, and the quality value of saving. I define
the baseline economy as a special case with p =0, A =0, sk, = 0, and # = 0. In additional,
I remove the quality value by letting w; = 0. In this scenario, there exists flexible price
adjustment. The bond yields and repo rates are both the same as the short rate, thus the

aggregate nominal rate elapses to short rate.

The flexible price can be derived from minimizing the profit without price adjustment cost,
i.e., solving equation (E.9) with § = 0. In the following analysis, I use the subscript n to
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denote quantities and prices in the baseline natural economy.

: n n mn._.n : n pn k - n n pn k - n
;?g,g{pxk)w)—thtw)}:prg(%{pt(k)( W) e (M) n/At}

=p;(j) = F' = :Wt I
The baseline version of labor-consumption tradeoff (E.11) is CP*(N/)? = W /Pr. Recall
that I assume all profits and costs are transferred to households so there is no real resource

loss. The baseline counterparty of the market clearing condition (E.12)) is C}' = Y,* = A,N]".

Combining these two equations, I have

_]_17
W:@:&C )+. (E.13)

€

The baseline aggregate Euler equation is

dcy/dt  -n
Ctg =1 —p—T7. (E.14)
Ci

From equation ([E.13)), dcén,{dt = dAj{ 4t T assume a constant technology growth, then the
t

natural real interest rate 7, — 7y is constant. Subtracting the baseline aggregate Euler
equation (E.14) from the full aggregate Euler equation (E.10)), I have

dy,/dt dYy/dt -

~n n
=utw—m—(iy —m)
Y, Y

dX,/dt -
_ X/ :

n
=4+ W — T —T
Xy ’

where X; = Y;/Y;" is the output gap and 7" = i, — 7" is the natural real interest rate. Now
[ will derive the NK Phillips curve. Substitute the Euler equation (E.10|) into the inflation

dynamic equation (E.9), I have

6;1< ¢ Vth_l)"’dﬂ't/dt,

TP = E—lf)tAt

where 1/A; = %Pt" /W from the flexible price expression. Therefore, the inflation dynamic
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can be written as

e—1 (W, W/
= — /=1 dm/dt
7Ttp 9 <.Pt / .Ptn > + 7Tt/ 9
where %’f = Y,""?/A? and V;—; = (Y;)"?/A? from the labor-consumption tradeoff and

market clearing conditions. The inflation dynamic can be further written as

—_

€ —

mp = —— (VO (V) = 1) + dmy/dt

)

- (X7 = 1) + dm/dt.

™M
—_

)

Defining z; = logX,, L have X; 7 —1 = el +¢)x;, — 1 ~ (1+ ¢)z;. The IS curve and Phillips

curve are given by

da,/dt = 1, + @y — m — 1",

e—1
dm/dt = pmy — T(l + @)z,

the same as equations (1)) and (4)) in the main text. The model then is closed with the Taylor

rule and the demand factor process as in the main text.
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