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Abstract

We document low-frequency shifts in the relationship between inflation and the conve-
nience yield on US Treasury bonds. Treasury convenience comoves positively with inflation
during the inflationary 1970s and 1980s, but negatively in the pre-WWII period and the pre-
pandemic 2000s. We explain these changes with an interplay of the “money channel” and the
“New Keynesian demand channel” by introducing Treasury convenience yield into a standard
New Keynesian model. Exogenous shocks to inflation (such as cost-push shocks) raise nominal
interest rates and, by extension, the opportunity cost of holding money and money-like assets,
inducing a positive inflation-convenience relationship as observed in the 1970s and 1980s. In
contrast, exogenous shocks to liquidity preferences (such as those originating from financial
crises and panics) raise the perceived value of Treasuries, lowering consumption demand and
inflation, and result in a negative inflation-convenience relationship as seen pre-WWII and
post-2000. We argue that the experience of the past century is inconsistent with a direct effect

of inflation depressing Treasury convenience.
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1 Introduction

How is Treasury convenience linked to inflation? The relationship between liquidity, interest rates,
and inflation was central to the vigorous macroeconomic debates of the 20th century (Keynes
(1937), Friedman (1969)). Today, it is again relevant due to renewed concerns about inflation
and the status of US Treasuries. Recent progress in the understanding of Treasury markets indi-
cates that investors value US Treasury securities more highly than assets with the same cash flows,
1.e., Treasury bonds have convenience value (Nagel, 2016; Du et al., 2018b; Krishnamurthy and
Vissing-Jorgensen, 2012). Besides serving as a significant source of fiscal capacity, Treasury con-
venience affects monetary policy transmission (Jiang et al., 2020), drives business cycle dynamics
during global financial crises (Del Negro et al., 2017; Anzoategui et al., 2019; Li, 2023), and is a
critical component of dollar valuation and exchange-rate dynamics (Jiang et al., 2021; Du et al.,
2018a).

In this paper, we use a century of US data to document secular shifts in the relationship between
Treasury convenience and inflation. Figure 1 illustrates a striking fact: Convenience comoves
positively with inflation during the most inflationary episode, but not before or after.! In periods
typically associated with supply-side shocks, such as the 1970s and 1980s, higher inflation tends to
go along with higher — not lower — Treasury convenience. Conversely, in periods with preeminent
demand-side shocks, such as financial crises, including the pre-WWII period and the pre-pandemic
2000s, lower inflation tends to coincide with higher Treasury convenience. These shifts are not
isolated to historical episodes but remain relevant in today’s world. Figure 2 shows that while the
correlation between Treasury convenience and market-implied breakeven inflation was strongly
negative before the bout of post-pandemic inflation, it turned slightly positive just as inflationary
pressures reemerged.

We argue that these findings can be explained by the changing dominance of two channels with
a long tradition in the economic debate: the “money channel” and the “New Keynesian (NK) de-
mand channel.” The money channel encapsulates the monetarist perspective that the nominal rate
of interest is the cost of holding money (Cagan, 1958; Tobin, 1969; Friedman, 1969), augmented
with the view that Treasury bonds of all maturities have some money-like qualities (Friedman and

"We follow Krishnamurthy and Vissing-Jorgensen (2012) in measuring the convenience value of Treasury bonds
with the spread between Aaa-rated corporate bond yields and long-term Treasury bond yields, consistent with the
fact that Aaa-rated corporate bonds have never defaulted during our historical period. A higher Aaa-Treasury spread
corresponds to a higher value of Treasury convenience.
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Figure 1: Historical convenience yield and inflation (standardized). We plot the Treasury con-
venience, measured as Aaa-Treasury spread (Krishnamurthy and Vissing-Jorgensen, 2012), and
the 12-month change in CPI-U inflation (from Robert Shiller’s website). Monthly data runs from
January 1926 through July 2020, excluding the WWII period September 1939 — December 1951.
The three subperiods shown are January 1929-September 1939, January 1952-December 1999,
and January 2000-December 2020. In each subperiod, we normalize both measures to have mean
zero and standard deviation of one.

Schwartz, 1982).% This channel generates a positive inflation-convenience relationship, as higher
inflation expectations increase the cost of holding money and close money substitutes such as
Treasuries, increasing the Treasury convenience premium that investors pay in equilibrium. On
the other hand, Keynes (1937) considered exogenous variation in liquidity preference as the key
determinant of interest rates, business cycles and inflation. Since then, liquidity demand shocks
have been argued to be responsible for the Great Depression of the 1930s (Friedman and Schwartz,
1963) and have been incorporated into microfounded New Keynesian models of the Great Reces-
sion of 2008-2009 (e.g., Del Negro et al., 2017; Anzoategui et al., 2019). Intuitively, the New Key-
nesian demand channel views a shock to the demand for liquid stores of wealth as a causal driver
of lower aggregate demand, spending and inflation, implying a negative inflation-convenience re-

lationship. As such, the two views have distinct implications for the causal interpretation of the

%A long literature has argued that monetary aggregates include not only narrow money but also other liquid assets
(Barnett et al., 1984; Lucas and Nicolini, 2015; Ireland, 2009), including Treasury securities that provide liquidity
services (Friedman and Schwartz, 1982; Holmstrom and Tirole, 1998; Longstaff, 2004; Krishnamurthy and Vissing-
Jorgensen, 2012; Nagel, 2016; Krishnamurthy and Li, 2023).
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Figure 2: Weekly time series of convenience yield and 5-year breakeven inflation. We plot the
Treasury convenience, measured as Aaa-Treasury spread (Krishnamurthy and Vissing-Jorgensen,
2012), and 5-year breakeven inflation (denoted as “breakeven”) from Bloomberg from January
2018 through May 2023. The vertical line on December 10, 2020 is the break date detected by a
QLR break date test for a single unknown break date between January 2018 and May 2023. It tests
for a change in the coefficient b, in the regression spreadf‘“a = by + bibreakeven; + ;.

convenience-inflation relationship. In the money channel, higher inflation leads to higher con-
venience. In the NK demand channel, liquidity shocks revealed via higher convenience lead to
disinflation.

We interpret the experience of the past 100 years through the lens of these competing channels.
In the second half of the 20th century, 1970s and 1980s in particular, cost-push shocks or more
broadly shocks to the Phillips curve dominate fluctuations (e.g., Justiniano and Primiceri, 2008;
Hazell et al., 2022; Pflueger, 2023), driving a positive convenience-inflation relationship via the
money channel.® In contrast, before WWII and after 2000, as the liquidity shocks are prevalent,
the NK demand channel induces a negative convenience-inflation relationship. To the extent that
supply shocks gain new importance in the aftermath of the COVID pandemic — potentially due to

global supply chain disruptions, labor market frictions, or energy shocks — the reemergence of the

3While cost-push shocks are particularly relevant for the 1970s and 1980s, the money channel is not tied to this
particular source of inflation fluctuations and more broadly applies to inflation fluctuations not directly driven by
demand for liquidity itself.



money channel explains a positive shift in the convenience-inflation comovement as observed in
Figure 4.

We start our empirical analysis by estimating the relationship between the Treasury conve-
nience spread and inflation across different historical regimes. Our baseline measure of Treasury
convenience is the spread between yields on Aaa-rated corporate bond yields and long-term Trea-
sury yields following Krishnamurthy and Vissing-Jorgensen (2012). Because yields are inversely
related to prices, the Treasury-Aaa spread increases with the convenience value of Treasury bonds,
or the value that investors attribute to Treasury bonds above and beyond less convenient assets with
equivalent cash flows. Our analysis starts in 1926, dictated by the data availability.

We find that a one percentage point increase in inflation is associated with a convenience yield
that is 13 bps higher in the second half of the 20th century (1952-1999) compared to the pre-
WWII period, a magnitude that is large relative to an average convenience spread of 87bps. In
contrast, the coefficients on inflation in the pre-WWII and post-2000 periods are generally negative
and typically not statistically significantly distinguishable from each other. These patterns hold
true while controlling for the federal funds rate, the quantity of Treasury debt as measured by
the Debt/GDP ratio, equity volatility, and the credit spread between Baa and Aaa corporate bond
yields. Results for T-bill convenience, measured by the Repo-T-bill spread, display similar shifts,
though the level of the federal funds rate now captures a bigger share of the T-bill convenience
variation (Nagel (2016)). The results are robust to the exact timing of the start and end dates for
the periods, as long as the first shift is dated in the 1950s or 1960s and the second one between
1995 and 2005.

We next present a series of empirical findings that, taken together, support the notion of shifting
dominance between the NK demand channel vis-4-vis the money channel of convenience. First, we
analyze the lead and lag relationships between inflation and Treasury convenience using predictive
regressions. These regressions show that increases in convenience yield tend to be followed by
lower inflation similarly across all our subperiods, with the effect peaking between 12 and 24
months. This fact is consistent with a liquidity shock interpretation, whereby a positive shock
to the demand for convenient Treasuries reduces real consumption via the NK demand channel.
Importantly, however, in the higher-inflation second half of the 20th century, higher inflation tends
to also be followed by higher Treasury convenience with a peak effect at roughly 24 months,
coinciding with substantial supply-side disturbances during the 1970s and 1980s. This relationship

is as expected if higher inflation expectations cause the cost of holding money and other convenient



assets to rise via the money channel. Those lead-lag relationships, therefore, indicate that there
are stable mechanisms flowing from liquidity to inflation and vice versa, and that the shifts in
the contemporaneous inflation-convenience relationships occur because the composition of shock
driving the economy — liquidity shocks to Treasury convenience versus direct shocks to inflation —
has changed over the past 100 years.

We next explore the different components of inflation for the post-1959 sample. We find that
long-term Treasury convenience exhibits a stable positive relationship with core inflation, sup-
porting the notion that persistent inflation tends to raise convenience via the money channel. The
correlation between energy inflation and Treasury convenience is much weaker. As such, the
money channel tends to manifest in our data when inflationary shocks are longer-lived and pass
onto broad measures of core inflation. To explicitly distill the sources of inflation, we employ the
decomposition of core CPI inflation into demand and supply drivers as proposed by Shapiro (2022)
and available for the post-1990 period.* We show that higher long-term Treasury convenience pre-
dicts lower demand-driven inflation but not supply-driven inflation, aligning with the NK demand
channel dominating fluctuations over the post-1990s period.

To understand the mechanisms behind our empirical findings, we build a framework that en-
compasses the money and NK demand channels. We combine a parsimonious three-equation New
Keynesian model as in Gali (2008), Rotemberg and Woodford (1997), or Clarida et al. (1999),
with a model of convenience yield following Nagel (2016).5 Specifically, the money channel
arises from the assumption that Treasuries are substitutes with deposits or even non-interest pay-
ing money. Higher inflation drives up the nominal interest rate and raises the opportunity cost
of holding money, thus, also the opportunity cost of holding near-money assets, including Trea-
suries. Consequently, higher inflation leads to higher convenience yield via the money channel.
We show in a standard calibration that the money channel is particularly prominent if the economy
experiences supply cost-push shocks and average inflation is high, as both of these occurred in the

1970s and 1980s (middle panel of Figure 1), as well as the recent post-pandemic episode. The NK

4Shapiro (2022) decomposes inflation into supply- and demand-driven inflation using data on prices and quantities
at individual product category level.

SFor models of banking and money within a New Keynesian economy see also Curdia and Woodford (2010),
Gertler and Karadi (2011a), Drechsler et al. (2018), Piazzesi et al. (2019) and Wang (2022). Caballero and Simsek
(2020) and Caballero and Simsek (2022b) develop models of optimal monetary policy when broad asset prices matter
for aggregate fluctuations, and both financial and non-financial demand shocks are present. Our focus is different,
in that we seek to build the most basic model of monetary policy and Treasury convenience that can replicate the
changing inflation-convenience relationship that we document in the data.



demand channel, instead, treats the convenience yield as a wedge in the household Euler equa-
tion between the risk-free discount rate and the Treasury yield. A positive shock to convenience
yield suppresses aggregate demand, which decreases inflation and induces a negative inflation-
convenience comovement.® This NK demand channel plays an important role when the economy
experiences liquidity shocks, such as disruptions in the financial sector, and these are indeed more
salient in the 1930s and post-2000 (left and right panel in Figure 1). Taken together, the chang-
ing preeminence of the money and the NK demand channels can explain the shifting comovement
between Treasury convenience and inflation, as well as their lead-lag relationships.

The model also allows us to explore the hypothesis that high inflation directly depletes the
Treasury convenience benefits. Such direct and negative effect of inflation on convenience could
arise via several mechanisms highlighted in the literature: (a) Higher inflation means that the mon-
etary authority has less capacity to monetize debt.” (b) When inflation is more volatile, Treasuries
as safe assets have less stable valuation and therefore the safety premium declines.® (c) According
to the fiscal theory, higher inflation is driven by an expected expansion of debt supply, which sati-
ates liquidity demand and lowers convenience.’ (d) Higher inflation increases the cost of financial
intermediaries trading Treasury securities and thus reduces Treasury convenience.'”

We capture this class of mechanisms in our model in reduced form by allowing Treasury con-
venience to decline directly with higher inflation. Contrary to the data, this assumption implies
a more negative convenience-inflation relationship in the 1952-1999 period than during the pre-
WWII and post-2000 periods. Intuitively, this alternative assumption implies that Treasuries have
little convenience during the high-inflation 1970s and 1980s. Consequently, the money channel, by
pushing towards a positive convenience-inflation relationship, should have been especially weak

during this period. Our finding of a positive inflation-convenience relationship during the second

Shocks to the convenience of Treasury bonds have been increasingly used to explain a wider range of empirical
facts (Anzoategui et al. (2019), Jiang et al. (2020), Itskhoki and Mukhin (2021), Kekre and Lenel (2021), Fukui et al.
(2023), Bianchi et al. (2022), Engel and Wu (2023), Abadi et al. (2023).

"This can be viewed as less “moneyness” of government debt in a model of money and bond substitution as in
Nagel (2016) and Krishnamurthy and Li (2023).

8For example, in Krishnamurthy and Vissing-Jorgensen (2012), safety premium is an important component of the
Treasury convenience that can be driven by return volatility. Recent theories of government debt as insuring against
idiosyncratic and aggregate risks also highlight this point (Di Tella, 2020; Brunnermeier et al., 2022b; Liu et al., 2021).

9See Cochrane (2023) for a summary of the fiscal theory. Brunnermeier et al. (2022a) embeds the fiscal theory into
a model with debt convenience and bubbles.

10See Duffie et al. (2007) for a general theory of how intermediation frictions affect asset prices. Du et al. (2023)
provide both theory and empirics on how intermediation costs affect Treasury pricing.



half of the 20th century, therefore, points to the persistent feature of US Treasuries as convenient
assets at the historically experienced US inflation rates.

Our work relates to the growing literature that studies the determinants and effects of Treasury
convenience on the aggregate economy. Nagel (2016) shows that the US monetary policy drives
the Treasury convenience yield by changing the opportunity cost of holding money and money-like
assets, and Diamond and Van Tassel (2023) provide international evidence. Du et al. (2018b) and
Jiang et al. (2021) document that violations of the covered interest parity in foreign exchange mar-
kets are correlated with an international view of the US Treasury convenience. Hébert et al. (2023)
provide complementary evidence that the gap between the stock market-implied risk-free rate and
government rates acts as a shifter in the Euler equation akin to a demand shock. Brunnermeier et al.
(2022b) show that the convenience yield is an important determinant of fiscal capacity. Li (2023)
presents the convenience yield as a channel of how quantitative easing policies affect the banking
sector and financial crises. Complementary to our work, Acharya and Laarits (2023) argue that the
hedging properties of Treasury bonds can explain their convenience. They measure covariances at a
higher frequency, starting from 2005 and focusing on relatively high-frequency event studies. Our
contribution lies in documenting important lower-frequency shifts since the 1920s. Fu et al. (2023)
find a negative correlation between Treasury convenience and inflation expectations extracted from
long-term Treasury yields. While the main sample of Fu et al. (2023) overlaps with the post-2000
period we consider in our analysis, we interpret the negative inflation-convenience comovement
over this period as evidence for the dominant demand channel whereby liquidity shocks lead to
lower inflation, in line with much recent research about the Great Recession.

The remainder of the paper is structured as follows. Section 2 describes our empirical results,
with data and measurement in Subsection 2.1, our baseline regressions and evidence on the break
dates in Subsection 2.2, and a decomposition of the relationship into core versus energy and sup-
ply versus demand inflation in 2.4. Section 3 describes the model setup and the calibration, and

compares the model results to the data. Finally, Section 4 concludes.

2 Empirical Evidence from a Century of Inflation

In this section, we present our main empirical results on the changing relationship between inflation

and Treasury convenience. We start with data and measurements.



2.1 Data and Measurement

Table 1 presents summary statistics for our key variables using monthly observations from 1926 to
2020, excluding the WWII period defined as September 1939 through December 1951. The start
of our sample is determined by the availability of daily stock returns and a measure of stock return
volatility. The end of our sample period is dictated by the availability of the GC repo-T-bill spread.

We consider three distinct periods for our empirical analysis: the pre-WWII period from 1926
through 1939, the second half of the 20th century from 1952 through 1999, and the post-2000
period until the start of the pandemic (2000 to 2020). We exclude the WWII period until 1951 due
to interest rate controls, which were lifted by the Treasury-Fed accord in 1952. We choose a break
date in January 2000, because the literature has found significant changes in the inflation dynamics
and their relationship with the real economy around this time (e.g., Campbell et al. (2017), Stock
and Watson (2007), Campbell et al. (2020)).

Table 1: Summary statistics 1926-2020. This table presents summary statistics for our full sam-

ple 1926:01-2020:07, excluding the WWII period 1939:09-1951:12.

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max
Aaa-Treasury Spread 987 0.874 0.419 0.150 0.540 1.160 2.150
T-bill Liquidity 987 0.437 0.484 —0.292 0.133 0.576 2.842
Inflation 987 0.026 0.036 —0.107 0.013 0.039 0.148
VIX 987 19.663 7.871 10.905 14.977 21.076 74.457
Debt/GDP 987 0.263 0.142 0.070 0.136 0.336 0.676

We use the consumer price index for all urban consumers from Shiller (2016), who reports
the data starting from the late 1800s. We define the inflation rate as the annual percentage change
in the consumer price index. As shown by Atkeson and Ohanian (2001) and Stock and Watson
(2007), the four-quarter moving average of past inflation is one of the most robust predictors of
future inflation, so our measure can also be thought of as a proxy for expected inflation.

In the literature, there are two main measures of the Treasury convenience yield that are avail-
able back to the 1920s. Our primary measure is the Aaa-Treasury spread, as in Krishnamurthy and

Vissing-Jorgensen (2012).!" We also construct the T-bill convenience following Nagel (2016) as

""We follow Krishnamurthy and Vissing-Jorgensen (2012) in subtracting a matched Treasury bond yield. From
1924 until 1999, we use the average yield on long-term government bonds (LTGVTBD) from the St. Louis Fred.
From 2000 onwards, we use the yield on 20-year maturity Treasury bonds (GS20) from the St. Louis Fred. The
monthly Moody’s seasoned Aaa corporate bond index (AAA) is also from the St. Louis Fred.



the spread between 3-month banker acceptance and 3-month T-bill before 1990, and the spread
between 3-month term repo collateralized by Treasuries and 3-month T-bill after 1990. We extend
their series forward to 2020 following Krishnamurthy and Li (2023), and call the spliced series
“Repo-T-bill spread.” The Aaa-Treasury spread reflects the convenience of long-term Treasury
bonds, and the Repo-T-bill spread captures the convenience of short-term Treasury bills.

We control for other well-known drivers of Treasury convenience, in particular market volatil-
ity, the total government debt supply, and monetary policy. For market volatility, we use the VIX
index. The VIX data are only available since 1990. For the period before 1990, we use a linear
projection of VIX on realized volatility of the S&P 500 index, where the projection coefficients
are estimated on the post-1990 data. For government debt supply, we use the total quantity of
Treasury debt, at par value, excluding intra-governmental holdings, but including bank and Fed-
eral Reserve holdings. The data construction follows Krishnamurthy and Li (2023). For monetary
policy, we use the end-of-month effective federal funds rate, available from the flow of funds data.
We also occasionally control for credit conditions using the difference between Moody’s seasoned
Baa minus Aaa yields available from the St. Louis FRED. Daily data on the Aaa-Treasury spread
(Aaal0Y) and 5-year breakeven inflation (TSYIE) are also obtained from the St. Louis FRED.

2.2 The Changing Treasury Convenience-Inflation Relationship

In this section, we show that the relation between inflation and the Treasury convenience spread has
changed in a quantitative and statistically significant manner over the three periods we consider.
To visualize these shifts, Figure 3 juxtaposes the Aaa-Treasury spread against the realized inflation
over the past century. The correlation between inflation and the spread changes from negative
—0.55 pre-WWII to positive 0.63 in the second half of the 20th century, and back to negative
—0.28 post-2000. The average inflation is 4% in the middle period that encompasses the high-
inflation 1970s and 1980s, but much lower in the other periods.

To assess the statistical and economic significance of those changes, we estimate the following

baseline regression at a monthly frequency:
Spreadflaa = by + by + bamy X Tigs2——1999,¢ + 3T X Is0000+ + I' Xy + &4, (D

where we interact inflation with period-specific dummy variables. The interaction coefficients are

interpreted relative to the pre-WWII period 1926-1939 (the omitted category). m is the inflation
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Figure 3: Time series of Aaa-Treasury spread and inflation. This figure shows the measures
of inflation and the Aaa-Treasury spread used for our main analysis. Horizontal lines indicate the
subperiods used, with the WWII period excluded from our analysis.

rate over the 12 months prior to time ¢. The vector X; captures controls.

Table 2 shows a consistently negative baseline coefficient on inflation, a positive interaction
coefficient on m; X Pertodsy;, and a negative though not always significant interaction coefficient
on 7, X Periods,. The positive interaction with the 1952-1999 dummy is particularly revealing,
as it indicates that the relationship between inflation the Aaa-Treasury spread is significantly more
positive over this period — which includes the Great Inflation of the 1970s and 1980s — than over
other periods. The coefficients in column (1) imply that a one percentage point increase in inflation
is associated with a 13 bps higher Aaa-Treasury spread in the 1952—1999 period compared to pre-
WWII. This magnitude is large compared to an average Aaa-spread of 87 bps reported in Table
1.

The negative baseline coefficient on inflation means that a one percentage point increase in
inflation tends to be associated with a four bps decrease in the Aaa spread before WWII. The

relationship is similar or even more negative during 2000s. These results hold controlling for
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Table 2: Shifts in long-term Treasury convenience-inflation relationship. Monthly data runs
from 1926:01 through 2020:07, excluding the WWII period 1939:09—-1951:12. The three subpe-
riods shown are 1929:01-1939:08, 1952:01-1999:12, and 2000:01-2020:07, with the first period
being the omitted period. Newey-West standard errors with 12 lags are shown in parentheses.

Aaa-Tsy spread

(1) (2) (3) 4)
Inflation -0.038***  -(0.038%** -0.025%** -0.016
(-5.25) (-5.40) (-2.61) (-1.24)
Inflation x 11952_1999, 0.13%:%% 0.12%%%* 0.095%** 0.080%**
(6.64) (3.98) (3.38) 2.75)
Inflation x I>2000 -0.035 -0.050 -0.089%* -0.085%*
(-0.99) (-1.38) (-2.29) (-2.13)
FFR 0.016 0.0093 0.0084
(0.87) (0.49) (0.46)
Debt/GDP -0.68 -0.66
(-1.49) (-1.48)
VIX 0.0090%** 0.0056%*
(2.76) (1.72)
Baa-Aaa spread 0.099*
(1.66)
Ii952—1999 -0.527%%* -0.51%%* -0.29%* -0.21
(-5.28) (-5.47) (-2.00) (-1.21)
I>2000 0.27%%% 0.3 %% 0.62%** 0.65%**
(2.80) (2.97) (2.98) (3.01)
Constant 0.92%%%* 0.88%** 0.74%%** 0.65%**
(13.65) (10.88) (5.18) (3.85)
R? 0.39 0.39 0.43 0.44
N 987 987 987 987
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potential other drivers of the Treasury convenience, such as the government debt-to-GDP ratio,
equity volatility, and even the credit spread, underscoring that the switch in the inflation-spread
relationship is specific to the liquidity premium in Treasuries, as distinct from how inflation affects
credit risk (e.g. Kang and Pflueger (2015), Brunnermeier et al. (2023), Bhamra et al. (2023)).

Table 3: Shifts in T-bill convenience-inflation relationship. Monthly data runs from 1926:01
through 2020:07, excluding the WWII period 1939:09-1951:12. The three subperiods shown are
1929:01-1939:08, 1952:01-1999:12, and 2000:01-2020:07, with the first period being the omitted
period. Newey-West standard errors with 12 lags are shown in parentheses. The Repo-T-bill spread
is measured as the spread between 3-month banker acceptance and 3-month T-bill before 1990, and
the spread between 3-month term repo and 3-month T-bill after 1990.

Repo-T-bill spread

(1 (2) (3) 4)
Inflation -0.029%**  .0,027***  -0.013**  -0.016%**
(-4.79) (-6.10) (-2.37) (-2.60)
Inflation x I1959_1999 0.15%3%* 0.077%%: 0.060% 3 0.066% 3
(9.08) (3.76) (3.21) (2.94)
Inflation x I>2000 0.0797%%:* 0.0093 -0.0041 -0.0058
(4.24) 0.41) (-0.19) (-0.26)
FFR 0.080%% 3 0.079%: 0.079%:
(6.67) (6.42) (6.50)
Debt/GDP -0.046 -0.055
(-0.22) (-0.26)
VIX 0.01 % 0.012%*:
4.31) (3.60)
Baa-Aaa spread -0.043
(-0.83)
I59_99 -0.15%* -0.15%* -0.033 -0.069
(-2.15) (-2.16) (-0.45) (-0.72)
I>2000 -0.18%** 0.023 0.089 0.078
(-3.07) (0.37) (0.88) (0.78)
Constant 0.24 %% 0.033 -0.23%% -0.19%*
4.97) (0.66) (-2.49) (-1.95)
R? 0.51 0.61 0.63 0.63
N 987 987 987 987

Table 3 estimates analogous regressions with the T-bill convenience as the dependent variable.

Column (1) indicates that secular shifts have also occurred in the relationship between inflation
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and short-term Treasury convenience. However, different from the long-term spread, columns (2)
through (4) of Table 3 show that the fed funds rate enters significantly, reducing the economic
significance of the relationship between short-term convenience and inflation. This subtle differ-
ence between long-term and short-term convenience suggests that while the inflation-convenience
relationship exhibits similar patterns across Treasury maturities, the role of monetary policy in the
transmission differs. We explain these differences in our model in Section 3, where the money
channel links short-term convenience to the short-term nominal interest rate, but long-term conve-
nience to the persistent component in inflation and nominal rates.

When exactly did the inflation-convenience relationship shift? Our main results are robust to
varying the cutoff dates that define our subperiods. Figure 4 plots the t-statistics for the interaction
coefficients from the baseline regression (1) over a range of dates demarcating the starts of the
second and third periods, start2 and start3. The specification is identical to column (1) of Table
2, except that we vary the start of the second period between 1952 and 1975 and the start of the
third period between 1990 and 2005. The left panel shows that the m; X Ist4r12—stare3+ loading is
positive and significant for a broad range of start dates for the second period, and almost completely
insensitive to the start of the third period. The right panel shows that the m; X I> 443+ loading is
negative with a t-statistic exceeding —2 in absolute value, if we allow the second period to start in
the 1950s or 1960s and the third period to start any time between 1995 and 2005. We conclude that
the economic mechanism driving the inflation-convenience relationship changed once sometime
in the middle of the 20th century, and then again around 2000.

2.3 Lead-Lag Relationships Between Inflation and Treasury Bond Conve-
nience

To better understand these distinct regimes, we investigate the lead-lag relationship between in-

flation and convenience. We predict future changes in the annual inflation rate from month ¢ to

t 4+ h with a one-month change in the AAA-Treasury spread from month ¢ — 1 to ¢, and vice versa.

We interpret the results in the spirit of Granger causality. Specifically, we estimate forecasting

regressions of the form:

Topn — T = ap + byAspread; + yAFF R, + &4 ()
spreadﬁfg — spreadf““ = cp+ dpAm + 0 AFF Ry + €44p, 3)
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Figure 4: T-statistics for different period start dates. This figure reports results for the baseline
regression in column (1) of Table 2 using different start dates for periods 2 and 3. The first break
date (period 2 start) ranges from 1952 to 1975 and is shown on the x-axis. The second break date
(period 3 start) ranges from 1990 to 2005 and is shown on the y-axis. Our baseline break dates
— 1st break in 1952 and 2nd break in 2000- are indicated with black circles. The t-statistics for
the interaction coefficients between period dummies with inflation are shown on the z-axis and are
based on Newey-West standard errors with 12 lags.
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and plot the coefficients b, and d}, for different / up to 60 months in Figure 5. Table 2 documents a
significantly more positive inflation-convenience relationship in the second half of the 20th century
than either before or after. To understand how these lead-lag relationships illuminate the shifting
inflation-convenience relationships, we estimate them separately for the second half of the 20th
century (1952-1999) and for a sample combining the pre-WWII and post-2000 periods.!? We
include the change in the fed funds rate to control for the direct effect of the short rate on inflation
and the spread.

Figure 5 shows that convenience spreads and inflation are significantly associated with each

12Formally, the estimates in Panel A treat the observations between 1939.09 and 1999.12 as missing.
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other at leads and lags. A positive inflation-convenience relationship tends to run from Treasury
convenience to inflation, a consistent pattern visible across both subsamples. By contrast, to the
extent that a negative inflation-convenience relationship is present, it tends to run from inflation
to convenience spreads. The right panels in Figure 5 suggest that increases in the Aaa-Treasury
spread tend to be followed by declines in inflation and these declines are statistically significant in
both subsamples. The right panels show that inflation tends to be followed by an increase in the
Aaa-Treasury spread, but this relationship is statistically significant only in the 1952—1999 sample.

To interpret these lead-lag relationships causally, it would be necessary to assume that infla-
tion does not respond immediately to the convenience yield and vice versa, in the spirit of Sims
(1980). One threat to this interpretation would arise if spreads are forward-looking and inflation
expectations respond instantaneously. In that case, inflation or any other predictor of future in-
flation should not be able to predict changes in spreads, in line with our empirical evidence for
the 1926-1939+2000-2020 sample in Panel A, but in contrast to the evidence for the 1952-1999
period in Panel B. Another concern might arise if spreads simply anticipate lower inflation but do
not cause it. However, such an alternative story could not explain why higher convenience spreads
predicted lower inflation during 1952-1999 even though they were positively contemporaneously
correlated with the best-known inflation predictor, namely inflation itself. While the evidence in
the left panels is therefore potentially subject to different interpretations and might require some
sluggishness in the updating of inflation expectations, the results in the right panels are strongly
suggestive of the NK demand channel whereby shocks to the demand for Treasury convenience
cause lower inflation. In the appendix, we further confirm that these lead-lag relationships are
robust to estimating via a VAR local projection impulse responses to identify inflation shocks and
convenience shocks.

Overall, the evidence suggests that distinct mechanisms are at play generating positive ver-
sus negative inflation-convenience relationships. Forces that move inflation first tend to induce a
positive inflation-convenience relationship, dominating the relationship in the 1952—-1999 period.
Conversely, forces that move convenience first tend to induce a negative inflation-convenience
spread relationship, dominating the overall relationship pre-WWII and again during the post-2000

period.
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Figure 5: Predictive regressions. This figure presents coefficients from regressions (2) and (3).
The left panels plot by, as a function of horizon h. The right panels plot dj, as a function of horizon
h. The top two panels use the combined sample of the pre-WWII and post-2000 periods (1926—
1939 and 2000-2020). The bottom panels use the post-WWII sample (1952—-1999). The spikes

mark the 95% confidence intervals based on Newey-West standard errors with h lags.

Panel A: 1926-1939 and 2000-2020

D.inflation - Dh.spreadl

D.spreadl- Dh.inflation

10 054
54
04—t e T LT L T T T LT
0+ b6 a L
—.054
5
-104 -.14
T T T T T T T T
0 20 40 60 0 20 40 60
Horizon (months) Horizon (months)
Panel B: 1952-1999
D.inflation - Dh.spreadl D.spreadl- Dh.inflation
50 .02
40 I S ——— 3y | L A AR A AR R AR AR
30
—.024
204
104 -.044
O . e A o ey -.064
0 20 Q0 60 0 20 40 60

Horizon (months)

16

Horizon (months)



2.4 Inflation Components and Treasury Bond Convenience

So far, evidence from headline inflation and its leads and lags points to secular changes in inflation-
Treasury convenience relationship. To better understand these patterns in the context of underlying
inflation properties, we use the decomposition of headline inflation into core and energy compo-
nents. Although simple, this decomposition has the advantage of being available in real-time
without forward-looking bias of most econometric models. It also reflects the way the Fed thinks
about different components of inflation, where core inflation is often viewed to capture the more
persistent component and fluctuations around core, driven by food and energy prices, are viewed as
more transitory.'? If the headline inflation-Treasury convenience relationship changed because the
dominant drivers of inflation changed, we would expect more stable relationships between Trea-
sury convenience and inflation components. In particular, if core inflation is linked to relatively
more persistent supply shocks, it should raise the long-term convenience via the “money chan-
nel,” as we argue using our model below, and we would thus expect a consistently positive core
inflation-convenience relationship across periods.

This is indeed what we find in Table 4. Table 4 starts in Panel A by re-estimating our baseline
regression (1) for headline inflation over a more limited sample starting in 1959 dictated by the
availability of core and energy inflation series.!* Table 4, Panel B separates headline inflation into
core and energy and shows that these components have more stable relationships with Treasury
convenience, as indicated by the insignificant interaction coefficients with the post-2000 dummy.
We see that Treasury convenience is consistently positively related with core inflation, for both
the pre- and post-2000 samples. Energy inflation enters with a coefficient that is significantly
smaller than the coefficient on core inflation for both the Aaa-Treasury spread and the Repo-T-
bill spread. For the Aaa-Treasury spread, the relationship with energy inflation is statistically

indistinguishable from zero.'> The results from this decomposition therefore deepen the puzzle if

BFor example, Fed Chair Jerome Powell stated in his 2023 Jackson Hole speech “Food and energy prices are
influenced by global factors that remain volatile, and can provide a misleading signal of where inflation is headed. In
my remaining comments, I will focus on core inflation, which omits the food and energy components.” (August 25,
2023, speech by Fed Chair Jerome Powell). While it is well known that energy inflation can reflect both supply and
demand shocks, demand shocks have been important for energy prices since at least the early 1990s. For prominent
decompositions of energy prices see Kilian (2009) and Baumeister et al. (2022).

141t thus encompasses most of the second half of the 20th century and the entire post-2000 period in our previous
analysis. Due to the shorter sample, the 1959-1999 period now serves as the omitted period. We find that the overall
message and magnitudes are similar to Tables 2 and 3, in that headline inflation exhibits a significantly more positive
relationship with convenience before 1999 than post-2000.

5In column (4), the federal funds rate subsumes the otherwise positive coefficient on core inflation. This relation-
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Table 4: Relationship between convenience yield and inflation components. The table reports
regressions of convenience spreads on headline inflation in Panel A. Panel B decomposes headline
CPI inflation into core and energy inflation components. [>9099 is @ dummy variable equal to one
from 2000 onward. The sample period is 1959:01-2020:07.

Panel A: Headline inflation

Aaa-Tsy spread

Repo-T-bill spread

e)) 2 3) “)
Infl (head) 0.089%#%** 0.090%#** 0.12%%*%* 0.049%%*
(4.38) (3.29) (7.23) (2.38)
Infl (head) x I>2000 -0.17%%* -0.18%** -0.072%%* -0.066**
(-3.99) (-4.40) (-2.87) (-2.51)
FFR -0.021 0.080%**
(-1.01) (5.73)
VIX 0.017%%* 0.014%%**
(4.73) (3.72)
Debt/GDP -0.60 -0.0058
(-1.39) (-0.03)
I>2000 0.72%%%* 0.71%** -0.053 0.12
(6.43) (5.23) (-0.73) (1.29)
Constant 0.48#** 0.45%*%* 0.10%* -0.35%%%
(5.50) (2.03) (1.68) (-2.64)
R? 0.31 0.39 0.52 0.65
N 739 739 739 739
Panel B: Core and energy inflation components
Aaa-Tsy spread Repo-T-bill spread
ey @ 3 “
Infl (core) 0.12%** 0.14%** 0.095%%*%* -0.0021
(5.93) (5.14) (4.11) (-0.10)
Infl (eng) -0.0076 -0.0087 0.015% 0.015%%*
(-1.19) (-1.46) (1.70) (2.33)
Infl (core) x I>2000 0.017 0.0067 0.039 -0.14%%**
(0.14) (0.06) (0.92) (-2.62)
Infl (eng) X I>2000 -0.0029 -0.00040 -0.013 -0.016**
(-0.42) (-0.06) (-1.39) (-2.53)
FFR -0.037** 0.096%**
(-2.12) (6.52)
VIX 0.016%** 0.014%**
(4.77) (3.83)
Debt/GDP -0.55 -0.080
(-1.31) (-0.38)
I>2000 0.44%* 0.38 -0.27%** 0.29%%*
(1.81) (1.49) (-2.80) (2.15)
Constant 0.35%*%* 0.35% 0.15%%* -0.27%%*
(3.91) (1.69) (2.02) (-2.35)
R? 0.38 0.46 0.49 0.65
N 739 739 739 739
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one expected higher long-term inflation to diminish the value of Treasury convenience. Instead,
the results in Table 4 are in line with an interpretation where the inflation-Treasury convenience
relationship reflects changing dominant components, each of which has a stable inflation-Treasury
convenience relationship.

We next supplement the core-energy decomposition with an explicit decomposition of core
CPI inflation into its demand- versus supply-driven components from Shapiro (2022). This de-
composition relies on micro data on quantities and prices to separate demand from supply shocks
at individual product category level and then aggregates them to obtain demand- and supply-driven
inflation. This decomposition is only available starting in 1990, so we are constrained to a shorter
sample primarily covering the post-2000 sample from our main analysis.

Table 5 regresses the demand component of core inflation onto our measure of long-term Trea-
sury convenience at different lags (up to 24 months) and finds a strongly negative relationship,
which becomes larger and more significant as the horizon expands. While this is not a direct test
of causality, it does suggest that convenience may have a direct negative effect on inflation that
accumulates over time. Conversely, the loading of the supply-driven inflation on the spread is sta-
tistically insignificant, as one might expect if convenience yield fluctuations mainly reflect demand
side of the economy.

Finally, we estimate quantile regressions and report the results in Table 6. The regressions de-
scribe the relationship between core inflation and quantiles of the convenience spread distribution.
It is clear that no negative core inflation-convenience relationship emerges across different con-
venience quantiles. The coefficient on core inflation remains positive and relatively steady when
convenience is at the 25th, the 50th (median), and the 75th percentile. It weakens (albeit remains
significantly positive) only at the top 90th percentile.

Overall, the evidence from almost a century of data suggest that higher inflation has generally
led to an increase, not decrease, in Treasury convenience, while higher Treasury convenience has
led to lower inflation. Further, the relative contributions of these mechanisms for the macroecon-
omy and Treasury convenience appear to have shifted over time, implying a positive inflation-
convenience relationship during the high-inflation second half of the 20th century, but a negative
inflation-convenience relationship pre-WWII and post-2000. To understand the mechanisms and

potential causal links behind the empirical patterns, we next turn to a New Keynesian model of

ship is captured in our model if the money channel at the short end is intermediated by monetary policy, but long-term
convenience is more closely linked to long-term inflation expectations.
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Table 5: Relationship between convenience yield and demand- vs. supply-driven components
of inflation in post-1990s sample. The table reports projections of demand and supply compo-
nents of core inflation onto the Aaa-Treasury spread, its lag, and controls. Projections are estimated
for horizons ranging from one month ahead to 24 months ahead. The controls include current and
lagged values of the following variables: FFR, VIX, Debt/GDP ratio, as well as the current and
lagged value of the dependent variable. The coefficients on controls are suppressed. The depen-
dent and explanatory variables are standardized to have one unit standard deviation. The inflation
decomposition into the contributions of demand and supply components is obtained from Shapiro
(2022). The sample of the explanatory variables spans the period from 1990:01 to 2020:07, with
the longest forecast predicting the dependent variable as of 2022:07. Newey-West standard errors

with h lags are reported in parentheses.

Panel A. Dependent variable: Demand-driven component of core inflation

h=1 h=3 h==6 h=9 h =12 h =18 h=24
AAA-Tsy spread -0.042 -0.204%* -0.122 -0.552%%** -0.59 1 *** -0.651%** -0.496%**
(-0.48) (-1.82) (-0.89) (-3.29) (-3.18) (-2.47) (-2.31)
L.AAA-Tsy spread -0.011 0.037 -0.175 0.114 0.056 0.167 0.168
(-0.12) (0.34) (-1.38) (0.88) (0.31) (0.98) (1.19)
Controls Yes Yes Yes Yes Yes Yes Yes
R? 0.93 0.77 0.58 0.40 0.20 0.12 0.12
N 366 366 366 366 366 366 366
Panel B. Dependent variable: Supply-driven component of core inflation
h=1 h=3 h==6 h=9 h =12 h =18 h =24
AAA-Tsy spread 0.009 0.114 0.104 0.115 0.145 0.041 -0.086
(0.18) (1.29) (0.96) (0.85) (0.75) (0.14) (-0.30)
L.AAA-Tsy spread 0.008 -0.039 0.015 0.055 0.006 0.018 0.039
(0.16) (-0.47) (0.16) 0.41) (0.04) (0.08) (0.29)
Controls Yes Yes Yes Yes Yes Yes Yes
R? 0.94 0.86 0.74 0.62 043 0.22 0.046
N 366 366 366 366 366 366 366
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monetary policy with Treasury convenience.

Table 6: Quantile regressions. The table presents estimates of quintile regressions of AAA-
Treasury spread on annual core and energy inflation components and additional controls. The
columns report results for predicting the 25th, 50th, 75th and 90th percentiles of the spread dis-
tribution. The sample period is 1959:01-2020:07. T-statistics using standard errors robust to
heteroskedasticity and clustered over 24-month windows are in parentheses.

Dependent variable: Aaa-Tsy spread

M 2 &) )
q=0.25 q=0.5 q=0.75 q=0.90

Infl (core)  0.15%%%  (.18%%%  (.18%%  (.]0%**
(4.05) 4.83)  (201)  (3.14)

Infl eng)  -0.0042  -0.0040  -0.0044 -0.0080%*
(-1.40) (-091)  (-0.83)  (-1.98)

FFR 0.060%%%  -0.062%%%  -0.067*% -0.049%%*
(-2.98) (-335) (-1.68)  (-3.26)
VIX 0.017%  0.025%%%  0.023  0.017**
(1.92) (346) (149  (2.13)
Debt/GDP  0.80%**  0.77*  0.066 -0.84
2.61) (232)  (0.06)  (-147)
Constant -0.088 0.16 038  1.22%%*

(-0.62) (-0.85)  (0.40)  (2.84)

N 744 744 744 744

3 Model of Convenience Yields and Inflation Drivers

This section provides a simple formalization of the two views of Treasury convenience, i.e., the
“money view” and the “New Keynesian view.” Our model combines two standard components —
a simple three-equation New Keynesian model of inflation and monetary policy (e.g., Gali (2008))
and block with money-like assets in the utility and Treasury bonds and money-like assets being
substitutes (Sidrauski (1967),Friedman (1969), Nagel (2016)). We focus on the new implications
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for the changing relationship between inflation and convenience yields.!® We solve for log-linear
dynamics for inflation, the output gap, interest rates, and importantly the convenience spread be-
tween illiquid loans and liquid bond rates in the model. We illustrate the effects of cost-push and
liquidity shocks on convenience yields and inflation via impulse responses.

There are three different short-term interest rates in our model, that correspond to different
rates in practice. We use I! to denote the interest rate on illiquid loans. In practice, households and
firms cannot directly borrow and lend T-bill rates, instead relying on less liquid bank loans, credit
cards, student loans, mortgages etc. In order to capture lower liquidity inherent in these markets
we proxy for I} using high-grade corporate bond yields or GC repo rates in our empirical analysis.
We denote I as the interest rate on liquid Treasury bonds, such as T-bills and Treasury bonds
that are highly liquid and that have many regulatory and liquidity benefits. Finally, /¢ denotes
the interest rate on liquid deposits, representing the interest rate that consumers and households
can earn by depositing their money with a bank, i.e. the most liquid and money-like asset in this
model. Deposits collapse to cash in the special case where the deposit rate is set zero. Each of these
interest rates are available at various maturities and we denote the n-period zero-coupon interest

Ib

n,t?

rates by I!

n,t?

We use lowercase letters to denote logs throughout.

1! ,. Log interest rates are related to level interest rates via i, = log (1 + I}) etc.

3.1 Preferences, Consumption, and Liquidity

A representative household has preferences over consumption, leisure, and liquidity services and

maximizes
Eo Y B'U(Cy, @i, Hy, N1, ©), )
=0
(5)
where
e, (C, — H)' N}
U(CthtaHhNta@t) = t< ' t> +alogQ; — x L. (6)
1—7 1+n

16Bianchi et al. (2022) also feature a convenience yield shock as a driver of business cycles and asset prices but do
not focus on the changing inflation-convenience relationship, which we have documented in Section 2.
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Different from the basic New Keynesian model, households have direct preferences over liquidity,
similar to money in the utility function (Sidrauski (1967)) and the seminal work by Krishnamurthy
and Vissing-Jorgensen (2012). We assume that (); is a composite of deposits and convenient

government bonds
Q: = (1—=XN)Di+ \By. (7)

Here, Dy = Dy 4+Ds+... and B, = By ;+ B+ Bs ;+... denote real balances of zero-coupon bank
deposits and Treasury bonds of various maturities. We consider perfect substitutability between
Treasury bonds and deposits for simplicity.!” The parameter )\, controls the relative contribution
of government bonds to the liquidity aggregate. A spike in )\; can be interpreted as heightened
uncertainty in the economy (Caballero and Krishnamurthy (2008)), tightened collateral constraints
(Del Negro et al. (2017)), or a liquidity shock in the financial sector (Li (2023)), all of which would
increase the preference for government debt. We refer to \; as Treasury liquidity.

The rest of the household specification is standard. Here, /V; denotes market labor supplied
outside the home, and H; = hC;_; denotes external consumption habit (Fuhrer (2000), Christiano
et al. (2005)), i.e., consumers do not internalize the effects of their choices on future habit. External
habit H; serves to generate a backward-looking term in the Euler equation and slows down the
output response to monetary policy.!® The shifter ©, represents a taste shock that increases the
utility that households derive from consumption today vs. tomorrow.

The representative household’s budget constraint can then be written as

D, + B, — L; + C, (8)

P, _ P_
- 1D1t W1+ 1)+ ;DlBl,t—l(l +1) ) — tTlLl,t—l(l +1_,)
t t

LLt
= ZIN,+TI
B e+ I+

Z it— 1 1 + R ) + Dz’,tfl(l + RZt) - Lz’,tfl(l + Rit)]) )

=2

"The assumption of perfect substitutability makes the model as simple as possible while illustrating our main
points. If deposits and bonds are not perfectly substitutable, the quantity of Treasury debt outstanding also matters for
Treasury convenience (Krishnamurthy and Li (2023)). We include measures of Treasury debt quantities to control for
this possibility throughout our empirical analysis.

8We follow the macroeconomics literature in our specification of habit because we are not solving for risk premia
here. Campbell et al. (2020) show that a somewhat more complicated habit specification can also explain salient
features of asset prices while preserving the same macroeconomic equilibrium as the simpler preferences considered
here.
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where P, is the aggregate price level in the economy at time ¢, L;; denotes the real quantity of
zero-coupon loans of maturity ¢, Ly = >~ L; is the total real quantity of loans, II; is the sum of
firm and bank profits remitted to the household sector, and Rﬁ?,t, Rﬁt and Rﬁjt denote the nominal

returns from buying an i-period bond, deposit or loan at time ¢ — 1 and selling it again at time ¢.

3.2 Deposits and Monetary Policy

Following Nagel (2016), we assume that the deposit rate /¢ equals a fraction of the illiquid loan
rate I}:
I =13, ©)

where the constant 0 is generally less than 1 to reflect banks” market power and ability to keep raise
deposit rates less than one-for-one with market rates.!® In the corner case where § = 0, deposits
in the model can be interpreted as cash that carries a liquid benefit but earns no interest. The
Fed implements policy by affecting the liquid bond rate, I?. Intuitively, the Fed is not allowed to
operate directly through private loan markets, as deciding which borrower is creditworthy would
be considered fiscal policy and hence outside the purview of the central bank. We assume that the
target policy rate follows a log-linear Taylor (1993)-type rule. Theoretical and empirical research
has documented the relevance of interest-rate smoothing and policy inertia (Woodford (2003b),
Taylor and Williams (2010), Bernanke (2004), Stein and Sunderam (2018)). Therefore, we include

an inertial term in the policy rule:
i = (L= p') (%@ +"m) + plig_y + v, (10)

where the monetary policy shock v; ; is assumed to be iid, i is the one-period log liquid bond rate,
7, is log inflation, and x; is the log output gap, or the difference between log real output and its
natural level in the absence of price-setting frictions. Specifying monetary policy in terms of an
interest rate target is consistent with how monetary policy was conducted throughout almost all of
our sample.?’ We assume that the central bank conducts monetary policy by choosing an interest

rate target and then setting the amount of deposits to the implicit value satisfying households’

1A long-standing and growing literature has documented the role of bank market power, see e.g. Barro and San-
tomero (1972); Startz (1979); Drechsler et al. (2017, 2021); Egan et al. (2022); Wang et al. (2022).

20The short 1979-1982 monetarist experiment provides an exception, though interest rates featured prominently in
the Federal Reserve’s considerations even during this episode.
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money demand function to ensure the interest rate target is met.?! The rule (10) says that the
central bank raises the policy rate when the output gap or inflation are higher, though it does so
gradually over time as captured by the parameter p’. A higher inertia parameter p’ also implies that
monetary policy may raise interest rates slowly in response to an increase in inflation, as the short-

term response to inflation (1 — p’)y™ may be substantially smaller than the long-term response

™

v

3.3 Firms

The supply side of the economy is standard and we relegate the details to the Appendix. Partially
monopolistic firms are assumed set product prices but can adjust their product prices only in some
periods according to Calvo (1983) with inflation indexation (Christiano et al., 2005). Such a setup
generates a standard log-linearized Phillips curve with an extra backward-looking term. Since the
model does not have real investment, the aggregate resource constraint implies that consumption

equals output, C; = Y. Details are in Appendix B.

3.4 Shock Processes

In our baseline model, we assume that the liquidity shock \; follows a simple AR(1) process,
similar to Anzoategui et al. (2019). We also consider an extension where Treasury liquidity is
allowed to depend directly on inflation. Encompassing both of these cases, liquidity dynamics can

be written as:

)\t:ﬂ—b’ﬁt—Fut (11)
w = p gy + Uy (12)

Here, p” is the persistence of Treasury liquidity. Our baseline analysis sets b = 0, so inflation does
not have a direct effect on Treasury liquidity. We also consider the case with b > 0, which captures
the intuition that low and stable inflation may be important for the safety and convenience of

nominal Treasury bonds as discussed in the introduction. The steady-state Treasury bond liquidity

2ITf banks face a constant reserve requirement, the implicit rule for deposits can then be met by increasing or
decreasing the amount of federal funds in the system, similarly to how the Fed operated for much of our sample period
until the global financial crisis of 2008-2009.
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weight equals A\ = % — b7, where 7 is steady-state log inflation. To allow for a clear comparison
between liquidity and taste shocks, we assume that the log taste shifter ¢, = log ©, is also normally
distributed and follows and AR(1) process with the same autocorrelation coefficient rho*. The
cost-push shock, which formally arises as a markup shock to firms’ market power over the variety

they produce, is assumed to be log-normal and iid.

3.5 Asset Pricing Euler Equations

Let the nominal consumption-based stochastic discount factor be denoted by

Uec (Cis1, Quy1, Hiy1, Nev1, 0011) P

M}, = :
i /8 Uc (Ct7Qt7Ht7Nt7@t) Pt+1

(13)

where (3 is the time discount rate. This stochastic discount factor prices all nominal assets that have
no special liquidity benefits, such as illiquid loans, giving the standard asset pricing Euler equation

for the one-period loan rate
E MYy, (1+1)] = L (14)

In equilibrium, the representative household must be indifferent between marginally increasing
Treasury bond holdings while decreasing consumption subject to the budget constraint (8), giving

the Treasury bond Euler equation

oM
\Uc (Cta Qt7 Ht7 Nta @t)J

-~

¢t

E MY, (1+1)] = 1 (15)

Note that the Euler equation (15) for liquid Treasury bonds takes exactly the form as in models
with a reduced-form Treasury convenience benefit ¢’, which has proven useful in understanding
global currency fluctuations (Jiang et al. (2021)) and international business cycles (Jiang et al.
(2020), Kekre and Lenel (2021)). Bianchi et al. (2022) introduce a similar wedge between the
household and financial market Euler equations in their model of high-frequency market responses
to monetary policy. We provide a new connection between this increasingly successful financial

market shock and the real economy.
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The analogous Euler equation for deposits is given by

2(1- )
Ct7 Qta Hta Nt7 Gt);

NV
¢

E, [Mt$+1 (1 +1§)} = 1- 7 (16)

Equation (15) shows that Treasury bond convenience ¢? increases with the liquidity weight of

a/Qu
Uc,t

(16) shows that the convenience of deposits (¢ increases with the liquidity weight of deposits 1— )\,

a/Qt
Uc,t

order conditions for Treasury bonds (15) and deposits (16) with assumption (9), linking the deposit

Treasury bonds, )\;, and decreases with the marginal consumption value of liquidity . Equation

and again decreases with the marginal consumption value of liquidity . Combining the first-

and loan rates, delivers the central equation for the Treasury bond convenience spread:

At
1-X

I - 10 = (1—6)I. 17)
To interpret equation (17) note that in the special case where deposits are simply liquid cash (6 = 0)
the nominal loan rate I! is the cost of holding non-interest bearing cash, and \;/(1 — );) is the

liquidity value of Treasuries relative to cash.

3.6 Log-Linearized Model Dynamics

We log-linearize the model around the flexible-price steady-state ¢ = ¢, 7, i, i’, §, and X. For ease
of notation, we use ¢, Y, 7, z'i, if, and z'f to denote log deviations from these steady-state values.
Because potential output is constant, the log output gap x; equals log output up to a constant, i.e.,
x; = Yy = ¢. A first-order approximation cannot speak to liquidity risk premia, which are treated
in complementary papers by (Du et al., 2023) and Acharya and Laarits (2023), instead focusing on
the first-order effects of liquidity.

We start with the log-linearized expressions for bond yields and convenience spreads. Log-

linearizing the expression (17) gives the following log-linear expression for the illiquid loan rate

iy o= flar+ (18)

27



where the log-linearization constant

. 1 141"
LR = = 19

>4 I

can be shown to be strictly greater than one, provided that A > 0 and § < 1, as in that case the
illiquid loan rate increases more than one-for-one with the liquid Treasury bill rate. The intuition
for f© > 1 is that a higher policy rate i° also increases the convenience yield i¢ — i via the
money channel, and therefore, zi increases with zi’ more than one-for-one. The constant f’\ isa
log-linearization constant linking the magnitude of the liquidity shock \; to its impact on illiquid
loan rates.

The log-linearized convenience yield spread then equals

2 -b _ i b A
Uy — Ty = (f — 1) iy + N : (20)
——"

Convenience yield Money channel NK demand channel

Long-term Treasury convenience, to first order, is given by the expected short-term Treasury
convenience over the lifetime of the bond

n—1 n—1
ii,t—iﬁ, = _Et Z las — Zt+z] Z Zt+z+f >\t+z) . 2D
1=0 1=0

The two different channels of Treasury convenience are visible in equations (20) and (21).
The money channel of Treasury bond convenience corresponds to the first term. The convenience
spread between illiquid loans and liquid Treasury bonds rises with the Treasury bond rate provided
that Treasury bonds have positive steady-state convenience (A > 0) and there is incomplete in-
terest rate pass-through to deposits (6 < 1). As the government bond rate rises, it becomes more
expensive to hold money-like assets such as deposits. Because Treasury bonds and deposits are
substitutes, the Treasury bond convenience yield increases as well.

The New Keynesian (NK) demand channel is captured by the second term in (20). A widening
gap between the liquidity value of Treasury bonds relative to deposits, captured by an exogenously
given ), drives up the convenience spread between illiquid loans and liquid government bonds.
As such, rising Treasury convenience in itself acts as a shock in the economy, and as we argue

below, has the usual properties associated with a demand shock, depressing household spending
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and reducing inflation.

The representative household’s log-linearized intertemporal first-order condition takes the stan-

dard form
v = p'w+ (11— p")Ex — (li - Et7Tt+1) + Vgt (22)
where the backward-looking coefficient equals p* = Hih, and the elasticity of intertemporal sub-
~11-h

stitution is given by ¢ = v The demand shock equals v, ; = 1 (6; — E}f;11) and captures

Tth
the typical New-Keynesian demand shifter arising from preference or taste shocks, unrelated to
Treasury liquidity (e.g., Gali, 2008).

Substituting the log-linearized convenience yield (18) into the macroeconomic Euler equation

yields the Euler equation with liquidity:

v =p'rq + (1 - pm)Et-TtJrl - ¢< fzzf - Eﬂtﬂ) - f)\>\t + Vgt (23)
NK
Money

Demand for liquid assets enters the macroeconomic Euler equation (23) in two ways. First,
the effect of the nominal rate on consumption and output is amplified by a factor f?, which arises
from the money channel of bond convenience. This amplification implies that a rise in inflation
that is accompanied by the same rise in the nominal rate is contractionary, as f* > 1.2 Second,
an increase in government bond convenience acts just like a negative demand shock via the fA),
term, reflecting the New-Keynesian channel, and thereby provides an alternative microfoundation
for demand shocks. When the Treasury bond convenience increases due to a shift in )\, house-
holds face a higher loan rate for a given Treasury bond rate, increasing their incentive to save and
decreasing the incentive to consume this period.

Because utility is separable in consumption, leisure, and liquidity, the standard log-linearization

of the firm’s optimal price setting problem gives the log-linearized Phillips curve
o= pime1+ (1= p") B + KT + Uny, (24)

where p" and k are log-linearization constants, and the cost-push shock v, ; arises from deviations

22This channel is complementary to Drechsler et al. (2023), who argue that an increase in inflation affects firms
directly, thereby amplifying the increase in inflation. We abstract from that channel, which would tend to amplify but
not change the sign of the inflation-convenience relationship.
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in the markup from its steady-state value (see Appendix B for details). The slope parameter x
reflects the rise in marginal costs of production when output is running above potential, leading
firms to optimally raise prices.

We use Blanchard and Kahn (1980) algorithm to solve the equilibrium dynamics (23) , (24)

and (10) for an equilibrium of the form
Zy = BZ;_1 + Xy, (25)

where the state vector equals Z; = [z, 7y, zf , u;] and the vector of exogenous iid shocks is given
by v; = [Urt, Unt, Vig). In the baseline calibration, we focus on the Treasury liquidity \; as the
only source of demand shocks, v, ;. To compare the effects of the convenience-driven demand,
we also consider a standard New-Keynesian benchmark without Treasury convenience where de-
mand shocks originate solely from preference shocks, v, ;. Our calibration features a single non-
explosive equilibrium of the form (25). The short- and long-term convenience spreads can then be
solved by substituting (11) into the log-linear expressions (18) and (21).

3.7 Quantitative Illustration

We illustrate the properties of the model using standard parameter values, with parameters listed
in Appendix Table A.3.

The backward-looking component of the Euler equation (p”) and the slope of the Euler equa-
tion (/) follow Pflueger and Rinaldi (2022), who show that these values match the empirical output
response to identified monetary policy shocks. The Phillips curve has a substantial backward-
looking component, which Fuhrer (1997) found necessary to explain the empirical persistence of
inflation. The slope of the Phillips curve is set following Rotemberg and Woodford (1997).2* The
monetary policy rule has a long-term inflation weight greater than one, ensuring that the Taylor
principle holds, and a moderate amount of inertia or gradualism. We consider versions of the
model with only one shock switched on at a time, so the impulse responses and regression results
are invariant to the magnitude of the shock volatilities. We hence need to specify which shock is
active and the size of the impulse, but not the equilibrium volatilities of shocks.

The liquidity parameters are more interesting. We choose to set the pass-through of loan rates to

23The somewhat higher Phillips curve slope compared to Hazell et al. (2022) generates a slightly larger inflation
response to liquidity shocks in the model but leaves the qualitative model properties unchanged.
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deposit rates to & = 0.34, within the range of 1/3 to 1/2 suggested by Nagel (2016). The steady-
state liquidity weight of government bonds and the autocorrelation coefficient of this liquidity
weight are set to match summary statistics in our data, where the average Aaa-Treasury spread
over the sample period 1926-2020 has a mean of 87 bps with a quarterly AR(1) coefficient of
0.91. The average long-term government bond yield over the same sample period equals 5.28%.
Setting A = 0.20 and substituting into equation (17) then implies a steady-state Treasury liquidity
spread of i' — i* = 22> x (1 — 0.34) x 5.29% = 87 bps in the model. The steady-state discount
rate is set to 3 = 0.98 and inflation to IT = 2% in annual units, so the steady-state illiquid loan
rate equals 4.03% annualized. These values imply an interest rate multiplier of ¢ = 1.20. Thus,
a 100 bps increase in inflation expectations that is accompanied by a one-for-one increase in the
policy rate i® has the same macroeconomic impact as a 120 bps increase in the illiquid loan rate ..
Our baseline scenario treats liquidity shocks \; as completely exogenous and, thus, sets b = 0 in
equation (11). Later, we consider an extension in which we allow inflation to directly negatively

affect the liquidity value of Treasuries via b > 0.

3.8 Baseline Model Impulse Responses

We illustrate the economic mechanism through model impulse responses. Figure 3.8 traces out the
effects of positive liquidity shock v, ; for inflation, convenience spreads, the Treasury bond yield,
and the output gap. The v} ; shock is scaled so that its on-impact effect on the convenience spread
is —100 bps, implying a positive effect on aggregate demand in equation (23). For comparison, we
report the responses to a +100 bps demand shock to the Euler equation (22) in a model without
Treasury convenience.

Figure 3.8 shows that the New Keynesian view provides an explanation for our main empiri-
cal finding for periods 1 and 3 in the data, as inflation and convenience move against each other
following a liquidity shock, vy .. This arises because a negative convenience shock acts simi-
larly to a positive demand shock to the Euler equation, raising the output gap, inflation and the
Treasury bond rate. The intuition follows directly from equation (18): households face a lower
illiquid loan rate 4. at a given policy rate i’, increasing their demand to borrow and consume today.
Firms produce to meet this demand. The stronger demand means that firms optimally raise prices
through the Phillips curve (24). The macroeconomic responses for the model with convenience are

somewhat dampened compared to the responses to a demand shock in the New Keynesian model
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without convenience. Intuitively, in the model with convenience, the same monetary policy rule is
more powerful because it gets amplified by time-varying convenience spreads, thereby mitigating

inflation, output, and policy rate fluctuations in response to a disturbance to the Euler equation.
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Figure 6: Baseline model responses to liquidity shock This figure shows impulse responses
to a liquidity shock to vy, for our baseline model with b = 0. The shock is scaled so that in
the model with convenience it corresponds to a 100bps decline in the convenience yield spread
it — 2. The black line reports the impulse response to a demand shock to the Euler equation, v, ;,
with identical AR(1) coefficient as the liquidity shock while setting Treasury convenience to zero
(A = 0). Responses for inflation, 7 and the Treasury rate i’ are in annualized percent units. The
response for the convenience spread i' — i° is in annualized basis points units. The response for the
output gap x is in percent units. Quarters are shown on the x-axis.

Figure 3.8 shows that the money view explains the empirical evidence for the 1952—-1999 pe-
riod (period 2), as a cost-push shock moves inflation and convenience — especially long-term con-
venience — in the same direction. The impulse response for the long-term convenience spread
follows most closely the inflation response, while the short-term convenience spread follows most
closely the policy rate response to a cost-push shock. The intuition is that due to its persistence,
inflation is a better indicator of high nominal interest rates in the future than the current policy rate,

thereby driving long-term convenience through the expectation of the future convenience benefit of
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Treasury bonds. Monetary policy is amplified in the presence of Treasury convenience, deepening
the recession but mitigating inflation in response to a positive cost-push shock compared to a New

Keynesian model without Treasury convenience.
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Figure 7: Baseline model impulse responses to cost-push shock This figure shows impulse re-
sponses to a cost-push (supply) shock for our baseline model. The supply shock is a positive 100
bps shock to the Phillips curve. Responses for inflation, 7 and the Treasury rate i* are in annualized
percent units. The response for the convenience spread i' — ° is in annualized basis points units.
The response for the output gap z is in percent units. Quarters are shown on the x-axis.

Table 7 summarizes the switch in the convenience-inflation relationships in the model that
is driven either by liquidity or supply shocks. For clarity, we switch on one shock at a time in
model simulations. The first column in Panel A shows that when the economy is hit repeatedly
by liquidity shocks, as in Figure 3.8, inflation-convenience correlation is negative. On the other
hand, the second column in Panel A shows that the correlation is strongly positive if the economy is
exposed to supply shocks, as in Figure 3.8. Panel B of the table shows correlations of inflation with
leads and lags of long-term Treasury convenience 8 quarters after and 8 quarters ahead. When the
liquidity shock is switched on, the negative inflation-convenience correlation is strongest between

convenience 8 quarters prior, i.e. convenience leads inflation as in the right panels of Figure 5,
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Table 7: Model convenience, inflation, and policy rate relationships. The table reports model
correlations between ST and LT convenience spreads with contemporaneous inflation (Panel A)
and with the contemporaneous policy rate i; (Panel B). All correlations are from a simulation of
the model of length 500. Columns labeled “Liquidity Shock™ use a model simulation with only
the liquidity shock vy ; switched on, and all other shocks set to zero. Columns labeled “Supply
Shock™ use a model simulation with only the supply shock v, ; switched on and all other shocks
set to zero. Columns labeled "MP Shock” use a model simulation with only the monetary policy
shock v; ; switched on and all other shocks set to zero. Panel C shows model correlations between

inflation and the long-term convenience spread 8 quarters before and after.

Panel A: Inflation-Convenience Correlation

Corr(Convenience spread, Inflation) Liquidity Shock Cost-Push Shock MP Shock
ST Convenience -0.43 0.98 0.07
LT Convenience -0.40 1.00 0.99
Panel B: Policy Rate-Convenience Correlation
Corr(Convenience Spread, Policy Rate) Liquidity Shock Cost-Push Shock MP Shock
ST Convenience -0.59 1.00 1.00
LT Convenience -0.57 0.97 0.09
Panel C: Leads and Lags
Corr(LT Convenience Spread,., Inflation,) Liquidity Shock Cost-Push Shock MP Shock
LT Convenience (¢ — 8) -0.67 0.76 0.88
LT Convenience -0.40 1.00 0.99
LT Convenience (q + 8) -0.07 0.74 0.82
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further supporting the interpretation that the New Keynesian channel was dominant pre-WWII and
during the pre-Covid 2000s. When the supply shock is switched on, the model does not generate
a clear lead-lag pattern between inflation and convenience, in line with the somewhat more mixed
evidence of inflation leading convenience in Figure 5. The reason for this model implication is that
expectations are perfectly rational and long-term convenience is forward-looking, so convenience
moves immediately when inflation increases due to a cost-push shock. A plausible model extension
where inflation expectations move slowly (Malmendier and Nagel (2016)) would be sufficient to
generate a pattern whereby inflation leads convenience spreads when supply shocks are present, as
in the data.

Another important takeaway from Table 7 is that the fed funds rate should drive out inflation in
explaining the short-term convenience spread but not the long-term convenience spread, provided
that monetary policy shocks are present. Column labeled "MP shock’ shows convenience-inflation
correlations (Panel A) and convenience-policy rate correlations (Panel B) when the model is sim-
ulated with only monetary policy shocks. In this scenario, long-term convenience remains highly
correlated with inflation, whereas short-term convenience is closely correlated with the policy
rate but almost uncorrelated with inflation. Intuitively, a contractionary monetary policy shock
drives up the policy rate and increases short-term convenience via the money channel. However, a
contractionary monetary policy shock also lowers inflation in the long run, moving short-term and
long-term convenience in opposite directions.?* Thus, the model helps explain the contrasting find-
ing in Table 2 and Table 3 that the fed funds rate drives out inflation in the short-term convenience
regressions, where convenience is measured with the Repo-Tbill spread, but not in long-term con-

venience regressions, where convenience is measured with the AAA-Treasury spread.

3.9 Alternative Model Impulse Responses with Direct Inflation-Convenience
Link

Finally, we investigate the implications of an alternative model allowing for a direct inflation-
Treasury liquidity link, and show that it cannot explain our empirical findings. Specifically, by
setting b > 0 in equation (11), we assume that inflation can directly undermine the liquidity benefits
of the Treasuries. We keep all other parameters in Table A.3 unchanged, and calibrate b = 0.02.

This value means that at an annualized steady-state inflation rate of 10% the liquidity value of

24The corresponding impulse responses are shown in the Appendix in Table A.4.
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Treasury bonds would be eliminated because A — 10 x b = 0.2 — 10 x 0.02 = 0. To illustrate
the implications of the inflation-liquidity link in a low- vs. high-inflation environment we consider
two levels for steady-state inflation, with IT1"9" = 4.01% corresponding to the empirical average in
our period 2 and IT"" = 0.65% corresponding to empirical inflation averaged across our periods 1
and 3. For simplicity we assume a constant discount rate 3 = (.98 across the two calibrations, so

the real risk-free rate is held constant.
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Figure 8: Alternative model impulse responses to cost-push shock. This figure shows impulse
responses to a cost-push (supply) shock for the model with a direct inflation-convenience link
(b = 0.02 in equation (11)). The high-inflation equilibrium assumes I1"9" = 4.01% and the low-
inflation equilibrium assumes I1° = 0.65%. The supply shock is a positive 100 bps shock to the
Phillips curve. Responses for inflation, 7 and the Treasury rate i° are in annualized percent units.
The response for the convenience spread i' — i® is in annualized basis points units. The response
for the output gap z is in percent units. Quarters are shown on the x-axis.

Figure 3.9 shows that this alternative model implies a more negative convenience-inflation
relationship when steady-state inflation is high than when it is low. This is in stark contrast to the
data where we found a more positive inflation-convenience relationship during the high-inflation
1970s and 1980s than during the low-inflation pre-WWII and 2000s periods. Figure 3.9 focuses

on the cost-push impulse responses for the alternative model, as impulse responses to the other
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two shocks are very similar to our baseline model.?’

To the extent that higher cost-push inflation
reduces the attractiveness of Treasury bonds as a convenient asset, one might expect a decrease in
convenience spreads following an inflationary cost-push shock. The bottom panels of Figure 3.9
show that this pattern emerges only for the high-inflation equilibrium. In the data, the inflation-
convenience relationship is instead more positive during the high-inflation 1970s and 1980s.

Why does the alternative model imply a more negative relationship between Treasury conve-
nience and inflation when inflation is high? The intuition is simply that with higher steady-state
inflation, Treasuries have less steady-state convenience A, which implies that the convenience re-
sponse to monetary policy rate is lower according to equation (20). The money channel is hence
weaker. In this case, the response of Treasury convenience is dominated by the direct effect on A,
as in the NK demand channel. By contrast, when steady-state inflation is low, the money channel is
more important and a cost-push shock that leads to higher nominal rates has a pronounced positive
effect on Treasury convenience.

Overall, the simple New Keynesian model with Treasury convenience shows that low-frequency
shifts between the New Keynesian channel and the money channel of Treasury convenience can
explain patterns documented in our empirical analysis, while a direct link between inflation and

Treasury convenience cannot.

4 Conclusion

This paper argues that two different mechanisms driving Treasury bond convenience — the “money
channel” and the “New Keynesian demand channel” — have dominated over distinct historical pe-
riods, leading to sign changes in the comovement between Treasury convenience and inflation.
We show that Treasury convenience tended to fall with higher inflation in the first half of the 20th
century and again during the post-2000 period. However, during the 1970s and 1980s, Treasury
convenience was robustly positively correlated with inflation. An empirical decomposition of in-
flation into components reveals that the positive correlation during the 1970s and 1980s was due
to the persistent component of inflation, largely driven by supply shocks.

We explain these findings in a New Keynesian model that embeds the money view of Trea-
sury convenience along with liquidity-driven demand shocks. We study the implications for con-
venience of liquidity shocks through the first half of the 20th century and in the 2000s, and of

25We show that these implications are robust to alternative parameter values in the Appendix.
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inflationary cost-push shocks during the 1970s and 1980s. In the model, a higher liquidity value of
Treasuries increases the incentive to save and reduces consumption, lowering demand and hence
inflation via the standard New-Keynesian demand channel. A negative inflation-convenience re-
lationship ensues, similar to the experience of the early 20th century and the 2000s. In contrast,
an inflationary cost-push shock raises the nominal interest rate, thus the opportunity cost of hold-
ing money, and by extension, the cost of holding convenient money-like assets. Because cost-
push shocks lead to persistent inflation in standard New Keynesian models, the positive inflation-
convenience relationship is most pronounced for long-term convenience and not absorbed by the
current policy rate, consistent with our empirical evidence from the 1970s and 1980s.

While intuition might suggest that episodes of high inflation deplete the convenience benefits of
Treasuries, this intuition does not accurately describe the historical experience to date. Our results
highlight a more complex link between Treasury convenience and the macroeconomy through the
interplay of money and demand channels. To the extent that shocks to convenience are in and of
themselves sources of fluctuations in the economy, establishing causality between inflation and

convenience requires taking a stance on the sources of shocks driving the economy.
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Online Appendix to

“Inflation and Treasury Convenience”

Anna Cieslak, Wenhao Li, and Carolin Pflueger

A Robustness of Empirical Results

In this section, we provide robustness checks of our main results.

A.1 Robustness on the Regimes of Inflation and Treasury Convenience

In the main results of Table 2, we used the AAA-Treasury spread as the main measure of Treasury
convenience yield. In this subsection, we present separate results using T-bill convenience yield
and show that results are broadly consistent. Furthermore, we also present results that separately
deal with three periods to account for potential structural changes in the economy.

In Table A.1, we replicate Table 2 but using T-bill convenience yield. All the signs of inter-
action terms between inflation and periods are the same as Table 2. The remarkable consistency
between T-bill convenience and long-term Treasury convenience, despite the differences in their
measures, is a sign that the three regimes are prevalent in the term structure of Treasury conve-
nience and not limited to certain maturity. Furthermore, we note that monetary policy rate (FFR)
is highly positive and significant, while in the regression on Treasury convenience yield of Table
2, it is insignificant across all specifications. The contrast between these results is consistent with
the model implications in Table 7.

Next, in Table A.2, we show the subsample regression results for both Treasury convenience
and T-bill convenience. We find that results are broadly consistent with the main settings shown
in Table 2 and Table 3. The only exception is column (6), where the coefficient on inflation is
insignificant and positive. In Panel B, we control for lagged inflation and we find that the sign is
negative on lagged inflation. A plausible explanation is that aggregate demand response to liquidity
shocks is sluggish. This explanation predicts that short-term convenience does not immediately
correlates to current inflation, but responds to lagged inflation. On the other hand, since long-term

convenience reflects the expectation of future short-term convenience (see equation (20)), it has a



Table A.1: Inflation and T-bill Convenience

Dependent variable:

T-bill Convenience Yield,

(1) (2) (3)
Inflation;—1 ¢ —2.946*** —0.832 —0.748
(0.688) (0.925) (0.791)
Inflation; 1 ; X period2 15.441*** 11.829*** 7.295%**
(1.902) (1.909) (2.469)
Inflation; 1 ; X period3 —1.366 —5.827 —9.325
(5.523) (5.376) (5.734)
period2 —0.207** 0.046 —-0.013
(0.085) (0.116) (0.113)
period3 0.188 0.480** 0.503**
(0.174) (0.234) (0.233)
VIX 0.015*** 0.015%**
(0.004) (0.004)
FFR 0.058***
(0.017)
Debt/GDP —0.526 —0.226
(0.348) (0.373)
Constant 0.235%** —0.095 —0.264**
(0.054) (0.126) (0.130)
Observations 987 987 987
R? 0.433 0.483 0.532
Adjusted R? 0.430 0.479 0.528
Note: *p<0.1; *p<0.05; **p<0.01



Table A.2: Robustness: Estimates by subsample.

Panel A. Estimates by subsample

Aaa-Tsy spread Repo-T-bill spread
6] (@) 3 “4) &) (6)
per=1 per=2 per=3 per=1 per=2 per=3
Inflation -0.032%** 0.041 -0.053%* -0.011%* 0.027 0.015
(-4.55) (1.51) (-2.24) (-2.39) (1.36) (0.90)
FFR 0.14%** -0.000053 0.031 0.064** 0.080%** 0.056%**
(4.63) (-0.00) (0.70) (2.15) (5.07) (6.09)
Debt/GDP 0.46 -2.54%%% 0.87%* -2.48* -0.81%* 0.22%*
(0.31) (-3.60) (2.11) (-1.89) (-2.27) (1.67)
VIX 0.0017 0.019%** 0.022%%* 0.0085%** 0.026%%* 0.0065%**
(0.79) (2.76) (5.31) (4.25) (4.63) (2.40)
Constant 0.47%* 0.90%** 0.28 0.13 -0.27* -0.20%*
(2.09) (3.43) (1.05) (0.63) (-1.69) (-2.04)
R? 0.66 0.55 0.37 0.45 0.62 0.46
N 164 576 247 164 576 247
Panel B. Estimates by subsample with lagged inflation
Aaa-Tsy spread Repo-T-bill spread
6] (@) 3 “4) &) (6)
per=1 per=2 per=3 per=1 per=2 per=3
Inflation -0.027%** 0.014 -0.080** -0.011%* 0.038* 0.0093
(-6.23) (0.59) (-2.41) (-2.00) (1.74) (0.40)
L12.Inflation -0.012%* 0.037%* -0.046 0.0010 -0.013 -0.015
(-2.31) (2.21) (-1.24) (0.15) (-0.84) (-1.03)
L24.Inflation -0.021%** 0.038#** -0.049 0.0073 -0.038%** -0.0015
(-3.55) (2.76) (-1.51) (1.23) (-2.81) (-0.10)
FFR 0.11%** -0.020 0.040 0.072%%* 0.097%%* 0.059%**
(3.92) (-1.36) (0.99) (2.44) (6.92) (5.33)
Debt/GDP -2.47* -2.26%%* 0.56 -1.68 -1.07%%%* 0.17
(-1.88) (-3.73) (1.13) (-0.97) (-3.57) (1.20)
VIX -0.0022 0.022%%* 0.022%#* 0.0094#** 0.024#** 0.0067**
(-1.40) (3.32) (5.34) (5.12) (4.62) (2.41)
Constant (0.94%** 0.70%** 0.65% 0.010 -0.11 -0.14
(4.86) (3.28) (1.67) (0.04) (-0.87) (-0.86)
R? 0.76 0.65 0.40 0.45 0.66 0.46
N 164 576 247 164 576 247

stronger response.
Finally, in Figure A.1, we plot the moving averages of Treasury convenience and inflation to
better understand the frequency of the relationship. We use both the headline inflation (two upper



panels) and the core inflation (two lower panels). The dramatic regime shifts across three periods
are more prominent at the 60-month moving average than 12-month moving average. As a result,
the relation between inflation and Treasury convenience is stronger at lower frequency, indicating
that they are likely related to macroeconomic changes, rather than having a direct linage through

the financial market.

A.2 Impulse Responses

To gain better identification, we apply the standard VAR local projection method and show the
impulse responses in Figure A.2 (headline inflation) and A.3 (core inflation). We find that results

are generally similar to the results in Figure 5.
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Figure A.1: Low frequency relationship between inflation and convenience yield.
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Figure A.2: VAR local projection impulse responses: headline inflation. The graphs present
orthogonalized impulse-responses obtained from a local projections VAR. The VAR is estimated
separately for each subperiod, using monthly data with 12 lags. The following variables are in-
cluded and ordered as Debt/GDP, headline CPI inflation, unemployment, FFR, and AAA-Treasury
spread. We report 90% confidence intervals using robust standard errors.
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Figure A.3: VAR local projection impulse responses: core inflation. The graphs present or-
thogonalized impulse-responses obtained from a local projections VAR. The VAR is estimated
separately for each subperiod, using monthly data with 12 lags. The following variables are in-
cluded and ordered as Debt/GDP, energy CPI inflation, core CPI inflation, unemployment, FFR,
and AAA-Treasury spread. We report 90% confidence intervals using robust standard errors.



B Model Appendix

In this appendix, we provide detailed model solutions. We start the baseline model, and then

provide details on the extension model that directly introduces the inflation-convenience linkage.

B.1 Supply Side and Price-Setting Frictions

The consumption aggregate is given by

(/ Ca‘t 1/Ut> ‘ 17 (26)

where C;; denotes the quantity consumed of consumption good of variety j, and o, is the poten-
tially time-varying elasticity of substitution across varieties, which will give rise to supply-type
shocks in the log-linearized Phillips curve (Woodford (2003a), p. 451). Household optimization

then implies that demand for variety j is downward-sloping in its price Pj;

P\ 1 1/(1=0)
Cjt = (FJ) Ct, Pt - (/ let_o-t) . (27)
t 0

We set up the firm’s problem as simple and standard as possible. Firms face price-setting
frictions in the manner of Calvo (1983). We assume that there is a unit mass of firms producing
consumption good j. Firms of type j have a constant returns to scale production technology and

use labor as their only input
Yie = Nj. (28)

Each period a random fraction 1 — w of firms is allowed to adjust prices, while the remaining

fraction w of firms have a price that is automatically indexed to lagged inflation. That is, the time

¢
t + 7 price of a firm that last re-set its product price to P, at time ¢ equals P} <%) , where ¢
is an indexation parameter as in Christiano et al. (2005) and leads to a backward-looking term in
the Phillips curve. There is no real investment in the model, so consumption must equal output for

each variety

Cje = Yy (29)



B.2 Model Derivations
B.2.1 Liquidity Spread

Taking the difference between (15) vs. (14) and (16) vs. (14) gives the following expressions

1+ 1} U. (Cy, Hy)
- 5= a1
L+18  U.(C,H)

Substituting in (9) into (31) then gives (17) in the main text. A simple rearrangement gives that

i (32)

B.2.2 Flexible Price Steady-State

We log-linearize the model around the flexible-price steady-state values ¢, 7, 7', i, §, and \ with
deviations ¢, m, ii, if, 0, and \;. Before we can log-linearize we need to solve for the flexible-
price steady-state. With flexible prices, profit-maximization implies all firms optimally choose to
charge a constant markup

Pt o Wt

—t — L 33
P o 1P (33)

The representative household’s optimal labor-leisure choice implies that the real wage must satisfy

XAVY W
(Ct — thfl)_'Y Pt '

(34)

In the flexible-price equilibrium, we must have P = F,. Substituting in good markets clearing

(Y; = C}) implies that the steady-state flexible price output is constant and equals

y <(1 —h) (o — 1)>1/(7+n) |

— -

(35)



In the steady-state interest rates must satisfy:

UG B 6

14 1) BE [_
( ) Uc(Ct) B+1
where we suppress the non-consumption arguments in the utility function to sav on notation. In

the nonstochastic steady-state consumption and habit are constant, so:

. 1411
140 = (37)
B
The steady-state government bond yield (in levels) then satisfies
r =1 1—#(1—5) (38)
1—-A '

B.2.3 Log-Linearization

We define the log steady-state interest rates by i = log(1 + I'), and 7* = log(1 + I°). For

conciseness we define the function

1
¢ (N\) = : (39)
1— 24-(1-9)
The function ¢ has the first-order Taylor approximation around \ in terms of A=A — A
p(N\) ~ ¢ (5\) + ¢’ ()\) At (40)
< 1
o\ = 3 : (41)
1—25(1-96)
1 ’ 1
¢ (A) = ( . ) (1-0)— 42)
1—25(1-9) (1-X)°
We can then re-write expression (32)

exp(i} +1)~1 = 6\ (exp(it +1) —1) (43)
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Substituting in the log-linear approximation for ¢,
W+ i+ T~ (o) +dWA) (0 + i+ 1) (44)

Solving out for ii and dropping second-order terms gives the first-order Taylor expansion

. ~1+1°, Y L
2l -b /
(A ¢(>\) 1+ jl 2 + Qb (/\)WAM (45)
= [+ (46)
where the coefficients are given by
o= it 7)
B 141V

(48)

"
- — (;(1_5» (1— 15—1 <$(1—5))), (49)

1-A
x oI

= &\ _ 50

As long as % < 1, A > 0and § < 1 the second expression for f’ makes clear that f* > 1.

Alternatively, f can be written as f* = gb(;\)i—i% = %}-@I—l, which can be easily used to see that

fi>1.
We then derive the relationship between convenience spreads across the term structure. Invest-

ing one dollar into an n-period zero coupon government bonds at time ¢ and selling it at time ¢ + 1

exp(f(nfl)ii_l,tﬂ)

exp(—niz t)

the same liquidity services at time ¢ irrespective of bond maturity, the first-order condition between

generates a return R, 11 = . Since government bonds are assumed to provide

investing in an n-period vs. 1-period bond becomes

U. (Ciia) (exp(z“’) e 1).i"‘1’t+1)>] . s1)

= (E
0 PE: exp (—nil,)

Log-linearizing gives the long-term liquid government bond yield in terms of the expected short-

11



term government bond yields according to the expectations hypothesis:

n—1
3 @';;i] . (52)
i=0

Since short- and long-term illiquid loans also generate the same liquidity value at time ¢, their

. 1
Zz t = _Et
’ n

yields up to first-order also satisfy an expectations hypothesis:

n—1
3 @;ﬂ.] . (53)

. 1
Zl = _Et
n =0

n,t

We derive log-linearized Euler equation (22) following standard steps. The representative

household’s intertemporal first-order condition is

_ P, _
0, (C, —hCiy)™ " = B(1L+1)E, [@m Pt (Coyr — hC) (54)
t+1

Log-linearizing around the flexible-price steady-state C' gives up to a constant

1
1—h

log (CL‘ - th_l) ~ (Ct — th_l) (55)

The log-linearized consumption Euler equation then equals (up to constant)

v

(Qt - Et0t+1) - 1-~h

(Ct — th_l) = Zi — Etﬂ-t—‘,-l — ﬁ (Etct—l-l — th) . (56)

A simple re-arrangement then gives

1—h . )
! (Zi — EﬂTtH) + 11—i-—h (0y — Eyfiy1) .(57)

¢ = ——FEici +

1+h G177

14+h

Equation (22) then follows from z; = ¢; with the demand shock taking the form v, ; = vt i=h 0y — Eyfy11).

1+h
Because the labor-leisure trade-off is standard, the firm’s problem is also entirely standard.

Walsh (2017) provides a detailed derivation of the log-linearized New Keynesian Phillips curve
(24).

The standard textbook treatment of firm decision problem will give rise to the log-linearized

12



Phillips curve,

m=p"m1+ (1 — p")Eymg + Kxy + v,

B.2.4 Solution Details

Denote scaled liquidity shock by & = —1 f uy, so that

& = P&t + ves, (58)

with v, = —1) f vy, iid and serially uncorrelated and p* = p*.

The log-linearized dynamics for the state vector Y; = [x¢, 1y, is, £ can then be summarized

e = (1= p") B + pa1 — i + WEme g + Vb f A m 4 & + vay, (59
T = (1= p")Eymiyy + p g + K&y + Uny, (60)
i = (L= p) (Y@ +97m) + plies + Vi, (61)
& = pggt—l + Vgt (62)

We only need to solve the model with either the liquidity shock & or the demand shock v, ;. We
start with the solution for the model liquidity shock &;, setting the demand shock to zero. In matrix

form, the model can be written as
0 = FEY; 1 1+GY,+HY, 1+ Muy, (63)

where the matrices are given by

(64)

o O
o O o O
o O O O

13



—1 Yot —oft 1
K —1 0 0

(I=p )" A=pn" -1 0
0 0 0o -1
p* 0 0 O
0 p7~ 0 0
H = P (66)
0 0 p 0
0 0 0 p°
000
010
M = (67)
0 01
1 00
and the vector of exogenous shocks is given by
Vg = [Ug,t, Ur it Ui,t]- (68)

We use Uhlig Uhlig (1999)’s formulation of Blanchard and Kahn (1980) to solve for an equi-
librium of the form (25).

The convenience spread of maturity then has the following log-linearized expression:

. : 1 i - - n
spread,; = it , — zl,’m = ((ff = 1)es — ¢ 'es —bf es) (I — B) “(I-BYY, (69)
We then show impulse responses to shocks of the size vg; = 4%, Upy = ﬁ, and v; ; = %00 in

natural units.
To solve the model with a generic demand shock but no liquidity shocks, note that if 8, follows
an AR(1) with autoregression coefficient p¢ then §, — E,0,,, = (1— ot )6, also follows an AR(1)

process with the same AR(1) coefficient. The same solution then goes through, except we need to

14



set f* = 1and b = 0 to obtain the impulse responses to a generic demand shock when Treasury

bonds yield no liquidity.

B.3 Details on Model Calibration

Details about model calibration are shown in Table A.3.

Table A.3: Model Calibration

Panel A: Inflation and Monetary Policy

Euler equation Target
Interest rate slope (0 0.07 Pflueger and Rinaldi (2022)
Backward-looking component p*  0.45 Pflueger and Rinaldi (2022)

PC Parameters

Slope K 0.019 Rotemberg and Woodford (1997)
Backward-looking PC p™  0.80 Fuhrer (1997)
Monetary Policy
MP inertia 0 0.8 Clarida et al. (2000)
Output gap weight o 0.5 Taylor (1993)
Inflation weight v 1.5 Taylor (1993)

Panel B: Interest Rates and Liquidity

Discount rate I} 0.98

Steady-state inflation I 2%

Deposit rate pass-through 4] 0.34 Nagel (2016)

Bond liquidity weight A 0.20 Level Aaa-Tsy Spread
Persistence liquidity p* 091 AR(1) Aaa-Tsy Spread

Note: This table contains the calibration parameters for the New Keynesian model with convenience yields. Parameters
are reported in units corresponding to inflation and interest rates in annualized percent, and output gap in percent, that
is we report %, 4 and 4y® compared to natural quarterly units. The values for § and p* in the extension with direct
liquidity-inflation link are identical to the baseline model and therefore not repeated.
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B.4 Additional Model Results

Figure A.4 shows the impulse responses to a monetary policy shock in our baseline model. We
see that long-term convenience and inflation both decline in response to a monetary policy shock,
whereas short-term convenience and the nominal policy rate increase. This happens because the
monetary policy shock first drives up the policy rate, but then eventually causes overshooting in
the policy rate, as inflation declines following the contractionary shock. The short-term spread
increases, similarly to the increase in the policy rate. The long-term spread, which is forward-

looking declines similarly to inflation.

Figure A.4: Baseline Model Responses to a Monetary Shock
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Note: This figure shows impulse responses to a monetary policy shock for our baseline model. The monetary policy
shock is a positive 100 bps shock to the 3-month T-bill. Responses for inflation, 7 and the Treasury rate i® are in
annualized percent units. The response for the convenience spread i' — i° is in annualized basis points units.The

response for the output gap « is in percent units. Quarters are shown on the x-axis.

We also provide robustness for the alternative model, varying the magnitude of the direct
inflation-liquidity link. Figures A.5 and A.6 report alternative versions of Figure 3.9 in the main

paper. We see that the black convenience spread responses are robustly above the red dashed con-
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venience spread responses, implying that the alternative model with a direct inflation-convenience
link implies a more negative inflation-convenience relationship when inflation is high in steady-
state, regardless of the strength of the direct inflation-convenience link parameter b. Of course,
a stronger direct inflation-convenience link as in Figure A.6 leads to a more negative inflation-
convenience spread regardless of steady-state inflation, but the gap between the red dashed and
black convenience impulse responses are consistent across different values of . Our key empirical
result is about the change in the the inflation-convenience relationship during the high-inflation
1970s and 1980s vs. the low-inflation pref-WWII and 2000s periods, and of the opposite sign as

implied by the alternative model across these different values for 0.

Figure A.5: Alternative Model Responses to Cost-Push Shock with b = 0.01
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Note: This figure is identical to Figure 3.9 in the main paper but sets b = 0.01 instead of b = 0.02.
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Figure A.6: Alternative Model Responses to Cost-Push Shock with b = 0.04
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Note: This figure is identical to Figure 3.9 in the main paper but sets b = 0.04 instead of b = 0.02.
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