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Abstract

We build a two-agent New Keynesian (TANK) model, augmented with the central bank
balance sheet and government budget constraint, to quantify macroeconomic effects of the fis-
cal and monetary stimulus measures in Canada during the COVID-19 pandemic. The model
is calibrated to the Canadian economy, and shock processes are estimated. The model closely
replicates the observed dynamics of the economy over the pandemic period. Counterfactual
experiments reveal that transfer payments played a key role in cushioning the initial contraction
by supporting the consumption of hand-to-mouth (HtM) households, while forward guidance
and quantitative easing strengthen these effects through the investment channel and by fore-
stalling a severe deflationary episode. At the same time, the prolonged maintenance of low
policy interest rate, in conjunction with large-scale fiscal transfers, contributed substantially to
the post-pandemic surge in inflation. We show that an earlier normalization of monetary policy
would have significantly reduced post-pandemic inflation at only modest cost to output, suggest-
ing that a more gradual tightening path could have reduced the need for the aggressive interest
rate increases that followed.
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1 Introduction

The COVID-19 pandemic inflicted an unprecedented shock on the Canadian economy. At the
peak of the crisis in the second quarter of 2020, real GDP and household consumption each declined
by more than 10 percent relative to the preceding quarter. The unemployment rate reached 14
percent in May 2020, with approximately 2.6 million Canadian workers displaced. In response,
Canada deployed fiscal and monetary support measures of historic magnitude.

On the fiscal side, Canada’s COVID-19 Economic Response Plan reached approximately $350 bil-
lion by July 2021, equivalent to roughly 16 percent of 2019 nominal GDP. The stimulus package
included a wide range of programs supporting households and businesses. The most significant
was the Canada Emergency Response Benefit (CERB), a social transfer program designed to off-
set pandemic-related income losses. Transfer payments from the federal government to households
doubled between 2019Q4 and 2020Q2. To finance the stimulus package, the federal debt-to-GDP
ratio rose sharply from 46.4 percent in 2019Q4 to 66.4 percent by 2020Q4.

On the monetary side, the Bank of Canada (BoC) moved swiftly to reduce borrowing costs and
restore financial market functioning. In March 2020, the BoC lowered the policy interest rate to
its effective zero lower bound. In July 2020, it introduced Extraordinary Forward Guidance (EFG),
committing to maintain the policy rate at the zero lower bound (ZLB) until economic slack was
eliminated and inflation returned sustainably to the 2-percent target. The EFG program remained in
effect until January 2022, keeping the policy rate at the ZLB for seven consecutive quarters, from
2020Q2 through 20210Q4.

With the policy rate at the ZLB, the BoC also implemented quantitative easing (QE) for the
first time in its history. QE involved large-scale purchases of Government of Canada securities and
other long-term assets from financial institutions in the secondary market, financed by increases
in settlement balances held by financial institutions at the BoC. The BoC introduced several asset-
purchase programs, the most consequential of these programs was the Government of Canada Bond
Purchase Program (GBPP). Beginning in March 2020, the BoC purchased $5 billion of government
securities—primarily long-term Government of Canada bonds—on the secondary market each week
beginning in March 2020.By mid-2020, the BoC'’s total assets had grown more than fourfold, reach-
ing approximately $520 billion—about 20 percent of GDP.

These interventions raise important policy questions. The rapid recovery appears to validate



the unprecedented scale of the stimulus. Yet Canada’s inflation rate rose from 3.1 percent in June
2021 to 8.1 percent just one year later, prompting debate over whether the stimulus programs were
excessively large and whether the BoC maintained the policy rate at the ZLB for too long. This
paper develops a quantitative macroeconomic framework to address these questions.

Specifically, we build a two-agent New Keynesian (TANK) model, augmented with a banking-
sector block a la |Gertler and Karadi (2013) and the central bank’s balance sheet, to study and
quantify the macroeconomic effects of the fiscal and monetary policies implemented during the pan-
demic. In the model, a fraction of households—hand-to-mouth (HtM) households—are unable to
smooth consumption through borrowing and lending. Social transfers are modeled as a reallocation
of resources from Ricardian households (who have full asset-market access) to HtM households.
QE is modeled following Gertler and Karadi (2013): a moral-hazard problem gives rise to financial
constraints on banks, which are crucial for QE to have real effects—in their absence, QE would
merely substitute public for private intermediation without affecting aggregate outcomes. Through
QE, the central bank purchases long-term government bonds from commercial banks and credits
them with reserves (settlement balances at the central bank), thereby relaxing banks’ financial con-
straints and lowering borrowing costs. To capture the effects of the zero lower bound (ZLB), we
employ the occasionally-binding-constraint approach developed by (Guerrier1 and lacoviello| (2015).
Under EFG, we model the central bank as committing to maintaining the policy rate at the ZLB for
a predetermined number of periods.

We calibrate the model to the Canadian economy. To capture the distinctive nature of pandemic-
related disruptions—the simultaneous decline in consumption and labor supply induced by lock-
down restrictions, and the rise in financial risk premia driven by heightened uncertainty—we in-
troduce three structural shocks: (i) a forced-saving shock that compresses consumption for both
household types; (ii) a labor-disutility shock that reduces labor supply; and (iii) a credit-risk shock
that raises the risk premium on bank lending. We use impulse response functions to illustrate qual-
itatively the mechanisms through which each fiscal and monetary policy instrument operates under
these shocks.

We find that although transfers represent a reallocation of resources from Ricardian households
to HtM households, they mitigate the sharp declines in output and aggregate consumption because

HtM households have a higher propensity to consume. This effect, in turn, reduces deflationary



pressures. We also find that QE helps cushion the declines in output and consumption. Unlike fiscal
transfers, which further depress investment, QE boosts investment by lowering borrowing costs. The
stimulative effects are substantially larger when transfers and QE are implemented jointly. Finally,
EFG provides additional stimulus. By keeping the policy rate at the ZLB for a longer period, EFG
generates a much larger increase in inflation. As a result, when fiscal stimulus is combined with QE
and EFG, the real value of government debt declines.

To quantify effects of policy, we estimate shock profiles for a broad set of disturbances—
including pandemic-related shocks (forced saving, labor disutility, and credit risk), policy shocks
(transfer payments, QE, and forward guidance), and standard structural shocks (total factor produc-
tivity and government spending)—using a two-step procedure that combines time-series estimation
with the simulated method of moments. Structural parameters are held fixed at calibrated values.
The estimated model closely replicates the observed dynamics of output, consumption, investment,
labor input, inflation, and the policy interest rate over the pandemic episode.

Using the estimated model as the baseline, we conduct a series of counterfactual experiments to
quantify the contribution of each policy instrument. We find that transfer payments were central to
cushioning the 2020 contraction: by directing resources toward HtM households with high marginal
propensities to consume, transfers significantly raised real GDP and prevented a severe deflationary
episode. Absent the pandemic-era increase in transfers, real GDP in 2020Q2 would have been
approximately 2.5 percentage points lower, and the price level would have fallen by more than
8 percent.

Monetary policy accommodation through forward guidance and QE amplified the stabilizing
effects of fiscal policy. Forward guidance that kept policy interest rate low raised real GDP by an
average of approximately 0.7 percentage points over 2020-2021, primarily through the investment
channel. These effects were persistent: elevated output and inflation continued beyond the period
during which the rate was held at zero. QE generated qualitatively similar but quantitatively smaller
effects, reflecting the more gradual buildup of the central bank’s balance sheet.

The maintenance of the policy rate at the ZLB throughout 2021 contributed materially to the
post-pandemic inflation surge. If forward guidance were terminated in 2021Q3, inflation would
be about 0.71 percentage points lower in that quarter and lower thereafter, with only modest ad-

verse effects on output and welfare. This result suggests that a more gradual and earlier monetary



policy tightening could have reduced the need for the aggressive interest rate increases that were

subsequently required to bring inflation under control.

Related literature Our paper contributes to the literature on how the interaction of monetary
and fiscal policy affects price and debt levels. Seminal early works in this field include |Leeper
(1991), [Sims (1994), Woodford (1994), among others. More recently, a number of contributions
have analyzed this interaction in the context of the Covid-19 crisis, such as|Cochrane| (2022), |Leeper
and Zhou (2021), Bianchi et al.| (2020), and Bhattarai et al.| (2023). Among these recent papers,
Bianchi et al. (2020) focus on the role of unfunded fiscal shocks in inflation and debt dynamics.
They estimate a TANK model and find that fiscal trend inflation plays a major role in explaining
inflation dynamics. [Bhattarai et al. (2023) also uses a TANK model to study the monetary and
fiscal policy mix, examining both a monetary regime—where taxes rise to finance transfers—and
a fiscal regime—where inflation rises to reduce the government’s debt burden. They find that the
fiscal regime generates larger and more persistent inflation than the monetary regime. Similarly,
our paper employs a TANK model to study the interaction of monetary and fiscal policies during
the pandemic. However, a key feature that distinguishes our work from the above-mentioned is the
inclusion of QE, a unique and central component of Canada’s monetary policy response during this
period.

Regarding the interaction of QE and fiscal policy, our paper is directly linked to recent contri-
butions that study unconventional monetary policy and fiscal policy, such as |[Elenev et al.| (2022]),
Dimakopoulou et al. (2024), Kurovskiy et al.[(2022), and Wu and Xie| (2025)). |[Elenev et al.| (2022)
use a New Keynesian model to analyze a rich set of fiscal and monetary policy tools. They find that
QE can stimulate higher output, consumption, and investment, ultimately leading to a smaller rise
in the debt-to-GDP ratio. Dimakopoulou et al.| (2024) examine whether a central bank can stabilize
government debt using QE within a representative agent framework. Wu and Xie| (2025) develop
a tractable New Keynesian model to study four types of monetary and fiscal policies. They show
that QE and tax-financed transfers or government spending have similar stimulative effects on the
aggregate economy. Our paper is most closely related to [Kurovskiy et al. (2022), who integrate
the QE framework of |Gertler and Karadi (2013) into a TANK model to analyze different types of

monetary and fiscal interactions following a large rise in government debt. They show that a QE



rule can help stabilize debt without requiring tax increases. Similarly, we incorporate the Gertler
and Karadi (2013) framework into a TANK model to analyze monetary and fiscal interactions. The
key distinction of our work from Kurovskiy et al.|(2022) is its focus on quantifying the effects of the
specific monetary and fiscal stimulus measures implemented during the pandemic, including QE,
social transfers, and wage subsidies.

Moreover, our paper contributes to the literature exploring the effects of fiscal and monetary pro-
grams on the Canadian economy during the pandemic. [Fortin|(2022) provides a detailed description
of the quantitative easing (QE) policy implemented by the Bank of Canada. Koeppl et al. (2024)
use the local projections method to estimate the effects of both conventional interest rate policy
and unconventional QE policy. |Azad et al.| (2021) use a structural VAR model to investigate fiscal
and monetary policy interactions in Canada for both financial crisis period and COVID-19 period.
While the aforementioned papers are primarily descriptive or empirical, our paper’s contribution is
to provide a quantitative assessment of these pandemic-era fiscal and monetary policies within a
unified macroeconomic framework.

The remainder of the paper is organized as follows. Section 2 documents the macroeconomic
and policy background. Section 3 presents the model. Section 4 analyzes the transmission mech-
anisms of fiscal and monetary policy through impulse response functions. Section 5 contains the
main quantitative results, including the estimation of shocks and counterfactual policy experiments.

Section 6 concludes.

2 Macroeconomic policy over the Covid-19 pandemic
2.1 Fiscal policy

Government of Canada acted promptly in response to the outbreak of pandemic. From 2020Q2,
a broad range of support programs were introduced to support households and businesses. In par-
ticular, support measures aimed at individuals included the Canada Emergency Response Benefit
(CERB), which provided support to workers who lost their jobs due to COVID-19; the Canada
Emergency Student Benefit (CESB) for students; and additional income support programs for fam-
ilies with children, seniors, and vulnerable populations. For businesses, key programs included the
Canada Emergency Wage Subsidies (CEWS) and other related programs. Those programs were

designed to help employers retain workers and manage operating costs.



As aresult of those support programs, transfers payments to households from the federal govern-
ment increased from 859.6 billion dollars (in 2002 prices, annualized) in 2019g4 to 2,532.5 billion
dollars in 2020Q3, a 1.9 times increase (see Figure[I]), and it fell back to the pre-pandemic value
by 2022q1. Subsidies to businesses also increased substantially, although subsidies are at a much
smaller scale relative to transfer payments to households.

Covid-19 reliefs to households and businesses were financed by increased government borrow-
ing. Figure 2] shows that the Government of Canada debt to GDP ratio was 46.4 percent in 2019Q4,
and rose to 66.4 percent in 2020Q4. This debt to GDP ratio declined in 2021 and 2022, but was
still about 10 percentage points higher than the pre-pandemic level. The general government debt

to GDP ratio displayed a similar pattern of changes.

2.2 Monetary policy

Bank of Canada (BoC) also rushed to initiate aggressive expansionary policy as the pandemic
started. The policy interest rate (target for the overnight rate) was cut to 0.25 percent in March
2020, the effective zero lower bound. In July 2020, the BoC introduced extraordinary forward guid-
ance (EFG) by signaling the policy rate would stay at the ZLB for an extended period until the
economic slack is absorbed and inflation returns to the 2 percent target. The EFG program was
ended in January 2022. Overall, the policy rate had been remained at ZLB until January 2022, as
documented in Figure [3] The pre-pandemic policy interest rate was stable at 1.75 percent. As the
pandemic was ending, the central bank started to raise the policy interest rate in February 2022 to
control heightened inflation. Policy interest rate reached 5 percent in the second half of 2023.
Along with cutting the policy interest rate, for the first time the BoC implemented QE by intro-
ducing a number of asset purchasing programs to lower long-term interest rate and support financial
market functioning. These programs involved acquisition of a range of assets, including long-term
Government of Canada bonds, corporate bonds, mortgage bonds, commercial paper, and provincial
bonds. The objective was to boost asset prices, therefore lowering borrowing costs for house-

holds and businessesﬂ Among the programs, the most important one is Government of Canada

'During the pandemic, the Bank of Canada established the following seven asset purchase programs: Bankers’ Ac-
ceptance Purchase Facility (BAPF), Canada Mortgage Bond Purchase Program (CMBP), Corporate Bond Purchase Pro-
gram (CBPP), Commercial Paper Purchase Program (CPPP), Government of Canada Bond Purchase Program (GBPP),
Provincial Bond Purchase Program (PBPP), and Provincial Money Market Purchase Program (PMMP).



Bond Purchase Program (GBPP). Beginning in March 2020, the BoC purchased $5 billion of gov-
ernment securities—primarily long-term Government of Canada bonds—on the secondary market
each week. During the first two quarters of 2020, the BoC’s assets increased more than fourfold;
reaching approximately $520 billion which was about 20 percent of GDP. The expansion of total
asset of the central bank arose first from mainly short-term government bonds, but was quickly
through increased purchases of longer-term government bonds and repos. Figure ] shows the share
of government bonds of over 3 years in total asset, first declined in early 2020, then rose to 44.5%
by 2021Q4. The decline of the share of long-term government bonds in early 2020 was associated
with the extended term repo facility program in which BoC purchased repos in March and April
2020. The amount of long-term government bonds that the BoC purchased has been rising since the
start of the pandemic.

The increased holdings of long-term government bonds were financed by reserve creation. De-
posits of banks at the central bank (reserves) were less than 0.4 billion Canadian dollars in 2019Q4.
By 2021Q1, reserves spiked to a peak value at 372.2 billion, or 66 percent of total asset of the central
bank. Reserves-to-asset ratio has been gradually declining since 2021Q1, and was still substantially

above the pre-pandemic level by the end of 2024, as can be seen from Figure ]

2.3 Inflation and GDP

The impact of the pandemic is deep and prolonged. The CPI declined briefly at the start of the
pandemic, and quickly picked up in 2021. By January 2022, when the policy interest rate was still
at the effective zero lower bound, the 12-month CPI inflation rate reached 5 percent. Despite the
central bank’s contractionary policy acts in 2022, inflation rate climbed to 8 percent in June 2022
before it started to fall (see Figure [3).

Real GDP plummeted 12 percent in 2020q2 from its trend, and was below the trend in 2020
and 2021. The recovery of real GDP has been moderate. After growths in 2022 and 2023, real
GDP declined again in 2024. Both household consumption and business investment experienced a

sharper decline in 2020 than real GDP (see Figure [5).



3 The model

In this section, we describe the model, which incorporates financial frictions as in |Gertler and
Karadi| (2013) into a standard Two-Agent New Keynesian (TANK) framework. The economy con-
sists of households, firms (wholesale and retail), banks, a central bank, and a fiscal authority.

The model features two types of households: Ricardian households, who optimize intertempo-
rally and can freely borrow and save, and Hand-to-Mouth (HtM) households, who cannot borrow
nor save, simply consume all their disposable income (labour income plus government transfers).
Both types supply labour to wholesale firms. These firms combine labour and capital to produce
intermediate goods. To acquire capital, firms must borrow from banks by issuing capital claims.

Banks’ assets consist of these capital claims, long-term government bonds issued by the fiscal
authority, and reserves issued by the central bank. The central bank sets the policy rate according
to a Taylor rule and can implement unconventional monetary policies by purchasing assets (such
as government bonds or capital claims) from commercial banks. The fiscal authority collects taxes
from Ricardian households and issues long-term government bonds to finance government spending
and transfers to HtM households.

Given our focus on the interaction between fiscal and monetary policy during the pandemic,
we will describe the model features related to these policies—the household sector, banking sector,
central bank, and fiscal authority—in detail. The more standard components, primarily the firm

sector, are detailed in the Appendix.

3.1 Households

There are two types of households. Let the share of Hand-to-Mouth (HtM) households be w, im-
plying the share of Ricardian households is (1 — w). Ricardian households save by holding bank
deposits and pay taxes. HtM households receive transfers from the government. These transfers

represent a redistribution of wealth from Ricardian to HtM households.

3.1.1 Ricardian households

The household maximizes

Ey Z GRTICAN DS (D
=0



where ; ;
((eff —&/°) = hlefty — 7))
1—o0¢

R\1+4¢
R 1B (lt>

— e g )——,
X Xp(t)l—l—go

u(e ") = 2)

where ¢!t is consumption, [ is the labour supply, o¢ is the coefficient of relative risk aversion, ¢

is the inverse of the Frisch elasticity, 5{ * is the forced saving shock and siRis the shock to labour

disutility. Both shocks follow an AR(1) process:

els = plel* + ° ¢ ~iid N(0,0%.),

and

R
e =p e+ GG ~idd N(0,0%n),

Each period, the households are subject to the following budget constraint,
Pef + Dff = RL Dy + (1= 7") Pawfllft + PV, — P, 3)

where P, is the price level for consumption goods, D is the nominal deposits at banks, R¢ | is
the gross return of deposits from ¢ — 1 to ¢, which is known at ¢, wf is the real wage, 1™ is the
labour income tax rate. W, is the real profits from firms and banks (Ricardian households own both

of them), and TtR is the real lump-sum tax.

Define inflation m; = Pi -, and the budget constraint in real terms is
dR
cl+dff = R - L (1= Yt + v, — “4)
t

The first-order conditions are as follows.

Following (Cardani et al.[(2022), we use the forced-savings shock, denoted by Et , to represent the impact of the
pandemic on consumption. We assume €t = 0 prior to the COVID-19 pandemic, with a negative value reflecting a
reduction in consumption demand. A forced-savings shock differs from a standard consumption demand shock. For a
standard demand shock, habit persistence generates a hump-shaped consumption response, causing the effects to persist
even after the shock vanishes. In contrast, the impact of a forced-savings shock on consumption dissipates as soon
as the shock itself ends. Therefore, once the pandemic ended, consumption was expected to return immediately to its
pre-shock level. This feature makes the forced-savings shock more suitable for capturing the transitory nature of the
pandemic.
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3.1.2 Hand-to-Mouth households

The HtM households consume ¢, and supply labour /7, also are subject to a forced saving shock

5{: * and labour disutility shock 5%H. The utility function is given by
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The HtM households do not have access to borrowing and saving, and they do not pay labour income

tax either. The budget constraint is as follows.
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where A\ is the Lagrange multiplier.And the first-order necessary condition for labor supply is

X" exp(el ) (1)? = Mwy'. (11)

3.2 Banks

During the pandemic, a key component of the Bank of Canada’s (BoC) quantitative easing (QE)
operations involved purchasing long-term government bonds from commercial banks. These pur-
chases were conducted by crediting banks’ settlement balance accounts held at the BoC.

We model the banking sector following the approach of |Gertler and Karadi (2013)), which incor-
porates a moral hazard problem that makes banks financially constrained. This friction is amplified
during a crisis. These constraints are essential for QE to affect banks’ lending spreads; otherwise,
QE would merely substitute private intermediation with public intermediation without reducing bor-
rowing costs. By relaxing these financial constraints, QE results in lower borrowing spreads from
the banking sector.

Before detailing the banks’ problem, we first briefly describe the modeling of long-term govern-

ment bonds.

3.2.1 Long-term government bonds

To model the long-term government debt, we follow Woodford (2001) and |Sims and Wu! (2021) to
treat it as a perpetual bond with a decreasing coupon payment. In this way, we can track the long-
term bond as one-period bond. To be specific, for one dollar of issuance of such long-term bonds
at time ¢, the coupon payment at ¢ + 1 would be one dollar, and at ¢ + 2 would be « dollar, where
0 < k < 1, and at t + 3 would be x? dollar, and so on. Assuming the market price of the long-term
bonds issued at time ¢ is ¥, with this decaying structure, bonds issued in ¢ — 1 would be x¢?, and
bonds issued at ¢ — 2 would be x2¢? and so on. The return of the long-term bonds from ¢ to ¢ + 1,

Ry +, thus can be expressed as

1+ kg

b )
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Ryt = E

(12)

where ¢’ , is the purchase price at ¢t — 1,the numerator is the sum of the coupon payment and the

market price for the bonds issued at ¢ — 1, and  is the decay parameter for the long term bond. The
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value of x will be calibrated later to match the length of the maturity of the long-term bonds.

3.2.2 Banks’ problem

There are a continuum of measure 1 of banks. We assume that in each period, a fraction of o of
banks survived and 1 — o of banks exit, replaced by new banks. The purpose of making such an
assumption is to prevent the banks from accumulating enough funds to self-finance. In what follows,
we first describe the problem for an individual bank and then describe the banking sector’s problem
at the aggregate level.

For a typical bank j, the optimization problem is as follows. At the beginning of period %,
bank j needs to decide how much to lend to firms and government by using nominal deposits from

Ricardian households D?

b, where [ Ddj = D} = (1 — w)Df, and its own net worth Nj; (in

nominal term). This means that the bank needs to decide how much capital claims and long-term
government bonds to purchase. Since the central bank can also hold those assets, we use sf ® and
B? for the capital claims and bonds held by the banks and sf > and B for the ones held by the
central bank. Banks also hold reserves, which is the settlement balances at the central bank, RE;.

The flow of funds condition is
@B, + Pl + RE; = Nj, + Db, (13)

where ¢ is the market price of bonds. Writing equation (13)) in real terms, we have

brb ke kb b
qtbﬁ—kqt st T e = njt+djt,

(14)

b

B RE N, . . .
=, rej = and nj; = ?J:. Net worth is accumulated by retained earnings — the

y B
where bjt— B P ,

difference between the returns of the assets and the costs of deposits. Thus, at the beginning of £ 4 1

(the end of period t), the net worth for bank j can be expressed as

thJrl = Rb,t+1Q§)B§t + Rk7t+1QfPt8§t7b + R;eRE]’t — R?D?t (15)

Note that both R ; and R ;1 are not known in the beginning of period ¢; while R} and Rf are

12



known. Substitute equation (I3)) into equation (I5), we have the law of motion for net worth
Njes1 = (Roge1 — ROGIBY + (Riesr — Raf Pusy” + (R} — RY)REj, + RNy (16)

Equation (T6]) shows that the growth of net worth relies on the excess return of assets held by banks.

Writing equation (T6) in real terms, we have

b1.b k kb
q; b7 q;s; e re. T
N1 = (Rppsr — Rf)ﬂf Jlt + (Rryp1 — RY ; Ji + (R — Rf)ﬂ ”1 + Rfﬂ Jtl. (17)
t+ t+ t+ t+

Since banks only pay dividends after they exit, the objective of the bank is to maximize the dis-

counted value of future net worth 7;:

o0

max Et Z(l — U)Uz_lAt7t+Z’njt+i, (18)
i=1
where Ay = ﬁi)\ﬁ“ / )\ﬁ is the stochastic discount factor since we assume that the banks are

owned by the Ricardian households. Writing Equation (I8)) recursively, we have
‘/j — Imax EtAt,t—H [(1 — U)njt+1 -+ O-V}t—o—l] . (19)

To introduce financial frictions, we assume that bankers have the incentive to divert funds at the
end of each period. The fraction of the funds can be diverted is different across the different type
of assets held by the banks. Denote the diversion rates for capital claims, government bonds and
reserves as ), kP, and x*¥. Following Gertler and Karadi (2013) we further assume that x* >
kP > kTP _itis easier for bankers to divert funds from their holdings of private capital claims than
from their holding of government bonds and reserves, with diverting funds from reserves being the
most unlikely. Given the diversion risks, for depositors to be willing to deposit funds at banks, the

following incentive constraint needs to hold
Kk kb B, brb RE
Vit > Ky Sit + Ky qtbjt + K, Tre. (20)

Equation (20) is the key equation to understand the role of QE — QE relaxes the incentive constraint.
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This is because when conducting QE, the central bank purchases either private assets sft’b or long-
term government bonds b?t from bank ;7 and in return the central bank credit the banks with reserves.
Given the diversion rates difference, QE lowers the value of the right-hand of the Equation (20). As
a result, the incentive constraint is less likely to bind. And because of this, bank j can attract more
deposits, improve the balance-sheet position and charge borrowers at a lower rate.

Bank j’s problem is to choose sﬁgb, B}’t and RFE;; to maximize the discounted value of net worth
equation (T9), subject to the flow of funds condition equation (T4), the law of motion for net worth

equation (I7), and the incentive constraint equation (20).

B RE
Denote A” = “ and A" = "~ and define bank’s leverage as
t t

k kb bbb re adj
5 = q's;i + A qtbjt + Arejy oy
t — - )
njt njt

di kb . . . .
where af]’ = qf 537+ A q)bb,+A"*rejy is the assets adjusted by diversion rates. Later on, we assume

k kb Ab bpb
that A"F = 0, and ¢, = %ﬁqfl’ﬁ. To solve the problem, following Gertler and Kiyotaki (2010),
J
we use the undetermined coefficients method (see derivation details in the Appendix) — we guess

that the bank’s value function is a linear function of net worth
Vjt = HUn,tMjt, 2D

where 11, ; can be thought of as the expected discounted marginal gain of having one more unit of

net worth. The first-order condition with respect to s?gb gives

(Ri+1 — RY)

Tt4+1

EtAt,t+l[<(1 - U) + U,Mn,t+1) ] = )\bankﬁf, (22)

where A\yq,x 1S the multiplier on the incentive constraint. Note that Rf is known at time ¢, while

mpkey1+(1—06)qf,
ar

Ry, 141 1s not known since Ry, ;41 = . The first order condition with respect to Bf is

d
Ry — R

] = Mpanriil A5, (23)
Tt41

EA g [(L—=0) + o)
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Similarly, the first order condition with respect to rej; is

RE d
Rt+1 _ Rt

] = )\banklitKARE. (24)
41

E A [(L—0) 4+ opins1)

Given the above equations and the definition of ¢;, we can rewrite equation (17)) as

_ pd d
Boen = iy | 1 Yne. (25)

Ti+1 Ti4+1

Njt41 = {

To capture the rise in credit risk during the pandemic, we further assume that k% = <% exp(ef),

where £} is the credit risk shock, following an AR(1) process:
e = pef ) + (G ~ .. N(0,02).

3.2.3 Aggregation in the banking sector

Given that the leverage ratio ¢; is independent of individual bank-specific factors, if all existing

banks survived, the law of motion of aggregate net worth would be:

Ngy1 = /njt+1dj = {(Rﬁu - R?)ﬁbt + R?}”t

k,b
where qu 1 = Rb t+1qi’—b£b + Rk t+1Ltk,b + Rge+. AlSO, f(ngbt +
+ ’ qi’b?Jrqfst’ +ret ) q?b?Jrqfst’ +ret qi’b?Jrqfst’ +ret J

qfsi;b +reje)dj = [(nje + dff)dj gives us

@bl + ¢F P+ rey = ny + dF.

Aggregating also gives us
B qFsPt + APGPRY + Arere,
ng ’

o

k kb b bprb . .
: : RE _ _ 478y +A%qb adj _ roadj g kKb Ab bpb
With the assumption of A™ = 0, we have ¢y = *=— =" anda; "~ = J i dj = qf s+ Db,

However, given that only a fraction o of the banks survive, at the aggregate level, the total net

worth consists nf, , the net worth for the surviving banks (existing banks), and n}, ,,the net worth
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for the newly entered banks:
_ e n o __ A d d n
Nie1 = Ny + 0 = o[(Riy — RY)de + BYne +nilyy,

Following Gertler and Karadi (2011), we assume that the patient households receive the wealth of

the exiting banks and transfer a small fraction w® of the received wealth as “start up” funds to the

. di
newly-entered banks That is n}, | = w’a;™.

3.3 Central bank: interest rate rule and unconventional monetary policy
3.3.1 Interest rate rule

In normal time, the central bank implements a simple Taylor rule:

R? ?_ 1 pr ﬂ-t pﬂ' yt py 1 7p'r <m
—_— = E— e t, 26
R = OV (Y ) e 26)

That is, the central bank adjusts the nominal interest rate 12}’ in response to deviations of inflation 7,
from its steady-state value 75, and output y; from its previous quarter ;. ;" is a monetary policy
shock that follows ;" ~ i.i.d. N(0, a?) In addition, p,, p, and p, are policy coefficients chosen

by the central bank. In addition, the nominal interest rate is subject to the ZLLB constraint:
R} = max{1, R'}

Note that we also assume that

R} = R! = R}".

3.3.2 Unconventional policy: quantitative easing and forward guidance

While during the Pandemic, in addition to adjusting the nominal interest rate, the central bank uses
QE and EFG to further stimulate the economy. In the interest of parsimony, we assume that the cen-

tral bank’s liability includes only reserve RF; (including bank note to the model would not change

3w is set in order to have a stationary aggregate net worth for the banking sector. In the calibration, it is a very small

number, 0.0013.
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Table 1: Central Bank’s Balance Sheet

Assets Liabilities

Government bond bfb Settlement account (reserves) re;

Financial assets s,

the main message because during the pandemic there was no significant change in banknote)El As-
sets held by the central bank include government bonds b$® and other financial assets sf’d’. The
balance sheet of the central bank (CB) is as follows.

QE. We model QE as that the central bank purchase the government bonds and other financial
assets from commercial banks by creating settlement balances (reserves). As stated in the previous

section, since the banks are financially constrained, QE relaxes banks’ incentive constraint.

@y + byt = rey, 27)
with
sf,cb = gofst
and
bgb = (p?bta

where ¢F and ? are the fractions of capital claims and long-term government bonds purchased by
the central bank.

We assumed ¢F and ¢! follow AR(1) processes below:
oF = pPFof g + CPN (PN ~ idd N0, 02,0),

and

or = PPty + G0 G~ 1 N(0,08,).

We assume that the for any profits or loss incurred to the central bank are transferred (or covered)

by the treasury. Let T'r¢° be the nominal transfer from the central bank to treasury and it is given by

“Note that although the reserve requirement for the Bank of Canada is zero, we can think of the settlement balances
as reserves. During the pandemic, the Bank of Canada ”Settlement balances increased more than 1,500-fold—from
$250 million before the pandemic (0.2% of the Bank’s balance sheet) to a high of $403 billion (about 69.8% of the
Bank’s balance sheet) — in just under 12 months” —|Chu et al.|(2022).
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the following equation
Tr? = Prec + Rid  Proisty + Rodi_y Poabily — g Posy — aUPb — Ry Proarery. (28)
Then in real terms, we have
trfb =re; + Rktqf_lsf’_cf/m + Rbtqf_lbffl/m - qfs,’f’d’ — qufb — R} req_q1/m. (29)

That is, the central bank’s resource is the settlement account (reserves) that it just created, the return
on the bonds bought by the central bank in the previous period. The central bank uses the resources
to pay for the purchase of new security including the ones issued by the private sector sf “» and by
the government ¢?b$°, and pay the interest rate on reserves held by the commercial banks.

Substituting equation (27) to equation (29)), we can obtain
tre = (R — ;il)Qf_lsfff/Wt + (Ry — R} ) qp b5 . (30)

EFG. To model EFG, we follow Sim and Wu (2021) by model the EFG as a shock to the policy
rate in equation (26)). That is, we assume that under EFG, the central bank maintain the policy rate
at the ZLB for a pre-determined period of time, and we use a negative shock to the policy rate if the

ZLB is over before the pre-determined period.

3.4 Fiscal authority

The government issue long-term bonds, make transfers to the HtM households wtr g, collect lump-
sum tax (1 — w)7, from the Ricardian households, and purchase goods g;. Define 7,9 = (1 —w) 7
and tryY = wtrg,. And taking account of LF = (1 — w)If, and L = wlf. The budget constraint

for the government in nominal terms is

(1+ /‘“]f)Bt—l + Pig: + Pttriigtg = P + Pt”’gb + TZRthtLRt + TZHPt@UtLHt + Qth-
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Writing it in real terms, we have

bi a a
(1+ /qu)—; Ly g +tryd =09 + trfb + TlthLRt + TletLHt + qut.
t

The government spending g, follows an AR(1) process:
log g = (1 — py) log gss + pglog gi—1 + €7, el ~i.i.d.N(0,0%).

And we assume that labour income tax rates follow

1R

b
¢_1bt—1 PR IR
=(—— ) 31
7—t ( qgsbss ) 7—ss ( )

Denote the aggregate lump-sum tax as 7, = (1 — w) 7;. We assume that 7,"%Y is given by the

following equation

agg _ (Qi—1be-1 ¢t _agg 32
Ty _(qb—b) Tes - (32)

Transfers. As stated earlier, we assume that only HtM households receive transfers. Denote total

transfers ¢ry/y = wtrpg,, assume that tr5;; follows

S R
pragr = (g )" ()G (33)

where (/" ~ i.i.d. N(0,02,). We also assume that p¥" < 0, so that the government transfers rise

when output falls below the steady-state value.

3.5 Market clearing and aggregation

Capital claims market clears:

K kb E,cb
Sy =8 +87,

and bond market clears:

b = bY + b,

Resource constraint:
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i
CRyCH 4+ g+, + 0-5x’“(z.—t —1)? =y, (34)
t—1

where CF = (1 — w)cpy, and CH = wepy.

4 Calibration

In this section, we calibrate the model to the Canadian economy. We first detail how we choose
the model parameters, and then we conduct simulations and use impulse response functions to show
how various fiscal and monetary policies affect key macroeconomic variables; in particular, we

focus on the policies’ impact on output, consumption, investment, inflation, and government debt.

4.1 Parameters values

The parameters are calibrated to the Canadian economy wherever possible, and for some parameters
the values are borrowed from the related literature. Tables [2] and [3| below display the parameter
values.

The model is calibrated at a quarterly frequency. We set the discount factor for Ricardian house-
holds to 0.995, which corresponds to an annualized interest rate of 2%—close to the pre-pandemic
average. Bhattarai et al.| (2023) use the employment share of retail, transportation and warehousing
and leisure and hospitality to pin down the share of the HtM households. We follow their approach
to set w, the share of HtM household to 0.28, based on the share of employment in the similar sector
in the Labour Force Survey (LFS) from 2011 to 2019. The relative utility weight of labour is set to
3.73 for Ricardian households and 5.0 for HtM households, implying steady-state labour supplies
of 0.3 and 0.27, respectively. Following Gertler and Karadi (2013), we set the inverse Frisch elas-
ticity of labour supply to 0.3 and the habit persistence parameter to 0.815. Finally, the coefficient of
relative risk aversion (o) is set to 1.01, approximating a log utility function.

For the production sector, the labour share parameters for Ricardian and HtM households in the
production function, o and 0, are set to 0.415 and 0.159, respectively. These values are calculated
based on: (1) the share of labour in the cost of producing intermediate goods, which is 0.574 accord-
ing to productivity data (Statistics Canada Table 36-10-0208); and (2) the share of HtM employment
in the Labour Force Survey (LFS) from 2011 to 2019, which is 0.277.
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For the remaining parameters—including the capital depreciation rate (§*), the Calvo pricing
parameter (v), the investment adjustment cost parameter (x*), and the elasticity of substitution
(6)—we use values typical in the literature. Specifically, we set 6* to 0.025 as in Smets and Wouters
(2007), implying an annual depreciation rate of 10%. We set v to 0.8 following Gertler and Karadi
(2013), implying that prices change every five quarters. The parameter x* is set to 5.5 as in Smets
and Wouters (2007), which implies an elasticity of investment with respect to the price of capital of
0.18. Finally, € is set to 11, a standard value that implies an average markup of 10%.

For financial intermediaries, most parameter values are set following Gertler and Karadi (2013).
We select values for three key parameters to match steady-state targets. The diversion rate for capital
claims (x¥) is set to 0.35; the survival rate of banks (o) is set to 0.972; and the proportional transfer
to newly-entered banks (w”) is set to 0.0013. These values are chosen to match three steady-state
targets: an annualized spread of long-term government bonds of 100 basis points; an average bank
leverage ratio of 6.2, calculated as the ratio of total assets to net worth for Chartered Canadian
banks; and an average bank life horizon of 10 years. Finally, the diversion rate difference between
capital claims and government bonds is set to 0.5, as in Gertler and Karadi (2013).

Table 3| displays the parameters related to the central bank and government. The parameters for
the Taylor rule are taken from Gertler and Karadi (2013): the interest rate smoothing parameter p is
set to 0.8, while the response parameters to inflation and output, p, and p,, are set to 1.5 and 0.05,
respectively. For the government, the coupon decay parameter, «, is calibrated to 0.975, implying
that the duration of the long-term bonds is ten years. Based on National Income Accounts and
National Balance Sheet, the government spending-to-GDP ratio and government debt-to-GDP ratio
are set to 0.2 and 0.285, respectively. The parameters in the transfer response rule, p'" and p¥'", are
set to 0.9762 and —6.0, based on the author’s calculations. The tax adjustment parameter, ¢, is
set to 0.1. Labour income tax rate for both Ricardian is set to 0.25. Finally, both the steady-state

transfers-to-GDP ratio is set to 0.01, based on the Canadian data.

4.2 Model mechanism

In this section, we present the model simulations, focusing on the transmission mechanisms through
which the policy measures affect the economy. Our simulation strategy proceeds in two steps. First,

we employ a combination of shocks to generate large declines in key macroeconomic variables—

21



Table 2: Parameter Values 1

Parameter ~ Value Description Source/Target

Households

w 0.28 Fraction of hand-to-mouth households Labor Force Survey

I5; 0.995 Discount factor of Ricardian households  Annual interest rate of 2%
Y2 5.0 Weight of labour in preference, HtM 15 =0.27

7 3.73 Weight of labour in preference, Ricardian [F = 0.3

% 0.3 Inverse of Frisch elasticity Gertler and Karadi (2013)
h 0.815 Habit persistence Gertler and Karadi (2013)
o¢ 1.01 Coefficient of relative risk aversion Close to log utility

Goods Producers

oF 0.025 Depreciation rate of capital Smets and Wouters (2007)
0 0.159 Labour share of HtM households Labor Force Survey

o 0.415 Labour share of Ricardian households Labor Force Survey

v 0.80 Calvo pricing parameter Gertler and Karadi (2013)
" 5.5 Investment adjustment cost parameter Smets and Wouters (2007)
€ 11.0 Elasticity of substitution for retailers Standard in literature

Financial Intermediaries

o 0.972  Survival rate of banks see text

KF 0.35 Diversion rate for capital claims see text

w® 0.0013  Proportional transfer to new banks see text

Ab 0.5 Diversion rate difference Gertler and Karadi (2013)

Table 3: Parameter Values II

Parameter ~ Value Description Source/Target
Central Bank
p" 0.8 Interest rate smoothing in Taylor rule Gertler and Karadi (2013)
P 1.5 Response to inflation in Taylor rule ~ Gertler and Karadi (2013)
pY 0.05 Response to output in Taylor rule Gertler and Karadi (2013)
Government
K 0.975 Coupon decay parameter 10-year bond maturity
9/y 0.2 Government spending to GDP ratio ~ National Income Accounts
bond/y 0.285 Government bonds to GDP ratio National Balance Sheet
ptr 0.9762 Parameter in transfers rule Canadian data
pYtr -6.0 Parameter in transfers rule Canadian data
P 0.9 Tax adjustment parameter
1" 0.25 Labour income tax rate, Ricardian Canadian data
transfer/y 0.01 Transfers to GDP ratio Canadian Data
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GDP, consumption, and investment—so that the baseline model economy approximates the ob-
served contractions at the peak of the pandemic. We then introduce the policy interventions and

compare the model’s responses under these policies with those in the baseline case.

4.2.1 Baseline: the impact of the pandemic

To generate the baseline scenario, we employ a combination of shocks: a forced-savings shock and
a labour-disutility shock that affect both household types (targeting consumption and labour supply,
respectively), and a credit-risk shock to banks’ diversion rates that influences firms’ borrowing costs
and, in turn, investment. All three shocks are assumed to follow AR(1) processes with a persistence

parameter of 0.9. The sizes of the shocks at time 0 are reported in Table ]

Table 4: Shocks Used to Generate Pandemic

Forced-savings shocks Labour disutility shocks Diversion rate shocks
-0.09 0.06 0.22

Figure[6|shows that under this combination of shocks, the peak declines in aggregate output, con-
sumption, and investment are approximately 10%, 16%, and 12%, respectively, broadly matching
the observed declines in the data. However, the model overpredicts the fall in inflation, generating
deflation of about 8%. The simultaneous declines in output and inflation cause the nominal interest
rate to hit the ZLB and remain there for the following seven quarters. Both Ricardian and HtM
households experience substantial reductions in consumption and labour supply.

In addition, the pandemic-induced credit-risk shock tightens banks’ incentive constraints, rais-
ing spreads on both long-term government bonds and capital claims. The resulting increase in
borrowing costs leads to declines in the prices of government bonds and capital claims.

The transfer-to-GDP ratio rises even in the absence of the pandemic stimulus package. This

occurs because pY < 0 in the transfer rule,

.
4999 4299 N P o\ 1P
"Ht ( Ht—1> (ﬁ) tr
agg — agg t o
trHss tTHss Yss

which implies that transfers increase when GDP falls below its steady-state level. To finance this

increase, the government issues additional bonds, leading to a rise in the government debt-to-GDP
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ratio. The newly issued bonds are absorbed primarily by banks, as reflected in the increase in their
bond holdings, while a smaller share is absorbed by the central bank, whose bond holdings rise only

modestly.

4.2.2 Fiscal policy: transfers

Figure[/|illustrates the impact of transfers by comparing an economy with a pandemic transfer pro-
gram to the baseline scenario. We assume a shock persistence of 0.9 and introduce a transfer shock
at time ¢ such that the transfers-to-GDP ratio rises to approximately 2 percent when the pandemic
hits—about twice its steady-state level. Because transfers represent a redistribution of income from
Ricardian to HtM households, their effects differ significantly across the two groups. HtM house-
holds, who receive the transfers, experience an increase in consumption when the program is in
place. As a result, their welfare improves.

The effect is the opposite for Ricardian households, whose consumption and welfare decline
under the transfer program owing to the increased tax burden. The transfer program also mitigates
the decline in inflation. Because HtM households have a higher marginal propensity to consume,
the increase in their consumption helps stabilize aggregate demand, thereby dampening the disin-
flationary pressures associated with the pandemic.

Overall, transfers raise aggregate consumption at the cost of lower investment. This trade-off
helps mitigate the initial decline in output but eventually results in a larger output loss. To finance
the transfers, the fiscal authority issues additional long-term government bonds, which are primarily
absorbed by banks, leading to an increase in their bond holdings. Banks hold slightly fewer bonds
initially relative to the baseline because the early rise in transfers is financed mainly through higher

labour-income and lump-sum taxes on Ricardian households.

4.2.3 Monetary policy: QE and FG

Figure [§] compares the baseline economy with one in which the central bank conducts QE. Note
that in this section, QE refers only to the central bank’s purchases of long-term government bonds.
We assume a shock persistence of 0.9 and introduce a QE shock at time ¢ such that the cumulative
increase in the ratio of long-term government bonds held by the central bank (CB) to GDP reaches

about 20 percent over the first two quarters. This magnitude is broadly consistent with the size of the
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QE program implemented by the Bank of Canada during the pandemic. The QE program mitigates
the declines in output, consumption, and investment, and it also leads to a substantially smaller drop
in inflation.

The key transmission mechanism is the same as in Gertler and Karadi (2013) and Sims and Wu
(2021). Because of financial frictions, banks face binding incentive (financial) constraints, and QE
relaxes these constraints. As a result, the central bank’s purchase of long-term government bonds
does not simply represent a one-for-one substitution of public for private intermediation. Instead, it
increases total demand for long-term government debt and raises its price. As banks become less
constrained, the spreads on both long-term government bonds and capital claims decline.

Since the primary effect of QE operates through lower borrowing costs, it boosts investment
more than consumption. Overall, under QE, both output and inflation are higher, which shortens the
duration for which the nominal interest rate remains at the zero lower bound (ZLB). Furthermore,
different from transfer policy, QE raises the welfare of both household types.

Figure[9]compares the baseline economy with one in which the central bank implements forward
guidance (FG). In the baseline case, the ZLB binds for seven quarters. Under FG, we assume
that the central bank commits to maintaining the policy rate at the ZLB for eight quarters — one
quarter longer. We find that the additional monetary easing from extending the ZLB period is highly

inflationary, while the stimulative effects on output, consumption, and investment are minimal.

4.2.4 Interaction of the fiscal and monetary policies

To fully understand the impact of the COVID-19 stimulus package on the economy, it is essential
to study the joint effects of fiscal and monetary policies. Figure [I0] compares three economies:
(1) fiscal transfers only (blue line); (ii) transfers combined with QE (red line); and (iii) transfers
combined with QE and FG (orange dotted line).

Comparing the transfers-only case with the transfers-plus-QE case, the key difference lies in the
balance sheets of commercial banks. Under transfers only, commercial banks absorb most of the
increase in government debt generated by the pandemic transfers, leading to a rise in the share of
government bonds in their total assets. Under QE, by contrast, the central bank absorbs the majority
of the increase in long-term government debt. This is reflected in a substantial decline in the share of

bonds held by commercial banks and a corresponding increase in their reserve balances (settlement
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balances at the central bank).

The resulting expansion in reserves relaxes banks’ incentive constraints and lowers the spreads
on long-term government bonds and capital claims. As a consequence, investment increases, and the
welfare of both household types rises when QE is combined with transfers. Overall, the transfers-
plus-QE policy mix is also more inflationary.

The orange dotted line represents the case in which the monetary authority implements both QE
and FG while the fiscal authority implements transfers. In this scenario, FG becomes more stimu-
lative when combined with transfers and QE. In particular, the economy experiences significantly
higher inflation under the full policy mix, reflecting the stronger aggregate stimulus when all three
policies are present.

Another important result is that QE and FG reduce the government debt-to-GDP ratio relative to
the transfers-only case. This occurs because the stronger mitigation of the decline in inflation under

QE and FG lowers the real value of government debt.

S5 Quantifying policy effects

An important exercise is to quantify the contribution of the aforementioned fiscal and monetary
policies to output, consumption, and inflation during and after the pandemic. While the impulse
response functions in the previous section illustrate the transmission mechanisms of these policies,
they are not well suited to addressing this quantitative question. A standard approach in the liter-
ature is to treat policy changes as shocks and quantify their contribution using a full-information
Bayesian estimation of the model, followed by shock decomposition. This standard method, how-
ever, requires linearizing the model around its steady state. It is reliable only when shocks are not
too large and when there are no occasionally binding constraints such as the ZLBEl The unusu-
ally large COVID-19 shock and the presence of the ZLB in our model therefore make the standard
log-linearization approach unreliable.

Thus, in this paper, we adopt an alternative approach to estimating the model. We then use the

estimates to conduct counterfactuals to quantify the policy effects. The details are as follows.

SWhen shocks are large, linearization can provide a poor approximation; the ZLB introduces a global nonlinearity.

%Recent attempts in the literature to overcome this issue include Cardani et al. (2022), who use a heteroskedastic
Kalman filter to estimate a standard multi-sector, medium-scale DSGE model and study the impact of COVID-19,
Ferroni et al. (2024), who estimate the standard model parameters using the pre-COVID sample and the COVID shock
parameters using data from 2020Q2, the peak of the pandemic.
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5.1 Estimating shock profiles

We focus on the period 2020Q1-2022Q4, which encompasses both the pandemic and the subse-
quent recovery phases. We assume that, over this time, the Canadian economy is primarily driven
by pandemic-related shocks—namely forced-saving, labor-disutility, and credit-risk shocks—along
with the associated fiscal and monetary support measures. Compared to Section 4, we allow for
a broader set of shocks. Specifically, we classify shocks into three groups: (1) policy shocks, in-
cluding quantitative easing (QE) shocks to long-term government bonds, and transfer shocks; (2)
pandemic-related shocks, including forced-saving shocks, labor-disutility shocks, and credit-risk
shocks; and (3) standard macroeconomic shocks, including total factor productivity (TFP) shocks
and government spending shocks. We assume that all structural parameters remain fixed at their
calibrated values and instead focus on estimating the time profiles of the shocks. The estimation
proceeds in two steps.

In the first step, we estimate the shock processes using individual time-series data corresponding
to these shocks: fraction of long-term government bonds held by the central bank (¢?), transfer
payments (tr}7;), government spending (g;), and total factor productivity (A;). For each shock, we
estimate the specified shock process using quarterly data from 2000q1 to 2024g4. Data sources
are described in Appendix [El Unlike the specification in Section 4, shocks to transfer payments are
assumed here to follow an AR(1) process. We obtain estimates of the serial correlation coefficients,
reported in Table 3] as well as the estimated innovation terms for the period 2020Q1-2022Q4. The
resulting shock series, shown in Figure [[] are fed into the model as policy and technology shocks

over the pandemic period.

Table 5: Serial correlation coefficient estimates on individual time series

Parameter Value Variable Data

pf’b 1.625 share of government bonds over 3 years held by CB in total gov bond
pf’b -0.650 share of government bonds over 3 years held by CB in total gov bond
Pl 0.940 In(trf) Log transfer payments

Py 0.686 In(g;) Log Government purchases

pA 0.931 In(4) Log Business-sector multifactor productivity

In the second step, we estimate the pandemic-related shocks. We feed the estimated shocks

to technology, government spending, quantitative easing, and transfer payments into the model and
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then use the simulated method of moments (SMM) to estimate the shock processes for forced saving,
labor disutility for Ricardian households, labor disutility for hand-to-mouth (HtM) households, and
credit risk (the diversion rate). Each of these shocks is assumed to follow an AR(1) processﬂ In
addition, we estimate shocks to the policy interest rate, which are assumed to be i.i.d. The parameter
set in the SMM estimation includes three serial correlation coefficients, 24 innovation terms for the
AR(1) shocks (six for each process), and eight policy interest rate shocks. The six innovation terms
for each AR(1) process correspond to the six quarters from 2020Q1 to 2021Q2, which we interpret
as the period during which shocks were primarily pandemic-related. The eight policy rate shocks
correspond to the eight quarters from 2020Q1 to 2021Q4, during which the policy interest rate
remained at the effective lower bound despite rising inflation.

In the SMM estimation, we match model-generated dynamics of the following variables for 10
quarters to their empirical counterparts observed during 2020q1-2022q2: aggregate consumption,
aggregate investment, hours worked by Ricardian households, hours worked by HtM households,
inflation rate, and policy interest rate. Restricting the matching window to 10 quarters allows us
to estimate the serial correlation coefficients while limiting the influence of shocks unrelated to the
pandemic, which may have played a more prominent role after 2022q2. Figure [12] presents the
estimated shock profiles for forced-saving, labour disutility, and credit riskﬂ Forced saving can be
interpreted as an adverse demand shock associated with Covid-19 lockdowns and drops sharply at
the onset of the pandemic. Labor-disutility shocks are positive in early 2020, contributing to the
observed declines in employment.

The estimated shocks to the policy interest rate in the Taylor rule (not shown) are negative in all
eight quarters from 2020Q1 to 2021Q4, with their absolute magnitude increasing modestly toward
2021. These shocks keep the policy interest rate at zero throughout 2020 and 2021, even as aggre-
gate output and inflation rise markedly. The monetary policy shocks capture the forward guidance
embedded in monetary policy communications during the Covid-19 period and are consistent with
the central bank’s assessment that inflationary pressures in 2021 were transitory.

The model economy incorporating all estimated shocks (the baseline model) generates dynamics

"We restrict the coefficients of serial correlation for labor-disutility shocks to be equal across the two household

types.
8The estimated serial correlation coefficients for credit risk, forced saving, and labor disutility are p* = 0.579,

pf* = 0.617, and p!" = 0.622, respectively.
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that closely match those observed in the data, as shown in Figure [I3] Although GDP is not directly
targeted in the estimation, the model-generated GDP series aligns well with the data. The estimated
shocks are concentrated in 2020 and 2021, during which the model tracks the observed movements
in aggregate variables closely. Even though no additional shocks are imposed after 2021, the model

continues to generate post-2021 dynamics that resemble the patterns observed in the data.

5.2 Policy effects

In assessing the effects of fiscal and monetary policies, we take as the baseline the full model
incorporating all policy and structural shocks, as this specification replicates the observed dynamics
of the economy during the pandemic reasonably well. Starting from this baseline, we shut down
individual policy instruments or consider counterfactual policy paths in order to quantify the effects

of specific policies.

Transfer payments. Starting from the full model, we eliminate shocks to transfer payments while
holding their level fixed at the steady-state value. The resulting outcomes are labeled “No TR” in
Figure[14] To quantify the effects of transfer payments, we compute the gap for each variable as the
difference between the series simulated under the full model and the corresponding series simulated
in the absence of transfer payments. These gaps therefore represent the contribution of transfer
payments to macroeconomic outcomes. Figure[I5]reports these gaps, together with those obtained
under other policy experiments.

Overall, higher transfer payments raise real GDP in both 2020 and 2021. The effects are most
pronounced in the first half of 2020, with transfer multipliers of 2.46 and 1.94 in 2020Q2 and
2020Q3, respectively. Absent the increase in transfer payments, real GDP in 2020Q2 would have
been approximately 2.5 percentage points lower. In 2021, the impact on real GDP remains positive
but diminishes as transfer payments gradually return toward their pre-pandemic levels.

In the model, transfer payments are directed exclusively to hand-to-mouth households. Con-
sequently, their effect on real GDP operates primarily through increased consumption by these
households, as illustrated in Figure [I6] In 2020Q2, consumption by hand-to-mouth households is
approximately 18 percentage points higher than in the counterfactual without higher transfer pay-

ments. At the same time, transfer payments reduce hours worked by hand-to-mouth households
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while increasing hours worked by Ricardian households. In welfare terms, measured by the house-
hold value function, transfer payments improve welfare for hand-to-mouth households but reduce
welfare for Ricardian households.

To summarize the overall effects of transfer payments under alternative monetary policy regimes,

we define the cumulative transfer multiplier as

S B (Yo — YY)

M = T
> s—o(trdh)

where 7" denotes the number of quarters, Y| is real GDP in the full model with all policies and
shocks, and Y} is real GDP in the counterfactual economy without transfer payments under mone-
tary policy scenario 7. We consider four monetary policy scenarios: quantitative easing combined
with forward guidance (“QE+FG”), forward guidance only (“FG”), quantitative easing only (“QE”),
and neither quantitative easing nor forward guidance (“No QE & FG”).

The resulting cumulative transfer multipliers are reported in Table[6] In all scenarios, the multi-
plier is larger in 2020 than in 2021, reflecting the severity of the initial pandemic shock. Moreover,
transfer multipliers are substantially larger when transfer payments are combined with forward guid-

ance that keeps the policy interest rate low for an extended period.

Table 6: Transfer Multipliers

QE+FG FG QE NoQE & FG
Two-year cumulative multiplier (2020q1-2021g4) 1.413 1.413 0427 0.512
Three-quarter cumulative multiplier (2020q1-2020q3) | 2.184  2.184 1.428 1.500

Transfer payments during the pandemic are strongly inflationary in 2020. Had transfer payments
been held at their 2019 levels, the economy would have experienced a pronounced deflation, with
the consumer price index falling by more than 8 percent in 2020Q2. As transfer payments recede in
2021, their inflationary impact correspondingly weakens. Nevertheless, in the absence of increased
transfer payments in 2020, the inflation rate in 2021 would have been approximately 0.7 percentage

points lower than in the baseline model.

Forward guidance and quantitative easing. The Bank of Canada maintained the policy interest

rate at the effective zero lower bound throughout the pandemic until 2022Q1, even as inflation
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began to rise above its trend in 2021Q2. To replicate this policy stance, we introduce monetary
policy shocks in the Taylor rule that keep the policy rate at zero during 2020 and 2021. These shocks
capture the forward guidance conveyed through the central bank’s monetary policy communications
over the pandemic period.

In the full model with Taylor-rule shocks, the policy interest rate remains at the zero lower bound
from 2020Q2 to 2021Q4ﬂ In contrast, when these shocks are shut down, the policy rate remains at
the zero lower bound only until 2021Q2 and subsequently rises to 0.47 percent in 2021Q3 and 0.93
percent in 2021Q4. Policy rates thereafter continue to exceed those in the full-model economy.

As shown in Figure [T3] for the case labeled “FG”, forward guidance raises real GDP by an
average of 0.7 percentage points over 2020-2021. This increase reflects stronger aggregate de-
mand, driven by higher consumption and, more importantly, by increased investment. In contrast to
transfer payments, the output effects of forward guidance operate primarily through the investment
channel, reflecting the sustained reduction in borrowing costs associated with the zero policy rate.

Low policy interest rates led to a mitigated deflation in 2020. In the absence of the policy rate
shocks, the inflation would have been on average 1.32 percentage points lower than the economy
experienced in 2020-2021. In the full model, the inflation reaches the peak of 1.85% in 2021q4,
while it would have been only 0.46% in the absence of shocks to the policy ratem

Forward guidance also mitigates deflationary pressures in 2020. In the absence of policy rate
shocks, inflation would have been, on average, 1.32 percentage points lower over 2020-2021. In
the full model, inflation peaks at 1.85 percent in 2021Q4, whereas it would have reached only 0.46
percent without policy rate shocksE|

The effects of policy rate shocks are persistent. Even after 2021Q4, when no additional monetary
policy shocks are imposed, both real GDP and inflation remain elevated relative to the counterfac-
tual economy without forward guidance, reflecting the endogenous propagation of earlier monetary
accommodation.

Quantitative easing in the model generates effects qualitatively similar to those of forward guid-

ance, though quantitatively smaller. This difference reflects the gradual expansion of the central

°In the full model, the policy interest rate increases modestly to 0.25 percent in 2021Q4.

101t is noted that inflation rate in the model is the deviation from the trend inflation in percentage points. The trend
inflation rose to around 3% in 2021 and 2022.

"nflation in the model is measured as deviations from trend inflation, expressed in percentage points. Trend inflation
rises to approximately 3 percent in 2021 and 2022.
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bank’s holdings of long-term government bonds. At the onset of the pandemic, quantitative easing
was not the dominant policy response. Instead, the share of long-term government bonds held by
the central bank increased steadily and reached its peak in 2021Q3 (see Figure [I]), by which time
most pandemic-related shocks had largely dissipated.

Forward guidance thus kept the policy interest rate at the effective zero lower bound despite the
substantial increase in inflation during 2021. To assess the consequences of delayed monetary policy
normalization, we conduct a counterfactual experiment in which forward guidance and quantitative
easing are terminated in 2021Q3, when inflation was already well above its trend. The results
indicate that, had forward guidance ended in 2021Q3, inflation in that quarter would have been
0.71 percentage points lower, with inflation remaining lower in subsequent periods (Figure[T8)). By
contrast, terminating forward guidance two quarters earlier has only modest effects on output and
welfare. This exercise suggests that an earlier and more gradual increase in the policy interest rate
could have reduced the need for subsequent aggressive tightening, thereby smoothing the path of
monetary policy normalization.

The policy effects of transfer payments and monetary policy are summarized in Tables [7]and [§]
Alternative welfare measures are consumption-equivalent (CE) for both types of households. All
policies have benefited the hand-to-mouth households, while the Ricardian households’ welfare was

worsen off.

Table 7: Model outcomes in 2020Q2 (percentage-point deviations)

Scenario Output (y) Consumption (¢) Investment (i5) Inflation (v) CE (R) CE (H)

Baseline  -12.705 -14.282 -15.179 -3.116 -0.392  0.891
No QE -12.807 -14.425 -15.283 -3.485 -0.390  0.877
No FG -13.071 -14.845 -15.468 -4.344 -0.385  0.846
No TR -15.456 -19.947 -14.958 -8.913 0.072  -0.096

Table 8: Average model outcomes over the first 6 quarters (percentage-point deviations)

Scenario Output (y) Consumption (¢) Investment (i5) Inflation (v) CE (R) CE (H)

Baseline -3.460 -5.406 -1.996 -1.693 -0.161  0.485
No QE -3.601 -5.548 -2.235 -1.990 -0.162 0472
No FG -4.087 -6.221 -2.742 -3.041 -0.159  0.429
No TR -4.466 S1.772 -1.426 -3.688 0.082  -0.001
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6 Conclusion

We developed a theoretical framework that embeds a banking-sector block a la (Gertler and
Karadi| (2013) into a two-agent New Keynesian (TANK) model, and we conduct a series of coun-
terfactual exercises to evaluate the macroeconomic contribution of each policy component. Our
analysis yields four main findings.

First, transfer payments played a dominant role in cushioning the initial pandemic contraction.
By redirecting resources toward hand-to-mouth (HtM) households, transfers substantially raised
aggregate consumption and real output. In the absence of transfers, real GDP in 2020Q2 would
have been approximately 2.5 percentage points lower and the price level would have fallen by more
than 8 percent.

Second, monetary policy accommodation amplified the stabilizing effects of fiscal policy through
complementary channels. Forward guidance—which committed the Bank of Canada to maintaining
the policy rate at the effective zero lower bound throughout 2020 and 2021—raised real GDP by an
average of approximately 0.7 percentage points over the pandemic period, mainly through the in-
vestment channel by reducing borrowing costs. QE generated quantitatively small effects on output
and inflation, reflecting the more gradual buildup of the central bank’s long-term bond holdings.

Third, the prolonged maintenance of the policy rate at the ZLB throughout 2021 contributed
materially to the post-pandemic inflation surge. In the baseline estimated model, inflation in 2021Q4
reaches 1.85 percentage points above its trend; in the absence of monetary policy shocks, it would
have been only 0.46 percentage points above the trend.

Fourth, an earlier normalization of monetary policy would have been effective at curbing in-
flation at relatively low output cost. Had forward guidance been terminated in 2021Q3—when
inflation had already risen well above the trend—inflation in that quarter would have been approx-
imately 0.71 percentage points lower, with durable reductions in subsequent periods. This result
suggests that a more gradual tightening path could have contained post-pandemic inflation without
requiring the aggressive interest rate increases that was subsequently implemented.

Taken together, our findings highlight the powerful complementarity between fiscal transfers
and monetary accommodation during the pandemic, while also pointing to the inflationary costs of
maintaining policy rates at the ZLLB beyond the period of maximum economic distress. Extensions

that allow for endogenous monetary policy normalization rules, richer heterogeneity in household
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balance sheets, or open-economy channels represent promising directions for future research.
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Data source: Transfer payments: Statistics Canada Table 36100477 “Revenue, ex-
penditure and budgetary balance - General governments”, series “Current transfers to
households” from the Federal General Government.

Figure 1: Transfer Payments
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Figure 2: Government Debt
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Data source: Policy interest rate: Statistics Canada Table 10100139 “Bank of Canada,
money market and other interest rates”, series “Target rate”. Inflation rate is calcu-

lated as 12-month percent change in the series “All-items” in Statistics Canada Table

18100004 “Consumer Price Index by product group, monthly, percentage change, not
seasonally adjusted, Canada, provinces, Whitehorse, Yellowknife and Iqaluit”.

Figure 3: Policy rates and inflation since 2017
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Figure 4: Long-term Government Bonds and Reserves held by Bank of Canada
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Figure 5: Declines in Real GDP, Investment, and Consumption during the Pandemic
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Figure 6: Baseline
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Figure 11: Macroeconomic Policy and Technology Shock
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Figure 12: Shock series — pandemic-related
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Figure 13: Dynamics of the model economy and the data
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Figure 14: Policy Effects: Levels
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Figure 15: Policy Effects: Gaps
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Figure 16: Effects on Households: level
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Figure 18: Shortened Monetary Policy: levels
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Figure 19: Shortened Monetary Policy: gaps
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Below are not intended for publication

B The rest of the model
B.1 Firms

There are two types of firms: wholesale firms, who produce intermediate good y;", and retailers,
who would re-package the wholesale goods to produce final goods ;.
B.1.1 Intermediate good firms

To produce the intermediate goods y;", firms use labour and capital as inputs. The production
function is as follows.

it = Ay(k) (L (L (35)

where LE = (1 —w)IE, and L = wi!’. Let wholesale goods’ price be P, and the price for capital
goods be PF. Define p¥ = P*/P,, qf = PF/P, as relative prices. A; is the productivity shock,
following an AR(1) process as follows:

log Ay = palog Ay 1 + e, el ~idd.N(0,0%),
The labour demand for both types of households is static, and they are

m
wyt

ap =(1- st)wR,
t Lﬁ t
and -
wY
Op; —LtH =(1- st)wfl.
¢

where s, is the wage subsidy rate.

It is assumed that the wholesale goods producers acquire capital from capital producers at the
end of ¢ — 1 for use in production in period t. After production, they sell the underappreciated
capital in the open market. To finance the purchase, firms need to obtain funds from banks. We
follow GK (2013) to assume that for each unit of new capital acquired, firms issue a capital claim.
To be precise, at the end of each period ¢, to finance capital acquisition k;,; to use for the next
period production, firms issue a state contingent claim s, with ¢F's¥ = ¢Fk;. ;.

The firms are competitive and earn zero profits. At the end of period ¢, the return of capital from
is

Ry = . (36)
where ¢ is the capital depreciation rate, and mpk; is the marginal product of capital with

m
wyt

mpk; = (1 — o — 0)p; o
¢
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B.1.2 Capital goods producers

Capital goods producers operate in a competitive market. They purchase the final goods i, at price
P, from retailers, and transform them into investment goods subject to capital adjustment costs.
They then sell capital to firms at the price of PF. Following Christiano, Eichenbaum and Evans
(2005), we assume that capital producers face investment adjustment costs S(i;,7;_1), such that in
steady state S = S’ = 0 and S” = x* > 0, and x* > 0 is an investment adjustment cost parameter.
We assume that households own capital producers and the capital producer solves for 7; to maximize

Tigr . .
max [ Zﬁ Ay AT < T [1 - Sk(. as )} Upr — Pt+rlt+7>

-1

where A; 4y, = AE i/ AE. Let functional form for S(i;,i; 1) be

S(ig,i—1) = 0. 5x" (— — 1)
Lt—1
Define that .
gt
t ]Dt .

We can show that the first-order condition for 7; is

1 1 7 1
qf =1+ O.5qka(,—t - 1)2 + qka(.—t - 1)( ) — EtBA 1 1Gi11X (E — 1)( Hl) - (37
Le—1 Tt—1 ’Lt 1 1 (2

The aggregate stock of capital evolves as follows:
kpor = (1 —6")ky + iy, (38)

where & is the capital depreciation rate.

B.1.3 Retailers

There are continuum of retailers of mass 1, indexed by j. They buy intermediate goods from whole-
sale goods producers at P in a competitive market and differentiate the goods at no costs into final
goods y;(7) at the price P;(7).

The final goods ¥, is the composite of individual variety,

Y = Uolyt( ) dy] o

The price index that minimizes the final producers’ cost function is

P = [ / 13@)“@7} o
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The demand function faced by each retailer is given by

u) = (22 39)

Following Calvo (1983), in each period, only a fraction 1 — v of retailers reset their prices, while
the remaining retailers keep their prices unchanged. The retailer chooses price P;(j) to maximize
its expected real total profit over the periods during which its prices remain fixed:

B2 00 8 N {yym@) — MCpsiYe+i(J )]
t+i
where mc, = p}’, is the real marginal cost, namely, the price of wholesale goods relative to the price
of sectoral final goods. Note here we use A for the subjective discount factor since firms are owned
by the Ricardian households. Let P be the optimal price chosen by all firms j adjusting at time £.
Let Ayyyi = ﬁi/\t,tﬂ-, the first-order condition for the optimal price P} gives us

P = ( € )Et Z;;)io OOViA:,thCtHZ/ttz'_]j taJri. (40)
e—1 Ey Zizo v At,t+iyt+ipt+i
The aggregate price evolves according to:
1
P =[P+ (1= v)(P) e (41)

Dividing by P, "¢, and define p} = %{,we have the following equation in terms of inflation,
l=vr '+ (1—v)(p))' (42)

Note that due to sticky prices, firms are subject to price setting frictions. As a result, there is a
price dispersion and this is a distortion in the economy. Define v!" the measure of price dispersion

1 NN
() ) .
o = —=2 | d
SACOR

vy would be one if there is no price dispersion, and it is bound from blow by unity. Using the fact

that a fraction of 1 — v of the firms can choose the optimal price P, and a fraction of v of the firms
have to keep the last period’s price P,_1(j), v} can be expressed as

1 P (i —€
%zu—www+ﬁ/ (;“O . (43)
1-v t—1

Using the fact that price adjustment is purely random, taking the sum of a subset of previous
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prices is just proportional to summing over all previous prices. That is

()0 - ()

= v}, (44)

Substitute equation (44)) to (3)), now we have

vl = (L=w)(pr) ™" +mvei .

C Additional derivations for the banking sector

To solve the problem, following (Gertler and Kiyotaki (2010), we use the undetermined coeffi-
cients method — we guess that the bank’s value function is a linear function of net worth

Vit = N, (45)

where /1, ; can be thought of as the expected discounted marginal gain of having one more unit of
net worth. The Lagrangian is

L= Et{At,t—H[(l - 0)”jt+1 + UVjt+1(njt+1)] - Abank(ﬂkqfsg’-t + "befb?t + K rej — ‘/jt)}> (46)

where Ay, 1S the multiplier on the incentive constraint.

The first order condition with respect to s?;b is

dL dn ; dVr 1 dn;
P E{Ati1[(1—0) dj,ijzl + Udnj-tﬂ J;:Z;l — Npankt g} = 0, (47)
S5t it jt1 dsjt
Equation (21)) gives
Wiinr
d - /*'L?’Lﬂf-‘rl
Nt 41
and equation gives
dnjrsr N
R - R
dsj‘:ib ( k,t+1 t)Trt-i-l
Thus, we have
R — R
E A [(1—0) + Uun,t+1)w] = Noankk. (48)

Tt41

Note that although both Ry ;.1 and RY ', have subscript ¢ + 1, R¢ v 1s known at time ¢, while Ry ;11
mpkt+1+(17§)q75,€+1

ar '
Similarly, the first order condition with respect to B? is

is not known since Ry ;41 =

dL dnjt+1+ d‘/}tﬂ dnjtJrl

= EnA L— _>\an P =0 49
dB, {Bunll =o) R T alt =0 “9
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which is

Rb,t—H - Rf:i b
EiN i [(1—0) + opingr1) ———] = NpankFy- (50)
Ti+1
Similarly, the first order condition with respect to re;; is
dL dngq Vg1 dnjiy
= FE{A 1— . I — Npankkii€]} =0, 51
dRE} Al = o) dre; * O-dnjt+1 drej bank iz 1} SR
that is
REE — R
EN i [(1—0) + optn 1) ——] = Noankky*- (52)
Tt+1
HRE .
Denote AP = fK nd A"P = “— and define bank’s modified leverage as
K t
qr ftb + Aqpbl, + ATfrey a?fj
t — njt njt )
where a;; 4 — qr ftb —i—Abqu?t +A"rej; is the assets adjusted by diversion rate. Later on, we assume

kkb b bpb
Aqtb]t

that A®F =0, and ¢, = Sl 47

Mgt

Note that equations and (??) give us

A Bl [(1—0) + Uun,t+1)&%ﬁ] (53)
= EAya[((1—0)+ Uﬂn,tﬂ)&%ﬁh (54)
and equations (@8)) and (50) imply
A"EApa[(1—0) + 0#n,t+1)Rk’%+:R?} (55)
= EAya[((1—0)+ Uﬂn,tH)Rm%H_Rg]a (56)

Given the above equations and the definition of ¢;, we can rewrite equation (17) as
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Ry, — R¢ R — R¢ R¢ — R4 n,;
41 t b1b k,t+1 t k kb t t d 't
Njt+1 = — 4 bjt TS t————Te;+ Ry (57)
Tt41 Tt+1 Tt+1 41
Ry111 — RY Risi1 — R 4 ko Ri41 — R N
— Ab it t qsb?t + Jt+ t fsj;, + AT ,t+ trejt + R;i J (58)
Tt41 T41 Tt4+1 Tt4+1
d
k kb | Ab brb re Ry 111 — Ry a Mt
(g5 + A%qby, + Arejy) + R} (59)
Tt41 Tt+1
Ryiv1 — RY R¢
; t t
= (T g, (60)
41 Tt41
Define ; .
Rii1 — R R
41 t t
2t = ¢t + )
Tt41 Tt+1
we have

Njt41 = 2N

Below, we verify whether our guess is correct and that the bank’s value is indeed linear in net worth
with ;
Rk t+1 — R d
fng = E{Ayp1((1 —0) + Uﬂn,tﬂ)’ﬂ—tﬁbt + Ry /meia},
t+1
To verify, we substitute Vj; = f1,,4n;, and equation (I7) into the value function equation (19), and
we have

Vo= E{Auia((1=0o)njepn +0Via)}
Ry41 — RY R¢

= EdAunl(l=o) o {0+ = n}-

This confirms our conjecture of /i, ;:

R — RY R?
g = E{Aria[(1 = 0) + opini11]] das Loy + ——1},
Tt+1 Tt41

and thus we have verified our conjecture that
Vjt = Hn Nyt
With this, the bank’s incentive constraint can be rewritten as
L tTje > szqfs?t’b + HkAbqu?t + KjkAUth. (61)
When the incentive constraint binds, we have

L £ Tt = /ikqfs?t’b + /@kAqubgt + KEARE . (62)
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We can then have

k kKb kEAB, bpb k ARE
KEqrs” 4 KEAP LS, + kKFA .,
iy = 05t 405 -3 (63)
Nt
Thus
M b
B = (64)
Ky

Ry — RY R¢
l ¢ +
Tt4+1 ' 7Tt+1]}

Cbt’ff = fint = E{ BN 141[(1 — 0) + Optn11]]

Thus the adjusted leverage ¢, is

E{BAn[(1 = 0) + odpary | By}
_pd .
wp — E{BAia[(1—0) + 0¢t+1/{f+1][M)}

Tt+1

(65)

t —

D List of equations

c

L((ef = el = helty = ef*)) = BB ((efy = el) = hief =) T = AR

Rd
2.0 = BEAE —4

Tt+1
R

el ()7 = A1~ 7

A.(cfh —el5)=o" = £

Jwy'.

da.cl = (1 — 7" w7 +trl.

5.x"el (17 = M1 =

6. M i1 = AL /AT
Tyl = Ak (L (L),

S.Qp?% = (1 —s)wl,
t
0.0p0 Y0 = (1 "
. ptﬁ—( — sy
t
wYi
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aadj
2.9y = ——

nt
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41
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34.R, = max{0, R, }

35.sf’d’ = gpfst
36.65° = @by,

cb k kb b pcb k k,cb by ch re
374177 = rey + Rirqy 8.5 /T + Rueqy) (U521 /e — @i sy” — by — RS res1/m.

b - Q, Qa,
38.(1+ /ﬁqf)—; L g+ sl L+ sywlB LR+ 0099 = 7099 4t 4 7w, Ly + 77 wi Ly + ¢0by.
t

b
39_7_tagg _ (Qt—1bt71 )¢m17_agg

qgs bss 5
0,088 (U (S
trifes  UHas Yss !

{7~ id.d. N(0,0%,).
4158 = sV 4 sP

42.b; = b2 + b

. ?
43.08 +CF + g, + i + 05)(’“(7;75—'51 —1)? =y

44.LF = (1 — w)If
45. L7 = wif!

46.0F = (1 — w)cry
47.C’tH = WCH+

48. 7% = (1 —w)my
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E Data sources

In the following all tables refer to those downloaded from Statistics Canada website.

National Income Accounts and fiscal policy. Table 36100104 “Gross domestic product, expenditure-
based, Canada, quarterly”. Table 36100477 “Revenue, expenditure and budgetary balance - General
governments”.

Real GDP, Table 36100104, series “Gross domestic product at Market prices”, seasonally ad-
justed at annual rates.

Household consumption spending, Table 36100104, series “Household final consumption ex-
penditure”, seasonally adjusted at annual rates.
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Investment spending, Table 36100104, series “Business gross fixed capital formation”, season-
ally adjusted at annual rates.

Government spending, Table 36100104, series “General governments final consumption expen-
diture”, seasonally adjusted at annual rates.

Transfer payments, Table 36100477, series “Current transfer to households” by Federal Gov-
ernment.

Federal government bonds, Table 36100580 “National Balance Sheet Accounts”, series “Gov-
ernment of Canada bonds”.

Total factor productivity, Table 36100208, series “Multifactor productivity”, business sector.

CPI inflation, Table 18100006 “Consumer Price Index, monthly, seasonally adjusted”, series
“All-items”.

Labor inputs. Labor inputs are measured as hours worked by household types, calculated from
the “Labour Force Survey: Public Use Microdata File”El Hand-to-mouth workers are those in
sectors (2-digit NAICS): Retail trade (44-45), Transportation and warehousing (48-49), Information,
culture and recreation (51, 71), and Accommodation and food services (72). Ricardian workers are
those working in all other sectors.

Central bank. Table 10100108 “Bank of Canada, assets and liabilities, at month-end”. Table
10100139 “Bank of Canada, money market and other interest rates”.

Long-term government bond is the sum of the following series, all from Table 10100108: “Gov-
ernment Of Canada, Bonds, Over 3 Years To 5 Years”, “Government Of Canada, Bonds, 5 Years To
10 Years”, “Government Of Canada, Bonds, Over 10 Years”.

Reserves, Table 10100108, series “Canadian Dollar Deposits, Members Of Payments Canada”.

Policy interest rate, Table 10100139, series “Target rate”.

2Data files can be downloaded from https://www150.statcan.gc.ca/n1/en/catalogue/7 IM0001X.
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