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We study the role of unconventional monetary policies dur-
ing a pandemic, focusing on the implementation sequencing
of policies when there is a social containment period. Using
the Bank of Canada’s main projection model (ToTEM), we
compare the efficacy of a suite of extended monetary poli-
cies (EMPs), finding that the immediate implementation of
forward guidance and quantitative easing, followed by credit
easing when containment measures are lifted, delivers the best
outcome. We also quantify the fiscal response needed to offset
the gap in gross domestic product created by the effective lower
bound, given operational limitations in scaling up EMPs.
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1. Introduction

The sharp impact of the global COVID-19 pandemic led to poli-
cymakers across the world taking strong accommodative measures
to support their economies. Central banks in advanced economies
eased monetary conditions through conventional monetary policy
as well as through various other tools. The Bank of Canada, for
example, cut the overnight rate from 175 to 25 basis points (bps)
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in March 2020. The Bank’s immediate policy response also included
various measures aimed at improving market functioning In par-
allel, the federal and provincial governments also rapidly provided
extraordinary fiscal support during the pandemic.

Despite the rapid fiscal and monetary policy responses, plau-
sible economic projections for Canada at the peak of the crisis
(April 2020) suggested that real gross domestic product (GDP) could
remain below prepandemic levels for a prolonged periodE While
the government’s fiscal stimulus and the Bank’s liquidity provision
offered important support, the measures were not sufficient to fully
make up for the drop in activity given the pandemic’s widespread
economic impacts. However, implementing additional accommoda-
tive monetary policy by continuing to lower policy rates was not
feasible because it would have resulted in negative interest rates.
To support the recovery, the Bank implemented extended monetary
policy (EMP) tools, in particular, forward guidance, credit easing,
and quantitative easing]%

The rapid evolution of the COVID-19 pandemic and the swift
response from central banks highlighted an important gap in the
literature. Observers and market participants generally judge that
aggressive policies helped prevent a worst-case economic collapse,
but little is known about the transmission, impact, and relative
gains from such policies. For instance, how large are the bene-
fits from implementing EMPs at the effective lower bound (ELB)?
Which EMP sequence works best to reduce the output and inflation

!'Examples include the Commercial Paper Purchase Program, the Provincial
Money Market Purchase program, and the Standing Term Liquidity Facility. The
secondary market purchases of Government of Canada securities (Government of
Canada Bond Purchase Program) announced on March 27, 2020, also initially
aimed at ensuring liquidity. As market functioning normalized, the program’s
objective shifted toward more traditional quantitative easing, as announced by
the Bank in July (Macklem et al. 2020). In this paper, we use the term “quantita-
tive easing” (QE) for such large-scale asset purchase programs aimed principally
at bringing down longer-term yields.

2See, for instance, the Bank’s central scenario presented in the July 2020
Monetary Policy Report (Macklem et al. 2020).

30ften referred to as unconventional monetary policies, tools such as nega-
tive interest rates, large-scale asset purchases, quantitative easing, credit easing,
and forward guidance have become part of central banks’ regular toolkits and in
some cases remain in place for extended periods. The unconventional has become
conventional, which is why we refer to them as extended monetary tools.
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fallout? The context of the pandemic also raises questions on the
optimal implementation of such tools; for instance, is it advantageous
to delay their use until the recovery takes hold to provide continued
easing and avoid a preemptive increase in long-term rates? Rig-
orous assessments of policy tools and implementation options are
important to inform policymakers to help shape the best possible
policy response.

To our knowledge, our research is the first to use a theoretical
model setup to study the optimal sequencing of EMPs during the
pandemic. An emerging literature investigates the efficacy of EMPs
to address the shortfall of the pandemic (Acurio Vésconez, Damette,
and Shanafelt 2023)@ but remains limited, especially using estimated
quantitative modelsd Existing work also largely focuses on QE (e.g.,
Costa Junior, Garcia-Cintado, and Junior 2021; Akkaya et al. 2023)
and thereby does not take into account the more comprehensive
suite of measures that now feature prominently in central bank tool-
kits[T We address this gap by assessing different EMP tools and
their implementation, specifically regarding how to best sequence
such tools. We use the Bank’s projection model, the Terms-of-Trade
Economic Model (ToTEM), to explore the effectiveness of EMPs
in pandemic scenarios where the ELB constrains the policy interest
rated We assess different combinations of EMP tools by their ability
to help maintain demand near the economy’s productive potential
and inflation near the 2 percent inflation target. Our approach allows

4This argument may be further motivated by the fact that some tools aimed
at reducing longer-term yields, including forward guidance and quantitative eas-
ing, may have had limited impact immediately following the shock because the
yield curve was already flat.

"Dominguez and Foschi (2024) also estimate the impact of the whatever-it-
takes approach by central banks during the pandemic using a narrative approach.

6See, for instance, Rebucci, Hartley, and Jiménez (2020) for a cross-country
analysis of financial market impacts and Vissing-Jorgensen (2021) for the United
States. Chung et al. (2019), while not assessing the policy response to a pandemic
specifically, assess the power of the U.S. Federal Reserve Bank’s monetary policy
toolkit in the 2020 environment, in response to a hypothetical large shock. Arora,
Gungor et al. (2020) study the effect of the Bank’s announcement of the Bankers’
Acceptance Purchase Facility.

"A few papers use a shadow rate approach to account for the combined
effect of conventional and extended monetary policy tools (e.g., De Rezende and
Ristiniemi 2023).

8See Dorich et al. (2013) and Corrigan et al. (2021).
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to model the distinct transmission channels of the policies, including
quantitative easing, credit easing, and forward guidance.

Our analysis moreover contributes to a small literature that con-
siders the importance of the sequencing and coordination of EMP
tools. Potter and Smets (2019) survey the experience of policymak-
ers using EMPs following the Global Financial Crisis, finding that
the coordination of EMPs is considered an important factor for their
efficacy although the sequencing at the time was largely dictated by
the unfolding events. As Potter and Smets (2019) point out, the
sequencing of EMPs had barely been addressed in the literature and
was not well understood. This remains largely the case although
there is some recent work on both the empirics and theory. On the
former, Rostagno et al. (2021) estimate a Bayesian vector autore-
gression (VAR) to quantify the contribution of different tools and
discuss the instrument mix. Hayashi and Koeda (2019) use an esti-
mated structural vector autoregression (SVAR) to discuss the timing
of an exit strategy from quantitative easing. Related to Potter and
Smets (2019), Bernanke (2020) reviews the current wisdom regard-
ing the use of EMPs using the Federal Reserve’s FRB/US model to
assess the appropriate policy mix to implement monetary policy. On
the theory, our work is closely related to Sims and Wu (2020, 2021).
Sims and Wu (2021) present a dynamic stochastic general equilib-
rium (DSGE) model with financial frictions and a whole suite of
EMPs in order to study their interactions and unwindingﬁ Our work
applies a similar framework, and applies it to studying the effective-
ness of EMPs during the COVID-19 pandemic, where containment
limits the transmission of certain channels of EMPs.

Finally, while the existing literature provides some initial assess-
ment of policies in the United States, our work provides new insights
on the mechanisms and efficacy of EMPs in small open economies
such as Canada. Research remains limited (Diez de los Rios and
Shamloo 2017; Akkaya et al. 2023) but crucially matters for pol-
icy implementation, as the relative importance of channels—such as
that of the exchange rate channel—differs from that in large and
more closed economies.

In this paper, we consider three types of EMPs: (i) credit easing
as the purchase of short- and long-term corporate debt to compress

?See also Blattner and Swarbrick (2021), who assess the role of asset purchases
and long-term refinance operations in a monetary union.
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the spread of different risky assets; (ii) forward guidance as the com-
mitment to keep the overnight interest rate at the ELB until the
quarter-over-quarter inflation rate reaches the 2 percent target; and
(iii) quantitative easing as the purchase of long-term government
debt to lower long-term interest rates and control the yield curve[l9
Extended monetary policies alone cannot remove the adverse eco-
nomic effects of the crisis (this finding is similar to Acurio Vasconez,
Damette, and Shanafelt 2023). We thus also discuss implementation
considerations, such as estimating the fiscal gap left after we imple-
ment the suite of EMPs and whether it is possible for the Bank to
scale up EMPs to reduce the need for the government to provide
fiscal stimulus.

Our research provides several insights that are relevant to mone-
tary policy in response to a shock as disruptive as COVID-19. First,
the EMP sequence that delivers the best macroeconomic outcome in
ToTEM begins with a combination of state-contingent forward guid-
ance and a quantitative easing program, followed by credit easing
Even though the labor supply and domestic demand do not respond
to monetary policy stimulus during the containment period, quanti-
tative easing can raise inflation through the exchange rate channel
and higher inflation expectations. Second, model simulations suggest
that immediately implementing the EMP tools simultaneously is a
powerful option, with the tools complementing each other as they
work through different channels. Forward guidance helps to reduce
uncertainty about the monetary policy reaction function, credit eas-
ing restores transmission channels by lowering the spread on risky
bonds faced by firms, and quantitative easing lowers long-term rates
and anchors the yield curve. Third, such front-loaded implemen-
tation of all EMPs could make up about 35 percent of the GDP

'%These measures are some of those listed by the Bank of Canada as possible
additional tools in its monetary policy toolkit (Bank of Canada 2015, 2020b).
The EMP toolkit, published in 2015, also includes negative interest rates. The
technical ELB that reflects a switch-to-cash rate is estimated to be approximately
—50 bps (Witmer and Yang 2016). However, Lane (2020) states this policy comes
with important costs, and the Bank considered its ELB to be 425 bps (Bank of
Canada 2020a).

"Due to model limitations, the efficacy of some policy tools may be under-
stated. In particular, credit easing can play important roles in restoring financial
intermediation and reducing default risk, which are not captured in ToTEM III.
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decline and about 45 percent of the inflation decline created by the
ELB under a moderate scenario of the crisis and subsequent recov-
ery. Finally, EMPs alone cannot fully mitigate the effects of the ELB
in the severe pandemic scenario. Thus, a large complementary fiscal
package would be required to fully offset the impact on output and
inflation.

The paper is organized as follows: Section 2 discusses the EMP
options and the calibration of their effects. Section 3 describes two
underlying macroeconomic scenarios: a moderate scenario of the cri-
sis and recovery and a severe and much more persistent scenario.
This is followed by an evaluation of six different EMP sequencing
options in Section 4. Section 5 discusses implementation issues and
the role for fiscal policy. Section 6 provides a retrospective review
of model’s forecast performance. Lastly, we present our conclusions
and discuss some avenues for future work in Section 7.

2. The Suite of Monetary Policy Tools

We consider four categories of monetary policy tools in this paper
The first is conventional interest rate policy which is subject to a
lower bound (the ELB) of 25 bps. The constraint on the policy rate
reflects the view that rates below this level would become less effec-
tive in providing stimulus as they start to impair market functioning.
We thus rule out negative interest rate policy.

The second tool, and the first of the extended toolkit, is state-
contingent forward guidance. Under this policy, we assume the cen-
tral bank commits to holding interest rates low, conditional on the
inflation outlook (e.g., until quarter-over-quarter inflation reaches 2
percent)[13

12These correspond to the strategies outlined by the Bank of Canada in 2015
(Bank of Canada 2015).

13Forward guidance may be conditional on other economic variables or on
inflation but with a different level target. The Bank of Canada indeed chose
to condition forward guidance on economic variables: “The Governing Council
will hold the policy interest rate at the effective lower bound until economic
slack is absorbed so that the 2 percent inflation target is sustainably achieved.”
(Bank of Canada 2020a; Chu and Zhang 2022). Exploring time-dependent forward
guidance is left for future work.
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The next tool is quantitative easing, which describes the central
bank purchase of long-term government bonds, funded by increases
in central bank reserves (or settlement balances in the case of the
Bank of Canada). This bids up the price of the government secu-
rities, thereby lowering their yields. Through arbitrage and asset
substitution, these reduced yields transmit to lower borrowing costs
more broadly, increase asset prices, and depreciate the currency. To
implement quantitative easing in ToTEM, we directly model yield
curve control (YCC) In other words, central bank asset purchases
are conditional on a target for the long-term yield spread. Equivalent
necessary purchases can then be backed out with simple estimates
from the literature. In small open economies, quantitative easing has
a more limited impact on long-term yields In order to quantify the
purchases, we use the following estimate: $5 billion weekly purchases
of five-year government bonds (i.e., $260 billion per year, or around
10 percent of GDP) reduce the five-year term premium by 30 bps
in line with what was observed in Canada during the pandemic@

MyWhile YCC differs from QE in terms of communication and target metrics,
the overall objective of both tools are the same. See, for example, the speech
by then Deputy Governor Paul Beaudry in December 2010 (Beaudry 2020) in
which he describes the Government of Canada Bond Purchase Program (GBPP)
as lowering the rate of interest on government bonds. Under the GBPP, bonds
were purchased across all maturities in order to flatten the yield curve (Arora et
al. 2021).

15This is because quantitative easing is unlikely to affect the global term pre-
mium, given the high substitutability between domestic and foreign assets (see
Kabaca 2016; Diez de los Rios and Shamloo 2017).

16This estimate is based on several considerations. First, international expe-
rience of small open economies suggests that purchases of 10 percent of GDP
have been able to reduce 10-year yields by about 30 bps (an average of esti-
mates in Joyce et al. 2011; Joyce, Tong, and Woods 2011; Breedon, Chadha, and
Waters 2012; De Rezende, Kjellberg, and Tysklind 2015; Meaning and Warren
2015; and Diez de los Rios and Shamloo 2017 for Sweden, Switzerland, and the
United Kingdom). Second, upon announcement on March 27, 2020 of the Govern-
ment of Canada Bond Purchase Program in Canada, 10-year government yields
declined about 15 bps within two days (Fontaine et al. 2021). Third, quantita-
tive easing can be interpreted as an offset to government debt issuance. Laubach
(2009) estimates 10 percent of GDP debt issuance increases the forward rate
by 30 to 40 bps. Finally, the impact of quantitative easing is state-contingent
in the sense that quantitative easing is less powerful in compressing long-term
yields when the yield curve is already flat. Immediately following the COVID-19
shock, achieving a greater impact would be difficult given the already compressed
term premium; we thus consider 30 bps to be the maximum. Note that while the
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Corporate spreads at the five-year horizon are assumed to fall by 60
percent of the compression in government bond yields

The final tool is the credit easing policy which aims to restore the
transmission channel by purchasing impaired assets. In this paper,
we only consider purchases of short-term corporate debt (e.g., com-
mercial paper or corporate bonds) with the aim to reduce spreads
and improve liquidity!’d There are two credit spreads in ToTEM that
are subject to asset purchase programs: long- and short-term corpo-
rate spreads. The five-year, long-term corporate spread in ToTEM
is constructed based on the weighted average of a basket of three-
to seven-year Canadian investment-grade bonds. A degree of uncer-
tainty surrounds the precise quantitative effects, but recent expe-
rience of similar purchase programs offers some benchmarks. The
effect of a purchase program on credit spreads depends on how
much of the spread results from heightened default risk versus a
higher liquidity premium. Based on the assumption that 50 bps
of the 150 bps spike at the start of the COVID-19 pandemic was
due to higher default riSkE we estimate that $40 billion in pur-
chases could lower the five-year corporate spread by up to 80 bpS

Bank of Canada’s large-scale program was initially implemented with $5 billion
weekly purchases in March 2020, which we use here in the simulations, the Bank
recalibrated the quantitative easing purchases in October 2020 toward long-term
bonds. The recalibration reduced the amount to $4 billion a week, although it
did not reduce its impact. Arora et al. (2021) estimate a fall of 18 bps on the
five-year spread during a three-hour window when the program was announced;
however, as the authors point out, this likely understates the overall effect, as this
captures only the surprise element of the announcement. It is likely the program
was anticipated by the markets and much of the squeeze in yields was already
priced in.

17Given the importance of terms-of-trade shocks in TOTEM, the exchange rate
is a key channel for quantitative easing, in line with the literature on small open
economies (Kabaca 2016; Fontaine, Suchanek, and Yang 2017; Drought, Perry,
and Richardson 2018).

18T addition, funding for lending schemes can boost lending. This topic is left
to be considered in future work.

19This rough estimation is based on the methodology in Leboeuf and Hyun
(2018).

2OFor example, the Bank of Canada’s Banker’s Acceptance Purchase Facil-
ity is estimated to have compressed bankers’ acceptance yields by 15 bps upon
announcement and by up to 70 bps over the following weeks (Arora, Gungor
et al. 2020). Moreover, the effect of a $30 billion sale of corporate bonds in
a stress scenario is estimated to increase corporate spreads by about 90 bps
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Short-term spreads in ToTEM correspond to short-term commer-
cial paper. We assume that commercial paper purchases reduce the
short-term (three-month) corporate spread by about 80 bps Based
on the literature and the Bank’s experience with its Commercial
Paper Purchase Program, such a reduction in spread would require
purchases of about $3 billion to $6 billion of commercial paper

3. Description of Scenarios

We conduct our analysis using TOTEM (version III), a large-scale
New Keynesian DSGE model with rational expectations The sim-
ulation for EMP sequencing options is done in two steps. First, we
use two scenarios of pandemic development, one moderate and one
severe. In the second step, we introduce six different EMP sequence
plans that can be implemented to stabilize the economy during the
three years after the onset of the pandemic.

3.1 Short Description of the Terms-of-Trade Economic Model

ToTEM contains several key ingredients that are empirically rel-
evant for explaining Canadian data. The model features more

(Arora, Bédard-Pagé et al. 2020). Evidence from recent corporate bond purchase
programs at the European Central Bank (ECB) (European Central Bank 2016;
Abidi and Miquel-Flores 2018; Santis et al. 2018; Zaghini 2019; Cecchetti 2020)
and the Bank of England (Belsham, Rattan, and Maher 2017; Boneva, de Roure,
and Morley 2018) suggests that purchasing 10 percent of outstanding corporate
bonds can reduce the spread by 69 bps. This translates into up to 90 bps for $40
billion in Canada, or 13 percent of corporate bonds outstanding.

21The actual compression depends on the current spread. In the first quarter
of 2020, the spread is reduced by around 80 bps, but it falls to about half of this
by the first quarter of 2021.

22In Canada, since the announcement of the Commercial Paper Purchasing
Program, spreads have dropped sharply, declining by around 80 bps on an aver-
age volume-weighted basis for Canadian corporate issuers. The decline happened
amid a peak size of the program of $3 billion, or 5 percent of outstanding com-
mercial paper ($62 billion in February 2020). The literature for the Bank of
England (Bank of England 2019), Bank of Japan (Hirose and Ohyama 2010),
and the United States (Adrian, Kimbrough, and Marchioni 2011; Duygan-Bump
et al. 2013; Boyarchenko, Crump, and Kovner 2020) suggest a somewhat smaller
impact of about 64 bps on average for purchases of 10 percent of outstanding
commercial paper.

ZFor a detailed model overview, see Appendix B. For full information and
description of TOTEM, see Dorich et al. (2013) and Corrigan et al. (2021).
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disaggregation than in prominent DSGE models used in the lit-
erature, such as Christiano, Eichenbaum, and Evans (2005) and
Smets and Wouters (2007). ToTEM includes producers of five dis-
tinct types of final products: core consumption goods, business
investment goods, residential investment goods, government goods,
and noncommodity export goods. ToOTEM also contains a separate
commodity-producing sector because of the importance of commodi-
ties in the Canadian economy.

The standard New Keynesian model has no role for quantita-
tive easing. The household side of ToTEM is defined in a similar
spirit to André, Lopez-Salido, and Nelson (2004) and Chen, Curdia,
and Ferrero (2012), introducing a particular type of asset market
segmentation. This allows for the long-term interest rate to affect
aggregate demand distinct from the expected path of short-term
rates. A fraction of restricted households can trade only in long-
term bonds 27 A fraction of the remaining households is unrestricted
because they trade in both short- and long-term bonds. The final
fraction is current-income households that neither borrow nor save
but live hand-to-mouth.

The asset market segmentation in ToTEM allows aggregate
household spending to depend on both short- and long-term inter-
est rates. In ToTEM, conventional monetary policy is governed by
a Taylor rule with interest rate smoothing that reacts to both the
expected year-over-year inflation four quarters ahead and the output
gap. To match the data, the model contains 33 structural shocks.

Importantly, ToTEM includes features that make it less suscep-
tible to the forward guidance puzzle which describes the fact that
standard New Keynesian models exhibit excessively large reactions
to anticipated monetary policy shocks. The model allows for rule-of-
thumb (RoT) price setters (as in Gali and Gertler 1999) and habit
persistence in consumption. In particular, price setting will take
place as follows. With probability 6 each period, firms will increase
their prices in line with the inflation target. Of the remaining 1 — 6
firms, a share 1 — w will optimize their price to maximize expected
discounted profits while the remaining w will follow the rule:

Py =pi_1 +ym—1 + (1 — )T + Oy, (1)

?4These households could be motivated by a preferred habitat. See Vayanos
and Vila (2009) for details.
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where p; denotes the log price of firm i, m; period ¢ aggregate infla-
tion, 7 the inflation target, and fi; the deviation of the markup from
steady state. The share of RoT price setters in the Canadian econ-
omy is estimated to be a relatively high 54 percent By limiting
the role of inflation expectations on current price setting, this fea-
ture significantly dampens the responses of output and inflation to
anticipated future monetary policy shocks. As a result, TOTEM is
well suited to analysis involving forward guidance

3.2 Step 1: Identifying Two Scenarios Driven
by the Global COVID-19 Pandemic

We begin by creating an environment featuring a deep downturn.
This downturn results from a global pandemic shock hitting the
Canadian economy. To provide a context, we rely on the Bank’s
scenario analysis in April 2020, as published in its Monetary Pol-
icy Report (Poloz et al. 2020). This analysis allows us to concretely
mimic the range of outcomes that policymakers considered plausi-
ble at the time and based on the information available when they
decided whether to implement EMP tools 2] The COVID-19 shock
is characterized by a significant global and domestic demand con-
traction, decline of oil prices, and sharp decline of the labor sup-
ply. The two alternative environments we consider serve as the
starting point for analyzing the impact of the EMP sequencing

25This is the estimated share of RoT price setters specifically in the consump-
tion goods sector; see Corrigan et al. (2021).

26This is further demonstrated in Dorich et al. (2018).

2TThe chosen economic scenarios were considered among the range of possible
outcomes at the Bank of Canada when the COVID-19 crisis struck. The first sce-
nario corresponds approximately to a profile in the middle of the range presented
in the Bank’s April 2020 Monetary Policy Report (Poloz et al. 2020), while the
second scenario approximates the more severe and prolonged profile. This choice
of scenarios is relevant because it represents the information Canadian policy-
makers considered plausible when they decided which EMP tools to implement.
In reality, containment measures varied by province, reopening was often partial
and sector-specific, and consumption patterns were affected through both restric-
tions and voluntary social distancing (see, e.g., Dahlhaus et al. 2022). For clarity,
we focus only on full lockdowns of differing durations.

Z8The first scenario corresponds approximately to a profile in the middle of
the range presented in the Bank’s April 2020 Monetary Policy Report, while the
second scenario approximates the more severe and prolonged scenario.
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Figure 1. Model Simulations: Real GDP and Inflation
without Using the Extended Monetary Policy Toolkit

A. Real Gross Domestic Product % B. Core Inflation (Year over Year) %

T T T T T T T T T T
2020 2021 2022 2023 2024 2020 2021 2022 2023 2024

Severe case with the effective lower bound
Severe case without the effective lower bound

=== == Moderate case with the effective lower bound

== == Moderate case without the effective lower bound

a moderate scenario in which output and core inflation fall by about
4 percent and 1 percent, respectively (charts A and B in Figure 1);
and a severe scenario with a far more pronounced widening of the
output gap, reaching a peak contraction of 10 percent, accompanied
by a persistent decline in inflation. In both scenarios, the presence of
the ELB aggravates the recession, preventing the central bank from
further lowering the monetary policy rate (similar to Kiley 2020 and
Costa Junior, Garcia-Cintado, and Junior 2021). In the moderate
scenario, the conventional monetary policy under the historical rule
calls for the overnight rate to be cut sharply and held at the ELB
of 25 bps over the near term, whereas the severe scenario causes the
overnight rate to be kept at the ELB for a prolonged duration.

An alternative to scenario forecasts driven by exogenous shocks is
offered by Eichenbaum, Rebelo, and Trabandt (2021), who develop
a macroepidemiological model to evaluate the economic impact of
a pandemic. By modeling the precautionary behavior of individu-
als facing risk of contagion, this class of model provides theoretical
grounding to the interaction between the economy and epidemic
dynamics of the COVID-19 pandemic. Households avoid social inter-
actions by reducing both their hours worked and level of consump-
tion. Social containment measures can then be introduced as an
exogenous Pigouvian tax on consumption.

These models provide a powerful framework for analyzing the
macroeconomic impact of health crises and, in particular, allow the
modeler to evaluate the effect of differing parameterizations such as
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the infection rate, fatality rate, detection rate, and so on. However,
as Diez de los Rios (2022) finds in a macroepidemiological model,
these parameters can have a large impact on the magnitude of the
economic effects of a pandemic. The same holds for the form of
expectations that people have. In the author’s simulations, the drop
in consumption can be anywhere between 3.5 percent and 80 percent
following the same shock, depending on expectations assumptions
The two scenarios used in this paper are driven by the interaction of
large domestic and foreign demand shocks, and supply constraints,
producing outcomes consistent with a macroepidemiological model
hit with a new infection. These scenarios capture the high degree of
uncertainty about the characteristics of the pandemic in a parsimo-
nious framework.

3.8 Step 2: Introducing Extended Monetary
Policy Tools in Sequence

In the second step, we consider the implementation of EMP tools.
To mimic the economic context at the onset of the COVID-19 crisis,
we restrict specific transmission channels of low policy rates to the
real economy in the short term—the assumed containment period.
Although EMPs can lower borrowing costs faced by firms and house-
holds, both domestic demand and labor supply remain unresponsive
during the containment period in the simulation P9 This assumption
models the reality that consumers and firms either cannot or do not
want to spend during the containment period, even though interest
rates are low. In the moderate scenario, we assume the containment
period limits transmission from the second quarter to the third quar-
ter of 2020, whereas in the severe scenario, containment measures
get lifted only in the first quarter of 2021

*Tn Diez de los Rios (2022), households substitute between home and mar-
ket production. The author allows for naive beliefs about the pandemic, rational
expectations, optimistic beliefs, and time-varying inattention. In the author’s
simulations, market consumption falls 3.5 percent with naive agents, over 30 per-
cent with rational full-information agents, and over 80 percent with agents that
have time-varying inattention.

3%In addition, the labor supply is also held fixed to capture the fact that labor
input does not change during the containment period.

31By preventing labor and investment from responding to monetary accom-
modation, we are abstracting from effects that could be present in a structural
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We consider six different sequence plans as summarized in
Table 1. In all sequence plans, the central bank commits in the
second quarter of 2020 to holding interest rates at the ELB until
quarter-over-quarter inflation reaches 2 percent The sequence
plans are then as follows:

1. In addition to implementing forward guidance, the central
bank starts one EMP tool immediately and the second tool
after two quarters, once the containment period under the
moderate scenario is over. Both policies are in place for two
years from their respective implementations. We consider two
versions of sequence 1: (a) start credit easing first and delay
the start of quantitative easing until the two-quarter contain-
ment period is over; and (b) start quantitative easing first
and delay the start of credit easing until the two-quarter
containment period is over.

2. The central bank delays the implementation of both credit
easing and quantitative easing for two quarters. This sequence
is motivated by a desire to boost the recovery only after it
kicks in. We consider no EMP policies during the containment
period and implement the same two variations as in sequence
1, starting only in the fourth quarter of 2020.

macroepidemiological model. However, as there were strict federal and provin-
cial lockdowns in place, we consider the most important factors for labor and
investment recovery were the relaxing of social-distancing restrictions and adapt-
ing production and consumption to the pandemic, rather than monetary stimu-
lus. For this reason we view the labor and investment constraints to be a good
approximation.

32In our simulations, all the sequencing of EMP tools is known in the first quar-
ter, including interest rate liftoff conditions, because agents are forward-looking.
Forward guidance is therefore implemented in the first quarter in all simula-
tions; it does not matter when it is actually implemented because agents know
it is coming. Note also that, as announced in the Bank’s July 2020 interest rate
announcement, the Bank did indeed implement forward guidance: “The Govern-
ing Council will hold the policy interest rate at the effective lower bound until
economic slack is absorbed so that the 2 percent inflation target is sustainably
achieved” (Bank of Canada 2020a). The specific liftoff dates in the moderate and
severe scenarios are conditional on the set of future unexpected shocks to the
Canadian economy.
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3. The central bank implements all EMP tools at once, either
immediately or after the containment period is over.

4. Evaluating Sequence Plans of Extended
Monetary Policy Tools

We evaluate the marginal impact of each sequence plan on GDP
and core inflation relative to the benchmark cases, which feature
no lower bound on the policy interest rate. This allows us to
weigh the benefits and economic costs of different EMP sequence
plans.

4.1 A Hypothetical Base Case: No Effective Lower Bound

This benchmark is a best-case (albeit unrealistic) scenario where
the policy rate can fall as far below zero (and transmit normally)
as needed. The path of the policy rate is determined by the Tay-
lor rule to stabilize output and inflation, ignoring the ELBPJ This
option is shown by the solid green line in Figure 2, charts A and
B. Under this scenario, short- and long-term corporate rates fall
along with the policy rate below the lower-bound constraint, as
do household and mortgage rates. The real and nominal effective
exchange rates depreciate sharply and rapidly by as much as 5
percent each in 2021 (relative to the case where the ELB binds),
which triggers a faster improvement in Canadian exports and thus
the current account balance than when the ELB binds. The zero
line in Figure 2, shown in gray, represents the base case simulation
with the ELB constraining conventional interest rate policy. The
other lines in the two charts show how output and inflation would
evolve relative to this base case. In Figure 3, we plot the path of
the nominal interest rate in the benchmark case without the ELB
against that in the economy where the ELB constrains monetary
policy.

33This uses the estimated rule and thus we take it to represent the Bank of
Canada’s preferences toward inflation and output stabilization as well as mone-
tary policy smoothing.
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Figure 2. Comparison of Macroeconomic Improvement
from Extended Monetary Policy Sequence Plans
(percentage difference relative to outcomes under an
effective lower bound, no extended policy scenario)

A. Real Gross Domestic Product B. Core Inflation (Year over Year)
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Note: The lower bound of 25 bps is indicated by the gray dotted line.

Compared with the ELB case, total hours worked also improves
more rapidly from the negative pandemic shock, reaching its prepan-
demic level faster, i.e., early 2021. This is accompanied by a mod-
erate wage growth, boosted by more than 1 percent at its peak
in early 2022. Together, the faster recoveries in hours and wages
boost real disposable income by up to 1.5 percent toward the end
of 2021. Finally, in addition to supporting aggregate demand, the
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wealth channel of accommodative monetary policy is also at play:
financial wealth increases and real house prices rise sharply in 2020.
Taken together, the economy returns to prepandemic levels within
a year from the time COVID-19 struck in early 2020, driven largely
by a bounceback in consumption that supports the closing of the
output gap in early 2021. Year-over-year core inflation is boosted
by more than one-quarter percentage point at peak (early 2021),
though its return to target is sluggish until early 2023.

Finally, the speedy recovery of the economy also yields a more
favorable fiscal outcome: the debt-to-GDP ratio, spiking with the
hit of the crisis, improves much faster in a world where the pol-
icy rate can go deeply negative. Note that the path of fiscal policy
variables (such as government expenditure and the income tax rate)
in all sequencing options remains unchanged at the levels in the
“no ELB” case to abstract from differential responses in these fiscal
policies.

Certainly, a world without a binding ELB is an unrealistic sce-
nario, but it serves as a useful comparison. The area below the green
line in Figure 2, charts A and B, indicates the improvement of GDP
and inflation, respectively, relative to the case where the ELB is
binding.

4.2 The Impact of Sequencing Options when
the Effective Lower Bound Binds

We can now evaluate the different policy options against the base
case of no ELB. The remaining lines in Figure 2, charts A and B,
show the degree to which each of the six EMP sequencing options
(from Table 1) can improve GDP and inflation outcomes, respec-
tively, that would arise under the moderate scenario, compared
with a case with no policy intervention where the ELB is bind-
ing. For example, the gray line shows the GDP improvement under
sequence 1b.

Sequence plans that immediately implement quantitative easing
and forward guidance (1b, 3a) yield the fastest response of GDP
and the best inflation outcomes. Even though the short-term rate is
constrained at the ELB, these policies immediately decrease long-
term interest rates effectively through both the term structure of
the future path of short-term rates and the term premium. Lower
effective interest rates faced by both households and firms support
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consumption, residential investment, and business investment more
than in scenarios where EMP policies are absent.

As a result of postponing credit easing for two quarters in
sequence 1b, the decline of long-term corporate rates under 1b is less
pronounced. Nevertheless, this has little real impact on investment
in the short term because the economy and labor supply are con-
strained by containment measures. This also explains why sequence
la, which starts with credit easing, is among the least effective
sequences in terms of stimulating GDP and inflation: it effectively
and immediately lowers corporate rates but fails to lift consump-
tion by as much as quantitative easing does. Lifting consumption
has a more widespread impact on interest rates in the economy.
Also, sequence la does not lead to a more front-loaded response of
investment.

Finally, sequences that delay the implementation of EMPs (2a,
2b) yield subpar outcomes for GDP and inflation. Saving mone-
tary policy power for later does not improve the overall outcome; it
simply delays its beneficial effects. In sequences 2a and 2b, interest
rates relevant for agents’ decisions, such as the corporate rate and
mortgage rates, only fall in the fourth quarter of 2020 and the sec-
ond quarter of 2021, delaying and limiting the impact of lower rates
on consumption. Moreover, the delayed response of interest rates
also means the exchange rate depreciates only slightly and late in
the game compared with more front-loaded sequences. As a result,
these sequences do little to help export performance or only do so
in 2022 and 2023, whereas more front-loaded sequences result in an
earlier boost to exports, thereby supporting the recovery.

To provide an alternative metric to quantify the degree of
improvement in macroeconomic outcomes delivered by different
sequencing options, we also report and compare how cumulative
GDP and the average inflation improve after implementing each
sequence plan at the ELB. This comparison allows us to measure
the efficacy of each EMP sequence. Details of this comparison can
be found in Table A.1 in Appendix A.

4.2.1 Key Quantitative Results

We find that starting forward guidance and quantitative easing early
and staggering credit easing policies (sequence 1b) or immediately
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implementing all EMP options (sequence 3a) stabilizes GDP and
inflation better in the near term than the delayed sequence plans.

In the moderate scenario, the maximum effect of EMPs reduces
the GDP loss due to ELB by about 35 percent and inflation loss by
about 45 percent In contrast, the same EMP package in the severe
case would reduce the GDP loss due to ELB by about 15 percent
and that of year-over-year inflation by about 16 percent. What this
means is that even if all EMP options are implemented immediately,
about 65 percent of the GDP loss remains in the moderate scenario
and 85 percent in the severe scenario. Therefore, fiscal policy would
need to fill this loss to completely offset the COVID-19 shock.

In the moderate scenario, state-contingent forward guidance by
itself (sequence 0) reduces nearly 25 percent of the GDP loss and 38
percent of the inflation loss due to the ELB. In contrast, in a severe
macroeconomic scenario, forward guidance can only make up about
10 percent of the GDP loss and about 13 percent of the inflation loss
that rate cuts below the ELB could deliver. By introducing state-
contingent forward guidance, the ELB duration is prolonged in both
the moderate and severe scenarios.

As shown in Figure 2 and Table A.1, one of the most effective
strategies is a front-loaded approach (sequence 1b) where quanti-
tative easing is enacted immediately and credit easing is delayed
until the containment period (for two quarters) has ended. Using the
credit easing policy in the near term does not achieve a reduction
in the overall macroeconomic loss relative to the ELB. It is impor-
tant to note that our simulations in ToTEM may underestimate
the potential importance of credit easing given model limitations.
Credit easing is assumed to work only through the credit channel
by focusing on lowering firms’ borrowing costs. In practice, credit
easing may also have important effects by restoring financial inter-
mediation, reducing default risk, and lifting consumer and business
confidence, which are not captured in ToTEM. In addition, due to
the containment measures, both business and residential investment
are unresponsive in the near term, thereby limiting some of credit

34This translates to about a 0.9 percent impact on quarterly GDP and an
increase of about 14 percentage points in the year-over-year inflation (for more
details, see Table A.1 in Appendix A).
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easing’s immediate effect B The elevated uncertainty and labor sup-
ply contraction during the containment period also greatly limit the
effect of the credit easing policy on household spending.

We also find that a delayed all-at-once strategy (sequence 3b)
reduces the potential benefit delivered by sequence 1b because the
exchange rate adjustment is postponed. Importantly, if monetary
policy delays implementation so that it can ease policy support for
when the economy recovers, as in sequence 2, the marginal impact
of EMPs on GDP is also smaller than it is when measures are imple-
mented earlier, such as in sequence 1. This suggests that there are
some costs to not acting aggressively when the shock hits, particu-
larly on stabilizing inflation.

Lastly, we find that when forward guidance is implemented first,
EMPs can improve macroeconomic outcomes even in the severe sce-
nario. This is an important takeaway. Our results demonstrate that,
because uncertainty around how the COVID-19 shock resolves itself
remains high, having a mechanism that helps to anchor inflation
expectations is effective.

4.3 Robustness Analysis

To analyze the robustness of our findings, we investigate how sen-
sitive results are to a variation in the parameter that determines
the degree of RoT behavior of price setters in the consumption
goods sector P9 Intuitively, a higher share of RoT price setters in
the consumption goods sector would be expected to dampen the
economic impact of sequence options that delay policy implementa-
tion. When there are fewer forward-looking firms, expected future
economic activity has a reduced role in current inflation and, thus,
policies that are delayed will have a weaker impact.

In this robustness analysis, we vary the share of RoT price set-
ters around a 90 percent confidence interval based on its posterior

35In ToTEM, firms seek credit to make capital purchases only. Credit easing
may have a greater role in a model with heterogeneity, fixed costs, and default
because in such a model firms may seek additional credit to cover running costs
as well as capital purchases. In practice, credit easing can have important effects
by limiting firm defaults and helping firms bridge the containment period.

36 As discussed above, this is the share of firms that following a simple rule to
set prices, similar to inflation indexation.
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distribution. We obtain two results: first, when the share of RoT
price setters in the consumption goods sector increases by approx-
imately 7 percent, all sequencing options lead to a relatively worse
economic outcome. In contrast, when we lower the share of RoT price
setters, the economic outcome under all sequencing options improves
because the expectation channel is stronger. Second, a front-loaded
sequence plan continues to be the most effective strategy regardless
of the degree of RoT behavior. More specifically, sequence plans 1b
and 3a continue to yield the best responses of GDP and inflation
outcomes.

5. Policy Considerations for Implementation

This section discusses the complementarity of fiscal policy and EMPs
as well as their implementation limits.

5.1 The Role of Complementary Fiscal Policy

We have shown that an immediate deployment of all EMP tools
offsets 35 percent of the GDP gap created by the presence of an
ELB on interest rates. This leaves about 65 percent of the gap to be
potentially filled by fiscal policy if the objective is to completely off-
set the COVID-19 shock. Importantly, these estimates hinge on the
underlying scenarios and could vary significantly should the econ-
omy evolve differently. Nevertheless, for illustrative purposes, we can
quantify the increase of fiscal stimulus required to complement the
EMP tools at the ELB in order to fully offset the loss the ELB
creates. We find that under the moderate scenario, $7 billion of
additional fiscal stimulus would be required for the first year to fill
the gap. Under the severe scenario, however, the gap left for fis-
cal spending is much bigger: about 87 percent of the GDP loss, or
$28 billion?] In addition, under the severe case, if we use universal

37This assumes a fiscal multiplier of 1 in the moderate scenario and 1.2 in the
severe scenario. Fiscal multipliers are generally higher in recessions and when
the nominal interest rate is constrained by the ELB (Office of the Parliamentary
Budget Officer 2016). Note that the estimates of required fiscal measures are in
addition to amounts already committed to and integrated into the scenarios at
the time of the April Monetary Policy Report (Poloz et al. 2020), amounting to
roughly $120 billion. Since then, the government enacted additional measures for
a total of about $400 billion (International Monetary Fund 2021).
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transfers to fill the remaining GDP loss due to the ELB, we would
need up to $113 billion, or up to $68 billion if we consider targeted
transfers to borrowers and hand-to-mouth households. The moder-
ate scenario would require between $30 billion and $113 billion of
fiscal stimulus to fill the remaining 65 percent of the GDP loss due to
the ELB. This amount depends on the type of fiscal instrument used
once the EMP package has had its maximum effect. For details of the
estimated magnitude of fiscal policy, see Table A.2 in Appendix A.

5.2 Scalability of FExtended Monetary Policy Tools

Given that the sequences we present can reduce the gaps in GDP
created by the ELB by up to only 35 percent under the moderate
scenario, we now discuss if it is possible to implement even more
aggressive EMPs and scale the stimulus.

5.2.1 Forward Guidance

Rather than conditioning the guidance on reaching the 2 percent
inflation target, the Bank could temporarily commit to holding rates
at the ELB until inflation reaches a higher target. While this should
provide more monetary easing in the short term, there is a trade-off.
On the one hand, a temporarily higher target would result in an
overshoot of inflation above that target, which would provide stimu-
lus by lowering the real interest rate. On the other hand, as inflation
increases above the Bank’s core target, the Bank would need to bring
inflation expectations back to 2 percent by quickly raising interest
rates.

5.2.2  Quantitative Fasing

In practice, quantitative easing has diminishing returns and price
and quantitative limits. It is also likely that sizable programs would
increase costs beyond the benefits they generate.

First, in the context of an already flat yield curve at the onset of
the crisis, it is reasonable to assume that quantitative easing would
be unable to compress yields by more than 30 bps. While in practice
the yield curve could steepen as the recovery takes hold, simula-
tions show only a slight increase in the term premium, suggesting
that quantitative easing could have only small additional effects on
long-term rates even later.



24 International Journal of Central Banking Forthcoming

Second, there is a quantitative limit to how much the central
bank wants to buy before it becomes too dominant in the government
debt marketP§ For Canada, the quantitative easing assumption
(weekly purchases of $5 billion each) implied holdings of government
bonds of about 40 percent of outstanding marketable government
bonds by the end of the fiscal year 2020-21P9 To the extent that
marketable debt continued to increase thereafter, the assumption of
a two-year quantitative easing program was not expected to result in
issues in the government debt market. Liquidity issues could start
to arise if purchases were expanded further to reach or surpass a
certain quantitative limit in terms of percent of outstanding debt.
That said, central banks have tools to mitigate them (for a review
of costs, as well as measures to mitigate them, see Aldridge, Cimon,
and Vala 2023). Some jurisdictions have limited QE purchases to a
certain percentage of outstanding marketable debt (by maturity sec-
tor), e.g., 70 percent in the U.K. and the U.S. This suggests central
banks consider purchases below such thresholds as manageable (see,
e.g., Federal Reserve Bank of New York 2022).

5.2.83 Credit Easing

Purchases of corporate bonds and commercial paper could be further
scaled up and expanded to other asset classes. Beyond the purchases
considered in the simulations, the Bank could also scale up purchases
of other impaired assets, such as provincial government bonds. That
said, the amount and effectiveness of scaled-up purchases are also
subject to limits.

First, returns to scale are decreasing. In fact, spreads can likely
not be compressed beyond a certain point. If we assume that 100
bps of the 150 bps spike at the peak of the crisis in spreads are due

38See Santor and Suchanek (2016). From international experience, dominance
in debt markets can cause some liquidity strains when purchases go beyond 40—
50 percent of outstanding debt (Sano and Uetake 2018). For example, the Bank
of Japan (owning 45 percent of the Japanese government bond market) and the
Sveriges Riksbank (up to 45 percent of the Swedish government bond market)
caused some liquidity strains.

39Retrospectively, the Bank of Canada’s holdings as a percentage of domestic
outstanding marketable debt indeed peaked at 43.67 percent in October 2021.
There does not seem to have been a material issue with market functioning in
Canada (Aldridge, Cimon, and Vala 2023).
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to a higher liquidity premium (as opposed to default risk), further
asset purchases would not be able to reduce spreads more than that.
Our simulations already assume the risk spread declines by 80 bps,
which implies that asset purchases could be scaled up to achieve an
additional 20 bps. In practice, credit easing also becomes less effec-
tive as market functioning improves. This would limit the efficacy of
credit easing once spreads fall back as the recovery kicks in.

Second, even if it were possible to scale up credit easing, the
credit risk on the Bank’s balance sheet would increase. Concerns
about the exposure to such risk or even actual losses could poten-
tially affect credibility and public perception of central bank inde-
pendence if the nature of purchases is not well communicated to and
fully understood by the public. This, in turn, could affect the Bank’s
ability to steer inflation toward its target.

6. A Review of the Model’s Forecast Performance

When the Bank of Canada began to implement the policy response
to the COVID-19 pandemic, there was a substantial degree of
uncertainty regarding the severity and duration of the crisis. This
was compounded by the uncertain path for lockdown measures. In
retrospect, the evolution of real variables during the onset of the
pandemic fell between the moderate and the severe scenario as high-
lighted in Figure 4.

Beyond the headline measure of GDP, its individual components
came closer to those under the severe scenario in 2020:Q2, with
consumption and investment falling at or below the severe scenario
forecast. Both government spending and net exports were higher
than expected, lifting real GDP above the severe scenario projection.
Over the medium run, the economy evolved closer to the moderate
scenario, as households and firms acclimated faster than expected
to lockdowns, supported by large fiscal packages.

Total CPI inflation fell sharply in the first half of 2020 but
rebounded just as sharply due to volatility in global energy prices
A historical variance decomposition estimated using ToTEM finds

49Canadian oil prices fell around 90 percent between 2019:Q4 and 2020:Q2
but returned close to where they had been by the end of the year (see
https://www.aer.ca/).
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Figure 4. Forecasts under the Moderate
and Severe Scenarios with Realized Data

A. Real GDP B. Total CPI Inflation C. Core CPI Inflation
Lo
-0 L, L6
)
5
4 I3
-6 |
! -2
-8 1
-10 3 FO
T T T 12 T T T 5 T T T
2020 2021 2022 2020 2021 2022 2020 2021 2022
Moderate case Severe case Data,

Note: Variables in % with real GDP normalized to zero in 2019:Q4 and detrended
using the method proposed in Quast and Wolters (2022). Inflation is quarter-over-
quarter annualized.

Source: Statistics Canada.

that the fall in output during the crisis was primarily driven by
demand shocks: a large contraction in domestic demand and a large
drop in foreign demand Y The main initial drivers of inflation were
a combination of the demand shocks and supply-side technology
shocks. These effects were partly offset by wage pressures keeping
core CPI toward the top of the scenario forecasts

While the factors driving the economic volatility during the crisis
are broadly consistent with both the scenario forecasts and conven-
tional wisdom, it is perhaps surprising that positive supply (technol-
ogy) shocks lowered inflation as well as offset the fall in output dur-
ing the first quarter of the crisis. However, as households withdrew
labor, the capital-labor ratio rose, increasing productivity and low-
ering marginal costs. As discussed in Section 3, the shocks that gen-
erate the observed dynamics can be made partly endogenous within
a macroepidemiological model. Indeed, the central simulations in
Diez de los Rios (2022) produce dynamics that are qualitatively

“I'Historical decomposition plots are presented in Appendix D.

42In ToTEM, the large rise in inflation heading into 2021 is mainly attributed
to domestic wage and price cost-push shocks. The cause of this inflation episode
is the subject of ongoing debate and research.
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similar to those found in ToTEM 3 Benmir, Jaccard, and Verman-
del (2023) estimate an Eichenbaum, Rebelo, and Trabandt (2021)
type model using euro-area data, showing that an infection shock
can be mapped to demand-side factors and to cost-push type effects

through the Phillips curve, consistent with the drivers estimated
using ToTEM 4

7. Discussion and Conclusion

To our knowledge, our research is the first to use a theoretical
model setup to study the optimal sequencing of EMPs during the
COVID-19 pandemic. Our framework allows assessing different EMP
tools and their implementation, specifically regarding how to best
sequence such tools. Using ToTEM simulations of two scenarios
(moderate and severe) in response to a large pandemic shock, our
analysis suggests that EMPs can help improve economic outcomes
when the policy rate is constrained at the ELB. Gradual sequencing
of EMP tools, including forward guidance, credit easing, and quan-
titative easing, can provide some support to inflation and GDP at
the ELB. However, more front-loaded packages where quantitative
easing is implemented immediately (starting in the second quarter of
2020) achieve a larger reduction of the economic loss. Indeed, quan-
titative easing supports the economic recovery through both broader
interest rate channels and the exchange rate channel. Quantitative
easing provides stimulus to both firms and households, the latter
benefiting from lower effective long-term mortgage rates. The rela-
tive speed and magnitude of the additional exchange depreciation
generated by quantitative easing also play a vital role in consider-
ing appropriate sequencing options. Due to containment measures,
implementing credit easing to lower borrowing costs faced by firms

43 As highlighted before, there is a large range of possible quantitative values
for the depth of the downturn that depend on assumptions regarding household
expectations and information.

4 Benmir, Jaccard, and Vermandel (2023) decompose the shocks driving real
and nominal activity during the COVID-19 pandemic, finding that the infec-
tion shock plus demand shocks explain the observed consumption dynamics, and
that inflation dynamics were mainly driven by demand-side factors initially, but
the cost-push effects caused by the infection shock pushed up inflation over the
medium term.
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and households offers limited advantages in the short term. Credit
easing can, however, provide some support when used after the con-
tainment period. We would like to stress that while we assess the
effectiveness of EMPs during the COVID-19 pandemic, the frame-
work can be used to assess policy options in pandemic crises more
generally. Our analysis shows how central banks can use scenario
analysis and model containment during a pandemic to assess the
implications of shocks and policy options, calibrating to the severity
of GDP fallout and extent of containment measures.

Several caveats warrant mentioning. First, the modeling frame-
work we use has some important limitations. ToTEM has no endoge-
nous precautionary savings channel such as in heterogeneous agent
New Keynesian models. Therefore, our analysis may underestimate
the importance of labor market adjustments. Following a pandemic
with a global impact, precautionary savings motives could poten-
tially amplify the shock and further reduce aggregate output.

Also, the results may understate the benefits of credit easing.
This EMP tool can play a key role in restoring financial intermedia-
tion and reducing default risk. ToTEM III does not capture either of
these channels. Moreover, the scope of our analysis has some limita-
tions. For example, the estimated effects of EMPs rely on an assump-
tion of perfect foresight in which the sequence of policies is known
to agents; i.e., agents know that the central bank will implement
additional measures (e.g., credit easing) in a subsequent quarter.
This implies that the Bank would need to announce the sequence
before implementing it for it to achieve the documented benefit. In
the absence of perfect foresight (or Bank communication informing
the public of the policies it will implement), the quantified effects
could be smaller

45In addition, forward guidance will be less effective if the markets incorrectly
expect inflation to return to target earlier than projected.
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Appendix B. Model Description

This appendix outlines the model environment. We provide only an
overview of the model building blocks. For a full description with
complete definitions and explanation, we direct the reader to Dorich
et al. (2013) and Corrigan et al. (2021).

ToTEM is a large-scale open-economy, DSGE model with five
distinct finished-product sectors and a commodity-producing sector.
There are four sets of agents: households, firms, the central bank,
and a fiscal authority, or government. The model is estimated with a
Bayesian methodology using 50 quarterly data series that run from
1995:Q1 through 2015:Q4. Full details of the estimation strategy are
given in Corrigan et al. (2021).

B.1  Households

There are four types of consumers: two types of lifetime-income
consumers, unrestricted and restricted; current-income consumers
(i.e., hand-to-mouth households); and borrowers. The unrestricted
households can trade in both short- and long-term bond markets
whereas restricted households can only trade in long-term bond
markets. Current-income consumers, by contrast, do not borrow or
save, but consume all disposable income every period. Borrowers
differ from lifetime-income households in their degree of impatience
and, in equilibrium, finance some of their spending using loans from
lifetime-income households.

Lifetime-income consumers and borrowers each provide a differ-
ent type of labor, with both groups supplying differentiated labor
across a continuum of types. Within each group there is a union
setting wages subject to nominal wage rigidities. Current-income
consumers receive the wage rate received by the lifetime-income
consumers.

The period ¢ utility functions for the households are functionally
the same. The period utility for the representative household of type
1 1s )

Ui =L (Ci-€Cy)

X exp <an/o (EtNt’(h))lTn dh)
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. . rEL—1
+ Chl i MHL (HLff _ €HLHL%71) RHL
pEL — 1
. ) pINV —1
+ Cmv g HINV (INV? _ §1NVINVL1) HINV (B_l)
prny — 1
where Cy is consumption; E; is work effort; N¢(h) is labor supply of

labor-type h consumers; H L; is housing stock; and IN'V; is the stock

of inventories, where exogenous preference shifter ¢;"""* # 0 only for

hl,
lifetime-income consumers and ¢/ = ¢

consumers.
Housing is a composite of residential structures and land using

= ( for current-income

opgr—1

SRSL RSi CHL

. 9HL
HI} = (oot

9HL

opp—1 | HL™!
+(1—sRS)"HL LAND} “ur . (B.2)

Residential structures depreciate at a rate dgrg and are costly to
install. In particular, the law of motion for residential structures is

2
. ) . IRS,Z
RSy, = (1-6rs)RS; +ItI%S,z _ X;SIRSZ <ItRS,i — 1) , (B.3)
t—

where I 57 is residential investment of household type i. Residential
land is tradable but the aggregate supply is fixed. Households face
a cost when adjusting their stock. The law of motion for land is

] 3 . N 2
LAND},, = LAND} 4 [}ANP# _ XLA% (ItLAND,z B IthllND,z> |
(BA)

where IFANDPo™ g the household’s investment in land.

B.1.1 Borrowers

Focusing on the borrowers, the stock of household debt evolves
according to

Db = (1 — k) Do  Lber, (B.5)
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where D" is the stock of household debt and L™ is the amount
of new loans. The debt service is given by

M = (R 4 k) D (B.6)

where R} represents the effective interest rate faced by the
borrowers. New loans carry an interest rate R, which corresponds
to the current long-term household rate, and a fraction ® of exist-
ing loans are renegotiated at this rate in each period. The effective
interest rate borrowers face is

Lborr
M, borr M, borr
RMborT — (1 - @) (1 - D}gﬁ) RMbe

Lborr Lborr
+[ L +<1><1— t ﬂRtL. (B.7)

borr borr
‘Dt Dt

New loans are subject to a collateral constraint specified as the sum
of two components:

Lgorr = Uty (PtRSItRS,bOTT + PtLANDItLAND,bor'r‘>
T Qheloc (PtHHLgOTT - (1 - H)ngrlr) . (B8)
The budget constraint that a representative borrower faces is

Pct’ottcforr + PtRSItRS,bOT‘T + PtLANDItLAND,bOTT + Mfor'r

1

— (1 o Tw,t)/ Wtborr(h)Ntborr(h)dh + L?OTT +TFtborr + Divtborr7
0

(B.9)

where Pfﬁf is the aggregate consumption price level, 7, ; is the labor
income tax rate, W°"(h) is the nominal wage rate received by the
borrower’s labor type h, TE/°"™" is the level of nominal transfers
received from the government by the borrowers, and Div?°™" denotes
the dividends received from firms.

The borrower household seeks to maximize their expected dis-
counted sequence of future utilities.
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B.1.2  Lifetime-Income Households

The budget constraint of unrestricted lifetime-income households is
given by

i i i i Bj
(147, PLS G+ PRSI 4 pRAND [EAND Ly pe NVt
’ (1 + RRF,t)
e B (1+ ¢¢) B!

i i *,7 20,1 3
B T A ) e e et i

1
+ (1 = Twt) / W} (h)N{(h)dh + TF} 4+ Div}, (B.10)
0

where Bé is domestic short-term bonds, Rrp; is the short-term
risk-free interest rate (= 0 for the restricted types), e; is the nom-
inal exchange rate, B, is foreign short-term bonds (= 0 for the
restricted types), Ry is the foreign short-term interest rate, ¥; is a
country-specific risk premium, ¢; is the transaction cost of trading
domestic long-term bonds, Bf % is domestic long-term bonds, R?Y
is the domestic long-term interest rate, L¢ is new loans provided to
borrowers, and M is received repayments.
The risk premium 9J; is given by

B*
VY=g {exp (—Z;) —1] +¢e?, (B.11)
1Y

where £? is an exogenous shock defined as ¥ = pe? | +v?.

B.2  Finished Goods Sectors

There are five finished goods production sectors: consumption,
business investment, residential investment, government, and non-
commodity exports. Except for commodities, the sectors are func-
tionally symmetric. We therefore focus on the consumption sector,
but analogous conditions hold in the remaining noncommodity sec-
tors. Firms in the consumption goods sector choose labor input,
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commodity input, imported inputs, and capital investment to max-
imize their value:

Vi =E; Y Ry (POUUYS0 — W HE

s=t
— PeMCOME — PLIE — PY M), (B.12)
subject to
1 J¢ 2
Y;c,’ua _ thc7g o X? (Ict _ 1) Itc (B13)
t—1

o—1
o

Yoo — ( (el ) ¥ (1 (G, COME))

N oy 72T
(1= ot ) (Mpedte) s ) (B.14)

o—1 o—1

z c c c ,C

) (agit) 7 G(ALGE ug Kge[ )™

H(G,COMY) = o  coma =
+(1 - a)s (COMged M)

(B.15)
mult % creeH,cy2=1 7T
c c (az ) (AFLEE ) =
GALEE™ e uf Kef) = A
+ (1 —a"™")7 (uthgt 7 )
(B.16)
and adjustment costs
H c 2
H.,c X Ht
=1 - -1 B.17
‘ > () (247
K (& Cc,g 2
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§K’:1—<—1 B.18
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and where labor input L{ = H/E] comprises observed employ-
ment, Hf, and unobserved labor effort, Ef. ug is the rate of capital
utilization where capital depreciates according to

i1 = (1 —w (u))) Ky + I, (B.21)

where w is the quarterly rate of capital depreciation, expressed as a
function of the capital utilization

w (uf) = wo + we? W 4 g, (B.22)

Distribution of the final good is subject to nominal friction whereby
there are two different groups of price setters: a share w of rule-of-
thumb and 1 — w forward-looking. For each group of price setters,
there are two different price-setting rules. With probability €, both
rule-of-thumb and forward-looking firms index their own price to the
inflation target. With probability 1 — 8, rule-of-thumb firms follow
the following rule:

P =pi1 +ym1 + (1 — ) + 677, (B.23)

where 7; denotes the inflation target in period ¢ and f}* represents
deviations of the markup from steady state. With probability 1 — 6,
forward-looking firms choose the optimal price p? that satisfies the
following equation:

P} —pi = BOE, {p}11 — pii1} (B.24)

+ {1 B9} [rmc; + 7| + BOE, {msr — Wi} (B25)

B.2.1 Commodity Goods Sector

In the commodity goods sector, firms use commodity inputs, labor
capital, and a fixed amount of land, £. Firms maximize value subject
to

op1—1

_1
o = (oL

Tkl

Y op;—1
(1= Bugm) i1 (wgemargomegem ) o ) “(B.26)
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com Uklz comZele—1
_ c
H™ = (weons (G 7me

Tklc

(1= Vggm) iz (COMgomeomCOMY T ) e
com t gt

(B.27)
1 Tklem —1
Fg:om = <’chokrln?m (Hgom) Tklem
_%klem
1 Tklem =1\ “klem—1
+ (1 —_ ’ycom) Tklcm (Atﬁ) Tklcm ) <B28)
I com com
com,va com X It /‘7:t
v = me = (e ) @9
Ko™ = (1= 677) K{°1 + 0.251°7 (B.30)
5tcom = Ucom + o €xp (ueﬂ,tucomvt - 1) (B31)
Leom = [Ieom, (B.32)

Appendix C. Monetary and Fiscal Policy

The central bank sets the short-term risk-free interest rate Rpp+
according to

Rrri = OrRRrFt—1

4

1 ~

+(1-0g)|r+7+0, | E 4517%4-]' — 7 | + O,
J:

(C.1)

Tax rules are specified for the levels of real government spend-
ing and transfers, both of which are allowed to increase in response
to a decline in labor. Real government spending and transfers are
determined according to

Ing: = pgIngi—1 4+ (1 — py) (@lgqf[t + ln§> + 0, v = py vy +ef
(C.2)
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Wtfi = piyntfy s+ (1= piy) (OF He+f) + o7 o
= pv,tfvttfl + Eifv (C3)

where g; is real government spending, g is the steady-state level of
government spending, H; is the log-deviation of total hours worked
from their steady state (hours gap), @% is the sensitivity of real
government spending to movements in the hours gap, tf; is real
transfers, tf is the steady-state level of transfers, and © If is the
sensitivity of real transfers to movements in the hours gap. Lastly,
ef~iid(0,02) and e ~iid(0, 0%;).

Appendix D. Historical Decomposition

This presents historical decomposition of output (Figure D.1) and
total and core CPI inflation (Figures D.2 and D.3) during the crisis
episodes.

Figure D.1. Historical Decomposition
of Real GDP Estimated Using ToTEM III

Variance decomposition: Real GDP
—0.02

I Dowestic demand [ Technology
[ Foreign demand [N Other

0.1

f I I
2020 2021 2022
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Figure D.2. Historical Decomposition of
Quarter-over-Quarter Total CPI Inflation
Estimated Using ToTEM III

Variance decomposition: total CPI inflation (q/q, gap from 2% target)

—-0.005

—-0.015

ic demand [[Z7] Domestic price [ Technology
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[ [ [
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Figure D.3. Historical Decomposition of
Quarter-over-Quarter Core CPI Inflation
Estimated Using ToTEM III

Variance decomposition: core CPI inflation (q/q, gap from 2% target)
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